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ABSTRACT

HIV-1 integraseis a fascinating target for designing of novel HIV-1 Integrase inhibitors. Due to the development of
resistance by the use of already devel oped inhibitors the novel inhibitors are designed that can target Integrase with
higher selectivity and less toxicity profiles. The present work describes the 3D QSAR studies on series of 6-(1-
Benzyl-1H-pyrrol-2-y1)-2, 4-dioxo-5-hexencic acids for establishing quantitative relationship between biological
activity and their physicochemical properties. This study was performed with 47 compounds (data set) using manual
selection method and simulated annealing algorithm for the division of the data set into training and test set. In this
analysis, three statistical significant models were obtained using PLS as the statistical method. The most significant
model is having (g = 0.608) and (pred r®> =0.699). Model showed that steric (S 881), (S 184) and electrostatic
(E_496) interactions play important role in modulating the HIV-1 integrase inhibitory activity.

INTRODUCTION

Acquired immuno deficiency syndrome (AIDS) is a araglobal public health issue of the®2&entury that is
characterized by a cascade of infections resuftimg the damage to the immune system caused byviristi.e.
human immunodeficiency virus (HIV) belonging to tlaenily Retroviridae [1,2]. AIDS is the most sergostage of
HIV due to which the body becomes susceptible tmenous infections and diseases. The number of [$ teit
plays a major role in the immune system is declitted severe level with the alteration in the imesystem [3].
In the HIV life cycle the enzymes which play a Vitale are reverse transcriptase (RT), proteasd éPR integrase
(IN). With the help of the reverse transcriptas@)fhere is the transcription of the viral RNA gem® into viral
complementary DNA (cDNA). The IN helps in the insam of viral cDNA into the host cell genome anceth
cleavage of newly synthesized polypeptides intglsiwiral proteins occurs by viral PR [4]. Sincetldecades, the
RT and PR are seen as the main targets for thieitiiom of HIV replication.

The regimen known as highly active antiretroviteérapy (HAART) for the treatment of HIV includesthise of
nucleoside RT inhibitors (NRTIs), non-nucleoside iRffibitors (NNRTIs) and protease inhibitors (PRis}ulting

in the resistance due to the long term use. Smadal intervention is needed to stop the epideroiapletely from

the roots [5]. Hence, as a result the enzyme INelnasrged as an attractive target for discovenafd, ®fficient and
effective HIV-IN inhibitors [6]. There is no knowmuman counterpart to integrase hence integrasdaaget is an
attractive approach which will prove to be moreatageous over existing therapies due to high thatgand less
toxicity profiles [7]. Moreover, there is an assuiop that the addition of the HIV-IN inhibitor intive regimen can
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increase the life expectancy with less expensieeathy in comparison to the HAART regimen. Among tinegs
currently used in HAART regimens, till date Raltgr, Elvitegravir and Dolutegravir have got appabfor their
use in antiretroviral therapy (ART) by the US Foadd Drug administration (FDA) and European Medisine
Agency (Fig.1) [8].

o F O 0 F
HaCx OH | Cl
Hs% | NH N
HO\)w/

Raltegravir (1) Elvitegravir (2)

e Q  OH i
o)
N T H
/k/N Z N
o)
H o) =

Dolutegravir (3)
Fig.1- FDA Approved HIV-1 Integraseinhibitors

Amongst these drugs raltegravir was first poteriV-lintegrase inhibitor approved at the end of 2@0d was
clinically effective against viruses resistant they classes of antiretroviral agents [8] but hathber of reported
side effects such as rashes, swelling of lips, lavgebf face, trouble sleeping etc. [9]. Its longeuresulted in
resistance due to the number of mutations like E93@40S, Q148H, N155H, and E157Q. The drawbacks of
raltegravir led to the development of another {figeheration IN inhibitor i.e. elvitegravir by Gilgé&ciences. Side
effects from its use may include kidney failurenb@roblems, an amplified quantity of fat in thetheand neck,
and changes in the immune system resulting in aigon called immune reconstitution syndrome makthg
condition of the patient worse [10]. But the needtrest the viral replication in an efficient mannthe evolution

of next generation IN inhibitor with improved feets of dose and resistance led to the developnfergegond
generation IN inhibitor in August 2013 by the USADe. Dolutegravir.

IN belongs to the polynucleotidyl transferase famsharing the structural similarities of its actisige with the
active site of HIV-1 reverse transcriptase (RT)eagsted ribonuclease H (RNase H) [11]. As depidtadugh
number of studies the resistance and mutationet@sred due to the long term use of the alreaglyoed drugs
having integrase inhibitory action. These trendgehaccentuated the need for new, safe and effeatjeats. The
keenness for breakthrough in this field led tortf@nitoring of drugs having HIV Integrase inhibitagtion.

The QSAR studies generate a model that seeks wlafemathematical relationships between chemicatsire

and biological activity of the compound. This apmrb does not take into account any experimentaglguti@s but
the molecular descriptors, which needs the avditpbof the molecular structure single-handedly. @re

establishment of a reliable model inhibitory adtivof compounds is predicted and the structuratoi@cthat
influence the activity are envisaged. Here we handertaken MFA based 3D QSAR study and the resuéts
presented here.
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MATERIALSAND METHODS

Dataset and Data Selection

6-(1-Benzyl-H-pyrrol-2-yl)-2, 4-dioxo-5-hexenoic aciderivatives and their HIV -1 IN inhibitory activis against
ST were taken from the literature reported by Rtzb€osti et al. [12]. The compounds included dikatid (DKA)
derivatives like 4-[5- (benzoylamino)thien-2-yll42dioxobutanoic acid and DNA aptamers. The diffedend of
structurally different compounds as inhibitors weaeported including tropolonesd)( madurahydroxylactone
derivatives §) and 2-hydroxyisoquinolin- 1, 32 4H)-diones 6) as shown in Fig.2.
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Fig. 2- Tropolones (4), Madur ahydroxylactone (5), 2-hydr oxyisoquinolin- 1, 3(2H,4H)-diones (6)

A data set of 47 molecules (n=47) are considerethi analysis along with their reported strandgfer inhibitory
activity (ICso, inhibitory concentration, in pM) expressed inntsr of logarithm of inverse of their inhibitory
concentration (-log 16) as shown ifmable 1. The activity data (I§) was given in uM value. All values have been
converted to the logarithmic scale [pIC50] and dia¢a saved as .txt file. After the conversion,dtrtes are saved
as .mol2 file in QSAR Plus 3D window. The analogasseported iif able 1 have undergone 3D QSAR studies for
drug design along with their general core structigimg V Life Molecular Design Suite (MDS) Softwardll the
molecules in series were aligned based on atorapgng alignment. The derived 3D-QSAR PLS modeltfe
chemical series reported as anti-HIV integrase @&ggive insight into the influence of various irzetive fields on
the activity and thus help in designing the HI\keigitase inhibitory activity of novel compounds.

The core 3D structures have been created and gedeanaing Molecular Operating Environment (MOE) ebhi
were subjected to energy minimization using forieédf Merck Molecular Force Field (MMFF94x) and Aims
Model 1 (AM1) with 0.01 and 0.001 kcal/mol as tmery gradients. The force field was applied ineorith obtain
and ensure the minimum energy conformer. All tHeepstructures mentioned irable 1 were generated in MOE
using the force fields as mentioned above withstiae gradients by modifying the core structure tiidlse energy
minimized structures of compounds reportedTiable 1 have been harbored to the 3D-QSAR of QSARPLUS
module for computational studies, hence computiegaarameters.

Descriptors Evaluation
In these steric, electrostatic and hydrophobicmpatars have been calculated using V Life MDS Saftwa

Model Development

In 3D-QSAR analysis for model development threehods i.e. Random selection method, Manual datatiste
method, Sphere Exclusion method were used forioreaf training and test set. In this paper we hsgkected
Manual data selection method and Random Selecti&thad by conflicting dispartate values. After thieation of
training and test set, the statistical method RkeS (Partial Least Square) have been used for nimdieling. PLS
method helps in the establishment of relationstépvben the dependent variables (biological ac)ivityd the
independent parameters (electrostatic, steric gdbphobic fields).

Variable Selection
In PLS method Stepwise variable selection is d@maulated annealing method is used for 3D-QSARy&imsl
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RESULTSAND DISCUSSION

The various regression methods were performed lahe@l7 molecules of the selected series for QBARlysIs.
The following considerable and significant 3D-QSAfdels with equations were obtained using the aligmt of
energy minimized confirmations of diketo acid datives and PLS method as mentioned above.

Modd 1
-log 1C5o= (8.368) S_716 + (0.719) E_496 + (19.810) S_8@1926) H_285+11.01
n =38, f=0.712, §=0.624, f T=0.625, F-Test= 43.294

Here n is the number of compounds in training setiaT is the f of test set compounds. The equation of model 1
shows the effects of different parameters at gidihgs 716, 496, 861 and 285. The steric and elstetic
parameters give the positive contribution at poifit§, 861 and 496 whereas the contribution by trdphobic
parameter is negative at point 285. Figure 3a shbaisS_861 correspond to the substitution at x@DOX and
S_716 signifies the positiof®of the diketo acid chain. The E_496 indicateseleetrostatic effect at the position
linking N of the pyrrol and the phenyl ring wheretie negative contribution by hydrophobic parameser
unfavorable at Rsubstitution of the phenyl ring. The compounddhe test set were 9. The linear regression is
obtained by fitting a best fit straight line to thdata. The input parameters included cross coiwveldimit 0.8;
iteration at given temperature 10; seed 1; decrigatsnperature 1; perturbation limit 2; terms indel 4; variance
cut off 0; auto scaling and four number of compdsen

Modd 2
-logIC50= (92.520) S_881+ (35.297)S_184+(0.065)B-@640)H_71
n =38, f=0.686, =0.6990, ¥ T=0.608, F-Test=38.352

The equation of the model shows the effects ofedkifit parameters at grid points 71, 881, 184 artd UBthis
equation also the steric and electrostatic paraséte positive contribution is provided at poi&l,184 and 496
whereas the contribution by the hydrophobic paramét negative at point 71. Figure 3b shows tha®88%
correspond to the substitution at X of —-COOX and &} signifies the substation at, Bf the phenyl ring. The
E_496 indicates the electrostatic effect at thetjposlinking N of the pyrrol and the phenyl ringhereas the
negative contribution by hydrophobic parametemfauorable at Rsubstitution of the phenyl ring. The compounds
in the test set were 9. The linear regression isioéd by fitting a best fit straight line to thatd. The input
parameters included cross correlation limit 0.&ration at given temperature 10; seed 2; decreatsgriperature 2;
perturbation limit 2; terms in model 4; variance off 0; auto scaling and four number of components

Mode 3
-logICso= (69.42) S_94+ (290.61) S_891+ (0.065)E_496-(542092
n =38, f=0.687, §=0.598, f T=0.831, F-Test=37.473

The equation of model 3 shows the effects of diifémparameters at grid points 94,891,496 and 1B. dquation
signifies the positive contribution by steric ani@éotrostatic parameters at points 94,891 and 49éreds the
contribution by the hydrophobic parameter is negatit point 192. Figure 3c shows that S_891 coomspo the
substitution at X of -COOX and S_94 signifies tlubstation at Rof the phenyl ring. The E_496 indicates the
electrostatic effect at the position linking N bktpyrrol and the phenyl ring whereas the negatorgribution by
hydrophobic parameter is unfavorable gtdRbstitution of the phenyl ring. The linear regies is obtained by
fitting a best fit straight line to the data. Thengpounds in the test set were 10. The input paemneicluded cross
correlation limit 0.7; iteration at given tempena.0; seed 2; decrease in temperature 1; pertoindanit 2; terms

in model 4; variance cut off 0; auto scaling andrfoumber of components. The test set predictioaduations 1, 2
and 3 is in agreement with their experimental valag shown in Table 1.
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Table 1- Observed and Predicted activity of diketo acid derivatives

COOX
LN ~=(
R, N o) OH
R3
R4 Re
Rs
Substitutions -log IG5
Compound R, Rs R4 Rs | R | X ICso | Observed (l\/lEo,\c/jlgl) (MEol\ggIZ) (MEo,\c/jlg3)

01 H H H H H| Et 15 4.823 4.778 5.002§ 5.084

02 Me H H H H| Et 32 4.494 4.315 3.961 4,153

03 H Me H H H| Et 8 5.096 4,742 4.742 4,627

04 F H H H H Et 1 6.000 5.086 5.444 5.67(
052" H F H H H | Et 11 4.958 5.152 5.440 5.355

06 H H F H H Et 98 4.008 5.013 5.127| 5.104

07 H Cl H H H | Et 6 5.22] 4.91¢ 5.14¢ 4.13¢

08 H H Cl H H| Et 42 4.376 4.535 4.840 4.813

09 CN H H H H| Et 9 5.045 4.930 5.379 5.245

10 H CN F H H| Et 13 4.886 5.032 5.079 4.871

11 OMe| H H H H| Et 23 4.638 4.938 4.856 4.67¢
123D+ H H OMe H H| Et 110 3.958 4.733 4.011 3.851

13 OE! H H H H | Et 12 4.92( 4.99¢ 4.801 4.79¢

14 H Me H H H Et 19 4.721 4571 4.424 4.563

15 F F H H H| Et| 0.53 6.275 6.168 5.974 5.938

16 F H F Me| H| Et 1 6.000 6.012 5.764| 5.817
1730 F H H H H| Et| 0.45 6.346 5.546 5.577 5.924

18 F H H H H | Et | 4.0C 5.391 6.31f 6.46( 6.43¢€

19 H F F F H | Et | 0.6C 6.22] 6.01] 5.92¢ 5.93¢

20 H F H H F| Et| 0.49 6.309 5.891 6.179 6.002

21 Cl H H H H| Et| 1.70 5.769 5.729 5.588 5.49
222¢ H Cl H F H | Et| 8.00 5.096 5.167 5.412 5.352

23 H H H H H| H| 0.09 7.045 6.408 6.602 6.074

24 Me H H H [CI| H]| 017 6.76¢ 6.25¢ 6.33( 6.04:

25° H Me H Cl|H|H 1.2 5.88¢ 6.24: 6.32¢ 6.14¢

26 H H Me H H| H 1.2 5.920 6.003 5.782 5.771
273D F H H H H| H| 0.98 6.008 6.699 6.710 6.807

28 H F H H H| H| 0.92 6.036 6.349 6.566 6.407

29 H H F H H| H| 0.026 7.585 6.269 6.345 6.432
300 H Cl H H H | H| 031 6.50¢ 5.92¢ 5.98¢ 6.00¢

31 H H Cl H H|H 4.1 5.381 5.66:¢ 5.79¢ 5.82i

32 CN H H H H| H 6 5.221 6.020 6.358 6.318

33 H CN H H H| H| 0.75 6.124 5.974 6.146 6.08
342D« H H CN H H H 1.7 5.769 6.136 5.802 5.685

35 OMe| H H H H| H| 0.53 6.275 6.066 5.930 5.974

36 H H OMe H H H 4.1 5.387 5.971 5.263 5.28

37 OE! H H H H|H]| 031 6.50¢ 6.54¢ 6.47:¢ 6.69¢

38 H Me H Me| H| H 1.6 5.795 5.715 5.573 5.77
3970« F F H H H| H| 0.059 7.229 6.534 6.487 6.63%

40 F H F H H| H| 0.042 7.376 6.922 6.859 6.957

41° F H H F H| H| 0.052 7.283 7.310 7.207 7.33

42 F H H H F H 0.15 6.823 6.569 6.577 6.57

43 H F F H H| H| 1.60 5.795 6.428 6.320 6.367
4430¢ H F H F H| H 1.2 5.920 6.223 5.884 5.979

45 Cl H Cl H H H 4.9 5.309 5.965 5.704 5.785

46 Cl H H H| CI| H| 017 6.769 6.810 6.324 6.474

47 H Cl H Cl| H| H| 0.97 6.013 6.037 6.010 6.279

3 test set compound in model 1; ™ test set compound in model 2; © test set compound in model 3.
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Model 1(Fig. 3a)

Model 2 (Fig. 3b)
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Model 3 (Fig. 3c)

Fig.3- Molecular rectangular field grid displaying the effect of data points (s: steric effect, E: electrostatic effect, H:hydrophobic effect)

The fitness plot and the plot between the predieted] the actual biological activity for the test and the trainin
set for the equation 1, 2 and 3are shin figure 4 and 5 respectively.
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Fig.4- Fitness graphs between the actual and the predicted biological activitiesfor equation 01, 02 and 03 respectively

www.scholar sresearchlibrary.com

87



Ravindra K. Rawal et al

Der Pharma Chemica, 2014, 6 (4):80-89

Model 1
[ ¢
o | N |I
II
/ 08
N\ )
7 f 8.1-2:.3 4 Bid
&
__\} J-/I
k/\ ] 7 ﬁ//
L= = ‘\‘_-f
P
Model 2

B Actual ®Predicted

Model 3

mActual ®Predicted

Fig.5- Graph between actual and predicted biological activity for test set and training set
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