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Abstract: Over 40% of world’s population lives in malaria endemic areas.  As  resistance  being  developed  to  present  antimalarial,  the  need  for  development  of  new  molecules with  better  selectivity  is  being  emerged.  Quantitative structure activity relationship (QSAR) has been established for different series of 4-quinolinyl derivatives as antimalarial. Interestingly, a positive correlation of CMR and Estate are found to be important with biological activity. Modulation of CMR and Estate of promising molecules in these series, along with some special structural characteristics that were quantized by an indicator parameter, to increase potency, could be explored.
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INTRODUCTION:
Malaria, a parasitic infection transmitted by mosquitoes, has afflicted humans over the millennia. Over 40% of world’s population live in malaria endemic areas.1 Malaria, being a disease of the distant past, has proved to be an alarming restriction to the cultural and socioeconomic progress of man in the tropical, sub-tropical and monsoon prone zones of the world. The available drugs represent a wide variety of structural features and mode of action. Quinine has been used for hundreds of years.2 At present, a number of antimalarial drugs are available, but their use is limited by high cost, toxicity, and increasing parasite resistance. Apart from Artemisinin derivatives, resistance to all Antimalarials has been recorded.3,4 Chloroquine has lost efficacy against P. falciparum because of development of drug resistance for dihydrofolate reductase inhibitors. Proguanil and Pyrimethamine resistance may be induced from a single large dose. Resistance of P. falciparum to more than one operational class of antimalarial agents is defined as multi drug resistance.5 Thus, there is a great need for the optimal use of available drugs and the development of new approaches to antimalarial chemotherapy. Most likely, the successful control of malaria will require advances in many areas, including the control of mosquito vectors, the development of effective vaccines, and the identification of new chemotherapeutic agents.6  Computational chemistry has developed into an important contributor to rational drug design. Quantitative structure activity relationship (QSAR) modeling results in a model with increased approximities. The present paper deals with the novel development of drugs for the category, antimalarials. The results obtained will be helpful to pharmacologists, chemists and medicinal chemists to come up with improved anti-malarial drugs.
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Figure 1: Lead Structures
MATERIALS AND METHODS:
Pattorusso, C. et. al.6 have studied various compounds of 4-quinolinyl derivatives 2 and 3 as parasite growth inhibitors using CQ-sensitive clone 3D7. Two series were subjected to QSAR analysis, using mixed approach.  The series are listed in the Table 1 & 2. The IC50 values in the table refers to the concentration (nM) of compounds required to produce 50% inhibition of parasite growth were converted into moles (M). In vitro logIC50 values were converted to –logIC50 in order to bring out better linear correlations and reduce clustering of compounds while generating QSAR regression lines.
All compounds of the series were built on work space of MMP Plus™ software. The physicochemical parameters (including calculated molar refractivity, CMR) were also calculated using MMP Plus™ software. Other descriptors like Vander Waals volume (Vw), electrotopological state indices (E-state) were calculated using the classical procedures.165 Energy minimization was carried out using molecular mechanics MM2 force field. The biological activity was taken as negative logarithms of IC50. MLR analysis was carried out to develop relationship between biological activity and different physicochemical parameters, employing software ‘QSAR’, kindly gifted by Prof. S.P. Gupta (Chemistry Group, BITS, Pilani), which provides correlation coefficient(r), standard deviation (s), and ratio between the variance of calculated and observed activities (F). The figures in the parentheses are 95% confidence interval and n is the number of data points. The software also gives intercorrelation matrix among the descriptors.
RESULT AND DISCUSSION:
We correlated the activity of 4-Quinolinyl derivatives with various physicochemical, electronic and steric parameters. After many trial Equation 1 was found to be promising.

For first series (Table 1), 1 is the lead structure.  After many trials Model 1 was found to be promising. 

-logIC50 = 18.540(14.237)Estate +0.592(0.406)CMR -36.370(25.357)……(1)

  n = 18  r = 0.634  s = 0.642  F = 5.052

Model 1 was found to suggest a fair regression coefficient of 0.634. The correlation matrix between descriptors employed for generating Model 1 found to be satisfactory. But standard deviation of 0.642 and F-ratio of 5.052 were not fair. Some compounds were detected as outliers in the series. When applicability domain of the model was analyzed by the William plot (Figure 1) these data points (3, 4, 9, 11, 13, 14) were found outside the cut off value of Y space. So these were not included in finalizing the Model 2 for set of compounds in Table 1.
-logIC50 = 24.520(10.811)Estate + 0.949(0.317)CMR - 48.922(19.513)……(2)

 n = 12  r = 0.916  s = 0.316  F = 23.559 

R2= 0.839 Q2= 703, R2adj = 0.816, Spress = 0.504, RMSE= 0.319

The six outliers were again subjected for QSAR analysis. Model 3 was finalized for these outliers. But one of the parameters was not applicable for the generation of Model 3.

-logIC50 = 32.454(15.004)Estate -53.375(23.840)..........(3)

n = 6  r = 0.949  s = 0.310  F = 36.075
Table 1: Series of 4-quinolinyl derivatives as antimalarials active against CQ-sensitive clone 3D7
	C.N.
	Ar
	R1
	IC50
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Table 2: Correlation matrix between descriptors employed for generating Equation (2)

	
	CMR
	Estate

	CMR
	1.000
	-0.845

	Estate
	
	1.000
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Figure 2: Williams’s plot of compounds h* = 0.5

Table 3: Compounds with their physicochemical parameters values for derivation of QSAR Model 2

	C.N.
	CMR
	Estate
	Observed

-logIC50
	Calculated

-logIC50
	Calculated

Residual
	LOO

-logIC50
	LOO

Residual
	Leverage (0.5)

	1
	74.50799
	1.617
	-2.228
	-1.983
	-0.245
	-1.93879
	-0.28921
	0.151121

	2
	80.83499
	1.582
	-2.222
	-2.257
	0.035
	-2.26207
	0.04007
	0.121563

	3
	76.80499
	1.605
	-1.412
	-2.069
	0.657
	-2.16435
	0.75235
	0.126576

	4
	76.12699
	1.617
	-0.771
	-1.887
	1.116
	-2.0643
	1.2933
	0.13734

	5
	80.74499
	1.601
	-1.789
	-1.91
	0.121
	-1.92248
	0.13348
	0.0925

	6
	76.12699
	1.615
	-2.182
	-1.924
	-0.258
	-1.88349
	-0.29851
	0.13495

	7
	80.74499
	1.598
	-1.689
	-1.966
	0.277
	-1.99406
	0.30506
	0.09271

	8
	83.06598
	1.595
	-2.097
	-1.884
	-0.213
	-1.8661
	-0.2309
	0.077784

	9
	104.852
	1.615
	-0.699
	-0.224
	-0.475
	0.343102
	-1.0421
	0.544011

	10
	87.895
	1.585
	-2.35
	-1.784
	-0.566
	-1.74813
	-0.60187
	0.059177

	11
	87.338
	1.581
	-2.602
	-1.891
	-0.711
	-1.84336
	-0.75864
	0.062667

	12
	103.233
	1.549
	-1.502
	-1.544
	0.042
	-1.54866
	0.04666
	0.105931

	13
	94.809
	1.569
	-2.488
	-1.671
	-0.817
	-1.61898
	-0.86902
	0.060168

	14
	101.846
	1.545
	-2.932
	-1.7
	-1.232
	-1.55775
	-1.37425
	0.103505

	15
	106.464
	1.542
	-1.281
	-1.482
	0.201
	-1.51405
	0.23305
	0.13608

	16
	108.664
	1.547
	-0.431
	-1.26
	0.829
	-1.42231
	0.99131
	0.164332

	17
	107.989
	1.564
	0.046
	-0.984
	1.03
	-1.24138
	1.28738
	0.199882


In second series, Table 4, 2 is the lead structure. When this series was subjected to QSAR analysis Model 4 was found to be promising.

-logIC50 = 0.750(0.785)In +0.504(0.421)CMR +2.823(3.015)Estate  -12.468(6.426)










….....(4)
 n = 16  r = 0.766  s = 0.535  F = 5.683

Model 4 was found to suggest a good correlation coefficient of 0.766. The correlation matrix between descriptors employed for generating Model 2 found to be satisfactory (Table 2).  But standard deviation of 0.535 and F-ratio of 5.683 were not good. 
The compounds (3, 13, 16) in Table 4 were detected as outliers in the series. When applicability domain of the model was analyzed by the William’s plot (Figure 2), these data points (3, 13, 16) were found outside the cut off value of Y space, 2s*. So these were not included in finalizing the Model 5 for the set of compounds in Table 4.
-logIC50 = 0.735(0.537)In +0.525(0.301)CMR +4.581(2.256)Estate   -15.655(4.570)......(5)

 n = 13  r = 0.923  s = 0.332  F = 17.167 

R2= 0.851, Q2= 0.657, R2adj = 0.803, Spress= 0.591, RMSE= 0.319
Table 4: Series of 4-quinolyl derivatives as antimalarials active against CQ sensitive clone 3D7
	C.N.
	Ar
	R1
	R2
	IC50
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Figure 3: Williams’s plot of compounds (h* = 0.75, s*= 0.700)

Two series were studied under this project. In first Series 2, QSAR analysis on 4-quinolinyl derivatives suggest excellent correlation of their antimalarial activity with CMR and Estate. Model 1 shows a positive contribution of both towards the activity. Six compounds were detected as outliers. After removing the outliers the Model 2 was obtained which satisfied the validation criteria of European Union’s Organization for Economic Co-operation and Development (OECD). The outliers were again subjected to QSAR analysis. The outlier model, Model 3, shows significance of only Estate. Thus it can be suggested that these six compounds have different mode of action which depends on only their electronic charge not on the molar dispersivity as other compounds in the series do. The applicability domain of the model suggests that this model is applicable for the Estate values ranging from 1.47-1.617 and CMR ranges from 74-108.

In the second series of the project, Series 2, same parameters were found to be important. Model 4 suggest that for optimum activity of the 4-Quinolinyl derivatives against CQ-sensitive clone 3D7, Estate and CMR of the molecule should be considered to be significant. An indicator parameter. In for the presence of 8-OMe group was also found to contribute towards the activity. This model is applicable for the Estate values ranging from 1.43-1.788 and CMR ranges from 73-108. 

Interestingly, in both equations, a positive correlation of CMR and Estate with similar regression coefficient was found to be important with biological activity, and a negative correlation in one equation, indicating correct choice of parameter. 
Table 5: Correlation matrix between descriptors employed for generating Equation (5)
	
	In
	CMR
	Estate

	In
	1.000
	0.183
	-0.140

	CMR
	
	1.000
	0.073

	Estate
	
	
	1.000


CONCLUSION:
In conclusion, the model developed to predict the structural features of 4-quinolinyl derivatives reveals useful information about the structural features required for the molecules. In the models developed CMR and Estate were the major contributing descriptors.  Hence the model explains the mechanism of drug receptor binding and quantifies the effects of MR and Estate. Through Model 3, it can be suggested that the outliers have different mode of action which depends on only their electronic charge not on the molar dispersivity as other compounds in the series do. All the models satisfied the validation criteria of European Union’s Organization for Economic Co-operation and Development (OECD). Moreover, after lateral validation it came out that the regression coefficient for CMR in Model 2 and 5 was 0.949 and 0.525 which are similar and signify the authenticity and rationale for choosing the parameter CMR. Hence the model proposed in this work is useful in describing importance of CMR and Estate, along with some special structural characteristics that were quantized by an indicator parameter, to design new molecule with increase potency.

Table 6: Compounds with their physicochemical parameters values for derivation of QSAR Model 5

	S. No.
	In
	CMR
	Estate
	Observed

-logIC50
	Calculated

-logIC50
	Calc.

Resi.
	LOO

-logIC50
	LOO

Resi.
	Leverage

(h*= 0.75)

	1
	1
	8.929
	1.788
	-1.814
	-2.169
	0.355
	-2.309
	0.495
	0.282

	2
	1
	10.544
	1.756
	-1.360
	-1.445
	0.085
	-1.463
	0.103
	0.175

	3
	1
	10.324
	1.751
	-2.606
	-1.570
	-1.036
	-1.392
	-1.214
	0.147

	4
	1
	11.006
	1.750
	-1.041
	-1.229
	0.188
	-1.292
	0.250
	0.250

	5
	1
	10.786
	1.746
	-1.222
	-1.351
	0.129
	-1.384
	0.162
	0.202

	6
	1
	9.769
	1.772
	-2.097
	-1.791
	-0.306
	-1.734
	-0.363
	0.157

	7
	0
	8.303
	1.768
	-3.756
	-3.291
	-0.465
	-2.944
	-0.812
	0.427

	8
	0
	8.929
	1.762
	-2.513
	-2.992
	0.479
	-3.202
	0.689
	0.305

	9
	0
	10.544
	1.73
	-2.314
	-2.268
	-0.046
	-2.242
	-0.072
	0.366

	10
	0
	10.231
	1.552
	-2.897
	-2.929
	0.032
	-2.953
	0.056
	0.434

	11
	1
	9.852
	1.565
	-2.906
	-2.333
	-0.573
	-2.248
	-0.658
	0.128

	12
	1
	9.335
	1.59
	-2.705
	-2.523
	-0.182
	-2.494
	-0.211
	0.139

	13
	1
	9.391
	1.594
	-1.493
	-2.484
	0.991
	-2.632
	1.139
	0.130

	14
	1
	8.873
	1.63
	-2.193
	-2.643
	0.45
	-2.754
	0.561
	0.197

	15
	1
	9.335
	1.435
	-3.698
	-2.961
	-0.737
	-2.521
	-1.177
	0.373

	16
	1
	10.730
	1.504
	-1.426
	-2.062
	0.636
	-2.318
	0.892
	0.286
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		ID		name		formula		molecular_volume		Log_P		MR		parachor		LogP_-_Crippen

		1		4c		C 39 H 42 N 7 Cl 1		355.0753		5.260335		192.0061		1431.801		6.471901

		2		5c		C 41 H 44 N 5 Cl 1		361.0999		8.214333		193.3621		1458.001		7.865302

		3		6c		C 33 H 40 N 5 Cl 1		309.1136		6.266334		162.6861		1245.201		5.860901

		4		7c		C 29 H 36 N 5 S 2 Cl 1		296.6134		5.558334		161.088		1213.201		4.667101

		5		8c		C 45 H 48 N 5 O 2 Cl 1		404.4162		10.46234		214.1861		1634.401		8.718903

		6		9c		C 33 H 39 N 5 Cl 2		318.2241		6.979334		167.553		1284.801		6.378901

		7		10c		C 35 H 44 N 5 O 2 Cl 1		339.8919		6.104334		175.2081		1365.201		5.355501

		8		11c		C 33 H 38 N 5 F 2 Cl 1		315.688		6.552334		162.386		1265.401		6.139901

		9		12C		C 33 H 38 N 7 O 4 Cl 1		338.266		5.752335		181.942		1387.401		5.768101

		10		13c		C 33 H 40 N 5 O 2 Cl 1		319.0684		4.932334		165.736		1274.401		5.292101

		11		14c		C 35 H 44 N 5 Cl 1		329.1024		6.904334		171.9221		1325.201		6.364302

		12		15c		C 37 H 48 N 5 Cl 1		349.1121		7.962333		181.1581		1405.201		7.156902

		13		16c		C 33 H 52 N 5 Cl 1		330.7497		8.010333		165.4881		1310.001		6.105303

		14		17c		C 27 H 40 N 5 Cl 1		271.3138		4.656334		137.78		1093.401		3.727502

		15		18c		C 33 H 56 N 5 Cl 1		343.984		9.058335		169.8881		1376.001		7.100303

		16		19c		C 27 H 44 N 5 Cl 1		284.035		5.884334		142.18		1136.001		4.722502

		17		20c		C 25 H 40 N 5 Cl 1		264.0584		4.826334		132.944		1056.001		3.929902

		18		21c		C 23 H 36 N 5 Cl 1		244.0642		3.768333		123.708		976.0004		2.992701

		19		22c		C 29 H 48 N 5 Cl 1		304.2346		6.422334		151.416		1204.001		5.746502

		20		23c		C 27 H 44 N 5 Cl 1		284.0615		5.624333		142.18		1130.001		4.735502





Sheet2

				S.No		MR		logIC50		leverage				observed		predicted		leverage		loo diff

		4c		1		192.0061		-2.153		0.1351246889				-2.153		-1.98244		0.1351246889		-0.17056

		5c		2		193.3621		-2.332		0.1431305393				-2.332		-1.98866		0.1431305393		-0.34334

		6c		3		162.6861		-1.736		0.0596819722				-1.736		-1.27958		0.0596819722		-0.45642

		7c		4		161.088		-1.798		0.0609351176				-1.798		-1.2344		0.0609351176		-0.5636

		8c		5		214.1861		-2.416		0.3162284645				-2.416		-2.58859		0.3162284645		0.17259

		10c		6		175.2081		-0.982		0.0690619197				-0.982		-1.65144		0.0690619197		0.66944

		12C		7		181.942		-1.664		0.0881859956				-1.664		-1.7755		0.0881859956		0.1115

		13c		8		165.736		-1.658		0.0588296895				-1.658		-1.36209		0.0588296895		-0.29591

		14c		9		171.9221		-1.418		0.0633049655				-1.418		-1.53427		0.0633049655		0.11627

		15c		10		181.1581		-1.603		0.0854532824				-1.603		-1.76045		0.0854532824		0.15745

		16c		11		165.4881		-1.204		0.0588235397				-1.204		-1.38419		0.0588235397		0.18019

		17c		12		137.78		-0.944		0.1422465726				-0.944		-0.675085		0.1422465726		-0.268915

		18c		13		169.8881		-1.577		0.0609164506				-1.577		-1.47205		0.0609164506		-0.10495

		19c		14		142.18		-0.875		0.1178631782				-0.875		-0.810594		0.1178631782		-0.064406

		20c		15		132.944		-0.342		0.1738961				-0.342		-0.65201		0.1738961		0.31001

		21c		16		123.708		-0.699		0.2484543455				-0.699		-0.271903		0.2484543455		-0.427097

		23c		17		142.18		0.046		0.1178631782				0.046		-0.933649		0.1178631782		0.979649

																		SD		0.4067673635

				EQUATION:

		BA		= [2.56981( ± 1.39964)] +MR [-0.0238289( ± 0.00837474)]

		contribution of parameters to model is		MR::1

		n=17, r=0.844344, r^2=0.712916, variance=0.140385, std=0.37468, F=37.2495,FIT=206.942

		Q^2		0.639081

		outlier 17

		EQUATION:

		logIC50 = -0.021(0.007)MR +2.102(1.167)

		n = 16  r = 0.870  s = 0.290  F = 43.740

		6,17

		BA		= [2.1703( ± 0.979275)] +MR [-0.022024( ± 0.00582518)]

		contribution of parameters to model is		MR::1

		n=15, r=0.916107, r^2=0.839251, variance=0.0611688, std=0.247323, F=67.8716,FIT=424.197

		Q^2		0.788778

		S.No		OBSERVED		CALCULATED		DIFFERENCE

		1		-2.153		-2.005		-0.148

		2		-2.332		-2.038		-0.294

		3		-1.736		-1.307		-0.429

		4		-1.798		-1.269		-0.529

		5		-2.416		-2.534		0.118

		6		-0.982		-1.605		0.623

		7		-1.664		-1.766		0.102

		8		-1.658		-1.38		-0.278

		9		-1.418		-1.527		0.109

		10		-1.603		-1.747		0.144

		11		-1.204		-1.374		0.17

		12		-0.944		-0.713		-0.231

		13		-1.577		-1.478		-0.099

		14		-0.875		-0.818		-0.057

		15		-0.342		-0.598		0.256

		16		-0.699		-0.378		-0.321

		17		0.046		-0.818		0.864
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