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			Introduction

			Simarouba glauca has a great history of use in traditional or herbal medicines across the world and mainly the leaf & bark extract of Simarouba is best known for its various pharmacological activities like antihelmenthic, antipyretic, anticancerous [1], antiulcer [2], antiamoebic, antiprotozoal [3] and many more. The plant includes mainly: ailanthinone, benzoquinone, canthin, dehydroglaucarubinone, glaucarubine, glaucarubolone, glaucarubinone, holacanthone, melianone, simarolide, sitosterol, & tirucalla. After discovery of bruceantin (a quassinoid), which is responsible for antileukemic activity, these phyto-molecules gained very much attention [4]. Around 150 quassinoids have been isolated depends on their chemical structures [5]. Considering the future in developing anti-HIV agents with more effective & less harmful compounds, indigenous quassinoids represent a resource of small molecules. The selected quassinoids, some were selected (ailanthinone, benzoquinone, canthin, dehydroglaucarubinone, glaucarubine, glaucarubolone, glaucarubinone, holacanthone, melianone, simaroubidin, simarolide, simarubin, simarubolide, sitosterol, & tirucalla) based on PASS prediction server [6]. The given ligands were predicted 

			to collaborate with both CXCR4 & CCR5. Both of these molecules (CXCR4 & CCR5) are chemokine receptors which are present in different types of cells like macrophages, monocytes, T-cells as well as acts as co-receptor for HIV-1 in these cells. CCR5 was first isolated as a working GPCR which is acted against 3 CC chemokine [7,8]. Among the many CC chemokine that have been noted to bind, CCR5 show the most suppressive activities in HIV-1 infection assays [9] and CCR5 also acts as a potential enhancer despite than an inhibitor of HIV-1 replication [10]. CXCR4 was initially identified as leukocyte-derived seven-transmembrane domain receptor [11-15] but did not get so much response until its isolation as a co-receptor for HIV-1 [16]. Zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and emtricitabine are potent selective inhibitors ligand and clinically approved by the US and European Union and is nowadays recommended for cure of HIV-1 patients. In the present study, we tried on comparative analysis of the selected quassinoids from the Simarouba glauca plant with the known drug and carried out the ADME analysis and molecular docking which investigated the drug likeness of the ligands.

			Methodology

			Preparation of Ligand

			Ligands bind to the protein’s binding sites and the SDF (structure data format) files were obtained of all compounds from Pubchem database [17] & analyzed by Marvin view [18]. And then compounds were transformed into 3D structure using PyMol version 1.3 [19]. And physico-chemical properties of the ligands are estimated by Pubchem open chemistry database.

			Investigation of drug likeness of the ligands 

			Lipinski filter were used for drug likeness prediction and according to orally active drug must fulfill some criteria for drug likeness mainly cLogP, molecular mass, hydrogen donor & acceptor, & molar refractive index [20]. And all of these properties were investigated by SWISS ADME, which is noted as a conventional drug discovery tool [21] as well as brain access & gastrointestinal absorption are 2 pharmacokinetic behaviors to measure the various levels of the drug discovery mechanisms. And the Brain or Intestinal EstimateD permeation method (BOILED-Egg) is proposed as an exact predictive model [22].

			Molecular Docking Analysis

			The objective of the molecular docking is to predict the active binding modes of ligands & orientation of molecules with respect to binding sites. According to this docking, the affinity score gives the ranking of all the binding pores of molecule inside the catalytic site of an enzyme is being done and the targeted compounds were selected for minimization using Ligprep module of Schrodinger. In molecular docking, the receptor grid was analyzed keeping (zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and emtricitabine) on (ailanthinone, benzoquinone, canthin, dehydroglaucarubinone, glaucarubine, glaucarubolone, glaucarubinone, holacanthone, melianone, simaroubidin, simarolide, simarubin, simarubolide, sitosterol, & tirucalla) at the centre of grid with 20 A edges bearing catalytic sites. Moreover, the molecular docking was performed for given ligands against Protein Data Bank ID using Glide XP 5.8 program [23-25]. After docking, the lowest energy or highest score given by Glide program was selected as the most probable binding pose of top compound.

			Results & Discussion

			Ligands 

			(Figure 1 & Table 1) The known drugs exposed polar surface area is around 77 Å²- 135 Å², whereas many selected compounds having less polar surface area like benzoquinone (mass – 108.09 g/mol) followed by canthin, holacanthone, & melianone.

			Table 1: Physico-chemical properties of the ligands.

			
				
					
					
					
					
					
					
				
				
					
							
							Ligands

						
							
							Molecular formula

						
							
							Molecular weight

						
							
							Monoisotropic mass

						
							
							Heavy atom count

						
							
							Topological polar surface area 

						
					

					
							
							ailanthinone

						
							
							C25H34O9

						
							
							478.53 g/mol

						
							
							478.220283 g/mol

						
							
							34

						
							
							140 Å²

						
					

					
							
							Benzoquinone 

						
							
							C6H4O2

						
							
							108.09 g/mol

						
							
							108.021129 g/mol

						
							
							8

						
							
							34.1 Å²

						
					

					
							
							Canthin 

						
							
							C14H10N2

						
							
							206.24 g/mol

						
							
							206.084398 g/mol

						
							
							16

						
							
							17.8 Å²

						
					

					
							
							Dehydroglaucarubinone

						
							
							C25H32O10

						
							
							492.5 g/mol

						
							
							492.199547 g/mol

						
							
							35

						
							
							160 Å²

						
					

					
							
							Glaucarubine 

						
							
							C25H36O10

						
							
							496.5 g/mol

						
							
							496.230847 g/mol

						
							
							35

						
							
							163 Å²

						
					

					
							
							Glaucarubolone 

						
							
							C20H26O8

						
							
							394.4 g/mol

						
							
							394.162768 g/mol

						
							
							28

						
							
							134 Å

						
					

					
							
							Glaucarubinone 

						
							
							C25H34O10

						
							
							494.5 g/mol

						
							
							494.215197 g/mol

						
							
							35

						
							
							160 Å²

						
					

					
							
							Holacanthone 

						
							
							C22H28O9

						
							
							436.5 g/mol

						
							
							436.173332 g/mol

						
							
							31

						
							
							140 Å²

						
					

					
							
							Melianone 

						
							
							C30H46O4

						
							
							470.7 g/mol

						
							
							470.33961 g/mol

						
							
							34

						
							
							59.1 Å²

						
					

					
							
							Simarolide 

						
							
							C27H36O9

						
							
							504.6 g/mol

						
							
							504.235933 g/mol

						
							
							36

						
							
							133 Å²

						
					

					
							
							Sitosterol 

						
							
							C29H50O

						
							
							414.7 g/mol

						
							
							414.386166 g/mol

						
							
							30

						
							
							20.2 Å²

						
					

					
							
							Tirucalla 

						
							
							C30H50O

						
							
							426.7 g/mol

						
							
							426.386166 g/mol

						
							
							31

						
							
							20.2 Å²

						
					

					
							
							Zidovudine (Co-crystal)

						
							
							C10H13N5O4

						
							
							267.24 g/mol

						
							
							267.096754 g/mol

						
							
							19

						
							
							134.07 Å²

						
					

					
							
							Didanosine (Co-crystal)

						
							
							C10H12N4O3

						
							
							236.23 g/mol

						
							
							236.09094 g/mol

						
							
							17

						
							
							88.7 Å²

						
					

					
							
							 Zalcitabine (Co-crystal)

						
							
							C9H13N3O3

						
							
							211.22 g/mol

						
							
							211.095691 g/mol

						
							
							15

						
							
							88.2 Å²

						
					

					
							
							Stavudine (Co-crystal)

						
							
							C10H12N2O4

						
							
							224.21 g/mol

						
							
							224.079707 g/mol

						
							
							16

						
							
							78.9 Å²

						
					

					
							
							Abacavir (Co-crystal)

						
							
							C14H18N6O

						
							
							286.33 g/mol

						
							
							286.154209 g/mol

						
							
							21

						
							
							102 Å²

						
					

					
							
							Emtricitabine 

							(Co-crystal)

						
							
							C8H10FN3O3S

						
							
							247.25 g/mol

						
							
							247.042691 g/mol

						
							
							16

						
							
							113 Å²

						
					

					
							
							Lamivudine (Co-crystal)

						
							
							C8H11N3O3S

						
							
							229.26 g/mol

						
							
							229.0521 g/mol

						
							
							15

						
							
							113 Å²
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			Analysis of Drug Likeness

			After completion of Lipinski filter analysis which exposed the rigidity of all compound to be remembered for structure-based drug design and also listed out the compound’s properties with similar to their usage using ADME analysis (Table 2). 

			Table 2: Lipinski filter analysis.

			
				
					
					
					
					
					
					
				
				
					
							
							Ligands

						
							
							Molecular formula

						
							
							Hydrogen Bond Donor

						
							
							Hydrogen Bond acceptor

						
							
							cLogP

						
							
							Molar Refractivity

						
					

					
							
							ailanthinone

						
							
							C25H34O9

						
							
							3

						
							
							9

						
							
							1.34

						
							
							118.10

						
					

					
							
							Benzoquinone 

						
							
							C6H4O2

						
							
							0

						
							
							2

						
							
							0.43

						
							
							28.29

						
					

					
							
							Canthin 

						
							
							C14H10N2

						
							
							0

						
							
							1

						
							
							2.90

						
							
							65.26

						
					

					
							
							Dehydroglaucarubinone

						
							
							C25H32O10

						
							
							4

						
							
							10

						
							
							1.95

						
							
							121.48

						
					

					
							
							Glaucarubine 

						
							
							C25H36O10

						
							
							5

						
							
							10

						
							
							0.32

						
							
							120.27

						
					

					
							
							Glaucarubolone 

						
							
							C20H26O8

						
							
							4

						
							
							8

						
							
							3.54

						
							
							99.64

						
					

					
							
							Glaucarubinone 

						
							
							C25H34O10

						
							
							4

						
							
							10

						
							
							3.14

						
							
							126.13

						
					

					
							
							Holacanthone 

						
							
							C22H28O9

						
							
							3

						
							
							9

						
							
							1.78

						
							
							108.52

						
					

					
							
							Melianone 

						
							
							C30H46O4

						
							
							1

						
							
							4

						
							
							5.18

						
							
							136.85

						
					

					
							
							Simarolide 

						
							
							C27H36O9

						
							
							1

						
							
							9

						
							
							6.48

						
							
							117.20

						
					

					
							
							Sitosterol 

						
							
							C29H50O

						
							
							1

						
							
							1

						
							
							7.19

						
							
							133.23

						
					

					
							
							Tirucalla 

						
							
							C30H50O

						
							
							1

						
							
							1

						
							
							7.26

						
							
							135.14

						
					

					
							
							Zidovudine (Co-crystal)

						
							
							C10H13N5O4

						
							
							2

						
							
							6

						
							
							-0.14

						
							
							61.73

						
					

					
							
							Didanosine (Co-crystal)

						
							
							C10H12N4O3

						
							
							2

						
							
							5

						
							
							0.73

						
							
							59.22

						
					

					
							
							 Zalcitabine (Co-crystal)

						
							
							C9H13N3O3

						
							
							2

						
							
							3

						
							
							-0.00

						
							
							52.62

						
					

					
							
							Stavudine (Co-crystal)

						
							
							C10H12N2O4

						
							
							2

						
							
							4

						
							
							0.32

						
							
							54.88

						
					

					
							
							Lamivudine (Co-crystal)

						
							
							C8H11N3O3S

						
							
							2

						
							
							4

						
							
							-0.56

						
							
							54.46

						
					

					
							
							Abacavir (Co-crystal)

						
							
							C14H18N6O

						
							
							3

						
							
							6

						
							
							0.63

						
							
							84.12

						
					

					
							
							Emtricitabine (Co-crystal)

						
							
							C8H10FN3O3S

						
							
							2

						
							
							5

						
							
							0.00

						
							
							56.27

						
					

				
			

			Criteria: log P≤5.0, molecular weight in the range of 150–500, H-bond donor’s ≤5, and H-bond acceptors ≤10. The result come from the above table indicates that the ligands selected were noted to be in acceptable range defined for human use which shows their potential drug like property (Table 3).

			Table 3: Admesar analysis.

			
				
					
					
					
					
					
				
				
					
							
							Ligands

						
							
							Blood brain barrier

						
							
							GI absorption

						
							
							Permeability glycoprotein Substrate

						
							
							Log S (scale Insoluble < 

							-10<Poorly<-6<

							Moderately <-

							4<Soluble<-2Very<0<

							Highly)[Water solubility]

						
					

					
							
							ailanthinone

						
							
							No 

						
							
							High 

						
							
							Yes 

						
							
							-3.58 (soluble)

						
					

					
							
							Benzoquinone 

						
							
							No

						
							
							High

						
							
							No 

						
							
							-0.48 (very soluble)

						
					

					
							
							Canthin 

						
							
							Yes 

						
							
							High

						
							
							No

						
							
							-4.39 (moderate soluble)

						
					

					
							
							Dehydroglaucarubinone

						
							
							No 

						
							
							High

						
							
							No

						
							
							-4.98 (moderately soluble)

						
					

					
							
							Glaucarubine 

						
							
							No

						
							
							High

						
							
							Yes 

						
							
							-2.76 (moderately soluble)

						
					

					
							
							Glaucarubolone 

						
							
							No

						
							
							High

						
							
							No

						
							
							-6.26 (poorly soluble)

						
					

					
							
							Glaucarubinone 

						
							
							No

						
							
							High

						
							
							Yes

						
							
							-4.92 (moderately soluble)

						
					

					
							
							Holacanthone 

						
							
							No

						
							
							High

						
							
							No

						
							
							-3.59 (soluble)

						
					

					
							
							Melianone 

						
							
							No

						
							
							High

						
							
							Yes

						
							
							-6.81 (poorly soluble)

						
					

					
							
							Simarolide 

						
							
							No

						
							
							Low

						
							
							No

						
							
							-8.70 (poorly soluble)

						
					

					
							
							Sitosterol 

						
							
							No

						
							
							Low

						
							
							No

						
							
							-9.67 (poorly soluble)

						
					

					
							
							Tirucalla 

						
							
							No

						
							
							Low

						
							
							No

						
							
							-10.22 (insoluble)

						
					

					
							
							Zidovudine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-0.64 (very soluble)

						
					

					
							
							Didanosine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-1.85 (very soluble)

						
					

					
							
							 Zalcitabine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-0.63 (very soluble)

						
					

					
							
							Stavudine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-1.33 (very soluble)

						
					

					
							
							Lamivudine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-1.27 (very soluble)

						
					

					
							
							Abacavir (Co-crystal)

						
							
							No

						
							
							High

						
							
							Yes

						
							
							-1.48 (very soluble)

						
					

					
							
							Emtricitabine (Co-crystal)

						
							
							No

						
							
							High

						
							
							No

						
							
							-1.34 (very soluble)

						
					

				
			

			Brain or Intestinal Estimated permeation method (BOILED-EGG)

			The prediction also reveals that Benzoquinone & Holacanthone has high GI absorption followed by known drugs Zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and emtricitabine which is then followed by canthin, Dehydroglaucarubinone, Glaucarubolone have low GI absorption (Figure 2). 
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			Molecular Docking Results

			The results obtained from molecular docking of selected compounds with CCR5 &CXCR4 receptors shows that, most of the compounds are exposing better docking score and energy than that known drugs Zidovudine, didanosine, zalcitabine, stavudine, lamivudine, abacavir, and emtricitabine which predicts that the compounds taken have the better binding affinity towards the receptor than the co-crystal. And this prediction indicates us to believe that the compounds will be suitable or proper for treatment of HIV-1 infection (Tables 4 & 5). In selected compounds, benzoquinone showed best glide energy in both receptors (-91.34 & -89.37) followed by holacanthone (-87.67 & -85.74), which is far better than the known drugs score and glide energy.

			Conclusion 

			The in-silico studies of the selected quassinoid compounds from the Simarouba glauca exposed favorable outcomes & the chosen compounds showed better docking score and adme analysis properties than known drugs. Based on ADME prediction Benzoquinone & Holacanthone has high absorption & very soluble compared to co-crystal drugs. The Benzoquinone selected from Simarouba glauca are non-toxic. Hence, it has been identified and predicted that all compounds may possibly serve as new leads for the cure of HIV-1 infections and this results might be in future used in in vivo studies to test their effects on the cure of HIV-1 infections.

			Table 4: Molecular docking simulation with CCR5 co-receptor.

			
				
					
					
					
				
				
					
							
							Ligands

						
							
							Docking score

						
							
							Glide energy (kcal/mol)

						
					

					
							
							ailanthinone

						
							
							4816

						
							
							-78.231

						
					

					
							
							Benzoquinone 

						
							
							4522

						
							
							-91.345

						
					

					
							
							Canthin 

						
							
							4322

						
							
							-81.345

						
					

					
							
							Dehydroglaucarubinone

						
							
							5310

						
							
							-79.342

						
					

					
							
							Glaucarubine 

						
							
							4880

						
							
							-78.917

						
					

					
							
							Glaucarubolone 

						
							
							4018

						
							
							-67.601

						
					

					
							
							Glaucarubinone 

						
							
							4820

						
							
							-71.535

						
					

					
							
							Holacanthone

						
							
							4480

						
							
							-87.675

						
					

					
							
							Melianone 

						
							
							5456

						
							
							-80.162

						
					

					
							
							Simarolide 

						
							
							5402

						
							
							-62.567

						
					

					
							
							Sitosterol 

						
							
							5456

						
							
							-67.265

						
					

					
							
							Tirucalla 

						
							
							5268

						
							
							-72.134

						
					

					
							
							Zidovudine (Co-crystal)

						
							
							5832

						
							
							-76.111

						
					

					
							
							Didanosine (Co-crystal)

						
							
							4516

						
							
							-78.124

						
					

					
							
							 Zalcitabine (Co-crystal)

						
							
							4348

						
							
							-80.546

						
					

					
							
							Stavudine (Co-crystal)

						
							
							4012

						
							
							-81.654

						
					

					
							
							Lamivudine (Co-crystal)

						
							
							4390

						
							
							-78.234

						
					

					
							
							Abacavir (Co-crystal)

						
							
							4044

						
							
							-89.534

						
					

					
							
							Emtricitabine (Co-crystal)

						
							
							4610

						
							
							-76.198

						
					

				
			

			Table 5: Molecular docking simulation with CXCR4 co-receptor. 

			
				
					
					
					
				
				
					
							
							Ligands

						
							
							Docking score

						
							
							Glide energy

						
					

					
							
							ailanthinone

						
							
							5418

						
							
							-74.376

						
					

					
							
							Benzoquinone 

						
							
							4416

						
							
							-89.378

						
					

					
							
							Canthin 

						
							
							4094

						
							
							-80.435

						
					

					
							
							Dehydroglaucarubinone

						
							
							5794

						
							
							-73.489

						
					

					
							
							Glaucarubine 

						
							
							5394

						
							
							-77.197

						
					

					
							
							Glaucarubolone 

						
							
							4398

						
							
							-64.026

						
					

					
							
							Glaucarubinone 

						
							
							5380

						
							
							-71.404

						
					

					
							
							Holacanthone 

						
							
							4744

						
							
							-85.748

						
					

					
							
							Melianone 

						
							
							6016

						
							
							-79.298

						
					

					
							
							Simarolide 

						
							
							5422

						
							
							-60.869

						
					

					
							
							Sitosterol 

						
							
							5982

						
							
							-68.476

						
					

					
							
							Tirucalla 

						
							
							6052

						
							
							-75.101

						
					

					
							
							Zidovudine (Co-crystal)

						
							
							4048

						
							
							-76.265

						
					

					
							
							Didanosine (Co-crystal)

						
							
							4012

						
							
							-77.876

						
					

					
							
							 Zalcitabine (Co-crystal)

						
							
							4646

						
							
							-81.321

						
					

					
							
							Stavudine (Co-crystal)

						
							
							4610

						
							
							-79.123

						
					

					
							
							Lamivudine (Co-crystal)

						
							
							4570

						
							
							-76.435

						
					

					
							
							Abacavir (Co-crystal)

						
							
							4312

						
							
							-87.784

						
					

					
							
							Emtricitabine (Co-crystal)

						
							
							4704

						
							
							-73.158
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			Abstract

			Objective: The objective of this experiment was to investigate the inhibitory activity of targeted quassinoids from the Simarouba glauca employing molecular docking & ADME analysis against selected ligands.

			 Methods: The 3D structures of ligands were fetched from Pubchem database and subjected to bioinformatics tools such as ADME analysis and Molecular docking simulations to predict the new leads for treatment of HIV-1 infections. 

			Results: The comparison of molecular docking score exposed that the selected compounds showed better binding affinity towards the known co-crystals. And ADME properties and Lipinski parameters for drug analysis making them potentially momentous agents for Bio-activities. And finally, the results exposed or showed that these selected compounds from Simarouba glauca are expected to be beneficial & effective in HIV-1 infections.

			Keywords: Simarouba glauca; ADME analysis; Lipinski filter analysis; Quassinoids; Anti – HIV1
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Figure 2: BOILED-EGG Model: The white region indicates the physico-chemical space of molecules with highest probability of being absorbed
by the GI (gastrointestinal tract), & the yellow part indicates the physico-chemical space of molecules with highest probability to permeate s
the brain.
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Figure 1: 3D structure of selected ligands & known ligands are a) ailanthinone, b) benzoquinone, ¢) canthin, d) dehydroglaucarubinone, e
glaucarubine, f) glaucarubolone, g) glaucarubinone, h) holacanthone, i) melianone, j) simarolide, k) sitosterol, 1) tirucalla, m) Zidovudine, n;
didanosine, o) zalcitabine, p) stavudine, q) lamivudine, r) abacavir, and s) emtricitabine.






