



Exploiting the microbial and cancer inhibiting potentials of Cassia alata: using molecular docking, density functional theory and ADMET methods.

ABSTRACT
[bookmark: _GoBack]Cassia alata also known as senna alata is a medicinal plant widely known for its antifungal property, it is known for its ability to attack ring worm. The present work investigates the medicinal strength of cassia alata leaves by studying its anti-bacterial, anti-fungi and anti-cancer properties using molecular docking method. The phytochemical contents of the leaves were revealed via GC-MS experiment. The 3-D structures of the identified compounds were downloaded from pubchem online server and subjected to molecular docking investigation using three controls penicillin for bacteria, fluconazole for fungi and dabrafenib for skin cancer and three proteins namely Cytochrome P450 14 alpha-sterol demethylase (CYP51) (PDB:1EA1) fugal protein, S. aureus TyrRS in complex with SB-239629 (PDB:1jij) bacterial protein, and ERK2 in complex with N,N-dimethyl-4-(4-phenyl-1H-pyrazol-3-yl)-1H-pyrrole-2-carboxamide (PDB: 2ojg) skin cancer protein. Density functional theory calculation to ascertain the relationship between structure and reactivity was performed on the drug controls and four compounds identified in the GC-MS analysis. To ascertain the drug like performance of the compound, adsorption distribution metabolism and elimination screening was performed on four of the identified compounds. The GC-M results revealed the presence of 16 compounds, the molecular docking result showed that Kaempferol (-8.3 kcalmol-1 in 1ea1, -9.5 kcalmol-1 in 1jij, -8.7 kcalmol-1 in 2ojg) showed the best docking scores in the three proteins used. The density functional theory result showed that Kaempferol has the lowest energy gap which could make ease of electron transfer. The ADME result showed that the four compounds studied could effectively serve as drugs without significant side effects.   
Keywords: cassia alata, molecular docking, inhibition, density functional theory, PYRX
INTRODUCTION
Molecular docking is a computational simulation method through which one can study the interaction between two structures; the ligand (drug) and the target (disease) [1-3]. Molecular docking can be used to perform visual screening on a large library of compounds [4-5]. It is a technique in drug design used to estimate the binding strength of small molecules (ligand) on protein targets. Knowledge of the preferred orientation could help in predicting the binding energy between the ligand and the target using a specific scoring function.  In drug design, molecular docking can help determine whether a disease will be activated or inhibited by a particular drug.
The successful use of materials of plant origin as medicine is gaining mountain attention; [6-7] this could be attributed to the fact that these materials are non-toxic and easily obtainable [8]. One of such plants that has gained wide application is Cassia alata also known as Senna alata. It is a medicinal plant distributed in the humid and tropical regions [9-10]. Over the years it has been used traditionally for the treatment of ring worm, eczema, typhoid, malaria, diabetes, asthma, tinea, scabies and other skin infections [11-12].
Cassia alata is a very important medicinal as well as an ornamental plant. It is also known as ringworm bush. Different parts of the plant have been used previously as therapeutic materials for the management of diverse infections [13-15]. It is used locally for the treatment of ringworm and other fungal infections especially in children [16-17]. The leaves are squeezed and rubbed on the affected area for the treatment of various skin infections [18-19]. In Nigeria, the sap from the leaves is rubbed on the skin for its antifungal and ringworm management [20-21].
 In this research, the chemical components of cassia alata will be ascertained using GC-MS screening, anti-cancer, anti-fungal and anti-bacteria screening will be undertaken using molecular docking approach,
2. MATERAILS AND METHODS
2.1. Preparation of plant material
The cassia alata leaves used in this project was acquired in a local village in Imo State. The leaves were dried, ground to a powdered form. 40 g of the powder was dipped in chloroform and left for 72-hours [22], filtered and submitted for GC-MS screening [23].
2.2 preparation of ligands
The compound revealed in the GC-MS result were used as the ligand for the molecular docking procedure [24-25]. The 3-Dimentional structures of the compounds were downloaded from the pubchem [26] online software. And uploaded in PYRX software as the ligands [27].
2.3 protein preparation
In the molecular docking analysis, the compounds revealed in the plant material were screened for their bacteria, fungal and skin cancer inhibiting properties. Three proteins, S. aureus TyrRS in complex with SB-239629 (PDB:1jij) bacterial protein, Cytochrome P450 14 alpha-sterol demethylase (CYP51) (PDB:1EA1) fugal protein, and ERK2 in complex with N,N-dimethyl-4-(4-phenyl-1H-pyrazol-3-yl)-1H-pyrrole-2-carboxamide (PDB: 2ojg) skin cancer protein were sourced from literature [28-30] and used as the proteins for the molecular docking analysis
2.4. Molecular docking
Molecular docking calculations was achieved using the Auto dock tool imbibed the PYRX online software. Calculations were performed between the identified compounds and the prepared proteins using penicillin, dabrafenib, and fluconazole as control drugs. The proteins were loaded and used as the macromolecules for the molecular docking calculations, the compound were uploaded in the PYRX software using the open babel tool, minimized and converted to autodock ligand (pdbqt) [31] and calculations were achieved in the vina wizard tool to identify the ligands with the best conformation pose within the active site of the macromolecule [32]. After docking calculations, the ligand-protein interactions were extracted and further visualized in Discovery studio software [33].
2.5 Density functional theory (DFT) calculations
DFT calculations were performed on the compounds with good docking scores using the Dmol3 tools found the material studio 7.0 software [34]. Calculations were performed using chloroform as the extraction solvent. Geometric optimization was performed on the compound prior to the calculation of the frontier molecular orbitals [35].
2.5. Absorption, Distribution, Metabolism and Elimination (ADMET) and drug likeness properties
To estimate pharmacokinetic parameters as well as other molecular properties of the compounds with good docking scores, their canonical simplified molecular input line entry system (SMILE) were obtained from pubchem software and submitted to SwissADME web tool [36]. Admet properties such as human intestinal absorption (HIA), number of hydrogen bond acceptor (HBA), blood brain barrier (BBB), number of hydrogen bond donor (HBD) and topological polar surface area (TPSA) were predicted.
3. RESULTS
3.1 Gas chromatography-mass spectrophotometry Result
To understand the chemical composition of cassia alata leave extract, GC-MS screening was performed on the extract. The result showed the presence of 16 compounds with Pinene as the compound with the highest composition (33.34 %); other compounds present in high concentrations in the GC-MS result are: Ferullic acid (15.45 %), Humulene (13.45 %), Erucic acid and (12.50 %) and Kaempferol (11.34 %) these compounds have been used severally as drugs for the treatment of many diseases [37]. Table 1 shows the compounds identified in the GC-MS analysis; the chromatogram is presented in Figure 1. The mass spectra of ferulic acid, Catechin, humulene and Kaempferol are shown in figure 2 (a-d).
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Figure 1. GC-MS chromatogram of cassia alata extract
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Figure 2 Mass spectra of (a) ferulic acid (b) Catechin (c) humulene and (d) Kaempferol
Table 1 compounds obtained from the GC-MS analysis and their docking scores
	S/No
	Area %
	Name
	Structure
	Docking score
	Pubchem Cid

	
	
	
	
	1ea1
(Kcal/mol)
	1jij
(Kcal/mol)
	2ojg
(Kcal/mol)
	

	
	Control (anti-bacteria drug)
	Penicillin
	[image: ]
	-6.2
	-7.1
	-6.4
	
52946032

	
	Control (anti-fungal drug)
	[bookmark: _Hlk205033393]Fluconazole

	[image: ]

	-7.3
	-8.0
	-7.5
	3365

	
	Control (skin cancer drug)
	[bookmark: _Hlk205033156]Dabrafenib
	[image: ]
	-8.2
	-8.4
	-8.4
	44462760

	
	
	
	
	
	
	
	

	1. 
	0.45
	Hexadecane
	[image: ]
	-3.7
	-4.9
	-5.4
	
11006

	2. 

	0.20
	Methyl tetradecanoate
	[image: ]
	-5.1
	-4.7
	-5.5
	31284

	3. 
	0.56
	Tetradecanal
	[image: ]
	-4.4
	-4.7
	-5.2
	
31291

	4. 
	1.32
	2-Heptadecanone
	[image: ]
	-4.4
	-5,1
	-5.4
	
18027

	5. 
	0.60
	Luteolin
	[image: ]
	-7.0
	-9.9
	-9.3
	5280445

	6. 
	15.45
	Ferullic acid
	[image: ]
	-6.5
	-6.8
	-6.5
	
445858

	7. 
	1.95
	Catechin
	[image: ]
	-8.0
	-9.3
	-9.2
	9064

	8. 
	2.79
	9-Octadecenoic acid, methyl ester, (E)-
	[image: ]
	-5.6
	-4.8
	-5.7
	
5280590

	9. 
	0.48
	Methyl stearate
	[image: ]
	-5.0
	4.9
	-5.6
	
8201

	10. 
	33.34
	Pinene
	[image: ]
	-5.8
	-5.5
	-5.9
	
15837102

	11.
	13.45
	Humulene
	[image: ]
	-6.7
	-7.1
	-6.7
	5281520

	12.
	3.66
	Oleic Acid
	[image: ]
	-4.0
	-5.0
	-4.5
	445639

	13.
	0.34
	9-Octadecenal, (Z)-
	[image: ]
	-6.0
	-5.0
	-5.3
	5364492

	14.
	11.34
	Kaempferol
	[image: ]
	-8.3
	-9.5
	-8.7
	
5280863

	15.
	12.50
	Erucic acid
	[image: ]
	-5.4
	-4.9
	-4.8
	
5281116

	16.
	0.96
	Z-2-Octadecen-1-ol
	[image: ]
	-5.7
	-5.0
	-6.1
	
5365011



3.2 molecular docking Results
Molecular docking to study the interactions between the identified compounds (ligands) and the chosen proteins was achieved in PYRX software [38], the docking scores are presented in Table 1 while the visualized interactions are shown in Figure 3. The scores shown in Table 1 shows that four compounds; Ferullic acid ( -6.5, -6.8, -6.5 Kcal/mol), catechin (-8.0, -9.3, -9.2 Kcal/mol), Humulene (-6.7, -7.1, -6.7 Kcal/mol) and kaempferol (-8.3, -9.5, -8.7 Kcal/mol) showed good docking scores within the active site of the 1EA1 fungal protein, 1jij bacterial and 2ojg skin cancer proteins meaning that these compounds, if consumed from cassia alata could have very positive effect on fungi, bacteria and skin cancer diseases. The molecular docking scores presented in Table 1 showed that the components of Cassia alata leaves functioned better as antibacterial drug since all the compounds showed good docking scores in the 1jij bacterial protein.
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Figure 3: visualized 3D and 2D interactions of some of the seleced compounds
3.3 Density functional theory results
Density functional theory calculations were achieved with the aid of the electronic structure program DMol3 tools using Perdew Wand (PW) local correlation density functional and Mulliken population analysis DND basic set [39] found in acceryl material studio software 7.0. To stabilize the compounds before calculation, geometric optimization was performed on each compound. The optimized structures as well as the frontier molecular orbitals (HOMO & LUMO) are presented in Figure 4. The HOMO energy (, LUMO energy ( and energy gap  were calculated and presented in Table 2. The ionization energy (I) and electron affinity (A) are related to the HOMO and LUMO energies according to equations 1 and 2. The quantum chemical descriptors including absolute hardness (η), softness (δ) absolute electronegativity (𝜒), and electrophilicity (ω) were estimated from the HOMO and LUMO energies according to equations 3-6 and presented in Table 2.Values of the energy gap helps to predict chemical reactivity as low values indicate the ease of electron transfer between the ligand and protein, interestingly, Table 2 reveals that Kaempferol showed the least energy gap compared to other studied compounds suggesting good chemical reactivity and considerable energy transfer from the highest occupied molecular orbital  (HOMO) to the lowest unoccupied molecular orbital (LUMO). This result is in good agreement with the molecular docking result. Chemical hardness (or softness) is an important indicator of a compound’s propensity as regards to covalent bonding as softness enhances close interaction between the ligand and protein [40]. Absolute electronegativity (𝜒) [41] shows a compounds ability to attract electron to itself in the combined form, electrophilicity (ω) is the feature of a compound to act as an electrophile [42], it shows the molecule’s ability to accept an electron from a nucleophile. The values of the quantum chemical descriptors computed in Table 2 show that the compounds studied showed values which are comparable to other compounds that had functioned as drugs [43].

 									(1)
 									(2)
									(3)
									(4)
 								(5)
 									(6)
 The highest occupied molecular (HOMO) orbital is usually an electron rich center from where electrons can be transferred while the lowest unoccupied molecular (LUMO) orbital is an electron deficient center ready to accept electron. 


	Name of compound
	3-D structure
	HOMO orbital
	LUMO orbital

	Penicillin
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	Dabrafenib
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	Fluconazole
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	[bookmark: _Hlk205033662]Ferullic acid
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	Catechin
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	Humulene
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	Kaempferol
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Figure 4: The optimized, HOMO and LUMO orbitals of the compounds studied.

Table 2: Quantum chemical descriptors of some compounds found in Cassia alata leaves
 
	[bookmark: _Hlk204427873]Compound
	 (eV)
	 (eV)
	 (eV)
	 (eV)
	 (eV)
	𝜒 
(eV)
	 
(eV)
	 

	


	Penicillin
	-5.3642
	-1.6588
	5.3642
	1.6588
	3.7054
	3.5115
	1.8527
	0.5398
	7.2303

	Dabrafenib
	-5.7404
	-3.0365
	5.7404
	3.0365
	2.7039
	4.3885
	1.3520
	0.7396
	7.1224

	Fluconazole
	-6.3351
	-1.5808
	6.3351
	1.5808
	4.7543
	3.9580
	2.3772
	0.4207
	3.2950

	Ferullic acid
	-5.5668
	-2.7602
	5.5668
	2.7602
	2.8066
	4.1635
	1.4033
	0.7126
	6.1764

	Catechin
	-5.0821
	-0.9150
	5.0821
	0.9150
	4.1671
	2.9986
	2.0836
	0.4800
	2.1577

	Humulene
	-5.2166
	-0.5552
	5.2166
	0.5552
	4.6614
	2.8859
	2.3307
	0.4291
	1.7867

	Kaempferol
	-5.2597
	-2.7840
	5.2597
	2.7840
	2.4757
	4.0219
	1.2379
	0.8078
	6.5335




3.4. Absorption, Distribution, Metabolism and Elimination (ADMET) and drug likeness prediction Results
Compounds that must function effectively as drugs are expected to reach the target in their bioactive form and stay there long enough for the expected drug-target interaction to take place. Thorough ADMET examination is urgently needed to reduce failures during drug formulations, two web tools, swissADME and ADMETlab 3.0 were used for screening four of the compounds and the controls for their pharmacokinetics and pharmacodynamics behaviors. Properties estimated including human intestine absorption (HIA), blood brain barrier (BBB), The partition coefficient between n-octanol and water (log Po/w), topological polar surface area (TPSA), number of rotatable hydrogen bonds, Number Hydrogen bond acceptors and Number of Hydrogen bond donors are presented in Table 3 while Table 4 shows the P-glycoprotein and inhibitor of pharmacokinetics. Interestingly, none of the four compounds studied violated more than 1 of the Lipinski’s rule of 5 described in our previous works [44]. Three of the compounds showed positive human intestinal absorption (HIA) showing that they would be easily absorbed by the human intestine, three showed negative blood-brain barrier (BBB) which implies that they can readily cross the BBB and enter the brain tissue, for effective delivery to the brain [45]. The logarithm of the partition coefficient between n-octanol and water (log Po/w) was studied, it is a measure of the distribution of a drug between octanol and water phases. It tells the lipophilicity or hydrophobicity nature of a drug, it is a property that predicts a drug's aptness to cross biological membranes [46], the range of values for log Po/w for a good drug is between 1 and 5. Fortunately, all compounds studied fall within this range.  The total polar surface (TPSA) is an indication of the membrane permeability efficacy of a drug molecule, the range of value for a good compound is 20 Å < TPSA < 130 Å and all four compounds studied as well as the controls drugs fall within this range.   
The swissADME online tool was also used to study the interaction of the compounds with cytochromes P450 (CYP), a group of enzymes, usually found in the liver, that play an important role in the metabolism of both xenobiotics and endogenous compounds. Being an inhibitor of these enzymes CYP can result in reduced drug metabolism, and may lead to drug interactions that may imply treatment outcomes (47). All four compounds are non-inhibitors of CYP2C19, Ferullic acid, catechin and humelene are non-inhibitors of CYP1A2, CYP2D6 and CYP3A4 while Kaempferol is an inhibitor, all four compounds except humelene are inhibitors of CYP2C9. Only catechin is a substrate of permeability glycoprotein (P-gp), a molecule that actively pumps molecules and drugs out of cells. these results indicate that the compounds studied can comfortably act as drugs without much side effects.
Table 3. Drug likeness results as computed with SwissADME
	S/No.
	Compound
	Molecular weight (g/mol)
	HIA
	BBB
	
	TPSA
(Å²)
	HBR
	HBA
	HBD

	1
	Penicillin
		320.120
	



	High
	No
		
	1.597



	69.640
	5
	5
	2

	2
	Dabrafenib
		
	519.100



	Low
	No
		
	4.770



		
	147.48 
	 



		
	6



	8
	2

	3.
	Fluconazole
		
	306.27



	High 
	No
		
	0.88



		
	81.65 



	5
	7
	1

	4
	Ferullic acid
	194.18
	High
	yes
		
	1.360



	66.760
	3
	4
	2

	5
	Catechin
		
	290.27 



	High
	No
		
	0.83



		
	110.38



	1
	6
	5

	6
	Humulene
		
	204.35



	Low
	No
		
	4.26



		
	0.00



	0
	0
	0

	7
	Kaempferol
	286.24
	High
	No
		
	1.58



		
	111.13 



	1
	6
	4


HIA = Human intestine absorptivity, BBB = Blood brain barrier, log PO/W = n=octane/water distribution coefficient, TPSA = total polar surface, NRB-Number of rotatable bond, HBA-Number of hydrogen bond acceptor, HBD = Number of hydrogen bond donor




Table 4. ADME results of some selected compounds
	[bookmark: _Hlk205296148]S/No.
	Name of compound
	Inhibitor Interaction (SwissADME)

	
	
	P-gp
Substrate
	CYP1A2
Inhibitor
	CYP2C19
Inhibitor
	CYP2C9
Inhibitor
	CYP2D6
Inhibitor
	CYP3A4
Inhibitor

	1. 
	Penicillin
	Yes
	No
	No
	No
	No
	No

	2. 
	Dabrafenib
	No
	No
	Yes
	Yes
	No
	Yes

	3. 
	Fluconazole
	Yes
	No
	Yes
	No
	No
	No

	4. 
	Ferullic acid
	No
	No
	No
	No
	No
	NO

	5. 
	Catechin
	Yes
	No
	No
	No
	No
	No

	6. 
	Humulene
	No
	No
	No
	Yes
	No
	No

	7. 
	Kaempferol
	No
	Yes
	No
	No
	Yes
	Yes


\


CONCLUSION: 
The leave extract of cassia alata was studied for its bacteria, fungi and skin cancer inhibiting properties using penicillin, fluconazole and dabrafenib as control for each disease. GC-MS analysis was used to identify 16 chemical contents of the chloroform extract of the plant. All the compounds were screened for their bacteria, fungi and skin cancer inhibit ability using molecular docking procedure. Kaempferol showed very good inhibiting potential for all the diseases studied. DFT analysis to study the reactivity behavour of the compounds was performed on the compounds with high docking energies, the result showed that Kaempferol gave the lowest energy gap between the HOMO and LUMO orbitals validating the molecular docking result. ADME screening using swissadme and ADMETlab 3.0 online sever showed that the compounds with good docking score have good druglike properties. The findings in this research have validated the claim that cassia alata is a lead candidate in the management of bacteria, fungi and skin cancer diseases. 
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