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ABSTRACT 

The novel coronavirus is better known as COVID–19 caused by Severe Acute 

Respiratory Syndrome Corona–Virus 2 (SARS–CoV–2) which initially outburst at Wuhan in 

China on December 2019 and spread very rapidly around the globe. Scientists from the 

global regions endeavours to still probe for detecting potential treatment and discover 

effective therapeutic drug candidates for this unabated pandemic. In our article, we reported 

the molecular docking, bioactivity score, ADME and toxicity prediction of the 

phytoconstituents of Solanum trilobatum Linn. such as Solanidine, Solasodine and –

Solanine as potential inhibitors against the main protease (Mpro) of SARS–CoV–2 tropism. 

The molecular docking of Solanidine, Solasodine and –Solanine has revealed that it 

bounded deep into the active cavity site on the Mpro. Further, the pharmacodynamics and 

bioactivity profile has confirmed that the molecules obeyed the Lipinski’s rule and will be 

used as notably treasured lead drug candidates to pursue further biochemical and cell–based 

assays to explore its potential against COVID–19 pandemic. Thus, envisioning thought–

provoking research certainly provide new leads for the global researchers. 
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1. Introduction  

The entire mankind across the globe is immensely suffering due to COVID–19 pandemic 

outbreak substantial morbidity and unprecedented mortality. Moreover, the death toll has 

reached more than six million and still its count increasing every day which indicates the 

ensuing perilous situation. Hence, there is an urgency to find potential and suitable drug 

candidates for this novel syndrome primarily affecting the respiratory system. Prior 

extensive studies shows that many targets are found for the treatment of COVID–19 

disease, in which the glyco–protein resembling spike (S) glycoprotein plays a significant role 

for entering and spreading of highly pathogenic virus SARS–CoV–2 (Xia et al., 2020). Once 

this virus enters the human body, it strongly establishes and grows with an aid of another 

protein called Main protease (Mpro) enzyme (Hoffmann et al., 2020). Therefore, the 

prominent investigation is necessary towards the exploitation of this viral entry and growth in 

host cell through well–recognized lead potential bioactive antiviral agents is the present need 

for drug development. Gratifyingly, we have chosen such potential phytoconstituents of the 

Solanum trilobatum Linn. especially, the natural products including Solanidine, Solasodine, 

–Solanine might be a resourceful inhibitor which was ascertained via in silico studies 

against COVID–19. 

Solanum trilobatum Linn. a member of Solanaceae family, is a native plant of Asian 

countries specifically prevailing in India, Sri Lanka, Indonesia, Singapore, and Malaysia. 

Significantly, Solanum trilobatum Linn. is served in the form of soup to COVID–19 patients 

at Siddha COVID Care Centres (SCCC) and is part of the diet chart issued by the Ministry of 

AYUSH and Directorate of Indian Medicine and Homoeopathy, Government of Tamil Nadu  

(https://main.ayush.gov.in/event/guidelines–siddha–practitioners) (Ministry of AYUSH, 

Govt. of India, 2020). Prior studies indicate its vast therapeutic potential to serve as 

characteristic anticancer, antioxidant, anti–diabetic, anti–hepatocarcinogenesis, cytotoxicity 

and anti–inflammatory properties etc. (Mohan and Devi, 1996; Ganesan et al., 2017; Shilpha 

et al., 2015; Shahjahan et al., 2005; Jahan et a1., 2007; Ramar et al., 2015; Pandurangan et 

al., 2011). In Tamil vernacular language, it is popularly referred as Thoothuvelai and 

Singivalli.  In Sanskrit, it is called as alarka. In the Ayurveda and Siddha system of medicine, 

their roots, fruits, and leaves are prescribed to heal various respiratory tract problems, 

including tuberculosis, asthma, sinusitis, tonsillitis, common cold, cough, pulmonary 

infections etc. (Govindan, 1999 and 2003; Mohanan et al., 1998). The leaf extract appears to 

https://main.ayush.gov.in/event/guidelines-siddha-practitioners


increase male fertility and counteracts snake poison and cures lung sicknesses (Emmanuel et 

al., 2006). 

The bioactivity of the herbs is based the following perspectives namely taste, potency, 

post digestive effect (PDE), individual action of the herbs and other characteristic properties 

(Uthamarayan, 2006). In fact, the taste of Solanum trilobatum Linn. is pungent and less bitter 

with hot potency that results in producing pungent flavour during post digestive period. It is 

indicated to tackle Aiyam (Phlegm), Vali (Air) and Azhal (Heat) humours. Moreover, its 

individual action includes stimulant, expectorant and tonic action (Mudaliar, 2006). 

According to the primal literature (Anand Kumar, 1975), Solanum trilobatum Linn. is used as 

a rejuvenator and consumed as greens which are capable of alleviating phlegmatic diseases.  

The leaves are used to treat hypogeusia, flower is an aphrodisiac, fruit pacifies all the three 

humours. Of course, root and creeper relieve cough, wheezing and phlegmatic afflictions 

respectively. In addition, the specific action of leaves alleviates dullness of the ear and its 

related disorders especially due to phlegm, cough, pruritus, ascites, dysbiosis, vitiated 

humours in unison and pricking pain in the body and provides strength to the body (Mudaliar, 

2006) 

 In addition, the dried fruit is beneficial for vitiated phlegm, air and heat associated 

disorders as well as loss of appetite and hernia, whereas the ripe fruit useful for soothening 

vitiated humours, loosen the increase of phlegm in the bronchial tubes and catarrh and also 

used in toxic conditions. Most importantly the leaves decoction is indicated for bronchial 

asthma. If Solanum trilobatum Linn.  is consumed as rejuvenator in the form of green leaves, 

root, dried fruits and pickles with cow ghee, it alleviates vitiated heat disorders and especially 

cures eye related disorders (Thiyagarajan, 2003). 

The phytochemical screening of the genus Solanum including Solanum trilobatum 

Linn. characterized by several secondary metabolites, including glycoalkaloids, steroidal–

glycosides and saponins wherein, the most useful glycoalkaloids are Solanidine, Solasodine 

and –Solanine. Since, the toxic level of glycoalkaloids in human diet is still not confirmed 

(Hasanain et al., 2015). Predominantly, the identified chemical ingredients have numerous 

pharmacological activities such as antiviral (Lee et al., 2007; Sinani and Eltayeb, 2017), anti–

cancer (Delporte et al., 1988; Choi and Koo, 2005; Emmanuel et al., 2006) and anti–diabetic 

activity (Sato, 1967). 



An abundanance of healing properties are found in the active components of 

Solanidine, Solasodine and Solanine from Solanum trilobatum Linn. This has been taken 

for investigation to study the interaction and binding affinity within the active site cavity of 

Mpro through molecular docking approach. Further the SwissADME were examined including 

the physiochemical properties, drug likeness and ADME of compounds. Subsequently, we 

have attempted to elicit their bioactivity profiles on the basis of PASS online property 

explorer and ultimately checked the toxicity of molecule using PreADMET server. 

2. Materials and Methods 

 

2.1. Molecular Docking of S. trilobatum compounds against Mpro 

The molecular docking method was used to observe the interplay bonding pattern of 

compounds within the active site areas on the Mpro of SARS–CoV–2. The recently determined 

native structure of the main protease or Mpro (PDB: 6LU7) was taken from RCSB Protein 

Data Bank. The shape of the protein was refined and removed all non–standard residues 

including water by using the protein preparation protocol of Discovery Studio (DS) 2019. 

Eventually, the binding sites were created on Mpro by means of selecting the 

compounds via DS to obtain the binding site dimensions of XYZ –5.03, 7.84, 78.25 for 

docking. Accordingly, the compounds were prepared and minimized. Further, conformations 

of compounds were generated with maximum 225 numbers of conformations and 

conformations of separate isomers had been also created inside the threshold of 20.0 kcal/mol 

relative energy. The CHARMm force field was applied to minimize the compounds with 

1000 steps of steepest descent (SD) algorithm. The root mean square deviation (RMSD) <1.0 

Å were taken into consideration as duplicates as the higher demanded RMSD value will 

reduce the number of ligands poses lower back and an RMS gradient 0.001 (Rao et al., 2007). 

 

Diller and Merz have developed a high–throughput docking algorithm known as 

LibDock which includes the polar and apolar functions as “Hotspots”. The molecules which 

bypass the implemented filters were docked with the crystal structure of Mpro (PDB: 6LU7). 

The chosen compounds were docked to explore and compare interacting amino acids. The 

docking parameters were kept default and CHARMm force field was employed to predict the 

docking score of the protein–ligand complexes. Ligand–receptor minimization was 

performed during docking by in situ cross–docking approach that changed into accomplished 

on the complexes to remove any ligand van der Waals clashes prior scoring and calculating 



binding energy (Diller and Merz Jr, 2001). The 5000 steps of SD with unfastened movement 

of atoms in the binding site sphere have been used at the time of minimization. 

 

The binding strength of protein–ligand complexes had been calculated from the 

unfastened energies of the complex and free energies of protein and the ligand using 

CHARMmforce field and implicit salvation technique (Tirado–Rives and Jorgensen, 2006). 

Compounds were prepared for use of docking and other programs by way of the usage of DS, 

mainly for those which require a 3–dimensional (3D) coordinates and biological ionization 

and tautomerization states. While analyzing receptor–ligand interactions and other regions 

which miles essential to correctly prepare the ligands. The special protonation states, isomers 

and tautomers usually have specific 3D geometries and binding characteristics. 

 

2.2. ADMET prediction 

The physicochemical properties, lipophilicity, water solubility, pharmacokinetics of 

molecules were analysed through the SwissADME sever (Daina et al., 2017). The Absorption 

Distribution Metabolism and Elimination (ADME) properties for the represented molecules 

was used to calculate and assess the drug ability to filter the ligand molecules at an early 

stage of identifying the reason for its activity 

 

2.3. Biological activity profile 

The PASS online (http://www.pharmaexpert.ru/passonline/) was used to predict the 

biological activity including pharmacological effects, mechanism of action, toxic and adverse 

effects, interaction with metabolic enzymes, transporters and influence on gene expression, 

etc (Lagunin et al., 2000). 

 

2.4. Toxicity prediction 

The prior enters the small molecule into the human and animal models confirming the 

amount of their tolerability. Toxicity prediction of molecules were done using Pre–ADMET 

(https://preadmet.bmdrc.kr/) which is online based tool for predicting ADME data and 

building drug–like library using in silico method (Lee, 2003). 

 

3. Results 

3.1. Docking Studies 

http://www.pharmaexpert.ru/passonline/
https://preadmet.bmdrc.kr/


The identified compounds of Solanidine, Solasodine and –Solanine were docked 

with the Mpro (PDB ID: 6LU7) using LibDock module of Discover studio 2019 and hundreds 

of pose conformations were generated for each compound within the binding pocket. The 

best pose was screened for further analysis based on their LibDock score. The docking 

summary of compounds with target proteins of 6LU7 is depicted in Table 1. 

 



Table 1. Docking simulation summary of phytoconstituents of Solanum trilobatum Linn. with Mpro (PDB ID :6LU7) 

S. No Compounds Structure LibDock 

Score 

Binding Energy 

(Kcal/mol) 

Interacting Residues 

1. Solanidine 

 N

CH3

CH3

CH3

OH

CH3

H

H

H

H

H

H

 

114.81 -69.01 HIS 41, CYS 44, MET 49, PRO 52, TYR 54, 

PHE 140, LEU 141, ASN 142, GLY 143, SER 

144, CYS 145, HIS 163, HIS 164, MET 165, 

GLU 166, HIS 172, ASP187, ARG 188 and GLN 

189 

2. Solasodine 

 

CH3

CH3

H

H

H

O

NH

CH3CH3

H

H

OH  

113.969 -101.637 HIS 41, CYS 44, MET 49, PRO 52, TYR 54, 

PHE 140, LEU 141, ASN 142, GLY 143, SER 

144, CYS 145, HIS 163, HIS 164, MET 165, 

GLU 166, HIS 172, ASP 187, ARG 188 and 

GLN 189 

3. α-Solanine 

 

N

O

CH3

CH3

CH3

CH3

H

H

H

H

H

HO

OO

OH

OH

O

OHOH

OH

OH

O

OH

OH

OH

CH3

D-b-Gal

D-b-Glc

D-b-Rha  

172.63 -203.00 HIS 41, MET 49, LEU 50, LEU 141, ASN142, 

GLY 143, SER 144, CYS 145, HIS 163, HIS 164, 

MET 165, GLU 166, LEU 167, PRO 168, HIS 

172, ARG 188, GLN 189, THR 190, ALA 191 

and GLN 192 



 

3.2. Binding mode of S. trilobatum compounds with Mpro(PDB:6LU7) 

The binding affinity of Solanidine towards the active site of Mpro (PDB: 6LU7) was 

predicted by performing molecular docking analysis (Figure 1a and 1b). The Solanidine –

Mpro complex was established by one hydrogen bond and one carbon hydrogen bond. The 

hydrogen bond formed between H30 atom on hydroxyl group of Solanidine with the oxygen 

atom on carbonyl group of ASP 187 (2.0 Å) and the carbon – hydrogen bond formed between 

methyl hydrogen of ARG 188 (2.2 Å) and O1 atom on hydroxyl group of Solanidine (Figure 

1c and 1d) respectively. Further the seven hydrophobic interactions (Alkyl & –Alkyl) were 

placed in residues of HIS 41, MET 49, CYS 145, HIS 163 and MET 165 for improving the 

physicochemical properties of Solanidine. Moreover, CYS 44, PRO 52, GLN 189, GLU 166, 

LEU 141, PHE 140, HIS 172, ASN 142, SER 144, GLY 143, HIS 164 and TYR 54 of active 

site residues were involved in the van der Waals interaction in Solanidine – Mpro complex 

(Figure 1d) 



 

 

 

(a) (b) 

 

 

(c) (d) 

Figure 1 (a) Clear view of Solanidine and the substrate-binding pocket shown as surface 

illustration. The Solanidine is shown as cyan sticks and the crucial residues of Mpro are shown 

as atom colour sticks. (b) The secondary structure view of Mpro - Solanidine complex (Blue 

ribbon indicates the N-terminal and red ribbon indicates the C-terminal). (c) Stereo 

illustration of the interaction between Solanidine and the Mpro. Residues and the Solanidine 

are shown as sticks, and the hydrogen bond between Solanidine and Mpro is shown by the 

green dashed line. (d) The 2D view of Solanidine-Mpro. It obviously demonstrates 

conventional hydrogen bond, carbon - hydrogen bond, hydrophobic and van der Waals 

interactions present in receptor-ligand complex. 



The molecular docking of Solasodine at the active site of Mpro(PDB:6LU7) revealed 

that it fits into the active site cavity perfectly (Figure 2a and 2b). In this Solasodine–Mpro 

complex, two hydrogen bonds were found. The nitrogen atom of Solasodine is protonated 

during the docking simulation and resulted in the formation of hydrogen bond interaction 

between H31 atom attached with nitrogen of Solanidine and carbonyl oxygen (O) of ASP 187 

(2.0 Å) residue. Interestingly, the electrostatic attraction with bond distance (2.8 Å) was also 

observed between nitrogen on solasodine and carboxylic group of GLU 166 to maintain 

stability of Mpro – Solasodine complex. Another hydrogen bond formed between hydroxyl 

hydrogen atom (H32) of Solasodine and carbonyl group of PHE 140 (2.8 Å) residue (Figure 

2c and 2d). The three carbon – hydrogen bonds were found to support to the Mpro – 

Solanidine complex. The methylene hydrogen (CH2) present in the piperidinyl unit, adjacent 

to nitrogen atom of Solasodine was involved in the formation of carbon – hydrogen 

interaction with carbonyl O atom of PHE 140 (2.5 Å) and carboxylic group of GLU 166 

residue (2.5 Å) respectively. The methine proton of ARG 188 interacted with hydroxyl 

oxygen (O2) atom of Solanidine through carbon – hydrogen interaction with bond distance of 

2.5 Å. Moreover, six hydrophobic interactions (Alkyl, –Alkyl) were formed in the residue 

of HIS 41, MET 49, CYS 145 and MET 165 which improved the lipophilicity of Solasodine. 

Furthermore, the active site residues of the CYS 44, TYR 54, PRO 52, GLN 189, HIS 164, 

HIS 163, HIS 172, LEU 141, ASN 142, SER 144 and GLY 143 were participated in van der 

Waals interactions (Figure 2d). 



 

 

 

(a) (b) 

 

 
(c) (d) 

Figure 2(a) Detailed view of Solasodine and the substrate-binding pocket, shown in surface 

representation. The Solasodine is shown as cyan sticks, and the crucial residues of Mpro are 

shown as atom colour sticks (Blue ribbon indicates the N-terminal and red ribbon indicates 

the C-terminal). (b) The secondary structure view of Mpro- Solasodine complex (Blue ribbon 

indicates the N-terminal and red ribbon indicates the C-terminal). (c) Stereo view of the 

interaction between Solasodine and the Mpro. Residues and the Solasodine are shown as 

sticks, and the hydrogen bond between Solasodine and Mpro is shown by the green dashed 

line. (d) The 2D view of Solasodine-Mpro. It clearly shows hydrogen bonds, carbon - 

hydrogen bonds, attractive charge, hydrophobic and van der Waals interactions. 

 

The molecular docking of –Solanine with Mpro (PDB: 6LU7) revealed that the 

glycoside moiety of –Solanine was bound deep into the substrate–binding pocket of the 

receptor. Figure 3a and 3b clearly shows that –Solanine has established with eight hydrogen 

bonds (Figure 3c and 3d). Amongst, the α–Solanine has donated five hydrogen bonds to the 

Mpro whilst, accepted three hydrogen bonds from the receptor. The tertiary nitrogen of –



Solanine have protonated to quaternary nitrogen during the docking simulation and resulted 

in the formation of hydrogen bond between H78 atom on tertiary N atom and O atom of 

carbonyl group of GLN 189 (1.9Å) residue. Further, the hydrogen atoms (H123, H125 and 

H127) on β–D–glucopyranoside ring of –Solanine displayed hydrogen bonds between S 

atom of CYS 145 (2.7 Å), O atom of carbonyl group of GLN 189 (2.7 Å) and HIS 164 (1.7 

Å) respectively. Also, the H113 atom on ethanolic group of β–D–galactopyranoside ring 

formed hydrogen bond with carboxylic group of GLU 166 residue (1.9 Å). The H–acceptor 

chemistry of ligand from protein, –Solanine have accepted the three hydrogen bonds from 

Mpro to reinforce the protein – ligand  complex viz (i) amine hydrogen of ASN 142 interacted 

with O59 atom of β–D–galactopyranoside ring (2.5 Å), (ii) amide hydrogen of GLU 166 

interacted with ether link O4 atom which bridges α–L–rhamnopyranosyl ring and β–D–

galactopyranoside ring with the distance of 2.1 Å and (iii) amide hydrogen of THR 190 

interacted with hydroxyl group (O59 atom) of α–L–rhamnopyranosyl ring (2.5 Å). Also, six 

carbon – hydrogen bonds were formed between this ligand and protein complex.  In addition, 

the following residues such as LEU 50, 165 and LEU 167 were gained substantial 

contribution with five hydrophobic interactions (Alkyl) for maintaining the physiochemical 

properties of –Solanine (Figure 3d). Further, the van der Waals interactions occurred in the 

respective residues as HIS 41, MET 49, LEU 141, GLY 143, SER 144, HIS 163, HIS 172, 

ALA 191 and GLN 192 (Figure 3d). 
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(c) (d) 

Figure 2(a) Detailed view of Solasodine and the substrate-binding pocket, shown in surface 

representation. The Solasodine is shown as cyan sticks, and the crucial residues of Mpro are 

shown as atom colour sticks (Blue ribbon indicates the N-terminal and red ribbon indicates 

the C-terminal). (b) The secondary structure view of Mpro- Solasodine complex (Blue ribbon 

indicates the N-terminal and red ribbon indicates the C-terminal). (c) Stereo view of the 

interaction between Solasodine and the Mpro. Residues and the Solasodine are shown as 

sticks, and the hydrogen bond between Solasodine and Mpro is shown by the green dashed 

line. (d) The 2D view of Solasodine-Mpro. It clearly shows hydrogen bonds, carbon - 

hydrogen bonds, attractive charge, hydrophobic and van der Waals interactions. 

 

3.3. ADME prediction 

Physiochemical and drug likeliness properties of compounds were analyzed by using 

Swiss–ADME portal. Lipinski’s rule of 5 is generally utilized by pharmaceutical chemists in 

drug design and development to expect oral bioavailability of capability lead or drug 

molecules. The ADME predictions which include physicochemical properties, lipophilicity, 

water solubility and pharmacokinetics were obtained from Swiss–ADME respectively. 



 

3.3.1. Physiochemical properties 

The physiochemical properties and drug likeliness of compounds were obtained from 

SwissADME server. Solanidine have showed 29 number of heavy atoms, 2 hydrogen bond 

acceptors and 1 hydrogen bond donors, while the molar refractivity is 126.20 and topological 

polar surface area (TPSA) of the molecule is found to be 23.47Å2. The physiochemical 

properties of the Solasodine associated with 30 heavy atoms, 3 hydrogen bond acceptors, 2 

hydrogen bond donors, molar refractivity is 127.23 and topological polar surface area (TPSA) 

of the molecule is found to be 41.49Å2. The 30 number of heavy atoms, 16 hydrogen bond 

acceptors and 9 hydrogen bond donors were found in the –Solanine. The molar refractivity 

is 222.19 and topological polar surface area (TPSA) of the molecule is found to be 240.69 Å2. 

The compounds were showed drug likeliness according to the Lipinski’s Rules. Medicinal 

chemistry parameters have proved to be of no PAINS alert and violate Brenk’s laws with few 

alerts of being an isolated alkene with molecular weight of greater than 350. The synthetic 

accessibility of rate was noted 5.59 for Solanidine, 6.56 for Solasodine and 9.47 for –

Solanine. 

 

3.3.2. Lipophilicity 

The lipophilicity of the Solanidine has showed such as iLOGP is 4.50, XLOGP3 is 

6.09, WLOGP is 5.27, MLOGP is 5.41, SILICOS–IT is 3.83 and Consensus P0/W is 5.02. 

Whereas in Solasodine, iLOGP is 4.32, XLOGP3 is 5.39, WLOGP is 4.91, MLOGP is 4.94, 

SILICOS–IT is 3.97 and Consensus P0/W is 4.71. In the –Solanine lipophilicity were noted, 

iLOGP is 4.71, XLOGP3 is 1.81, WLOGP is –0.23, MLOGP is –1.14, SILICOS–IT is –1.93 

and Consensus P0/W is 0.65. 

 

3.3.3. Water Solubility 

The water solubility properties were calculated for each compound by different 

solubility method. Solanidine ESOL (LogS) is –6.14, solubility 7.21 × 10–7 mol/L and poorly 

soluble; Ali (LogS) is –6.36, solubility 4.33 × 10–7 mol/L and poorly soluble; SILICOS–IT 

(LogS) is –4.14, solubility 7.19 × 10–5 mol/L and moderately soluble. Solasodine ESOL 

(LogS) is –5.80, solubility 1.58 × 10–6 mol/L and moderately soluble; Ali (LogS) is –6.02, 

9.65 × 10–7 mol/L and poorly soluble, SILICOS–IT (LogS) is –4.80, solubility of 1.57 × 10–5 

mol/L and moderately soluble. –Solanine ESOL (LogS) is –5.83, solubility 1.46 × 10–6 



mol/L and moderately soluble; Ali (LogS) is –6.48, solubility 3.28 × 10–7 mol/L and poorly 

soluble; SILICOS–IT (LogS) is 0.75, solubility 5.57 mol/L and soluble.  

 

3.3.4. Pharmacokinetics 

According to Christopher A. Lipinski (1997), the pharmacokinetics of molecular 

properties is essential for a drug’s in the human body (ADME; Absorption, distribution, 

metabolism and excretion). Pharmacokinetic data predicted for Solanidine was found to have 

high gastrointestinal absorption (GI), does not inhibit CYP1A2, CYP2C19, CYP2C9, 

CYP2D6 and CYP3A4 cytochromes. Skin permeation kinetics (LogKp) is –4.40 cm/s. 

Solasodine was found with high gastrointestinal absorption (GI), does not inhibit CYP1A2, 

CYP2C19, CYP2C9, CYP2D6 and CYP3A4 cytochromes. Skin permeation kinetics (LogKp) 

is –5.00 cm/s. Whereas, –Solanine have low gastrointestinal absorption (GI), neglects blood 

brain barrier permeant (BBB), acts as a P–gp substrate, does not inhibit CYP1A2, CYP2C19, 

CYP2C9, CYP2D6 and CYP3A4 cytochromes. Skin permeation kinetics (LogKp) is –10.31 

cm/s.  

 

3.4. Biological activity prediction 

The PASS online (Prediction of Activity Spectra for Substances) is web–based 

application for the prediction of the biological activity of compounds based on their structural 

formulation for more than 4000 types of biological activity with frequent accuracy rate is 

above 95%. The biological activity profiles were obtained based on their structural formula of 

the compounds from the PASS web browser. The pharmacological consequences and 

mechanisms of movement was calculated by probability of a chemical compound to be active 

(Pa) or inactive (Pi) based on evidence for activity already exceeds threshold (Pa > Pi, by 

means of default). The probability threshold Pa >0.7 were taken for the given Solanum 

trilobatum Linn compounds. The Table 2 shows the combined results of predicted biological 

activity for Solanidine, Solasodine and –Solanine together.  

 



Table 2. Predicted and important biological activity of Solanidine, Solasodine and α-Solanine in PASS online sever 

Solanidine Solasodine α-Solanine 

N

CH3

CH3

CH3

OH

CH3

H

H

H

H

H

H

 

CH3

CH3

H

H

H

O

NH

CH3CH3

H

H

OH  

N

O

CH3

CH3

CH3

CH3

H

H

H

H

H

HO

OO

OH

OH

O

OHOH

OH

OH

O

OH

OH

OH

CH3

D-b-Gal

D-b-Glc

D-b-Rha  

Pa Pi Activity Pa Pi Activity Pa Pi Activity 

0,984 0,002 Respiratory analeptic 0,921 0,004 Antiinflammatory 0,929 0,002 Cholesterol antagonist 

0,916 0,003 Analeptic 0,914 0,005 Antineoplastic 0,896 0,003 Antiprotozoal (Leishmania) 

0,825 0,004 27-Hydroxycholesterol 7alpha-

monooxygenase inhibitor 

0,811 0,023 Testosterone 17beta-

dehydrogenase (NADP+) 

inhibitor 

0,869 0,016 CDP-glycerol 

glycerophosphotransferase 

inhibitor 

0,823 0,020 Testosterone 17beta-

dehydrogenase (NADP+) 

inhibitor 

0,790 0,005 Cholesterol antagonist 0,851 0,005 CYP3A4 inducer 

0,799 0,002 CYP17 inhibitor 0,785 0,003 UGT1A4 substrate 0,832 0,005 CYP3A inducer 

0,793 0,003 Acetylcholine neuromuscular 

blocking agent 

0,776 0,003 CYP17 inhibitor 0,838 0,012 CYP2H substrate 



0,782 0,011 Alkylacetylglycerophosphatase 

inhibitor 

0,749 0,008 Glyceryl-ether 

monooxygenase inhibitor 

0,831 0,010 G-protein-coupled receptor 

kinase inhibitor 

0,796 0,037 CYP2C12 substrate 0,729 0,005 Antineoplastic (lung 

cancer) 

0,831 0,010 Beta-adrenergic receptor kinase 

inhibitor 

0,738 0,010 CYP3A inducer 0,733 0,012 Oxidoreductase inhibitor 0,820 0,005 Glyceryl-ether monooxygenase 

inhibitor 

0,731 0,003 DELTA14-sterol reductase 

inhibitor 

0,718 0,003 Diuretic inhibitor 0,813 0,002 Dolichyl-

diphosphooligosaccharide-

protein glycotransferase 

inhibitor 

0,738 0,010 CYP3A4 inducer 0,723 0,008 UGT1A substrate 0,822 0,015 Alkenylglycerophosphocholine 

hydrolase inhibitor 

0,737 0,011 CYP3A5 substrate 0,721 0,011 CYP3A inducer 0,796 0,004 Hepatoprotectant 

0,729 0,004 UGT1A4 substrate 0,716 0,005 Antineoplastic (breast 

cancer) 

0,767 0,009 Membrane integrity antagonist 

0,734 0,012 Oxidoreductase inhibitor 0,709 0,014 CYP3A5 substrate 0,737 0,011 CYP3A5 substrate 

Pa = Predicted activity; Pi = Predicted inactivity 



3.5. Toxicity prediction 

In–silico toxicity of compounds were checked with the help of PreADMET tool. 

AMES toxicity test was used to identify that a compound is mutagenic or not, the Solanidine 

showed as mutgen whereas the non–mutagen found in Solasodine and –Solanine. 

Carcinogenic profile also exposed that all compounds were non–carcinogenic in Mouse 

whereas carcinogenic in Rat except –Solanine. The hERG inhibition showed low risk in 

Solanidine and Solasodine whilst ambiguous in the –Solanine. The toxicity predictions   

indicated that the compound as anticipated to be secure (Table 3). 

 

Table 3 PreADMET Toxicity prediction of Solanum trilobatum Linn phytoconstituents 

S. No. Compounds Ames Test Carcinogenicity hERGinhibition 

Mutagenicity Mouse Rat 

1 Solanidine mutagen negative positive low risk 

2 Solasodine non-mutagen negative positive low risk 

 -Solanine non-mutagen negative negative ambiguous 

 

4. Discussion 

Currently, the drug discovery for SARS–CoV–2 pandemic is looked upon anxiously in global 

perspective, owing to this unprecedented outburst and unattainable drug or other resources to 

prevent this disease. However, some of the repurposed synthetic drugs includes lopinavir, 

ritonavir, chloroquine and hydroxychloroquine derivatives which are used towards 

emergency; despite the fact that they may be irrelevant for patients with comorbidities like 

diabetes, hypertension and cardiac diseases (Aanouz et al., 2020; Rajib et al., 2020; Chorin et 

al., 2020). Therefore, the current need is to provide favourable alterative drug aspirants from 

therapeutically harmless phyto pharmaceuticals to facilitate the development of protective 

medicines to overcome the above lacunae. We envisage utilizing the phytopharmaceutical 

constituents from Solanum trilobatum Linn. owing to its valuable natural antiviral activity.  

 

 Hence, we analyzed such active ligands as antagonist against main protease enzyme 

(Mpro) by docking calculations which has provided the outstanding in silico estimations of the 

binding mode and the binding affinity of putative ligand molecules – Mpro complexes based 

on LibDock score along with least binding energy values. The best LibDock score of 114.81, 



113.969 and 172.63 were noted for the Solanidine, Solasodine and –Solanine complexes 

respectively. Correspondingly, the least binding energy of –69.01 kcal/mol, 101.63 kcal/mol 

and –203.00 kcal/mol calculated for each complex. In the binding mode, the putative ligands 

interacted with the strong hydrogen bonds interactions within the active site regions of the 

protein. Totally, the 21 hydrogen bonds (conventional and non–conventional) were identified 

in the Ligand – Mpro complexes. Amongst, the 2 hydrogen bonds found in Solanidine – Mpro 

complex, 5 in Solasodine – Mpro complex and 14 in –Solanine – Mpro complex. Also, the 

attractive charge (electrostatic bond) was identified in the Solasodine – Mpro complex which 

gives additional strength to maintain the stability of protein – ligand complex. Moreover, the 

increasing hydrophobic interactions is a prime consideration for lead optimization, as this 

often calls for improving ligand molecular weight, rotatable bonds, and lipophilicity, all 

affecting the ADMET properties of ligands (Mullard, 2014). The significant numbers of 

hydrophobic interactions were identified in Solanidine, Solasodine and –Solanine which 

sufficiently improves the ADMET properties of the ligands. The active site residues like HIS 

41, CYS 44, MET 49, PRO 52, TYR 54, TYR 54, PHE 140, LEU 141, HIS 163, HIS 164, 

GLU 166, HIS 172, ARG 188, GLN 189, ALA 191 and GLN 192 have commonly involved 

in the van dar Waals interaction which enlighten the molecules that are highly 

complementary. 

  

 The molecular descriptors of molecules had been examined concomitantly followed 

the Lipinski’s rule of 5.  The phyto compounds viz Solanidine and Solasodine fascinatingly 

abides by the characteristic property of molecular weight (MW) as within 500 Da. As per the 

rule, the lower molecular weight containing drug candidates (< 500 Da) is able to transport 

easily in drug movement, whilst, the α–Solanine showed molecular mass is 868 Da. 

Obviously, some of the controlled drug release devices are available for a higher molecular 

weighted drug samples. Obviously, some of the natural products such as everolimusIII (MW = 

958 Da), sirolimusIII (MW = 914 Da), ivermectin (MW = 875 Da) and paclitaxel (MW = 854 

Da) are used as orally administered drugs with higher molecular weight (Tyagi et al., 2020). 

Moreover, nearly 500 drugs and clinical candidates have reported with MW ranging from 500 

to 2000 Da (Doak et al., 2014). From this observation, we can identify that our efficient drug 

component of α–Solanine (MW = 854 Da) is negligible when compared to afore stated 

natural products and it can be conveniently utilized for the drug delivery system efficiently 

associated with classical approaches. 



 

 Distinctly, the α–Solanine have hydrophilic characteristics in nature, this is owed to 

the presence of three sugar units (pyranose) with nine hydroxyl groups may exhibit excellent 

antioxidant properties, and moreover the steroidal unit exist in α–Solanine own 

hydrophobicity, in particular, the indolizidine unit  also exhibiting numerous pharmacological 

activities such as anticancer, anti–TB, antioxidant, antimicrobial and anti–inflammatory etc. 

(Gómez et al., 2012). Therefore, all these representative valuable characteristics in this α–

Solanine (gluco–steroidal framework) molecule apparently offered a major breakthrough 

which came into limelight. Altogether, during metabolism this existing privileged molecule 

may be act as promising pro–drug with amphipathic characteristics, it is worth to mention 

here that the existence of both hydrophilic and hydrophobic quality in a drug skeleton may 

used to facilitate the nature of various bio/pharmacological activities.  

 

 Apart from this, the number of hydrogen bond acceptors (O and N atoms) and 

donors (NH and OH) inside the selected phytoconstituents were revealed within Lipinski 

limits.  Lipophilicity (LogP) and the topological polar surface place (TPSA) values are 

important for the prediction of oral bioavailability for molecules to become a drug. The 

identified compounds have showed the LogP and TPSA values within the range, whereas it 

has proven as an excellent descriptor and characterizing drug absorption as represented in 

terms of an intestinal absorption, bioavailability and Blood–Brain–Barrier (BBB) penetration. 

Lipophilicity (LogS) is at once related to the water solubility of a drug and it is described as a 

common solubility. The different values of lipophilicity (LogS) were obtained fromthe ESOL 

(Delaney, 2004), Ali (Ali et al., 2012) and SILICOS–IT methods (http://silicos–it.be.s3–

website–eu–west–1.amazonaws.com/software/filter–it/1.0.2/filter–it.htm) which is specified 

as miscellaneous water solubility like soluble, moderate and poor witness in the compounds. 

Based on this facts, the phytopharmaceutical drugs of Solanum trilobatum Linn. are possibly 

being orally active as they obeyed Lipinski’s rule of 5. The bioactivity rating of compounds is 

suggestive of slight interplay with all drug goals. The most promising compounds as in step 

with its high range of bioactivity scores have acknowledged to the compounds the way 

through PASS–aid bioactivity predictions, including Solanidine, Solasodine and –Solanine, 

which obviously exhibit promising biological properties like anticancer, anti–urease activity, 

antineoplastic, trypanocidal activity, antibacterial activity, immunomodulatory, antipyretic 

activities and also various effects on the central nervous system etc. (Cham et al., 1990; 

http://silicos-it.be.s3-website-eu-west-1.amazonaws.com/software/filter-it/1.0.2/filter-it.htm)
http://silicos-it.be.s3-website-eu-west-1.amazonaws.com/software/filter-it/1.0.2/filter-it.htm)


Nakamura et al., 1996; Quan et al., 2002; Lee et al., 2004; Chataing et al., 1998; 

Divyagnaneswari et al., 2008; Chauhan et al., 2011)  

 

 The pharmacokinetic activities together with absorption, distribution, metabolism, 

excretion indicated mainly in –Solanine which isn't always BBB permeate and it could acts 

as a P–gp substrate and also which does not inhibit CYP1A2, CYP2C19, CYP2C9, CYP2D6 

and CYP3A4 cytochromes. In terms of the toxicity character of phytopharmaceutical 

compounds especially the –Solanine has confirmed that don’t have the mutagenic and 

carcinogenic effects in the mouse and rat. Thereby, the phytopharmaceutical drugs of the 

Solanum trilobatum Linn typically to embark upon the current pandemic COVID–19. 

 

 Eventually, the obtained results suggests that these phytochemical constituents of 

Solanum trilobatum Linn functioning as potential protease inhibitors for SARS–CoV–2 owed 

to the presence of its valuable antiviral behaviour, which actively contributes for preventing 

the maturation of the Mpro and multiplication of virus within the cells. Presence of the 

aforesaid alkaloids were reconfirmed from the leaf extract of Solanum trilobatum Linn by 

HPTLC and other associated characterizations in our previous unpublished work. Obviously, 

this strategical process opens up the new avenues to promote these phytopharmaceutical 

sources will be a lead potential drug candidate for not only inhibit, but completely evacuate 

this SARS–CoV–2 tropism in upcoming generation.  
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