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Abstract: Zika Virus is an emerging viral disease, and its outbreak rapidly affects human health 

worldwide. Many research findings are going on to find effective antiviral therapeutics for treating the 

Zika virus since there is no immunization or medications available in practice. In this study, the 

inhibitory potential of selected 72 phytochemicals derived from Piper nigrum and Salvia rosmarinus 

were tested against RNA-dependent RNA polymerase of ZIKV. The structure of NS5 RdRp was 

predicted using the SWISS-MODEL, and the structural stability was evaluated using GROMACS. 

Drug-likeness properties were predicted using SwissADME, MolSoft, and PreADMET servers. The 

results exhibited that 57 phytochemicals, i.e., 26 from Piper nigrum and 31 from Salvia rosmarinus 

showed effective drug-likeness. These phytochemicals were docked against predicted binding sites of 

RdRp ZIKV using AutoDock Vina, and pharmacokinetic properties were also analyzed. This 

investigation has revealed that out of 57 phytochemicals, Piperine (-7.6Kcal/mol) and Isoscutellarein (-

7.4Kcal /mol) have shown significant inhibitory potential compared to those of these currently utilized 

antiviral drugs against ZIKV selected target. Thus our research findings strongly suggested that 

phytochemicals derived from Black pepper and rosemary could be beneficial against ZIKV.   

Keywords: Zika Virus; phytochemicals; NS5; RdRp; molecular docking; molecular dynamic 

simulations. 
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1. Introduction 

ZIKA Virus (ZIKV) is one of the possible epidemic-causing viruses in tropical and sub-

tropical regions. The first human case of ZIKV was in 1952 in Uganda and the United Republic 

of Tanzania [1, 2].  ZIKV is a member of the Flavivirus genus, which belongs to the 

Flaviviridae family. This genus comprises Dengue, West Nile, Yellow fever, Tick-borne 

encephalitis, Japanese encephalitis, Murray Valley encephalitis, and St. Louis encephalitis 

viruses [3]. ZIKV is a positive sense, single-stranded ribonucleic acid (RNA) virus with a 

genome size of approximately 10.8 kilobases. The ZIKV is made up of three structural proteins 

and seven non-structural proteins.  The structural proteins include Capsid (C), membrane (M), 

and Envelope (E) proteins. NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5 are the non-

structural protein present in ZIKV [4]. The NS5 protein contains methyltransferases (MTase) 

at the N-terminal and RNA-dependent RNA polymerase (RdRp) at the C-terminal.  The RdRp 

facilitates the replication of the viral genome, which is essential for the virus's life cycle. It also 

acts as the most conservative protein of the flavivirus genus, thus making it one of the most 

promising targets for antiviral drugs [5-7].  
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The Discovery of drugs has become easy with the help of computational drug 

designing. The targets and medications are screened using various methods, which aid in 

determining the best drug for a given condition. Despite the several screening methods 

available, there is no authorized treatment or vaccine for ZIKV [8, 9]. The effects of ZIKV are 

evident due to the lack of effective treatment. One of the most agonizing effects is Guillain-

Barre syndrome, which affects the fetus (during gestation), causing paralysis as a long-term 

effect [10]. ZIKV’s transmission mode is mosquito (Aedes and Culex genus), intrauterine and 

intrapartum transmission, sexual transmission, blood transmission, laboratory exposure, organ 

transplantation [11].  

Piper nigrum and Salvia rosmarinus are the plants used in this in silico study to dock 

against the RdRp enzyme. Piper nigrum is commonly known as black pepper and is a member 

of the Piperaceae family. It is also known as black gold, a name with a fascinating history. 

Piper nigrum is used as a spice in many countries. The pharmacological activities are 

antioxidant, antimicrobial, antidiarrheal, antipyretic, analgesic, anti-inflammatory, 

anticonvulsant, antitussive, bronchodilator, antitumor, antidepressant, antiprotozoal, and 

insecticidal [12]. The pharmacological potential of black pepper is due to the presence of 

metabolites like phenolic compounds, alkaloids, flavonoids, carotenoids, terpenoids, etc.,           

[13-16]. Salvia Rosmarinus, also known as rosemary, is a plant in the Lamiaceae family. Salvia 

rosmarinus has antibacterial, anti-inflammatory, antidiabetic, antitumor, antioxidant, and 

hepatoprotective properties. The presence of flavonoids, terpenoids, phenolic compounds, and 

other compounds contributes to these pharmacological activities [17-21]. This study is intended 

to examine the phytoconstituents available in both plant sources that could show better 

inhibiting potential against RdRp protein of ZIKV by using the In silico approach. 

2. Materials and Methods 

The methodology is divided into several techniques and phases. The flowchart provides 

an overview (Figure 1: The flowchart Figure 1). The final docking scores of these 

phytochemicals are compared to those of favipiravir and sofosbuvir [22], which are currently 

used for ZIKV treatment. 

2.1. Homology modeling. 

The RCSB Protein Data Bank was used to find the crystal structures of NS5 RNA-

dependent RNA polymerase [23]. ZIKV RdRp accession codes are 5WZ3 [24], 5U04 [25], 

5U0C, and 5U0B [26]. Now the crystal structures are screened according to their resolution. 

Because of higher resolution (3A⁰), 5U0C and 5U0B were excluded from the studies. 5WZ3 

and 5U04 have resolutions of 1.8A⁰ and 1.9A⁰, respectively, and they had missing amino acid 

residues. MEGA X: Molecular Evolutionary Genetics Analysis was used to align the sequences 

[27]. 5U04 was removed from the study due to a high number of missing residues. The SWISS-

MODEL was used to construct the missing residues of 5WZ3 [28-29]. Based on the QMEAN 

(Qualitative Model Energy ANalysis), 6LD1 (ZIKA/ French Polynesia NS5 polymerase 

domain) [30] was used as the template for modeling. The complete RdRp protein is now 

obtained from SWISS-MODEL. Further, we processed the ZIKV RdRp structure for energy 

minimization using UCSF Chimera [31]. The ZIKV RdRp modeled protein was selected as a 

final target for virtual screening. 
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Figure 1. The flowchart representing the step-by-step methodology of the experiment conducted. 

2.2. Molecular dynamics. 

Molecular dynamics simulation was studied with the help of GROMACS (GROningen 

MAchine for Chemical Simulations) 2021.2 version [32-33]. Primarily, the atoms were applied 

with the AMBER99 force field [34-35]. The solvent is neutralized with Na+ and Cl- in 0.15M 

concentration using Verlett cut-off scheme. The energy minimization was done with the 

steepest descent algorithm, having 50,000 steps. Equilibration of the whole system was done 

with NVT (Constant Number, Volume, and Temperature) and NPT (Constant Number, 

Pressure and Temperature). The temperature and pressure, i.e., 300 k and 1 atm, were constant 
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for 100 ps. The molecular production dynamics were simulated for 1 ns. The results were saved, 

and the RMSD plot was derived from the result. The simulation visualization was done in 

VMD, and further analysis was done [36-37]. 

2.3. Binding region prediction. 

The binding region for the RdRp protein is analyzed from ProteinsPlus [38], deep site 

[39], and CASTp [40]. Almost all the three servers have shown similar binding sites. The 

binding sites were noted for docking purposes. 

2.4. Ligand preparation. 

Phytochemicals present in Piper nigrum and Salvia rosmarinus are known to have 

inhibitory action against viral diseases [41-42]. About 31 phytochemicals from Piper nigrum 

and 41 phytochemicals from Salvia rosmarinus were primarily selected to analyze their 

antiviral activity against ZIKV. The structures of these phytochemicals and antiviral agents 

(favipiravir and sofosbuvir) are retrieved from PubChem [43], IMPPAT (Indian Medicinal 

Plants, Phytochemistry And Therapeutics) [44]. Initially, the 3D-SDF format of these ligands 

was retrieved, then converted into PDB format using Open Babel [45-46].  

2.5. ADME prediction and drug-likeness. 

Pharmacokinetic properties and drug-likeness of the phytoconstituents from Piper 

nigrum and Salvia rosmarinus were analyzed using SwissADME server [47], Molsoft Online 

Server [48], and PreADMET server [49]. Based on Lipinski’s rule of five [50], the 

phytochemicals were screened. A total of 26 phytochemicals from Piper nigrum and 31 

phytochemicals from Salvia rosmarinus were confirmed for docking purposes. 

2.6. Molecular docking. 

The structures of the ZIKV RdRp protein and ligand were converted from PDB to 

PDBQT format using AutoDock MGLTools v.1.5.6 [51]. Torsion adjustments, the addition of 

Gasteiger charges, and other modifications were made to prepare ligands. The grid box was 

also created to cover the protein’s binding region. The molecular docking was then performed 

with AutoDock Vina v.1.1.2 [52]. The docking results have been obtained. The ligands with a 

docking score less than -7.4 Kcal/mol were further taken for interaction studies. The protein-

ligand interactions were analyzed using PyMOL [53] and Biovia Discovery Studio Visualizer 

[54]. 

3. Results and Discussion 

3.1. Structure of ZIKV RdRp binding sites. 

SWISS-MODEL presented 36 templates for the 5WZ3 ZIKV RdRp sequence, with the 

template 6LD1 (ZIKV/ French Polynesia NS5 Polymerase domain) having 0.99 percentage 

query coverage and 100 percentage sequence similarity. For template 6LD1, the GMQE 

(Global Model Quality Estimation) and QMEAN (Qualitative Model Energy ANalysis) scores 

were 0.85 and 0.79 ± 0.05, respectively. The ZIKV RdRp model protein (Figure 2) and its 

binding sites were analyzed (Figure 3). The Ramachandran plot for the ZIKV RdRp protein 
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was generated in the SWISS-MODEL. As per the Ramachandran plot analysis of φ and ψ 

angles for individual amino acid residues in ZIKV RdRp, it was observed that 94.27% residues 

were present in the favored region and 4.75% residues in allowed regions while only 0.98% 

residues were in the outlier region (Figure 4). Apart from the Ramachandran outliers, the 

protein also has rotamer outliers of about 0.75%. The total number of bad angles present in the 

chain is 25. The torsional angles of this protein are good, according to the Ramachandran plot 

study. As a result, the structure is more reliable. 

 
Figure 2. ZIKV RdRp modeled protein structure with template 6LD1. The red regions showing the filling of 

missed residues in the protein sequence. 

 
Figure 3. The binding regions of the ZIKV RdRp are highlighted in the figure. 

3.2. Molecular dynamics and simulation. 
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The potential energy of the protein model was -1929900 J after it was subjected to 

energy minimization. The equilibration was then completed at standard temperature and 

pressure. Temperature, pressure, and density changes were observed as time progressed. 

Protein instability was observed as temperature (mesophilic) and pressure increased 

(piezotolerant). Then the rmsd (Root Mean Square Deviation) value for the protein backbone 

for the simulation period 1ns was calculated (Figure 5). The average rmsd value was found to 

be 0.25A⁰. This study has shown that the predicted protein is stable in the ion-solvent 

environment simulation. 

 
Figure 4. Ramachandran plot for ZIKV RdRp from SWISS-MODEL, showing the angles present in favored, 

allowed, and unfavoured regions. 

 
Figure 5. RMSD plot for protein backbone. 

3.3. Drug suitability and their virtual screening. 
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Drug-likeness predictions were performed for 72 phytochemicals from Piper nigrum 

and Salvia rosmarinus. Only 57 phytochemicals passed through drug-likeness screening, with 

26 from Piper nigrum and 31 from Salvia rosmarinus. The Lipinski rule of five data for 

phytoconstituents is present in Table 1 and Table 2.  

Table 1. Lipinski rule of five properties and binding energy of Piper nigrum phytochemicals. 

Compounds Binding 

Energy 

kcal/mol 

Molecular 

Weight 

(g/mol) 

Hydrogen 

Bond Acceptor 

Hydrogen 

bond 

Donor 

MLogP 

BRACHYAMIDE B -5.4 327.42  3 0 3.08 

CARYOPHYLLENEOXIDE -6.4 220.35  1 0 3.67 

CINNAMIC ACID -4.5 148.16  2 1 1.90 

DIHYDROPIPERICIDE -5.9 343.46  3 1 3.31 

EUGENOL -4.2 164.20  2 1 2.01 

LIMONENE -5.6 136.23  0 0 3.27 

METHYLEUGENOL -4.7 178.23  2 0 2.30 

MYRCENE -4.2 136.23  0 0 3.56 

MYRISTICIN -4.9 192.21  3 0 1.70 

PIPERAMIDE -4.5 304.43  3 1 1.32 

PIPERAMINE -5.5 280.41  1 0 3.51 

PIPERANINE -6.0 287.35  3 0 2.47 

PIPERETTINE -6.3 311.37  3 0 0.43 

PIPERICIDE -4.5 341.44  3 1 3.23 

PIPERINE -7.6 285.34  3 0 2.39 

PIPEROLEIN B -4.6 343.46  3 0 3.39 

PIPERONAL -5.1 150.13  3 0 0.52 

PIPERONIC ACID -6.0 218.21  4 1 1.51 

PIPERYLINE -6.2 271.31  3 0 2.14 

RETROFRACTAMIDE A -5.1 327.42  3 1 3.00 

SAFROLE -5.6 162.19  2 0 2.02 

SARMENTINE -4.4 221.34  1 0 2.69 

SARMENTOSINE -5.6 275.26  8 5 -2.99 

TERPINOLENE -5.7 136.23  0 0 3.27 

TRANSANETHOLE -4.4 148.20  1 0 2.67 

TRICHOLEINE -6.9 329.43  3 0 3.17 

 

Table 2. Lipinski rule of five and binding energy for Salvia rosmarinus phytochemicals. 

Compounds Binding Energy 

kcal/mol 

Molecular 

Weight 

(g/mol) 

Hydrogen Bond 

Acceptor 

Hydrogen 

Bond 

Donor 

MLogP 

(E)-BETA-OCIMENE -4.4 136.13 0 0 -0.72 

1,8 CINEOLE -5.5 154.14 1 0 -1.69 

ALPHA-PINENE -6.7 136.13 0 0 4.14 

APIGENIN -7.3 270.05 5 3 1.59 

BETA PINENE -7.3 136.13 0 0 4.14 

BETULINIC ACID -6.8 456.36 3 2 -4.32 

BORNEOL -5.6 154.14 1 1 -1.16 

CAFFEIC ACID -5.5 180.04 4 3 -0.91 

CAMPHENE -5.5 136.13 0 0 -0.15 

CAMPHOR -5.5 152.12 1 0 -1.24 

CARNOSIC ACID -6.8 332.2 4 3 -1.92 

CARNOSOL -7.0 330.18 4 2 -0.97 

CARVACROL -5.3 150.1 1 1 -0.43 

CIRSIMARITIN -6.8 314.08 6 2 0.57 

ROSMADIAL -6.6 344.16 6 1 -1.34 

EPIROSMANOL -7.3 346.18 5 3 -1.88 

GENKWANIN -6.6 284.07 5 2 1.36 

HESPERETIN -7.1 302.08 6 3 -0.66 

ISOSCUTELLAREIN -7.4 286.05 6 4 0.85 

LUTEOLIN -7.2 286.05 6 4 0.84 

MICROMERIC ACID -7.0 454.34 3 2 -4.21 

KAEMPFEROL -7.1 286.05 6 4 -0.24 

OLEANOLIC ACID -7.1 456.36 3 2 -4.99 

PECTOLINARIGENIN -7.1 314.08 6 2 0.26 

ROSMANOL -7.0 346.18 5 3 -1.88 
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Compounds Binding Energy 

kcal/mol 

Molecular 

Weight 

(g/mol) 

Hydrogen Bond 

Acceptor 

Hydrogen 

Bond 

Donor 

MLogP 

ROSMARIDIPHENOL -7.2 316.2 3 2 -1 

ROSMARINIC ACID -6.9 360.08 8 5 -1.9 

ROSMARIQUINONE -7.1 282.16 2 0 -0.7 

SALVIGENIN -6.5 328.09 6 1 0.47 

SCUTELLAREIN -7.3 286.05 6 4 0.77 

URSOLIC ACID -7.3 456.36 3 2 -4.94 

3.4. Docking studies and analysis. 

ZIKV RdRp protein was docked with 57 phytochemicals that passed the Lipinski rule 

of five. Piperine and isoscutellarein were chosen for comparison with antiviral drugs due to 

their high binding energy. The ligand interactions were also analyzed. Based on binding 

energy, the two phytochemicals perform better than Sofosbuvir and Favipiravir. The binding 

energy results of phytochemicals are given in Table 3. The binding energy results of antiviral 

drugs are given in Table 4. The ligand interaction shows multiple hydrogen bonds. The protein-

ligand interaction of Piperine and Isoscutellarein are shown in Figure 6 and Figure 7. 

Table 3. Binding energy interactions of phytochemicals. 

Compounds Binding affinity 

(Kcal/mol) 

No of hydrogen 

bonds 

H-bond 

interactions 

Bond distance Non-covalent bond 

interactions 

PIPERINE -7.6 3 LYS193 

LYS194 

SER444 

2.49336 

2.96395 

2.7271 

TRP529 

ARG471 

LYS193 

ISOSCUTELLAREIN -7.4 4 ASN448 

ARG576 

GLU439 
HIS446 

2.56054 

2.10883 

2.77899 
3.29233 

TRP580 

Table 4. Binding energy interactions of antiviral drugs. 

Compounds Binding affinity 

(Kcal/mol) 

No of hydrogen 

bonds 

H-bond 

interactions 

Bond distance Non-covalent bond 

interactions 

SOFOSBUVIR -6.9             4 ASN186 

LEU212 

LYS312 

TYR209 

2.15536 

2.15399 

2.89084 

2.31429 

TRP211  

PHE164  

ALA158 

FAVIPIRAVIR -6.0             5 ARG526 

SER138 
GLU148 

VAL136 

TRP152 

2.80069 

2.44811 
2.7207 

3.50141 

3.62451 

SER138 

GLU151 
VAL136 

ALA155 

 
Figure 6. Binding site interactions of Piperine showing six bonds, including three hydrogen bonds. 
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Figure 7. Binding site interactions of Isoscutellarein showing five bonds, including four hydrogen bonds. 

3.5. Pharmacokinetic property analysis. 

Piperine and isoscutellarein were subjected to ADME analysis after showing better 

binding affinity with the RdRp protein of ZIKV. The data revealed that the phytochemicals 

possessed good pharmacokinetic properties of druggability with a higher bioavailability score 

than antiviral drugs currently used for ZIKV treatment. The results are represented in Table 5 

and Table 6. 

Table 5. Pharmacokinetic Properties of phytochemicals. 

Phytochemicals ESOL LogS ESOL Class GI absorption BBB permeant Bioavailability 

score 

Piperine -3.74 Soluble High No 0.55 

Isoscutellarein -3.79 Soluble High No 0.55 

 

Table 6. Pharmacokinetic Properties of antiviral drugs. 

Phytochemicals ESOL LogS ESOL Class GI absorption BBB permeant Bioavailability 

score 

Sofosbuvir -3.27 Soluble Low No 0.17 

Favipiravir -0.80 Very soluble High No 0.55 

4. Conclusions 

Our current investigation attempted to investigate the capability of natural sources from 

Piper nigrum (Black pepper) and Salvia rosmarinus (Rosemary) against the RdRp protein of 

ZIKV in contrast with the proposed drugs, namely, Sofosbuvir and Favipiravir. Based on 

virtual screening and molecular docking analysis, the compounds, namely Piperine and 

Isoscutellarein, were identified as possible lead molecules to fight against ZIKV. The present 

In silico study proved that these phytochemicals could be effective for treating ZIKV and urge 

to analyze its potential in a pre-clinical and clinical test. 
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