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ABSTRACT:  
The knowledge of the traditional plants in India is a collection over millennia by our ancient people. The Siddha 

System of Medicine (Traditional Tamil System of medicine) is the foremost of all other medical systems in the 

world which provide service to the humanity for more than 5000 years in combating diseases and also in 

maintaining its physical, mental and moral health. Vitex species were used in Siddha for its antiviral activity for 

several years. However, the present study deals with the Human Immunodeficiency Virus because of its 

complexity and killing effects. FTIR analysis of Vitex altissima L and Vitex leucoxylon L revealed the presence 

of 21 and 17 bioactive compounds respectively. These compounds were analysed further for its binding affinity 

mechanism against one of the virulence causing protein, reverse transcriptase (target protein) of Human 

Immunodeficiency Virus (HIV) by using molecular docking and bioinformatics tools. Interaction rate was 

determined between bioactive compounds against the protein target based on binding free energy requirements. 

Molecular docking was also made to the commercially available drugs (Zidovudine, Stavudine, and Nevirapine) 

against the target protein. By comparing the results, it was clear that the bioactive compounds in the Vitex 

species were much more effective than the commercially available drugs, thereby suitable for the treatment of 

AIDS. Hence, this study will form the basis for promoting therapeutic lead molecules from the traditional plants 

which restore the tradition and also eliminates the harmful side effects. 
 

KEYWORDS: FTIR analysis, Vitex altissima L, Vitex leucoxylon L, Zidovudine, Stavudine, Nevirapine, 

Binding free energy, Molecular docking. 
 

 

INTRODUCTION:  
Traditional systems of medicine (TM) are the most 

important medicinal system in the world that has been 

practised in many countries such as China, Japan and 

India since immemorial time (Vaidya and Devasagayam, 

2007)1. These are usually known as “non- conventional” 

medicine by the world. Siddha system of medicine 

(SSM) is one of the oldest and the most important 

traditional systems of medicine, which has been 

originated in India (southern parts of the country) for 

treating various disorders and it can even cure chronic 

illness (Subramaniam and Madhaven, 1983 and Thas, 

2008)2,3. 
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Most of the therapeutic approaches aim at symptomatic 

aid rather than providing the clear and permanent cure to 

the sickness. Nowadays, there is a growing interest in 

traditional systems of medicine because of the fact that 

the therapeutic approaches do not cure the sickness 

permanently which is posing a greater health issue for a 

wider population across the globe, especially in the 

developing countries. Even the World Health 

Organization (WHO) recommends the practice of the 

traditional system of medicine as it is affordable, safe 

and culturally acceptable (Zhang, 1998)4. TM practices 

generally uses plants as a basic component for the 

development of drugs and this practice have been 

followed for thousands of years by people in China, 

India, and rest of the other countries (Sneader, 2005)5. 

Various evidences prove that plants were used for 

treating medical illness by various people. The earliest 

known medical document is a 4000-year-old Sumerian 
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clay tablet that recorded plant remedies for various 

illnesses (Karunaimoorthi et al., 2012)6. Its origin dates 

back to BC 10,000 to BC 4, 000 (Sambasivapillai, 

1931)7. These plants can also cure various disease 

caused by microorganisms such as bacteria, viruses, 

fungi etc. 

 

Acquired immune deficiency syndrome (AIDS) is a 

spectrum of events caused by the infection of Human 

Immunodeficiency Virus (HIV). HIV is a highly variable 

virus which mutates very rapidly. HIV/AIDS has had a 

great impact on society, both as an illness and as a cause 

of discrimination. Generally, there are two major types 

of the human immunodeficiency virus. HIV-1, which 

was discovered first, is the most widely spread all over 

the world. HIV-2 is more than 55% genetically different 

from HIV-1 (Kahn and Walker, 1998)8. Due to this 

genetic difference, HIV-1 and HIV-2 antigens are 

distinct enough that if a test is developed only to detect 

HIV-1; it will not reliably detect HIV-2. In India, HIV-1 

is very common. According to Traditional medicinal 

system, there are various species of plants which shows 

anti-HIV activity. 

 

Siddha system of medicine (SSM) and Vitex species: 

India is a land of various important plant species. It is the 

land which shows unique characteristic of having six 

renowned systems of traditional medicinal practices: 

Siddha, Ayurveda, Unani, Yoga, Naturopathy and 

Homoeopathy. Siddha medicine is the most ancient 

indigenous system of medicine of Indian origin that has 

been in practice in Tamil Nadu and in some parts of 

southern India. The SSM is the oldest traditional 

treatment system generated from Dravidian culture and it 

has flourished during the period of Indus valley 

civilization (Mukherjee and Wahile, 2006)9. According 

to the Siddha concepts, matter and energy are the two 

dominant elements, which have great influence in 

shaping the nature of the universe. Matter cannot exist 

without energy and vice-versa and so they are 

inseparable (Narayanaswamy, 1975)10. These two 

entities are, therefore, termed as Siva and Sakthi in the 

Siddha system. 

 

The important feature of SSM is to study the relationship 

between the mind and body and aims at maintaining the 

physical, mental and moral health of an individual. 

Application of Siddha medicine includes a wide range of 

activities, from physical cures using herbal medicines 

and other remedies, to the promotion of psychological 

and spiritual well-being of humans. 

 

Various plants are found to possess medicinal values and 

are used for treating various chronic and acute diseases. 

The genus Vitex consists of over 270 species, 

predominantly trees and shrubs and is restricted to 

tropical and subtropical regions, while a few species are 

also found in temperate zones (Padmalatha et al., 

2009)11. Vitex altissima L. is a large tree with a grey, 

scaly, fibrous bark. The leaves are 3-foliolate; petiole 

angular or winged; the leaflets are subsessile, elliptic-

lanceolate while the flowers are bluish-white, terminal 

paniculate cymes (Meena et al., 2011)12. It is commonly 

known as ‘Mayilai notchi’ (Sathish et al., 2012)13 (in 

Tamil) and is widely distributed in South East Asia. It is 

used for the treatment of stomatitis, cardiac diseases, 

anorexia, blindness, leprosy, worm infestation, 

rheumatic swellings and chest pains (Parrota, 2001)14. It 

has also anti-inflammatory (Sridhar et al., 2005)15 and 

antioxidant (Sridhar et al., 2005)16 activities. Stem bark 

is for the treatment of ephemeral fever (Prgada and Rao, 

2012)17, snake bite (Reddy et al., 2008)18. Leaves are 

used to treat wounds (Ayyanar and Ignacimuthu, 2009 

and Naryanan et al., 2011)19,20, skin allergies (Rajakumar 

and Shivanna, 2010 )21, snake and scorpion bites 

(Ayyanar and Ignacimuthu, 2005)22 and rheumatism 

(Narayana and Thammanna, 1990)23. 

 

Vitex leucoxylon L., commonly known as “nir-notchi” 

(in Tamil), is the most important medicinal plant widely 

distributed in Eastern Ghats and Deccan plateau regions 

located in India. The leaves of V. leucoxylon L are used 

in traditional medicine (mainly in SSM) for relieving 

headache, fever (Chanda, 1982)24. General 

pharmacological studies revealed various properties of 

aqueous and ethanolic extracts of leaves of V. leucoxylon 

L such as anti-psychotic, anti-depressant, analgesic, anti-

inflammatory, anti-parkinsonian and anti-microbial 

activities (Makwana et al., 1994)25. Sarma et al. have 

studied the anti-inflammatory and wound healing 

properties of the crude alcoholic extract of the leaves in 

acute inflammation model (Sarma et al., 1990)26. The 

roots and bark are astringent and the roots are reported to 

be used as a febrifuge. 

 

HIV and its mechanism: 

A virus is a unique pathogen which is incapable of 

replicating without a host cell. It utilizes the host cell 

environment and cellular factors for its propagation. This 

unique feature makes it difficult to develop a process for 

drugs to attack the virus or its replication directly 

without any adverse effects on the infected cells. 

However, viruses share a common stage in their 

replication cycle (Goudsmit, 2008)27, which includes: 

 

• Attachment and entry to the host cell,  

• Transcription of viral mRNA,  

• Replication of viral genome,  

• Assembly and budding as progeny virus particles. 
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RNA viruses, such as HIV, HCV, and influenza, are 

genetically highly variable, because of the presence of 

viral reverse transcriptase or RNA-dependent RNA 

polymerase that cannot perform proofreading procedure. 

Thus, subsequent mutations in viral RNA genome have 

been proven to be associated with the surfacing of drug-

resistant viruses (Richman, 2006, Yin et al., 2006 and 

Shaer et al., 2007)28-30. The emergence of such drug-

resistant viruses poses a challenge for the design of new 

drugs. These problems emphasize the need to develop 

new antiviral drugs targeting different steps in the viral 

replication cycle in comparison with the old traditional 

way of action. 

 

Human Immunodeficiency Virus (HIV) is a very 

dangerous virus comes under a group of retroviruses. 

They possess RNA which can be transferred to DNA 

during infection with the help of Reverse transcriptase 

enzyme. Generally, there are two types of HIV, HIV-1 

and HIV-2 (http://www.avert.org/hiv-types.htm). 

However, both are transmitted by sexual intercourse, 

blood transfusion, and from mother to child and so, they 

materialize to cause clinically indistinguishable AIDS 

infection. On the other hand, it is observed that the HIV-

2 is less easily transmitted. This is because their period 

of infection and the illness caused by both these types 

differs from one another. In case of HIV-2, the period 

between initial infection and illness is longer compared 

to that of HIV-1. 

 

HIV-1 is the most common pathogenic strain of HIV. It 

is further classified into 4 groups: the "major" group M, 

the "outlier" group O and two new groups, N and P 

(http://www.avert.org/hiv-types.htm). These groups are 

classified based on the independent transmission of HIV 

into humans. Among all, the Group M is the most 

common and highly dangerous type of HIV. 

 

Mechanism of action: 

HIV-1 is unique in terms of its transmission and 

replication (Kaio K et al., 2007)31. HIV-1 is transmitted 

both by sexual contact and hematogenously through 

contaminated needles or blood products, so the virus can 

initiate infection by crossing a mucosal barrier and by 

direct entry into a T cell or monocyte/ macrophage 

lineage cell in the peripheral blood. HIV-1 can spread 

after a long latent period of infection. The reverse 

transcriptase (RT) of the human immunodeficiency virus 

(HIV) is a heterodimer. HIV-1 RT consists of a 66-kDa 

(p66) and a 51-kDa (p51) protein with identical amino-

terminal sites. The p51 subunit arises from the p66 

subunit by viral proteolysis (Dimarzo et al., 1986)32 

between the amino acid residues Phe440 and Tyr441 

(Bathurst et al., 1990)33. The heterodimer catalyses the 

reverse transcription of the viral RNA genome, an 

essential step in the viral replicative cycle. During this 

process, the single-stranded viral RNA is copied to a 

double-stranded DNA genome by the multifunctional 

reverse transcriptase, containing RNA-dependent DNA 

polymerase, RNase H, and DNA-dependent DNA 

polymerase activity. Subsequently, the viral DNA can be 

inserted into the host cell genome by the action of the 

viral integrase. Recent advances in the understanding of 

the cellular and molecular mechanisms of HIV-1 entry 

and replication have provided the basis for novel 

therapeutic strategies to prevent viral penetration of the 

target cell membrane and inhibit virus multiplication. 

The inhibitors affect the essential proteins that are 

involved in replication cycle, reverse transcriptase and 

protease, to obtain optimum therapeutic effects. 

Currently, the number of anti- HIV/AIDS therapeutic 

drugs approved by the FDA has increased to 26 drugs, 

the first approved drug being AZT, in 1987 (E. De 

Clercq 2000). These anti-HIV/AIDS drugs can be 

categorized into several types, nucleoside/ nucleotide 

reverse transcriptase inhibitors (NRTIS), non-nucleoside 

reverse transcriptase inhibitors (NNRTIS), and protease 

inhibitors (Mel safadi et al., 2007, Camarasa et al., 2006, 

Nair 2007 and Poomier et al., 2004 )35-38. However, 

HIV-1 has developed an astonishing degree of genetic 

mutations in protease, reverse transcriptase, and gp41 

that have been associated with decreased vulnerability to 

the presently available antiretroviral drugs. In addition to 

these three types of inhibitors, there are further 

developments of drugs based on mutations called as 

integrase inhibitors and maturation inhibitors that target 

Gag and it showed promising effects in preclinical and 

clinical trials (Grinsztejn et al., 2007, Min et al., 1999 

and Min et al., 1999)39-41. 

 

Commercial drugs: 

The drugs that are used against Reverse transcriptase 

enzyme are listed in the World Health Organization's 

List of Essential Medicines. The following are the three 

top-ranked medicines that are in use for the treatment of 

HIV infections. 

 

Zidovudine: 

Zidovudine (INN) or azidothymidine (AZT) (also called 

as ZDV) is a nucleoside analogue reverse-transcriptase 

inhibitor (NRTI), a type of antiretroviral drug used for 

the treatment of HIV/AIDS infection. AZT is a 

thymidine analogue that inhibits the enzyme (reverse 

transcriptase) by terminating the synthesis of viral DNA, 

thus preventing the spread of HIV virus. It is the first 

commercially available drug against HIV that was 

approved by FDA. 

 

Stavudine: 

Stavudine (2′, 3′-didehydro-2′, 3′-dideoxythymidine, d4t, 

brand name Zerit) is a nucleoside analogue reverse-

transcriptase inhibitor (NARTI) active against HIV. It is 
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an analogue of thymidine, thus during replication, it gets 

incorporated into the viral DNA in place of natural 

thymidine triphosphate thus terminating the replication 

of viral DNA strand. 

 

Nevirapine:  

Nevirapine (NVP), also marketed under the trade name 

Viramune, is a non-nucleoside reverse transcriptase 

inhibitor (NNRTI) used to treat HIV-1 infection and 

AIDS. It binds allosterically to the enzyme away from its 

actual active site, thus the effect is low. As with other 

antiretroviral drugs, HIV rapidly develops resistance if 

nevirapine is used alone, so recommended therapy 

consists of combinations of three or more anti 

retrovirals. 

 

Insilico analysis: 

In silico is a Latin word which was coined in 1989 and it 

literally means, “performed on computer”. It involves 

the series of experiments on living organisms that are 

carried outside their body (computer simulation) using 

various important software tools called as bioinformatics 

tools. In drug discovery and development, in silico 

studies reduces the need for expensive lab work and 

clinical trials. This can be made possible by using 

Protein-ligand docking method to identify the potential 

inhibitors to an enzyme associated with any disease. This 

approach differs from the use of expensive high-

throughput screening (HTS) labs to physically test all the 

samples over a long period of time and also their hit rate 

will be very low. 

 

MATERIALS AND METHODS: 
FTIR analysis of Vitex species: 

Identification of the chemical nature of phytochemical 

compounds present in the medicinal plants will provide 

various information regarding the different functional 

groups that are responsible for their medicinal properties. 

Vitex altissima L. And Vitex leucoxylon L were collected 

from various regions of Thanjavur district, Tamil Nadu. 

The leaves were shade dried, powdered and the leaf 

extracts of Vitex altissima L. And Vitex leucoxylon L 

were subjected to FTIR analysis (Ashokkumar and 

Ramaswamy, 2014)42. The results revealed that 21 and 

17 important bioactive compounds respectively are 

found in both these species. These compounds are used 

in further insilico analysis. 

 

Retrieval of 3D structure of reverse transcriptase 

(target protein): 

The first step of insilico analysis involves the retrieval of 

the structure of reverse transcriptase (a protein present in 

HIV type-1) from databases. A non-liganded high-

resolution 3D structure was retrieved from protein data 

bank in PDB format (Hsiou et al., 1996)43. PDB ID: 

1DLO 

(http://www.rcsb.org/pdb/explore/explore.do?Structureid

=1dlo) 

 

Construction of 3d structures of ligands: 

The compounds present in Vitex altissima L and Vitex 

leucoxylon L was reported using Fourier transform 

infrared spectroscopy (FTIR) analysis. This analysis 

forms the basic concept for the present study. 

Chemsketch, a chemically intelligent drawing interface 

freeware, developed by Advanced Chemistry 

Development, Inc., (http://www.acdlabs.com) was used 

to construct the structure of the ligands 

(phytochemicals). Using the DRAW mode of 

Chemsketch, the ligands were generated and the three-

dimensional optimizations were done and the ligand files 

were saved in.mol format [Original Arguslab docking 

tutorial available online (www.arguslab.com) (Thangaraj 

et al., 2011)44. 

 

Preparation of target protein: 

By using Argus lab, the ligands and the crystallographic 

water molecules were removed from the protein. 

Crystallographic disorders and unfilled valence atoms 

were corrected. Then the protein was subjected to energy 

minimization and on the final stage, the hydrogen atoms 

were added to the target protein molecule before docking 

(Rohini and Srikumar, 2013)45. 

 

Preparation of ligands: 

Geometry optimization of the ligands was performed 

according to the Hartree‐Fock (HF) calculation method 

using arguslab 4.0.1 software (Lisina et al., 2013)46. 

 

Binding site prediction: 

Various analyses showed that the binding of reverse 

transcriptase occurs allosterically in a hydrophobic 

pocket located approximately 10 Å from the catalytic 

site in the palm domain of the p66 subunit site of the 

protein (Ivetac and McCammon, 2009)47. The NNRTI 

binding pocket (NNIBP) contains five aromatics (Tyr-

181, Tyr-188, Phe-227 and Trp-229), six hydrophobic 

(Pro-59, Leu-100, Val-106, Val-179, Leu-234 and Pro-

236) and five hydrophilic (Lys-101, Lys-103, Ser-105, 

Asp-132 and Glu-224) amino acids that belong to the 

p66 subunit and additional two amino acids (Ile-135 and 

Glu-138) belonging to the p51 subunit (De Bethune, 

2009)48. Each NNRTI interacts with different amino acid 

residues in the NNIBP (Das et al., 2004)49. The sites are 

verified and confirmed using online bioinformatics tools 

like Metapocket (http://projects.biotec.tu-dresden.de/ 

metapocket/index.php/). 

 

Creation of local database for ligands: 

In order to accelerate the process, the local database of 

prepared ligands (phytochemicals) was created using 

Open Babel GUI software (Noel Mo et al., 2011)50. 
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Ligands which were stored in.mol format were 

integrated into .sdf (acceptable database format for 

ARGUS LAB software) file. 

 

Molecular docking using argus lab: 

Insilico modelling is an efficient way for the traditional 

drug testing compounds that reduces the time consuming 

multi-step process against screening and clinical trials. 

Molecular docking is a method which helps to confirm 

the binding mode and interaction energy for the ligands 

with the target protein. 

 

Molecular docking was carried out in Argus lab. Argus 

Lab is the electronic structure program which operates 

on the basis of quantum mechanics and helps to predict 

the potential energies, molecular structures, geometry 

optimization of structure, vibration frequencies of 

coordinates of atoms, bond length, bond angle and 

reactions pathway. Based on predicted binding residues, 

grid box was constructed and molecular docking was 

performed. All computational docking studies were 

carried out using Argus lab 4.0.1 installed in a single 

machine running on a 2.5 GHz core i7 processor with 6 

GB RAM and 320 GB hard disk with Windows 8.1 as an 

operating system. 

 

Target protein (Reverse transcriptase) was docked 

against the obtained ligands using arguslab 4.0.1 (Mark 

A. Thompson, Planaria Software LLC, Seattle, WA, 

USA, www.arguslab.com) to find out the reasonable 

binding geometries and explore the protein-ligand 

interactions. Docking of the protein-ligand complex was 

mainly performed only on to the predicted active site. 

Docking simulations were performed by selecting 

"argusdock" as the docking engine (Sabaferdous et al., 

2013)51. 

 

The selected residues of the receptor were defined to be 

a part of the binding site. A spacing of 0.4 Å between the 

grid points was used and an exhaustive search was 

performed by enabling “High precision” option in 

Docking precision menu, “Dock” was chosen as the 

calculation type, “flexible” for the ligand and the A score 

was used as the scoring function. 

The A Score function was used to calculate the binding 

energies of the resulting docked structures (Rajeswari 

and Kriushnapriya, 2011)52. All the compounds in the 

dataset were docked into the active site of reverse 

transcriptase, using the same protocol. After the 

completion of docking, the docked protein 

(protein‐ligand complex) was analysed to investigate the 

quality of interactions. 

 

Retrieval and optimization of 3d structures of 

commercially available drugs 

3D structures of the following commercially available 

drugs were collected and confirmed by studying several 

literatures. 

• Zidovudine 

• Stavudine 

• Nevirapine 

 

The retrieved 3D structures were optimized to avoid 

Crystallographic errors. The Geometry optimization of 

the drugs was performed according to the Hartree‐Fock 

(HF) calculation method using arguslab 4.0.1 software 

(Rajeswari and Kriushnapriya, 2011)52. 

 

Molecular docking using argus lab: 

The obtained 3D structures of commercially available 

drugs were considered as the ligand molecules and were 

docked against the reverse transcriptase to find out the 

reasonable binding geometries and also to investigate the 

protein-ligand interactions. Also, the docking was 

performed only on to the predicted active sites. 

 

RESULTS:  
The samples (leaf extracts of Vitex altissima L. And 

Vitex leucoxylon L) first undergo FTIR analysis and all 

the bioactive compounds present in it were identified. 

The necessary information such as Molecular formula, 

molecular structure and molecular weight about the 

phytochemicals was retrieved from PubChem database. 

The 3D structures of these bioactive compounds are 

docked against the protein target (reverse transcriptase) 

and the following results were obtained. 

 
TABLE 1 FTIR analysed result of leaf extracts OF Vitex altissima L. and the results of docking with the target protein (Reverse 

transcriptase) 

Serial 

number 

Compound name Molecular formula Molecular weight Structure Binding free energy 

(kcal/mol) 

1 Benzene, 1, 4-dichloro C6H4Cl2 146 

 

-9.6699 

2 4, 6-Octadienoic 
Acid 

C8H12O2 140 

 

-10.656 
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3 Eugenol C10H12O2 164 

 

-10.4401 

4 Germacrene D C15H24 204 

 

-12.3021 

5 Caryophyllene C15H24 204 

 

-15.4645 

6 Benzene,1-(1,5-

dimethyl-4-hexenyl)-

4-methyl,[S-(R*, S*)] 

C15H24 202 

 

-14.0318 

7 1, 3-Cyclohexadiene, 

5-(1, 5-dimethyl-4-

hexenyl)-2-methyl 

C15H24 204 

 

-11.7252 

8 À-Caryophyllene C15H24 204 

 

-14.1437 

9 1,6,10-Dodecatriene, 
7, 

11-dimethyl-3-

methylene-[Z] 

C15H24 204 

 

-12.6587 

10 Dodecanoic acid C12H24O2 200 

 

-4.60943 

11 3-Pyridine carboxylic 
acid,6-amino 

C6H6N2O2 138 

 

-7.71027 

12 D-Mannose C6H12O6 180 

 

-10.8761 

13 Tetradecanoic acid C14H28O2 228 

 

-14.671 

14 3,7,11,15-

Tetramethyl-2-

hexadecen-1-ol 

C20H40O 296 

 

-10.9167 

15 1, 2-Benzene 
Dicarboxylic acid, 

butyl octyl ester 

C20H30O2 334 

 

-11.2288 
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16 N-Hexadecanoic 
Acid 

C16H36O2 256 

 

-10.7807 

17 Hexadecanoic acid 
ethyl ester 

C18H36O2 284 

 

-12.8909 

18 Phytol C20H40O 296 

 

-10.1599 

19 9, 12-Octadecadienoic 
acid [Z, Z] 

C18H36O2 280 

 

-12.0161 

20 Octadecanoic acid C18H36O2 284 

 

-10.3974 

21 Squalene C30H50 410 

 

-12.3085 

 
TABLE 2 FTIR analysed result of leaf extracts of Vitex leucoxylon L and the results of docking with the target protein (Reverse 

transcriptase). 

Serial 

number 

Compound name Molecular formula Molecular weight Structure Binding free energy 

(kcal/mol) 

1 Nonyl Aldehyde C9H18O 142.239 Da 

 

-7.7597 

2 Triacontane C30H62 422.813 Da 

 

-9.70885 

3 Propionic Acid C3H6O2 74.078 Da 

 

-10.5 

4 (+)-Beta-D-Lactose C12H22O11 342.297 Da 

 

-6.9179 

5 Phenyl Sulfone C12H10O2S 218.272 Da 

 

-11.6156 

6 Butyramide C4H9NO 87.120 Da 

 

-4.97783 

7 Benzenesulfinic acid C6H6O2S 142.176 Da 

 

-9.48683 

8 3-Nonanone C9H18O 142.239 Da 

 

-10.7358 

9 Coumarin C9H6O2 146.143 Da 

 

-9.44295 
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10 Maltotriose hydrate C18H32O16 504.437 Da 

 

-5.86672 

11 Dextrin C6H12O6 180.156 Da 

 

-6.84262 

12 Maltopentaose hydrate C30H54O27 846.734 Da 

 

-5.8316 

13 Tridecanal C13H26O 198.345 Da 

 

-9.012 

14 Sorbitanmonolaurate C18H34O6 346.459 Da 

 

-10.2215 

15 Gamma-Cyclodextrin 

hydrate 

C48H80O40 1297.125 Da 

 

-7.16 

16 Lanatoside a C49H76O19 969.116 Da 

 

-10.2237 

17 Dodecyl aldehyde C12H24O 184.318 Da 

 

-10.106 

 

The commercial drugs were also docked against the target protein (Reverse transcriptase) and the following results 

of its binding efficiency were obtained. 

 
TABLE 3 Structure and the docked results of the commercially available drugs. 

Serial 

No 

Compound name Molecular formula Molecular weight Structure Binding free energy 

(kcal/mol) 

1 Zidovudine C10H13N5O4 267.241 Da 

 

-8.8776 

2 Stavudine C10H12N2O4 224.213 Da 

 

-8.6193 

3 Nevirapine C15H14N4O 266.298 Da 

 

-9.68587 
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DISCUSSION: 
The phytochemicals which were used in this study 

showed the binding energies in the range of -4.6 

kcal/mol to -15.6 kcal/mol which is in very good 

agreement with the standard and ideal binding energy. 

Caryophyllene present in Vitex altissima L. and Phenyl 

Sulfone present in Vitex leucoxylon L showed the 

maximum effectiveness against Reverse transcriptase 

than the available commercial drugs. Docked poses of 

commercial drugs and efficient bioactive compounds 

were shown below. 

 

 
Fig 1: The docked poses of commercially available drugs and 

efficient bioactive compound against reverse transcriptase. (from 

clockwise) a. Phenyl sulfone VS Reverse transcriptase, b. 

Caryophyllene VS Reverse transcriptase, c. Nevirapine VS Reverse 

transcriptase, d. Stavudine VS Reverse transcriptase, e. 

Zidovudine VS Reverse transcriptase. 

 

CONCLUSION: 
The protein-ligand interaction plays a significant role in 

structural based drug designing. In this present work, 

receptors for HIV targets has been taken and the 

potential drugs have been identified that can be used 

against AIDS. By applying computational approaches, it 

has been tried to understand the mechanism of 

interactions and the binding affinity between 

phytochemicals and HIV targets. Hence these natural 

compounds could be used as a template for designing 

therapeutic lead molecules which could results into 

massive reductions in therapeutic development time. 

This study may be the subject of experimental validation 

and clinical trials to establish these phytochemicals as 

more potent drug for the treatment of AIDS. In future, 

the ADME/T (Absorption, Distribution, Metabolism, 

Excretion / Toxicity) properties of these compounds can 

be calculated using the commercial ADME/T tools 

available thereby reducing the time and cost in drug 

discovery process. These results will be an influential 

factor for determining a lead phytochemical for further 

drug discovery process. 
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