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ABSTRACT

Objective: The objective of this study is to evaluate gas chromatography-mass spectrometry (GC-MS) analysis and molecular docking studies of
ethanol extract of Andrographis paniculata (Burm.f.) against type 2 dengue virus (DEN2).

Methods: The ethanol extract of A. paniculata compounds was identified by GC-MS analysis. These compounds were further analyzed for their
activities against NS2B/NS3 protease of DEN2 by molecular docking studies.

Results: The nine compounds obtained from the ethanol extract of A. paniculata were characterized and docked. Among these nine compounds,
vor-diazepam,3-[[N-hydroxymethyl]aminocarbonyloxy], dasycarpidan-1-methanol, acetate (ester), ethanol, 2-(9, 12-octadecadienyloxy)-, (Z,Z), and
Gibb-2-ene-1,10-dicarboxylicacid4a,7-dihydroxy-1-methylene-1,4a-lactone,10 methylester,(1a,4aa,4ba,10a) were found to show better interaction
energetically and also showed crucial interactions with the active site of NS2B/NS3 protease. Thus, A. paniculatais suggested to be a medicinally
important plant to cure dengue fever.

Conclusions: From the result, it can be concluded that the crude extract of A. paniculata compounds positively inhibits the activities of NS2B/NSB
protease of DEN2, thus by preventing the dengue viral infection. This strategy reflects a logical progression for an early stage drug discovery which

can be used to identify new drug candidates.
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INTRODUCTION

Dengue virus (DENV) belongs to the Flaviviridae family and is mosquito-
borne human pathogen that can cause dengue hemorrhagic fevers
(DHF) [1]. Dengue is currently an endemic problem in more than 100
countries around the world. There has been an estimate of 50 million
infections per year globally with more than 2.5 billion people (or 40%
of the world population) at risk, and it is one of the significant causes
of mortality, especially in the tropical and subtropical regions [2].
There are four serotypes of DENV (DEN1, DEN2, DEN3, and DEN4)
which are transmitted by the Aedes aegypti or more rarely by Aedes
albopictus mosquito with DEN2 being the most prevalent. The virus
in the electron micrograph consists of 40-50 nm sphere, surrounded
by a lipopolysaccharide envelope that contains the 11-kb single-strand
positive-sense RNA genome [3]. This RNA genome is consisting of
10,723 nucleotides that encodes three structural proteins (capsid [C],
premembrane [prM], and envelope [E]) and seven non-structural
protein (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) [4]. Flavivirus
replication is dependent on the correct cleavage of this polypeptide and
requires both host cell and viral protease and two-component protease
NS2B/NS3 [5,6]. The NS3 protein is a multifunctional enzyme that
contains a N-terminal protease domain (N-terminal ~179 amino acids)
and a C-terminal helicase domain (residues ~180-618) which includes
nucleoside triphosphate and 5'-RNA triphosphate activities [7,8].
Analysis of virus sequence alignments indicates the catalytic triad of
DEN2 protease is His51, Asp75, and Ser135, which is typical of a serine
protease family [9]. The N-terminal region of NS3 chymotrypsin-like
serine protease binds to an NS2B cofactor which is required to cleave
the polyprotein. The protease activity is dependent on association with
a hydrophilic region of 40 amino acids of the NS2B protein, which acts
as a cofactor and actively participates in the formation of the S2 and S3
subpockets in the protease active site [10,11]. This NS2B-NS3 protease
complex is required for viral replication [12]. Hence, the NS2B-NS3

protease complex serves to be a target for the development of antiviral
drugs. Although there has been effort taken by many research groups,
no vaccines or effective antiviral therapeutics are currently available
against DENV infections [13]. Thus, it serves as a promising target for
DENV antiviral drug development [14].

Many research groups worldwide are in search for antiviral
therapeutic agents from natural plant products. However, this
approach continues to furnish investigators with new and interesting
findings. Several compounds from Andrographis paniculata (Burm.F.)
wall. Ex Nees have shown inhibitory activity against dengue DEN2
protease. A. paniculata is an annual herbaceous plant and it belongs
to family Acanthaceae (Acanthus). It is extensively cultivated in
South Asian countries such as India and Sri Lanka [15]. In traditional
medicine, A. paniculata is widely used to get rid of body heat, dispel
of toxins from body. It prevents common cold, upper respiratory
tract infections including sinusitis, and fever [16]. A. paniculata
has been reported to exhibit various mode of biological activities
in vivo as well as in vitro, namely, antibacterial, antiviral, anti-
inflammatory, anti-HIV, anticancer, and immunomodulation [17-22].
Andrographolide is an extremely bitter substance extracted from
the stem and leaves of A. paniculata. It is a major active constituent
of A. paniculata [23]. In this study, we report on molecular docking
studies of nine compounds identified from ethanol extract (Gas
chromatography-mass spectrometry [GC-MS] analysis) against
NS2B/NS3 protease of DEN2, using Glide XP module of Schrodinger
09. The aim of this study is to understand the interactions involved
in binding of ethanolic compounds to NS2B-NS3 protease of DEN2
and also to gain insights into the experimental inhibition pattern. We
propose that the information observed from this study will provide
further understanding of the mechanism of the inhibition of NS2B-
NS3 protease of DEN2and possibly enable researchers the design of
antiviral drugs which inhibit DENV replication.



Somarathinam et al.

METHODS

Plant material

The leaves of A. paniculata were handpicked at the local area of Chennai
in Tamil Nadu. Collected leaves were washed with distilled water and
allowed to shade dry. The dried leaves were then mechanically grind
and made into a fine powder [24].

Extraction

25 g of obtained powder was subjected to extract with 100% ethanol
(500 ml) using Soxhlet extraction method. The crude extract was filtered,
and excess of solvent was evaporated using rotary evaporator [25].

GC-MS analysis

The ethanolic extract of the leaves from A. paniculata was used for
GC-MS analysis. This ethanolic extract was dissolved in HPLC grade
methanol and subjected to GC-MS (JEOL GCMATE II). The sample
was injected into a HP5 column (30 m length x 0.25 mm id x
0.25 pum film thickness), Agilent Technologies, consisting of 6890°N
gas chromatography coupled with 5973 N mass spectrometer as
detector [26]. For GC-MS detection, an electron ionization system
was used with an ionization energy of 70eV. An inert gas, helium, was
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used as carrier gas and split ratio was 5:4. The injector temperature
was set at 250°C and the column temperature at 280°C. The stepped
temperature was programmed from 100°C for 2 min, then gradually
increased to 280°C at 10°C/min, and kept there for 5 min. The
total run time was 30 min. The diluted sample (1 pl) was injected
manually in splitless mode. The MS scan range was from 35 to 1500
Da. The peaks were marked with retention time in the GC-MS (JEOL
GCMATE II) of the ethanol extract of the leaves from A. paniculata.
The extracts show the presence of nine compounds in the ethanolic
extract as shown in Table 1.

Identification of components

The identification of chemical compounds in the crude extract was
based on similarity of GC retention time and mass spectra (%) with
the standards [27]. The mass spectra of the unknown components
were compared with the spectrum of the known components stored
in the National Institute of Standards and Technology (NIST) library.
The details about their name, molecular formula, weight, and structure
were ascertained from NIST library [28]. These compounds were
further analyzed for their activities against NS2B/NS3 protease of
DEN2 by molecular docking studies.

Table 1: Compounds from the ethanolic extract of andrographolide used for docking

Compound IUPAC name Molecular Molecular Structure of the compound
name formula Weight
(g/mol)
1 2,2,4-Trimethyl-3 C,,H,,0 428.73
(3,8,12,16-tetramethyl-heptadeca /
-3,7,11,15-tetraenyl) ..
-cyclohexanol /j [
2 Vor-diazepam, 3-[[N-hydroxymethyl] C, H,;,CLN,O 284.74 \ o
aminocarbonyl oxy] O N‘i
ci = N
3 Ethanol, 2-(9, 12-octadecadienyloxy)-, (Z, Z)- C,,H,40, 310.51 0 y
W VVVVWWWVWY
4 Hexadecanoic acid, ethyl ester C,eH,0, 284.47 \/OY\/\/\/\/\/\/\/
0
5 Octadecenoic acid, methyl ester C19H3402 294.47
6 Phytol C,,H,,0 296.53
(3,7,11,15-tetramethylhexadec-2-en-1-ol)
7 Dasycarpidan-1-methanol, acetate (ester) C,,H,N,0, 326.43
8 Gibb-2-ene-1,10-dicarboxylic acid 4a, 7-dihydroxy-1- C,H,,0, 346.37
methylene-1,4a-lactone, 10-methyl ester,(1a, 4aa, 4ba,
10a)
9 Cyclohexane, 1,1’-dodecylidenebis[4-methyl- C,.H, 362.67
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Experimental section
Receptor three-dimensional (3D) structure

The 3D structure of DEN2 NS2B/NS3 protease was downloaded from
the protein data bank (PDB ID: 2FOM), in which the crystal structure was
solved at 1.5 A resolution. Protein preparation and refinement studies
were performed on NS2B/NS3 protease using protein preparation
module and the energy was minimized was done using default constraint
of 0.3 A RMSD and OPLS 2005 force field. (Schrodinger suite). The
distances of the catalytic triad (i.e. between the carboxyl oxygen of Asp75
and His51 as well as the hydroxyl of Ser135 and imidazole ring of His51)
were calculated to ensure that they have structural parameters close to
the published results [29]. Ligand structures were built using Maestro
v9.1 and geometrically minimized using OPLS_2005 force field by LigPrep
module of Maestro 9.1 (Schrédinger suite) [30]. LigPrep produces a
minimized low-energy 3D conformation of each input structure with
various ring conformations, ionization states, and tautomer using various
criteria including molecular weight and types of functional groups present.

Receptor grid generation

Glide searches for favorable interactions between one or more ligand
molecules and a receptor molecule, usually a protein. The shape and
properties of the receptor are represented on a grid by several different
sets of fields that provide progressively more accurate scoring of the
ligand poses. Ligand docking cannot be performed until the receptor
grids have generated.

Docking method

Two types of docking methods have been used for molecular docking:
¢ Glide docking (grid-based ligand docking with energetics).

e Induced fit docking.

Glide docking

Nine compounds of ethanol extract were docked into the active site
of the NS2B/NS3 protease (PDB: 2FOM) using glide with XP precision
(Schrodinger). This methodology regards the structure of the protein
as a rigid body but treats the ligand as a conformationally flexible
molecule. Glide XP docking results of these nine compounds docked
against NS2B/NS3 protease are shown in Table 2.

Induced fit docking

From glide docking results, we have further selected four ligands based
on their glide energy and docking score. The selected ligand molecules
were further docked againstthe P1 pocket with the catalytic triad (His51,
Asp75, and Ser135) of NS2B/NS3 protease using induced fit docking of
Schrodinger package. During docking, the ligands were optimized using
OPLS or MMFF force field, thus changing its conformation to find the
best fit that can closely fit to the catalytic triad and P1’ pocket of NS2B/
NS3 protease. The binding affinity of each protein and ligand complex
was reported, and it is shown in Table 3.

RESULTS AND DISCUSSION

DENV is an importantinsect-borne pathogen with significant impact on
global health. The viral NS2B/NS3 protease which mediates processing
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ofthe viral polyprotein precursor is therefore anim ortant determinant©f
virus replication [31]. GC-MS analysis of ethanol extract showed nine

compounds. Among these nine compounds, some of the
compounds have already been reported with various activities.
In particular, phytol is a diterpene, a member of the group
of branched-chain unsaturated alcohols [32]. It has been
reported to have antimicrobial, antioxidant, anti-inflammatory,
anticancer, diuretic, and antinociceptive effects [33]. Diazepam is a
benzodiazepine  derivative with antianxiety, sedative,
hypnotic, and anticonvulsant properties. Diazepam has been
reported to be a potential inhibitor of gamma-aminobutyric
acid [34]. Hexadecanoic acid, ethyl ester is a palmitic acid
ester, and it has been reported as antioxidant,

hemolytic,hypocholesterolemia, flavor, nematicide,

anti-androgenic agents.
This present study aimed to understand the binding

interactions between the nine compounds of ethanol extract and
the NS2B-NS3 protease (PDB code 2FOM). Molecular docking was
performed using glide XP module of Schrodinger 09. For each
compound, the glide XP module of Schrodinger 09 program
predicted several similar bound conformations that had
energy differences. On examination and comparison of all the
ligands, four ligands were obtained top-scored conformations, as
it was apparent based on their low glide energy. In these
conformations, interactions were between catalytic or P1 pocket
residues of the active site and functional groups of the
compounds. Significant interactions occurred between hydroxyl
and nitro groups of the compounds and conserved residues that
constituted the catalytic triad (His51, Asp75, and Ser135) and P1
pocket (TRP- 83, LEU-85, Gly151, and Gly153) of the protease.
Compound 2 bound to the active site with docking score of —4.69 and
a glide energy score of -40.22 Kcal/mol. The hydroxyl group on the
left side of Compound 2 formed hydrogen bond interaction with the
side chain of carboxyl group of Asp75 (2.7A). An additional
interaction occurred with P1 pocket residues of Glyl51 and
Gly153 (Fig. 1). The hydrogen bond interaction between the
carboxyl group of extract compound 3 with P1 pocket residues of
TRP-83, and LEU-85 (Fig. 2). Compound 3 bound with the glide energy
of -43.16 kcal/mol and a docking score of -6.33. Favorable contact
was predicted between nitro group of extracted compound 7 to
form hydrogen bond interaction with the side chain of hydroxyl group
Ser135 (2.9 A) as shown in Fig. 3. The hydroxyl group of compound 8 has

hyd bond i ti ith 1
Ay Do e P do s ream ey e ofic extract
compounds docked with NS2B/NS3 protease

Compound name Docking score Glide energy (Kcal/mol)

Compound-1 -2.42 -29.30
Compound-2 -4.69 -40.22
Compound-3 -6.33 -43.16
Compound-4 -2.55 -32.88
Compound-5 -3.25 -30.20
Compound-6 -2.79 -31.04
Compound-7 -3.52 -33.88
Compound-8 -4.11 -32.84
Compound-9 -2.52 -29.71

Table 3: Induced fit docking results of ethanolic extract compounds docked with NS2B/NS3 protease

Compound name Docking score Glide energy (Kcal/mol) Hydrogen bond interactions D-H...A Distance (A)
Compound -3 -6.33 -43.16 (TRP-83) N-H.O 3.1
(TRP-83) N-H.O 3.0
0-H.0 (LEU-85) 2.7
Compound -2 -4.69 -40.22 0-H.O (ASP-75) 2.7
N-H.O (GLY-151) 3.0
(GLY-153) N-H.O 2.9
Compound -7 -3.52 -33.88 N-H.O (SER-135) 2.9
Compound -8 -4.11 -32.84 0-H.O (ASP-75) 2.8
(HIS-51) N-H.O 3.2
(GLY-153) N-H.O 3.1
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GLY-153

ASP-75

GLY-151

Fig. 1: Pymol view of the interaction between ethanol extract of
compound 2 and NS2B/NS3 protease

TRP-83

LEU-85

Fig. 2: Pymol view of the interaction between ethanol extract of
compound 3 and NS2B/NS3 protease

the catalytic residue Asp75 (2.8 A), and the carboxyl group of compound
8 occurred hydrogen bond interaction with imidazole ring of His51 (3.2
A). An additional P1 pocket residue of hydroxyl group of Gly153 has a
hydrogen bond with compound 8 (Fig. 4). Docking interaction between
compound 8 and NS2B-NS3 protease has a dock score of -4.11and glide
energy of -32.84.

CONCLUSION
A. paniculata, generally known as “king of bitters,” could be potentially

developed as an anti-DENV agent. In the present study,
molecular docking was carried out with andrographolide
derivatives  against NS2B/NS3  protease. =~ The compounds

obtained from were docked by induced fit method against

the catalytic triad (His51, Asp75, and Ser135) and P1 pocket
(TRP-83, LEU-85, Gly151, and Gly153). Compound 2 (vor-diazepam
3-[[N-hydroxymethyl]aminocarbonyloxy]), compound 3 (ethanol, 2-(9,
12-octadecadienyloxy)- (Z,2)-), compound 7
(dasycarpidan-1-methanol, acetate (ester)), and compound 8
gibberellic acid [Gibb-2-ene-1,10-dicarboxylicacid4a,7-dihydroxy-1-
methylene-1,4a-lactone,10-methylester,1a,4aa,4ba,10a)] were found to
be good with low energy value and showed crucial interactions
with active site of NS2B/NS3 protease. Thus, A. paniculata is
suggested to be a medicinally important plant to cure dengue fever.
Therefore, these compounds positively inhibit the interaction of DEN2
virus with NS2B/ NSB  protease preventing the dengue viral

infection. This strategy reflects a logical progression for early-stage
drug discovery that can be used to successfully identify new drug
candidates.

ACKNOWLEDGMENT

The authors gratefully acknowledge the Department of Science and

Technology Science and Engineering Research Board (DST-SERB),

Government of India, for the financial support through the funded

project work (YSS/2014/000672). The authors also acknowledge the

Innovare Journal of Life Sciences, Vol 6, Issue 1, 2018, 15-19

SER-135

Fig. 3: Pymol view of the interaction between ethanol extract of
compound 7 and NS2B/NS3 protease

GLY-153

Fig. 4: Pymol view of the interaction between ethanol extract of
compound 8 and NS2B/NS3 protease

Department of Biotechnology (DBT) for providing in silico laboratory
facilities.

CONFLICTS OF INTEREST

The authors declared that they have no conflicts of interest.

REFERENCES

1. Kautner I, Robinson MJ, Kuhnle U. Dengue virus infection:
Epidemiology, pathogenesis, clinical presentation, diagnosis, and
prevention. J Pediatr 1997;131:516-24.

2. Yin Z, Patel SJ, Wang WL, Wang G, Chan WL, Rao KR, ef al. Peptide
inhibitors of Dengue virus NS3 protease. Part 1: Warhead. Bioorg Med
Chem Lett 2006;16:36-9.

3. Bressanelli S, Stiasny K, Allison SL, Stura EA, Duquerroy S, Lescar J,
et al. Structure of a flavivirus envelope glycoprotein in its low-pH
induced membrane fusion conformation. EMBO J 2004;23:728-38.

4. Irie K, Mohan PM, Sasaguri Y, Putnak R, Padmanabhan R. Sequence
analysis of cloned dengue virus Type 2 genome (New Guinea-C strain).
Gene 1989;75:197-211.

5. Falgout B, Pethel M, Zhang YM, Lai CJ. Both nonstructural proteins
NS2B and NS3 are required for the proteolytic processing of dengue
virus nonstructural proteins. J Virol 1991;65:2467-75.

6. Yusof R, Clum S, Wetzel M, Murthy HK, Padmanabhan R. Purified
NS2B/NS3 serine protease of dengue virus Type 2 exhibits cofactor
NS2B dependence for cleavage of substrates with dibasic amino acids
in vitro. J Biol Chem 2000;275:9963-9.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Somarathinam et al.

Gorbalenya AE, Donchenko AP, Koonin EV, Blinov VM. N-terminal
domains of putative helicases of flavi-and pestiviruses may be serine
proteases. Nucleic Acids Res 1989;17:3889-97.

Lescar J, Luo D, Xu T, Sampath A, Lim SP, Canard B, ef al. Towards
the design of antiviral inhibitors against flaviviruses: The case for the
multifunctional NS3 protein from Dengue virus as a target. Antiviral
Res 2008;80:94-101.

Brinkworth RI, Fairlie DP, Leung D, Young PR. Homology model
of the dengue 2 virus NS3 protease: Putative interactions with both
substrate and NS2B cofactor. J Gen Virol 1999;80:1167-77.

Arias CF, Preugschat F, Strauss JH. Dengue 2 virus NS2B and NS3
form a stable complex that can cleave NS3 within the helicase domain.
Virology 1993;193:888-99.

Clum S, Ebner KE, Padmanabhan R. Cotranslational membrane
insertion of the serine proteinase precursor NS2B-NS3 (Pro) of
dengue virus Type 2 is required for efficient in vitro processing and
is mediated through the hydrophobic regions of NS2B. J Biol Chem
1997;272:30715-23.

Othman R, Wahab HA, Yusof R, Rahman NA. Analysis of secondary
structure predictions of dengue virus Type 2 NS2B/NS3 against crystal
structure to evaluate the predictive power of the in silico methods.
In Silico Biol 2007;7:215-24.

Leyssen P, De Clercq E, Neyts J. Perspectives for the treatment of
infections with flaviviridae. Clin Microbiol Rev 2000;13:67-82.
Sampath A, Padmanabhan R. Molecular targets for flavivirus drug
discovery. Antiviral Res 2009;81:6-15.

Govindarajan M. Evaluation of Andrographis paniculata Burm. f.
(Family: Acanthaceae) extracts against Culex quinquefasciatus (Say.)
and Aedes aegypti (Linn.) (Diptera: Culicidae). Asian Pac J Trop Med
2011;4:176-81.

Gabrielian ES, Shukarian AK, Goukasova GI, Chandanian GL,
Panossian AG, Wikman G, et al. A double blind, placebo-controlled
study of Andrographis paniculata fixed combination Kan Jang in the
treatment of acute upper respiratory tract infections including sinusitis.
Phytomedicine 2002;9:589-97.

Sule A, Ahmed QU, Saman OA, Omar MN. Bacteriostatic and
bactericidal activity of the polar and non-polar extracts of Andrographis
paniculata against skin disease causing pathogenic bacteria. J Med
Plant Res 2011;5:7-14.

Wiart C, Kumar K, Yusof MY, Hamimah H, Fauzi ZM, Sulaiman M.
Antiviral properties of ent-labdene diterpenes of Andrographis
paniculata nees, inhibitors of herpes simplex virus Type 1. Phytother
Res 2005;19:1069-70.

Chao WW, Kuo YH, Lin BF. Anti-inflammatory activity of new
compounds from Andrographis paniculata by NF-kB transactivation
inhibition. J Agric Food Chem 2010;58:2505-12.

Calabrese C, Berman SH, Babish JG, Ma X, Shinto L, Dorr M, et al.
A phase I trial of and rographolide in HIV positive patients and normal
volunteers. Phytother Res 2000;14:333-8.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Innovare Journal of Life Sciences, Vol 6, Issue 1, 2018, 15-19

Li HB, Wong CC, Cheng KW, Chen F. Antioxidant properties in vitro
and total phenolic contents in methanol extracts from medicinal plants.
LWT Food Sci Technol 2008;41:385-90.

Iruretagoyena MI, Tobar JA, Gonzalez PA, Sepulveda SE, Figueroa CA,
Burgos RA, et al. Andrographolide interferes with T cell activation and
reduces experimental autoimmune encephalomyelitis in the mouse. J
Pharmacol Exp Ther 2005;312:366-72.

Rajani M, Shrivastava N, Ravishankara MN. A rapid method for
isolation of andrographolide from Andrographis paniculata nees
(kalmegh). Pharm Biol 2000;38:204-9.

Roy S, Rao K, Bhuvaneswari CH, Giri A, Mangamoori LN.
Phytochemical analysis of Andrographis paniculata extract and its
antimicrobial activity. World J Microbiol Biotechnol 2010;26:85.
Jones WP, Kinghorn AD. Extraction of plant secondary metabolites. In:
Sarker SD, Latif Z, Gray Al, editors. Natural Products Isolation. 2™ ed.
US: Humana Press; 2005. p. 323-51.

Devi OZ, Rao KS, Bidalia A, Wangkheirakpam R, Singh OM. GC-MS
analysis of phytocomponents and antifungal activities of Zanthoxylum
acanthopodium DC. Collected from Manipur, India. Eur J] Med Plants
2015;10:1-9.

Gnanavel V, Saral AM. GC-MS analysis of petroleum ether and
ethanol leaf extracts from Abrus precatorius Linn. Int J Pharm Biosci
2013;4:37-44.

Thangavel M, Umavathi S, Thangam Y, Thamaraiselvi A,
Ramamurthy M. GC-MS analysis and larvicidal activity of
Andrographis paniculata (Burm. F) Wall. Ex nees. against the dengue
vector Aedes aegypti (L) (Diptera: Culicidae). Int J Curr Microbiol
Appl Sci 2015;4:392-403.

Lee YK, Tan SK, Wahab HA, Rohana Y. Nonsubstrate based inhibitors
of dengue virus serine protease: A molecular docking approach to study
binding interactions between protease and inhibitors. Asia Pac J Mol
Biol Biotechnol 2007;15:53-9.

Kalva S, Vadivelan S, Sanam R, Jagarlapudi SA, Saleena LM. Lead
identification and optimization of novel collagenase inhibitors;
pharmacophore and structure based studies. Bioinformation 2012;8:301.
Tomlinson SM, Watowich SJ. Anthracene-based inhibitors of dengue
virus NS2B-NS3 protease. Antiviral Res 2011;89:127-35.

Rajeswari G, Murugan M, Mohan VR. GC-MS analysis of bioactive
components of Hugonia mystax L. (Linaceae). Res J Pharm Biol Chem
Sci 2012;3:301-8.

Santos CC, Salvadori MS, Mota VG, Costa LM, de Almeida AA,
de Oliveira GA, et al. Antinociceptive and antioxidant activities of
phytol in vivo and in vitro models. Neurosci J 2013;2013:949452.
Braestrup C, Squires RF. Specific benzodiazepine receptors in rat brain
characterized by high-affinity (3H) diazepam binding. Proc Natl Acad
Sci 1977;74:3805-9.

Rajalakshmi K, Mohan VR. MS analysis of bioactive components of
myxopyrumserratulum A.W. Hill (Oleaceae). Int J Pharm Sci Rev Res
2016;38:30-5.

19



