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ABSTRACT

There are few natural products analgesics which target TRPV1. Solanoglycosydane a glucosidal steroid isolated from the tender fruits of the plant
Solanum torvum Swartz reported to have analgesic action. But molecular mechanism of action of this product in inducing analgesic action was not
explained. In the present work we wanted to see if the analgesic action of Solanoglycosydane is mediated through TRPV1 using computational tool.
The three dimensional structure of TRPV1 was downloaded from Protein Data Bank (RCSB PDB). The molecule was analyzed to find its probable
active site using online server, Q-Site Finder. This program depicts the amino acids of the probable ligand binding sites of the enzyme. The very first
site was selected as it was the energetically most favorable. The three dimensional structure of Solanoglycosydane was generated using another
online server, CORINA. This structure of Solanoglycosydane was also saved in PDB format and is converted to sdf format using OpenBabel. The
ADME/Tox properties of the compound were also studied using Mobyle ADME/Tox server. To study the binding efficacy of Solanoglycosydane to
TRPV1, FlexX was used. The ADME/Tox screenings of Solanoglycosydane have not shown any negative results, which indicate the potentiality of the
molecule to become drugs. The compound showed greater binding affinity towards TRPV1. The study suggested that Solanoglycosydane induces

analgesic action by inhibiting TRPV1.
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INTRODUCTION

Natural products are being utilized since the time immemorial for
different purposes including the treatment of pain. Initially different
plants like opium etc. were used to cure pain in the raw form. But
the effort to isolate the pure and active form of natural products
started in the 19t century. With the development of modern tools to
isolate and screen the drug efficacy, many natural products have
reached the market as effective analgesics. Aspirin (Acetylsalicylic
acid) the popular analgesic compound was isolated from Salix alba.
Similarly morphine, codeine, thebaine, menthol etc. have been
widely popular as analgesics under different brand names 1. Very
recently, computational tools have been used to screen the activity
and toxicity profile of drug molecules.

Extracts from Diclea grandiflora, a vine found in North eastern Brazil
have been reported to have analgesic effects 2. Several non-
nitrogenous compounds were isolated from these extracts and a
minor component, dioflorin was discovered to be a potent analgesic
in a mouse model of tail-flick 3. The analgesic activity was reversed
by naloxone indicating a potential mode of interaction with opioid
receptors.

Cocaine is mostly known and studied for its ability to block the
dopamine transporter due to its ability to create a euphoric state *
However, its utilization as a local anesthetic is known by its
interactions through sodium channel blockage.

Epibatidine was isolated from the skin of the Ecuadorian dart-frog,
Epipedobates tricolor, has been reported to be a potent analgesic
compound that could be antagonized by mecamylamine, a nicotinic
receptor antagonist, but not by opioid antagonists.>

Resiniferatoxin isolated from the succulent plant Euphorbia
resinifera, is another natural product having analgesic activity 6.

Scutigeral isolated from the non-pungent mushroom Albatrellus
ovinus, has been shown to stimulate rat dorsal root ganglion
neurons by activation of vanilloid receptors 7.

Thapsigargin, an active compound isolated from the plant Thapsia
garganica, generally used in traditional European and Arabian
medicines for rheumatic pain. Thapsigargin inhibited TRPV1
mediated [45Ca2+] -uptake and blocked [3H]-RTX binding sites in
rTRPV1-CHO cells 8.

Yohimbine, an alkaloid obtained from the bark of the tree
Pausinystalia yohimbe and the root of Rauwolfia. Yohimbine inhibits
Na+ channels and TRPV1 channels in a dose dependent way °.

Two acylpolyamine toxins, AG489 and AG505 were isolated from the
North American funnel web spider, Agelenopsis aperta, which inhibit
TRPV1 channels from the extracellular side of the membrane. The
toxin AG489 inhibits TRPV1 in a voltage-dependent way'°.

In this work, we tried to predict the molecular mechanism of action
of analgesic activity Solanoglycosydane a glucosidal steroid, isolated
from the tender fruits of the plant Solanum torvum Swartz by Paul et
al 11, Analgesic activity of the compound was established by them
using animal models. However mechanism of action of the
compound in inducing analgesic action was not studied.

Generally some target proteins or enzymes or receptors are
responsible for the therapeutic activity of drug molecules. Here we
studied the probable action of solanoglycosydane on the transient
receptor potential vanilloid, subfamily V, member 1 (TRPV1), also
known as the capsaicin receptor is a protein that, in humans, is
encoded by the TRPV1 gene. This protein is a member of the TRPV
group of transient receptor potential family of ion channels 12 13,14

TRPV1 is distributed in the peripheral and central terminals of the
sensory neurons and plays a role in initiating action potentials at the
nerve terminals and modulating neurotransmitter release at the first
sensory synapse 1516, TRPV1 is considered as a target for analgesics
through evaluation of different antagonists 17.18.19

MATERIAL AND METHODS
Preparation of Ligand Structures

Chemsketch, chemically intelligent drawing interface freeware
developed by  Advanced  Chemistry Development, Inc,
(http://www.acdlabs.com) was used to construct the structure
of the ligands. Using draw mode of Chemsketch, the ligands were
drawn and the SMILE notations of the compounds were generated.
The three dimensional structures of the compounds in PDB formats
were generated using another online server called CORINA using the

SMILE notation and again converted to SDF format using OpenBabel
20
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Preparation of Protein Structure

The crystal structure of the drug targets TRPV1 (PDB ID: 2NYJ)
has been obtained from RCSB Protein Data Bank (http://www.pdb.o

rg).
Active site identification

The structure of the drug target was obtained from Protein Data
Bank. The PDB file was loaded into Q-Site Finder 2% 22 to identify the
active site amino acids.

ADME/Tox Screening

The ADME/Tox parameters of the compounds were studied using
online server Mobyle@RPBS maintained by the University of Paris.
The compounds were input in the server in SMILES format using the
following parameters:

Molecular weight : min 200.0 max 600.0
Hydrogen donors : min 0.0 max 6.0
Hydrogen acceptors : min 0.0 max 12.0
Flexible bonds : min 0.0 max 15.0

Rigid bonds : min 0.0 max 50.0

Ring number : min 0.0 max 7.0

Ring size : min 0.0 max 12.0

Atom number : min #carbons: 5.0 min #non carbons 2.0
Ratio carbon/hetero : min 0.1 max 1.0
Charge number : min 0.0 max 3.0

Total charge : min -2.0 max 2.0

logP : min -2.0 max 6.0

Polar Surface Area : min 0.0 max 150.0

Protein - Ligand interaction using FlexX

The PDB file of the target was loaded in the BioSolvelT FlexX 23. The
active site amino acids were defined in the target molecule during
the target preparation step of FlexX. A sphere of 9A radius was
defined as active site. The SDF file of all the compounds was loaded
in FlexX as docking library. The Protein Ligand clash was set to 2.9 A
and Intra Ligand clash was set to 0.6 in the docking. The docking was
performed to study the binding efficacy of the compounds and the
drug target. The docked ligand-target complexes were analyzed
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carefully to identify the interactions. The docking score was noted
down and docking poses were saved for reference.

RESULTS

The active site characterisation of the enzyme using Q-site finder
showed that GLU 311, TYR 351, LYS 303, THR 306, SER 307, ASN
310 are the key amino acids forming active site.

Various drug relevant properties of the compound were studied
using OSIRIS Property Explorer. Properties with high risks of
undesired effects like mutagenicity or a poor intestinal absorption
are shown in red. Where as a green colour indicates drug confirm
behaviour.
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Fig 1: Drug relevant properties of the compound

For any molecule to become a drug, it should not have any toxic or
allergenic effects. The ADME/Tox screenings of Solanoglycosydane
have not shown any negative results, which indicate the potentiality
of the molecule to become drugs. The results of the ADME/Tox
screening are described in Table.1

Table 1 :Results of ADME/Tox Screening

Parameters MW Drs Ars FB RB RL C nC C/nC #Chrg Chrg LogP PSA
Parameter standards 200-400 0-6 0-12 0-15 0-50 0-12 5-2 >2 0.1-1.0 0-3 (-2)-2  (-2)-6 0-150
Solanoglycosydane 398.3 1 2 4 22 27 2 0.074074 0 0 5.56 15.27

MW : Molecular weight, Drs : Donors, Ars : Acceptors, FB : flexible
bonds, RB : Rigid Bonds, #R : Ring Number, RL : Ring Length, C :
carbons, nC : non carbons, C/nC : ratio non carbons/carbons, #Chrg
: number of charges, Chrg: Total Charge, LogP : logP (octanol /
water), PSA: Polar surface area.

Interaction energies between ligand and receptor play the most
crucial role in drug designing. In this work, TRPV1 was selected as
drug target and the interactions of Solanoglycosydane were studied
using FlexX and following results were obtained (Table.2).

Table 2: Docking result of TRPV1 with Solanoglycosydane

Compound Total Bond Property
score Energy(Kcal/mol) Length(A)
Solanoglycosydane -8.4030 OE2 GLU311-H57 -7.36 2.01
OE1GLU311 - H57 -3.16 2.05
OH TYR 351 - H76 -4.70 1.72
DISCUSSION

Fig 2 : Docking of Solanoglycosydane with TRPV1 residues

The vanilloid receptor TRPV1 is recognized as a molecular
integrator of painful stimuli ranging from noxious heat to
endovanilloids in inflammation. Pharmacological blockade of TRPV1
represents a new strategy in pain relief. TRPV1 is considered to be a
potential target for developing drugs to treat different modalities of
pain and it is distributed in the peripheral and central terminals of
the sensory neurons and plays a role in initiating action potentials at
the nerve terminals and modulating neurotransmitter release at the
first sensory synapse. Docking of Solanoglycosydane with analgesic
target TRPV1 shows a good result. Solanoglycosydane binds with the
residues of TRPV1 with the estimated free energy of binding -
8.4030kcal/mol. From the docking results it can be predicted that
Solanoglycosydane may be used as an Analgesic Drug and the
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analgesic activity of Solanoglycosydane is mediated through TRPV1.
On the one hand the study confirms the report of Paul et al. (2009)
for analgesic activity of the compound and on the other it predicts
the possible mechanism of action of the compound.

ACKNOWLEDGEMENT

All authors sincerely acknowledge financial assistance of DBT, Govt.
of India for establishment of Bioinformatics Centre in Assam
University where the work has been carried out.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Christopher RM, Stephen SS: Analgesic substances derived from
natural products (natureceuticals). Life Sciences 2005; 78: 476
-484.

Almeida ER, Almeida RN, Navarro DS, Bhattacharyya J, Silva BA,
Birnbaum JS: Central antinociceptive effect of a hydroalcoholic
extract of Dioclea grandiflora seeds in rodents. ]
Ethnopharmacol 2003; 88: 1 -4.

Bhattacharyya ], Majetich G, Jenkins TM, Almeida RN: Dioflorin, a
minor flavonoid from Dioclea grandiflora. ] Nat Prod 1998; 61:
413-414.

Kuhar M], Ritz MC, ]J.W. Boja, The dopamine hypothesis of the
reinforcing properties of cocaine. Trends in Neuroscience 1991;
14:299-302.

Spande T, Garraffo H, Edwards M, Yeh H, Pannell L, Daly ]J:
Epibatidine—a novel (chloropyridyl)azabicycloheptane with
potent analgesic activity from an Ecuadorian poison frog.
Journal of the American Chemical Society 1992; 114:3475-
3478.

Szallasi A, Blumberg PM, Annicelli LL, Krause JE, Cortright DN:
The cloned rat vanilloid receptor VR1 mediates both R-type
binding and C-type calcium response in dorsal root ganglion
neurons. Molecular Pharmacology 1999a; 56:581- 587.

Szallasi A, Biro T, Szabo T, Modarres S, Petersen M, Klusch A,
Blumberg P, Krause JE, Sterner O: A non-pungent
triprenyl phenol of fungal origin, scutigeral, stimulates rat dorsal
root ganglion neurons via interaction at vanilloid receptors.
British Journal of Pharmacology 1999b; 126:1352-1358.

Toth A, Kedei N, Szabo T, Wang Y, Blumberg PM: Thapsigargin
binds to and inhibits the cloned vanilloid receptor- 1. Biochem
Biophys Res Commun 2002; 293:777-782.

Dessaint ], Yu W, Krause JE, Yue L: Yohimbine inhibits firing
activities of rat dorsal root ganglion neurons by blocking Na+
channels and vanilloid VR1 receptors. Eur ] Pharmacol 2004;
485:11-20.

Kitaguchi T, Swartz KJ: An inhibitor of TRPV1 channels isolated
from funnel Web spider venom. Biochemistry 2005; 44:15544-
15549

Paul SB, Choudhury MD, Choudhury R, De B: Structure
Elucidation and Analgesic Activity of Separated Active
Compounds from the Methanolic Extract of Solanum torvum.
Asian Journal of Chemistry 2009; 21:581-588.

Premkumar LS, Sikand P: TRPV1: A Target for Next Generation
Analgesics. Current Neuropharmacology 2008; 6:151-163.
Raisinghani M, Pabbidi RM, Premkumar LS: Activation of
transient receptor potential vanilloid 1 (TRPV1) by
resiniferatoxin. Journal of Physiology 2005; 567:771-786.
Szallasi A, Cruz F, Geppetti P: TRPV1: A therapeutic target for
novel analgesic drugs.Trends in Molecular Medicine 2006; 12:1-
10.

Niemeyer BA: Structure-function analysis of TRPV channels.
Arch Pharmacol 2005; 371:285-294.

Tominaga M, Tominaga T: Structure and function of TRPV1.
European Journal of Physiology 2005; 451:143-150.

Ahern GP: Activation of TRPV1 by the satiety factor
oleoylethanolamide. Journal of Biological Chemistry 2003;
278:30429-30434.

Cortright DN, Szallasi A: Biochemical pharmacology of the
vanilloid receptor TRPV1. European Journal of Biochemistry
2004; 271:1814-18109.

Kim SR, Chung YC, Won SY: Roles of Transient Receptor
Potential Vanilloid Subtype 1 and Cannabinoid Type 1 Receptors

20.

21.

22.

23.

Asian ] Pharm Clin Res, Vol 6, Issue 1, 2013, 80-82

in the Brain: Neuroprotection versus Neurotoxicity. Molecular
Neurobiology 2007; 35:245-254.

0'Boyle NM, Banck M, James CA, Morley C, Vandermeersch T,
Hutchison GR: Open Babel: An open chemical toolbox. Journal of
Cheminformatics 2011; 3:33.

Burgoyne NJ, Jackson RM: Predicting protein interaction sites:
binding hot-spots in protein-protein and protein-ligand
interfaces. Bioinformatics 2006; 22:1335-1342.

Laurie AT, Jackson RM: Q-SiteFinder: an energy-based method
for the prediction of protein-ligand binding sites. Bioinformatics
2005; 21:1908-1916.

Sato H, Shewchuk LM, Tang J: Prediction of multiple binding
modes of the CDK2 inhibitors, anilinopyrazoles, using the
automated docking programs GOLD, FlexX, and LigandFit: an
evaluation of performance. ] Chem Inf Model 2006; 46:2552-
2662.

82



