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Abstract

The CB2 receptor is an attractive drug target for treatment of pain and inflammation. CB2 receptor is
member of rhodopsin-like family of seven-transmembrane G-protein-coupled receptor. In this work, three
dimensional structure model of CB2 receptor in Homo sapiens was determined based on template sequence
(PDB code: 2KS9) by comparative homology modeling program MODELLER9v10. Selection of template
was done through mGenTHREADER tool in MODELLER, which has 13.1% sequence identity with CB2
receptor. The computed model’s energy was minimized and validated using PROCHECK and ERRAT to
obtain a stable model structure. Stable model was further used for virtual screening against N-1 alkyl chain
length of cannabimimetic indoles through molecular docking studies using AutoDock 3.05. The docked
complexes were validated and enumerated based on the AutoDock Scoring function to pick out the best
agonist based on docked Energy. Thus from the entire 30 compounds which were Docked, we got best 3
of them with optimal docked energy as JHW-156 (Docking Energy -13.26 kcal/mol), JWH-122(Docking
Energy:-12.53 kcal/mol) and JWH-146 (Docking Energy: -12.46 kcal/mol). Further the three best-docked
complexes were analyzed through Python Molecular Viewer software for their interaction studies. Thus
from the Complex scoring and binding ability its deciphered that these ligands could be used as interesting
leads for the development of new active CB2 ligands. QSAR Properties of all these compounds were
calculated, which shows these compounds could be used as interesting leads for development of new active
CB2 ligands

Keywords: CB2 receptor, nGenTHREADER, PROCHECK, AutoDock, cannabimimetic indoles

1. Introduction
Marijuana, or cannabis (Cannabis sativa), one of the oldest and most widely abused drugs, has
also been used for medicinal purposes by various cultures. The primary psychoactive constituent
of marijuana is a cannabinoid compound, A9-tetrahydrocannabinol (A9-THC). The ability of
extracts of the hemp plant (Cannabis sativa) to cause a variety of medicinal effects unrelated to
its psychoactive properties had been recognized as early as the third millennium BC, when
Chinese texts described its usefulness in the relief of pain and cramps (Pal pacher et al., 2006,
Mechoulam, 1986 2)). In ancient India, the anxiety-relieving effect of bhang (the Indian term
for marijuana ingested as food) had been recorded more than 3000 years ago.
Cannabinoid receptors are members of the rhodopsin-like family of seven transmembrane
(7TM) G-protein-coupled receptors (GPCRs). The G-protein coupled receptor (GPCR)
superfamily is comprised of estimated 600—1,000 members and is the largest known class of
molecular targets with proven therapeutic value. They are ubiquitous in our body, being involved
in regulation of every major mammalian physiological system (Laurent Jacob et al., 2008,
Bockaert and Pin., 1999) >4 and There are two distinct cannabinoid receptors, CB1 and CB2,
have been identified in mammalian tissues and cloned (Matsuda et al., 1990, Munro et al., 1993,
Poso and Huffiman., 2008) %781, The CB2 receptor is localized primarily in the spleen, tonsils,
and immune cells (Tuccinardi et al., 2006 and Martin, 1986) 1% but recently were found to be
present in the brain (Van Sickle et al., 2005; Gong et al., 2006) ' 221, in nonparenchymal cells
of the cirrhotic liver (Julien et al., 2005) 3, in the endocrine pancreas (Juan-Pico et al., 2005)
(241, and in bone (Karsak et al., 2004; Idris et al., 2005; Ofek et al., 2006) 12526631 and it is an
attractive target for drug development for the treatment of pain, inflammation, osteoporosis,
growth of malignant gliomas and tumors of immune origin, and immunological disorders
(Tuccinardi et al., 2006 and Raitio et al., 2005) ['> 1. We have established a structure-based
virtual screening protocol to search for CB2 bioactive antagonists based on the 3D CB2
homology structure model.
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2.0 Materials and methods

2.1. Retrieval of the target protein sequence and alignment
with template sequence

The amino acid sequences of CB2 receptor in Homo sapiens
was  retrieved  through  Swiss-Prot  (Id:  P34972)
(http://www.expasy.ch). Selection of template has done through
GenTHREADER of target sequence. GenTHREADER is a
method for structure prediction on a genomic scale. The method
combines profile—profile alignments with secondary-structure
specific gap-penalties, classic pair-and solvation potentials
using a linear combination optimized with a regression SVM
model. The templates of CB2 was downloaded from protein
databank (www.rcsb.org/pdb) with PDB ID 2KS9-A. The
sequence alignment of targets with corresponding templates
was performed by using dynamics programming based align2d
module in Modeller (Sali et al., 1993) 721,

2.2. Homology modeling of CB2 receptor

Homology model of CB2 receptor was constructed using
program Modeller9v10. Modeller is simply an implementation
of automated approach to comparative modeling by satisfaction
of the spatial restraints. After aligning query CB2 receptor with
template 2KS9-A using align2d script were used as input in
Modeller program and five comparative models were generated
for each target, respectively. The model of CB2 receptor was
validated with the help of modeller objective function and
DOPE score, which are the statistical parameter for the
assessment of model using the standard modeller energy
function. The validated CB2 model was chosen for further
studies and refinement.

2.3 Modeling and structure refinement

Models were further checked with ERRAT (Colovos and
Yeates, 1993) 31 and Ramachandran plot at PROCHECK
(Laskowski et al., 1993) Y. The model constructed was
solvated and subjected to constraint energy minimization with a
harmonic constraint of 100 kJ/mol/A, applied for all protein
atoms, using the steepest descent and conjugate gradient
method. Computations were carried out in vacuo with the
GROMOS96 43B1 parameters set using SWISS-pdbVIEWER
(Guex and Peitsch, 1997) [,

2.4 Model validation

The constructed model of CB2 receptor was examined for
validation using different criteria. Backbone conformation and
non-GLY residues at the disallowed regions were evaluated by
the inspection of the Psi/Phi Ramachandran plot obtained from
PROCHECK analysis. The Swiss-PdbViewer energy
minimization test was applied to check for energy criteria in
comparison with the potential of mean force derived from a
large set of known protein structures. Packing quality of the
refined structure was investigated by the calculation of
PROCHECK Quality Control value.

2.5. Database screening
Thirteen N-1 alkyl chain length of cannabimimetic indoles were
retrieve from the literature (Anug et al., 2000).

2.6. Virtual screening

Docking of N-1 alkyl chain lengths of cannabimimetic indoles
against CB2 was performed with molecular docking program
AutoDock 3.0.5. Gasteiger charges are added to the ligand and
maximum 6 numbers of active torsions are given to the lead
compounds using AutoDock Tool

(http://autodock.scripps.edu/resources/adt). Kollman charges
and the solvation term were then added to the protein structure
using the same. We have made the grid and adjusted the number
of points in X, Y, Z axis, so that it covers the entire active site
of the CB2 receptor. The default value is 0.375 A between grid
points, which is about a quarter of the length of a carbon-carbon
single bond. The spacing between grid points can be adjusted
with another thumbwheel. Grid spacing values of up to 1.0 A
can be used when a large volume is to be investigated in this
work it was increased to 0.542A.The Lamarckian genetic
algorithm implemented in Autodock was used. Docking
parameters were as follows: 30 docking trials, population size
of 150, maximum number of energy evaluation ranges of
25,0000, maximum number of generations is 27,000, mutation
rate of 0.02, cross-over rate of 0.8, Other docking parameters
were set to the software’s default values. After docking, the
ligands were ranked according to their docked energy as
implemented in the AutoDock program.

2.7 QSAR Properties Calculation

2.7.1 Lipinski’s rule-of-five analysis

Christopher Lipinski's rule-of-five (Lipinski et al., 2001) "
analysis helped to raise awareness about properties and
structural features that make molecules more or less drug-like.
The guidelines were quickly adopted by the pharmaceutical
industry as it helped apply ADME considerations early in
preclinical development and could help avoid costly late-stage
preclinical and clinical failures.

2.7.2 Topology analysis

The topology analysis is important because it provides
characteristic values related to the topological structure of a
molecule which is helpful in launching a compound to be a drug
candidate. Atom count which is number of atoms in the
molecule including hydrogens, Bond count which is number of
bonds in the molecule including hydrogens, Formal charge
which is net charge positive or negative occupied by a
compound and Polar surface area are some important parameter
for drug designing.

2.7.3 Rotatable bond count

Rotatable bond count is defined as number of rotatable bonds in
the molecule. Those single bonds are considered rotatable,
which are not connected to hydrogens, nor to terminal atoms
(atoms having maximum one non-hydrogen adjacent). Amides,
sulphonamides and single bonds connecting two hindered
aromatic rings (having at least three ortho substituents) are also
considered non-rotatable.

2.7.4 Polar surface area

Polar surface area (PSA) is formed by the polar atoms of a
molecule. This descriptor was shown to correlate well with
passive molecular transport through membranes and therefore
allows prediction of transport properties of drugs and has been
linked to drug bioavailability. Generally, passively absorbed
molecules with a PSA > 140 A2 are thought to have low oral
bioavailability (Ertl et al., 2000) 31,

3. Results and discussion

4.1 Homology modeling of CB2 receptor

A search for potentially related sequences of known structure
was performed by the mGenTHREADER (Lobley et al., 2009)
(821 sited at CSB institute, which is a fold recognition method use
profiles and predicted secondary structures. To do this, we put
the target CB2 sequence in plain format in to the text box of
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mGenTHREADER. Result of mGenTHREADER was shownin  receptor sequence of Homo sapiens with template (PDB Code:
table 1. The sequence identity was 13.1% with template = 2KS9-A) was shown in fig.2.
sequence (fig.1). The sequence alignment of the query CB2

Table 1: Result of mGenTHREADER program. Numbers in red indicates possibly low quality or incorrect models.

Conf. Net Score p-value PairE SolvE AlnScore | AlnlLen | StrLen | SeqglLen Alignment
CERT 60.640 4e-05 -310.2 -5.8 207.0 271 297 605 1q0rA0
CERT 60.296 4e-05 -330.2 -10.9 193.0 262 275 605 120iA0
CERT 57.432 8e-05 -301.0 -9.1 188.0 234 242 605 1tqhAQ
CERT 57.123 9e-05 -415.2 -9.0 152.0 269 277 605 3fobA0
HIGH 55.752 0.0001 -330.7 -6.9 167.0 268 277 605 1brtAQ
HIGH 55.240 0.0001 -330.8 -7.0 164.0 263 283 605 2rhwA0
HIGH 54.090 0.0002 -349.7 1.1 165.0 260 271 605 1uk8A0
HIGH 53.826 0.0002 -322.2 -4.0 167.0 228 255 605 3bf7A0
HIGH 53.753 0.0002 -330.9 -10.4 158.0 204 218 605 2fukAQ
HIGH 53.667 0.0002 -322.1 -4.6 158.0 269 279 605 1hkhAO
HIGH 53.416 0.0002 -369.1 -13.5 135.0 241 278 605 2qmqA0
HIGH 52.906 0.0002 -372.0 -6.9 138.0 262 272 605 2qruA0
HIGH 52.826 0.0002 -349.4 -10.1 141.0 244 256 605 1m33A0
HIGH 52.354 0.0003 -367.5 -10.0 131.0 257 318 605 117aA0
HIGH 51.718 0.0003 -350.5 -12.5 128.0 251 294 605 1y37A0
HIGH 51.351 0.0003 -282.9 -3.8 152.0 274 310 605 1b6gA0
HIGH 50.705 0.0004 -307.7 -4.6 137.0 295 305 605 2psdA0
HIGH 49.980 0.0005 -342.0 -8.4 130.0 217 245 605 3e0xA0
HIGH 49.858 0.0005 -315.0 -1.3 148.0 213 256 605 3c70A0
HIGH 49.745 0.0005 -386.7 -3.7 123.0 229 258 605 3bxpA0
HIGH 48.222 0.0007 -335.6 -10.1 118.0 206 241 605 3dkrA0
HIGH 47.534 0.0008 -342.6 -13.1 97.0 266 307 605 207rA0
HIGH 47.387 0.0008 -381.9 9.5 89.0 286 317 605 11z1A0
HIGH 47.335 0.0008 -286.9 -0.1 133.0 250 285 605 3bwxA0
HIGH 46.757 0.001 -344.4 -8.5 96.0 283 298 605 Imj5A0
MEDIUM 46.476 0.001 -326.0 -0.6 116.0 254 288 605 3icvA0
MEDIUM 46.349 0.001 -241.6 0.8 151.0 175 316 605 1cvlAO
MEDIUM 46.079 0.001 -278.4 -7.1 112.0 269 357 605 2b61A0
MEDIUM 45.908 0.001 -332.0 -9.4 91.0 289 296 605 2qvbA0
MEDIUM 45.644 0.001 -380.3 -6.9 85.0 264 308 605 3ga7A0

10 20 30 40 50
--CCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
2ks9A0 --DNVLPVDSDLSPNISTNTSEPNQFVQPAWQ IVLWAAAYTV IVVTSVVGNVVVMWE I LA
Query MEECWVTE I ANGSKDGLDSNPMKDYMILSGPQKTAVAVLCTLLGLLSALENVAVLYLILS
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

10 20 30 40 50 60

70 80 90 100 110
HHHHHHHHHHHHHHHHHHCHHHHHHHHHHHCCCCCCHHHHHHHHHHHHHHHHH

2ks9A0 HKRMR-TVTNYFLVNLAFAEASMAAFNTVVNFTYAVHNEWYYGLFYCKFHNFFP IAAVFA

Query SHQLRRKPSYLF IGSLAGADFLASVVFACSFVNFHVFHGVD-SKAVFLLKIGSVTMTFTA
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCC~ - HHHHHHHHHHHHHHHHH

70 80 90 100 110

120 130 140 150 160 170

HHHHHHHHHHHHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHCCCCCCCCCCCCCCCC
2ks9AO0 SIYSMTAVAFDRYMAI ITHPLQPRLSATATKVVICVIWVLALLLAFPQGYYSTTETMPSRV
Query SVGSLLLTAIDRYLCLRYPPSYKALLTRGRALVTLGIMWVLSALVS----YLPLMGWTCC

HHHHHHHHHHHCC cceecececeee HHHHHHHHHH----CCCCeceeee

130 140 150 160 170

180 190 200 210 220 230
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ccececcceeeccccCcCHHHHAAAAAAAA - HHHHHHHHHHHHHHHHCCCCCCCCCCCCCCCCH

2ks9A0 VCMIEWPEHPNKIYEKVYHICVTVLIYFLPLLVIGYAYTVVGITLWASEIPGDSSDRYHE

Query PRPCSELFPLIPNDYLLSWLLFIAFLFSGIYTYGHVLWKAHQHVASLSGHQDRQVPGMA
cccceceecccCCCCHHHAHHHAAAAC CCcceeececececceccececececececece

180 190 200 210 220 230

240 250 260 270 280 290
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCCHHHHHHHHHHHHHHH
2ks9A0 QVSAKRKVVKMMIVVVCTFAICWLPFHIFFLLPY INPDLYLKKFIQQVYLAIMWLAMSST
Query RMRLDVRLAKTLGLVLAVLLICWFPVLALMAHSLATTLSDQVK---KAFAFCSMLCLINS
Cccceeccecce CcC CCCCCCCCCCHHH---HHHCC CccC

240 250 260 270 280 290

300 310 320 330 340 350
HHHHHHHHHH HHHHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCCCCCccccceeeeeee
2ks9A0 MYNPI11YCCLNDRFRLGFKHAFRCCPFISAGDYEGLEMKSTRYLQTQGSVYKVSRLETTI
Query MVNPVIYALRSGEIRSSAHHCLAHWKKCVRG------ LGSEAKEEAPRSSVTETEADGKI
HHHHH HHHHHHHHHHHCCCCCCCCC—----- CCCCCcceeececceccececcececcecc
300 310 320 330

360

CCCCCC———————-
2ks9A0 STVVGA--—-—-——-—
Query TPWPDSRDLDLSDC
Cccceececececcececce

350 360

Percentage ldentity = 13.1%

Fig 1: Secondary Structure of CB2 receptor

>P1;2ks9A

structureX:2ks9::A::::::
——DNVLPVDSDLSPNISTNTSEPNQFVQPAWQIVLWAAAYTVIVVTSVVGNVVVMWI ILA
HKRMR-TVTNYFLVNLAFAEASMAAFNTVVNFTYAVHNEWYYGLFYCKFHNFFP IAAVFA
S1YSMTAVAFDRYMA T IHPLQPRLSATATKVVICV IWVLALLLAFPQGYYSTTETMPSRV
VCMIEWPEHPNKIYEKVYHICVTVLIYFLPLLVIGYAYTVVGITLWASEIPGDSSDRYHE
QVSAKRKVVKMMIVVVCTFAICWLPFHIFFLLPY INPDLYLKKFIQQVYLAIMWLAMSST
MYNP 1 1YCCLNDRFRLGFKHAFRCCPF I SAGDYEGLEMKSTRYLQTQGSVYKVSRLETTI
STVWGA-——————- *

>P1; Query

sequence::i::iii:i:

MEECWVTE IANGSKDGLDSNPMKDYMILSGPQKTAVAVLCTLLGLLSALENVAVLYLILS
SHQLRRKPSYLFIGSLAGADFLASVVFACSFVNFHVFHGVD-SKAVFLLKIGSVTMTFTA
SVGSLLLTAIDRYLCLRYPPSYKALLTRGRALVTLG IMWVLSALVS----YLPLMGWTCC
PRPCSELFPLIPNDYLLSWLLFIAFLFSGIIYTYGHVLWKAHQHVASLSGHQDRQVPGMA
RMRLDVRLAKTLGLVLAVLL ICWFPVLALMAHSLATTLSDQVK---KAFAFCSMLCLINS
MVNPV1YALRSGE IRSSAHHCLAHWKKCVRG------ LGSEAKEEAPRSSVTETEADGKI
TPWPDSRDLDLSDC*

Fig 2: Alignment between the P34972 sequence and the 2ks9-A
~7~
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The result of alignment was employed to build new homology
model. Reliability of new homology model for CB2 was
identified by Ramachandran plot. After the optimization and
energy minimization process, the best model was selected
among five 3D models generated for CB2 receptor on the basis
of modeller scores. Energy minimization of 3D structure is vital
for providing the maximum stability to the protein.
Ramachandran plot drawn through PROCHECK (Laskowski et

al., 1993) " program validated along with and ERRAT, the
model with 90.0% of the total residues in most favoured region
and residues in additional allowed regions was 8.7% and .9% in
the generously allowed region (Fig.3 & 4). This stipulates that
protein backbone dihedral angles phi (¢) and psi (y) occupied
reasonably accurate positions in the selected 3D model.
Computationally modeled 3D structure of CB2 receptor is
shown in fig.5.

PROCHECK

Ramachandran Plot

Psi {degrees)

90+

13"

b -

-
a80 o135 dp s
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Resickies in g e iy g ool -Legr] ] w7
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Bumier oo non-g s il mon-prfine ke EETRETInT e
oo o il mesichaesa e | 3y amd P 2
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Tiotid e o sl e & 60
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Fig 3: Ramachandran plot of CB2 receptor model.

Program: ERRAT2

Chaing#:1
Overall quality factor**: 75.459

Emror value*

1 1
Residue # (window center)

*On the emor axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that excesd that emor value.
"*Expressed as the percentage of the protein for which the calculated
emor value falls below the B5% rejection limit. Goed high resolution
structures generally produce values around 85% or higher. For lower
resolutions (2.5 to 3A) the average overall quality factor is around 81%.

Fig 4: ERRAT plot of CB2 receptor model.
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3.2 Results of virtual screening

Docking studies predicted the interaction of ligands with
protein. For such interaction studies, the most important
requirement was the proper orientation and conformation of
ligand which fitted to the protein binding site appropriately and
formed protein-ligand complex. Therefore, optimal interactions

Fig 5: Computationally modeled 3D structure of CB2 receptor obtained from Modeller

and the best autodock score were used as criteria to interpret the
best conformation among the 30 conformations, generated by
AutoDock program. Docking of 30 CB2 Agonists derived
compound against Cannabinoid CB2 receptor structure was
performed with molecular docking program AutoDock 3.0.5
shown in table 2.

Table 2: Docking results of thirty agonist of CB2 screened from literature

Docking Ref
CID
l?llc') Cod Structure (va(;ll—) XlogP HBD HBA energy RMS
ode 9 (kcal/mol) | Value
@)
1 10360860 ,_":-_.l.-lq. 355.4721 6.7 0 1 -11.06 24.61
i Nl
2 4273754 ,_.('L-;ff“u. 327.41894 5.8 0 1 -9.9 23.71
i
¢y
94
3 10382701 - {::,.J;, 341.44552 6.3 0 1 -10.45 25.36
c;_-"_‘{\.‘
N
4 52224389 b 355.4721 6.9 0 1 -10.67 19.29
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e
021
5 11473309 H_(I'*;:. "l 341.44552 6.2 -10.27 21.95
R
et}
@
6 11280135 _/_..-'; 1:. 369.49868 7.1 -11.38 24.88
o~y
=
e
7 45271208 ‘L?r 3 313.39236 5.4 -12.1 19.95
&
e
LI
8 10471670 e 327.41894 5.8 -11.53 9.59
o,
SN
9 45270383 e l;h 327.41894 5.8 -7.43 17.67
=
3
99
10 10831231 ;[_‘ 343.41834 5.4 -5.36 9.47
R
LD
11 10547208 o -h. 371.4715 6.3 -9.05 21.56
]
— :-.":_\\}
I .
@9
12 45272115 H_h:[‘ 357.44492 5.8 -7.57 24.71
A
)
13 45272116 N I__h"' 385.49808 6.7 -7.85 20.43
— ",-3}
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I
_ B3
14 44466638 — >N 3554721 6.7 -12.53 19.82
0y
vi
e
15 6918505 \[ﬁl_ RD/ ' 312.48888 6.4 -6.67 18.39
U
T
i )
- Y
16 44418304 "—qEJ - 367.4828 6.6 -11.11 22.27
&
. EiE.I,g:J_l
17 44418308 "L-(é‘.‘f“' 395.53596 7.7 -12.46 15.54
=
!
18 44418307 '-(;§J' ~u 381.50938 7.2 -11.29 12.5
=4
)
o~
94
19 45267819 L 341.44552 6.2 -10.3 24.94
.-_‘.'ﬂ--.
o
20 45267820 ! 369.49868 7.1 -11.77 24.19
S
2N
ol
21 44418303 L\—(’_:‘:] ~u 353.45622 6.1 -11.67 14.92
22 11233636 357.44492 5.8 -9.31 22.15
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o e, ML
1)
23 | 11176619 i {;TJE. 385.49808 6.7 0 2 -9.45 2223
%
e
24 | 44418301 \-ﬁr w 339.42964 5.7 0 1 -13.26 11.11
w
B
25 | 45272119 i %;_TJE. 385.49808 6.7 0 2 83 21.44
%
2,
26 | 45267825 ,'(':-_..-1;1. 357.44492 5.8 0 2 -8.0 16.57
.
i{é‘}?
;.
27 | 11313905 =, e 343.41834 5.4 0 2 -6.52 17.67
(=
=t
- eE
28 | 45271217 At e 3714715 63 0 2 -1036 22.64
||,-:_
N3
o
29 | 45271218 e 343.41834 5.4 0 2 27,53 10.18
(=
=t
e ML
- By
30 | 11372171 hat ,ﬁ;.,& 3714715 63 0 2 -8.55 17.33
5

MWT: molecular weight; ref RMS: ref root mean square deviation; HBD: hydrogen bond donar; HBA: hydrogen bond acceptor.

Among the above docked compounds there were three JWH-  analyzed through Python Molecular viewer and shown below in
156, JWH-122 and JWH-146 best docked agonists. A close  Figure 6, 7, 8, respectively. Ligand is coloured in brown (in
view of the binding interactions of CB2 receptor with JWH-156,  stick drawing) whereas amino acids involved in hydrogen bonds
JWH-122 and JWH-146 CB2 Agonists compounds were  color by atom type.
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Fig 6: Two H-bonds is formed between amino acid CYS179 (N), CYS179 (SG) of CB2 receptor and compound
JWH-156 with bond length 2.854 A and 2.794 A

Fig 8: Interaction between active site amino acid of CB2 receptor compound JWH-146

~33~
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3.5 QSAR Result

All the compounds were subjected to Lipenski’s Rule of Five to
evaluate their absorption and permeability. All best docked
Compounds satisfy the criteria (having molecular weight <500;
hydrogen bond donor < 5; hydrogen bond acceptor <10)
therefore have better prospects of acting as drugs due to their

high drug likeness (table 3). Topological Polar Surface Area
(TPSA) of all compounds correlate with the prediction of
transport properties of drugs and has been linked to drug
bioavailability, selected compound shows a low TPSA (< 140
value) resulting these compounds to have high bioavailability
as a drug candidate.

Table 3: QSAR Parameter for best docked compound

Sk cibNo IUPAC Name MWT XLogP | HBD | HBA | RBC | TPSA | HAC | FC

No. (g/mol)

1| 44418301 | naphthalen-1-yl-(5-phenyl-1-propylpyrrol- | 339 45964 5.7 0 1 5 2 26 | 0
3-yl)methanone

2 | 44466638 | (4-methylnaphthalen-1-yD-(I-pentylindol- | 355 475, 6.7 0 1 6 2 | 27 | o
3-yl)methanone

3 | 44418308 | (1-heptyl-S-phenylpyrrol-3-yl-naphthalen- | = 395 53595 | 77 0 1 9 2 | 30 | o
1-ylmethanone

MWT: Molecular Weight; HBD: H-Bond Donor; HBA: H-Bond Acceptor; RBC: Rotatable Bond Count; TPSA: Topological Polar Surface

Area; HAC: Heavy Atom Count; FC: Formal Charge.

4. Conclusion

The CB2 receptor is a widely abused drug target for treatment
of pain, inflammation, and Immunosuppressive that underlie the
biology of Homo sapiens. CB2 receptor is member of
rhodopsin-like family of seven-transmembrane G-protein-
coupled receptor. In this work, we have constructed a 3D model
of CB2 receptor, using the MODELLER software and obtained
a refined model after energy minimization. The final refined
model was further assessed by PROCHECK program, and the
results show that the model was stable and reliable. The stable
model was further used to identify some potent agonists for CB2
receptor in Homo sapiens. Flexible docking of ligand from
chemical database to receptor is an emerging approach and is
extensively used to reduce cost and time in drug discovery. The
approach utilized in this study is successful in finding three
potent CB2 agonists as JHW-156 (Docking Energy -13.26
kcal/mol), JWH-122(Docking Energy:-12.53 kcal/mol) and
JWH-146 (Docking Energy: -12.46 kcal/mol). Further the three
best-docked complexes were analyzed through Python
Molecular Viewer software for their interaction studies. Thus
from the Complex scoring and binding ability its deciphered
that these ligands could be used as interesting leads for the
development of new active CB2 ligands. QSAR Properties of
all these compounds were calculated. The results shows that all
best docked compounds satisfy the criteria (molecular weight
<500, hydrogen bond donor < 5; hydrogen bond acceptor <10)
and shows a low Topological Polar Surface Area (<140 value)
resulting these compounds could be used as interesting leads for
development of new active CB2 ligands.

5. References

1.  Aung MM, Griffin G, Huffman JW, Wu MJ, Keel C, Yang
B, et al. Influence of the N-1 alkyl chain length of
cannabimimetic indoles upon CB1 and CB2 receptor
binding. Drug and Alcohol Dependence, 2000; 60(2):133-
140.

2. Mechoulam R. The pharmacohistory of cannabis sativa. In:
Mechoulam R, editor. Cannabis as Therapeutic Agent.
CRC Press; Boca Raton, FL: PP. 1986, 1-19.

3. Pal pacher et al., Pharmacol Rev. Pharmacol Rev. 2006;
58(3):389-462. doi: 10.1124/pr.58.3.2

4. Bockaert J, Pin JP. Molecular tinkering of G protein-
coupled receptors: an evolutionary success. EMBO J. 1999;
18(7):1723-1729.

5. Laurent Jacob. BMC Bioinformatics. 2008; 9:363.
Published online 2008 September 6. doi: 10.1186/1471-
2105-9-363.

Matsuda. Nature, 1990; 346:561.

Munro. Nature, 1993; 365:61.

8. Poso A, Huffman JW. Br J Pharmacol. 2008; 153(2):335-
346. doi: 10.1038/sj.bjp.0707567

9. Martin BR. Pharmacol Rev. 1986; 38:45.

10. Tuccinardi. ] Med Chem. 2006; 49:984.

11. Raitio. Curr Med Chem. 2005; 12:1217.

12. Tuccinardi. ] Med Chem. 2006; 49:984.

13. Manera. ] Med Chem. 2006; 49:5947.

14. Burley SK, Petsko GA. Aromatic—aromatic interactions: A
mechanism for protein structure stabilization. Science
(Wash DC), 1985; 229:23-28.

15. Deshpande DA. Penn RB. Targeting G protein-coupled
receptor signaling in asthma. Cell Signal, 2006;
18(12):2105-2120.

16. Jacob. BMC Bioinformatics, 2008; 9:363.

Doi: 10.1186/1471-2105-9-363

17. Catapano LA, Manji HK. G protein-coupled receptors in
major psychiatric disorders. Biochim Biophys Acta, 2007,
1768(4):976-993.

18. Mechoulam. Cannabidiol: an overview of some
pharmacological aspects. J Clin Pharmacol, 2002; 42:11S—
19S.

19. Grotenhermen F. Pharmacology of cannabinoids. Neuro
Endocrinol Lett. 2004; 25:14-23.

20. Vaccani. Cannabidiol inhibits human glioma cell migration
through a cannabinoid receptor-independent mechanism.
Br J Pharmacol. 2005; 144:1032-1036.

21. Van Sickle. Identification and functional characterization
of brainstem cannabinoid CB2 receptors. Science (Wash
DC); 2005; 310:329-332.

22. Gong. Cannabinoid CB2 receptors: immunohistochemical
localization in rat brain. Brain Res. 2006; 1071: 10-23.

23. Julien. Antifibrogenic role of the cannabinoid receptor CB2
in the liver. Gastroenterology. 2005; 128:742-755.

24. Juan-Pico. Cannabinoid receptors regulate Ca2+ signals
and insulin secretion in pancreatic B-cell. Cell Calcium.
2005; 39:155-162.

25. Karsak. The cannabinoid CB2 receptor: a potential target
for the treatment of osteoporosis. J Bone Miner Res. 2004;
19:S383.

26. Idris. Nat Med. 2005; 11(7):774-9.

o

~34~



International Journal of Chemical Studies

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Bisogno. Molecular targets for cannabidiol and its
synthetic analogues: effect on vanilloid VR1 receptors and
on the cellular uptake and enzymatic hydrolysis of
anandamide. Br J Pharmacol. 2001; 134:845-852.

Lynn AB, Herkenham M. Localization of cannabinoid
receptors and nonsaturable high-density cannabinoid
binding sites in peripheral tissues of the rat: implications
for  receptor-mediated immune modulation by
cannabinoids. J Pharmacol Exp Ther. 1994; 268:1612—
1623.

Puffenbarger. Cannabinoids inhibit LPS-inducible
cytokine mRNA expression in rat microglial cells. Glia,
2000; 29:58-69.

Facchinetti. Cannabinoids ablate release of TNFalpha in rat
microglial cells stimulated with lypopolysaccharide. Glia,
2003; 41:161-168.

Molina-Holgado. Anandamide suppresses nitric oxide and
TNF-alpha responses to Theiler's virus or endotoxin in
astrocytes. Neuroreport, 1997; 8:1929-1933.
Molina-Holgado. Cannabinoids promote oligodendrocyte
progenitor survival: involvement of cannabinoid receptors
and phosphatidylinositol-3  kinase/Akt signaling. J
Neurosci. 2002a; 22:9742-9753.

Klegeris. Reduction of human monocytic cell neurotoxicity
and cytokine secretion by ligands of the cannabinoid-type
CB2 receptor. Br J Pharmacol. 2003; 139:775-786.

Sheng. Synthetic cannabinoid WINS5, 212-2 inhibits
generation of inflammatory mediators by IL-1beta-
stimulated human astrocytes. Glia. 2005; 49:211-219.
Fernandez-Lopez. Characterization of the neuroprotective
effect of the cannabinoid agonist WIN-55212 in an ex vivo
model of hypoxic—ischemic brain damage in newborn rats.
Pediatr Res. 2006; 60:169-173.

Fernandez-Ruiz. Cannabinoids in neurodegeneration and
neuroprotection Cannabinoids as Therapeutics. Birkhduser
Verlag:, In: Mechoulam R (ed). Switzerland; 2005;
109:79-109.

Maresz. Modulation of the cannabinoid CB receptor in
microglial cells in response to inflammatory stimuli. J
Neurochem. 2005; 95:437-445.

Beltramo. CB2 receptor-mediated antihyperalgesia:
possible direct involvement of neural mechanisms. Eur J
Neurosci. 2006; 23:1530-1538.

Mukhopadhyay. Lypopolysaccharide and cyclic AMP
regulation of CB2 cannabinoid receptor levels in rat brain
and mouse RAW 264.7 macrophages. J Neuroimmunol.
2006; 181:82-92.

Ashton. Cerebral hypoxia—ischemia and middle cerebral
artery occlusion induce expression of the cannabinoid CB2
receptor in the brain. Neurosci Lett.; 2007; 412:114-117.
Martino. Inflammation in multiple sclerosis the good, the
bad, and the complex. Lancet Neurol. 2002; 1:499-509.
McGeer PL, Rogers J. Anti-inflammatory agents as a
therapeutic approach to Alzheimer's disease. Neurology.
1992; 42:447-449.

McGeer. Inflammation in Parkinson's disease. Adv Neuro.;
2001; 86:83-89.

Sapp. Early and progressive accumulation of reactive
microglia in the Huntington disease brain. J Neuropathol
Exp Neurol. 2001; 60:161-172.

Gendelman. An experimental model sustem for HIV-1-
induced brain injury. Adv Neuroimmunol. 1994; 4:189—
193.

Chopp. Postischemic administration of an anti-Mac-1
antibody reduces ischemic cell damage after transient

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

~35~

middle cerebral artery occlusion in rats. Stroke. 1994;
25:869-875.

Dusart I, Schwab ME. Secondary cell death and the
inflammatory reaction after dorsal hemisction of the rat
spinal cord. Eur J Neurosci. 1994; 6:712-724.

Benito. Cannabinoid CB2 receptors and fatty acid amide
hydrolase are selectively overexpressed in neuritic plaque-
associated glia in Alzheimer's disease brains. J Neurosci.
2003;23:11136-11141.

Eikelenboom. The significance of neuroinflammation in
understanding Alzheimer’s disease. J Neural Trans. 2006;
113:1685-95.

Nunez. Cannabinoid CB2 receptors are expressed by
perivascular microglial cells in the human brain: an
immunohistochemical study. Synapse. 2004; 53:208—13.
Ramirez. Prevention of Alzheimer’s disease pathology by
cannabi-noids: neuroprotection mediated by blockade of
microglial activation. J Neurosci. 2005; 25:1904-13.

Rosi. Neuroinflammation alters the hippocampal pattern of
behaviorally induced Arc expression. J Neurosci. 2005;
25:723-31.

McKallip. Targeting CB2 cannabinoid receptors as a novel
therapy to treat malignant lymphoblastic disease. Blood.
2002; 100:627-34.

McKallip. Delta (9)-tetrahydrocannabinol-induced
apoptosis in the thymus and spleen as a mechanism of
immunosuppression in vitro and in vivo. J Pharmacol Exp
Ther.; 2002; 302:451-65.

Ziring. Formation of B and T cell subsets require the
cannabinoid receptor CB2. Immunogenetics. 2006;
58:714-25.

Nilsson. The cannabinoid agonist WIN 55, 212-2 inhibits
TNF-alpha-induced neutrophil transmigration across
ECV304 cells. Eur J Pharmacol.; 2006; 547:165-73.

John C Ashton, Michelle Glass. Curr Neuropharmacol.
2007; 5(2):73-80.

Kishimoto. Endogenous cannabinoid receptor ligand
induces the migration of human natural killer cells. J
Biochem (Tokyo); 2005; 137:217-23.

Massa F, Monory K. Endocannabinoids and the
gastrointestinal tract. J Endocrinol Invest. 2006; 29:47-57.
Conti. Antiin-flammatory action of endocannabinoid
palmitoylethanolamide and the synthetic cannabinoid
nabilone in a model of acute inflammation in the rat. Br J
Pharmacol. 2002; 135:181-7.

Berdyshev. Effects of cannabinoid receptor ligands on
LPS-induced pulmonary inflammation in mice. Life Sci.
1998; 63:125-9.

Valenzano. Pharmacological and pharmacokinetic
characterization of the cannabinoid receptor 2 agonist,
GW405833, utilizing rodent models of acute and chronic
pain, anxiety, ataxia and catalepsy. Neuropharmacology.
2005; 48:658-72.

Ofek. Peripheral cannabinoid receptor, CB2, regulates
bone mass. Proc Natl Acad Sci USA. 2006; 103:696—701.
Honore P, Mantyh PW. Bone cancer pain: from mechanism
to model to therapy. Pain Med. 2000; 1:303-9.

Valenzano. Pharmacological and pharmacokinetic
characterization of the cannabinoid receptor 2 agonist,
GW405833, utilizing rodent models of acute and chronic
pain, anxiety, ataxia and catalepsy. Neuropharmacology.
2005; 48:658-72.

Van Sickle. Identification and functional characterization
of brainstem cannabinoid CB2 receptors. Science. 2005;
310:329-32.



International Journal of Chemical Studies

67. Steffens. Low dose oral can-nabinoid therapy reduces
progression of atherosclerosis in mice. Nature. 2005;
434:782-6.

68. Fernandez-Ruiz. Cannabinoid CB2 receptor: a new target
for controlling neural cell survival. Trends Pharmacol Sci.
2006; 30:30.

69. Smith PF. GW-1000. GW Pharmaceuticals. Curr Opin
Investig Drugs. 2004; 5:748-54.

70. Huffman JW. CB2 receptor ligands. Mini Rev Med Chem.
2005; 5:641-9.

71. http://www.expasy.ch

72. Sali A, Blundell TL. Comparative protein modelling by
satisfaction of spatial restraints. J Mol Biol. 1993;
234(3):779-815.

73. Colovos C, Yeates TO. Verification of protein structures:
patterns of nonbonded atomic interactions. Protein Sci.
1993; 2(9):1511-1519.

74. Laskowski. PROCHECK- A program to check the
stereochemical quality of protein structures. J Appl
Crystallogr, 1993; 26:283-291.

75. Guex N, Peitsch MC. SWISS-MODEL and the Swiss-
PdbViewer: an environment for comparative protein
modeling. Electrophoresis, 1997; 18:2714-2723.

76. http://pages.cs.wisc.edu/~ghost/.

77. Goodsell. Docking of Flexible Ligands. Applications of
Auto Dock. J Mol Recog, 1996; 9:1.

78. http://autodock.scripps.edu.

79. Lipinski. Cell-autonomous and non-cell-autonomous
functions of Rb tumor suppressor in developing central
nervous system. EMBO J. 2001; 20:3402—-3413.

80. Veber Daniel. J Med Chem. 2002; 45(12):2615-23.

81. Ertl. ] Med Chem. 2000; 43(20):3714-7.

82. Lobley. Land Use Policy. 2009; 26:723-35.

83. Castrignano T. ASPIC: A web resource for alternative
splicing prediction and transcript isoforms
characterization. Nucleic Acids Res. 2006; 34:W440—
W443.

84. http://autodock.scripps.edu/resources/adt.

85. http://www.cygwin.com/Michel. Spatiotemporal EEG
analysis and distributed source estimation in presurgical
epilepsy evaluation. Journal of Clinical Neurophysiology,
1999; 16:239-266.

~36~



