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Abstract Phospholipase A2 (PLA2) is one of the key
enzymes involved in the formation of inflammatory media-
tors. Inhibition of PLA2 is considered to be one of the efficient
methods to control inflammation. In silico docking studies of
160 selected indole derivatives performed against porcine
pancreatic PLA2 (ppsPLA2) suggested that, CID2324681,
CID8617 (indolebutyric acid or IBA), CID22097771 and
CID802 (indoleacetic acid or IAA) exhibited highest binding
energies. In silico analysis was carried out to predict some of
the ADME properties. The binding potential of these com-
pounds with human non pancreatic secretory PLA2

(hnpsPLA2) was determined using molecular docking studies.
In order to corroborate the in silico results, enzyme kinetics
and isothermal titration calorimetric analysis of the two se-
lected compounds, IAA and IBA were performed against
ppsPLA2. From the analysis, it was concluded that IAA and
IBA can act as competitive inhibitors to the enzyme and may
be used as anti inflammatory agents.
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Introduction

PLA2 (EC 3.1.1.4) is a lipolytic enzyme found in all cell
types, including bacteria. PLA2 is included in a family of
disulfide-rich, Ca2+ dependent enzymes, which hydrolyzes
the sn-2 position of glycero-phospholipids to release free
fatty acids such as arachidonic acid and lysophospholipids

[1]. Arachidonic acid is oxygenated further into a variety of
products which modulate the inflammatory reactions [2].
Hence it is considered that the enzyme initiate the formation
of inflammatory mediators such as prostaglandins, leuko-
trienes, platelet-aggregation factors and lysolipids [3, 4].
The excess production of inflammatory mediators leads to
pathological conditions such as rheumatoid arthritis, bron-
chial asthma, ulcerative colitis, SLE, psoriasis, and Crohn’s
disease. Inhibitors of PLA2 may act as anti-inflammatory
agents and investigation on them may help to design better
anti inflammatory compounds [5].

The active site of PLA2 is a well defined hydrophobic
channel. A histidine and aspartic acid residues together with
a water molecule located in the active site act as the catalytic
machinery in PLA2. An oxyanion hole is found to stabilize
the transition state after nucleophilic attack in PLA2 by the
backbone NH of Gly30 assisted by the charge of the Ca2+

ion [6, 7]. It is assumed that any compound which blocks the
active site channel or masks histidine or aspartic acid resi-
dues located in the active site can act as a PLA2 inhibitor.
Many natural and synthetic compounds have been reported
as PLA2 inhibitors. Natural compounds like aristolochic
acid [8], atropine [9], eugenol [10], berberine [11] and
catechol [12] inhibit enzyme activity by binding in the
active site.

Some of the indole derivatives have been reported in the
treatment of inflammation. In 1995, researchers at Lilly
pharmaceutical company have designed novel indole deriv-
atives as strong inhibitors of sPLA2 by computer aided
molecular design [13]. Indole-3-glyoxamide derivatives
have also been designed to act as human PLA2 inhibitors
based on the structure activity relationships [14]. Indole
derivative, varespladib was reported as a selective human
PLA2 inhibitor [15]. Several other indole derivatives such as
indolizine, indene, indoxam and bis indoles have also been
designed and studied as PLA2 inhibitors [16–18].
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In the present study, molecular docking of selected indole
derivatives has been carried out in order to test their ability
to act as PLA2 inhibitors. Enzyme kinetic and isothermal
titration calorimetric (ITC) analyses were also carried out to
validate the in silico results.

Materials and methods

Selection of ligands and ADME property prediction

Around 160 indole derivatives were randomly selected
and downloaded from the PubChem database (http://
pubchem.ncbi.nlm.nih.gov/). Screening of the com-
pounds has been done based on the Lipinski’s rule of
five [19]. Further the selected ligands were prepared and
optimized for docking by LigPrep module of Schrö-
dinger program using MMFF force field [20]. Maximum
possible number of conformers for each ligand was
generated with various ionization states, tautomerism,
stereochemistry and ring conformations. All the gener-
ated conformers were saved as a single data set for the
docking studies.

Important physico chemical properties such as molecular
weight (mol_wt), number of hydrogen bond donors (HBD)
and acceptors (HBA), van der Waals surface area of polar
nitrogen and oxygen atoms (PSA) and solvent accessible
surface area (SASA) with a probe radius 1.4 Åwere calculated
using QikProp module of the Schrödinger program. Other
relevant properties such as IC50 value for blockage of HERG
K + channels (QPlogHERG), apparent Caco-2 cell permeabil-
ity (QPPCaco) and MDCK cell permeability (QPPMDCK),
binding to human serum albumin (QPlogKhsa), percentage of
human oral absorption (%HOA) were also predicted using
QikProp module.

Protein preparation for docking studies

The atomic coordinates of porcine pancreatic PLA2

(ppPLA2) in complex with catechol (PDB ID: 3O4M)
[12] and human non pancreatic secretory PLA2

(hnpsPLA2) in complex with 1-benzyl-5-methoxy-2-
methyl-1h-indol-3-yl-acetic acid (indole 3) (PDB ID:
1DCY) [21] were downloaded from Protein Data Bank
(http://www.pdb.org). The protein structures were pre-
pared using protein preparation wizard of Schrödinger
program. Water molecules in the crystal structure were
deleted and the polar hydrogens were added to the
protein. The structure was minimized by applying
OPLS-2005 force field [22, 23]. The minimization pro-
cess was terminated when the root mean square devia-
tion (RMSD) of the minimized structure relative to the
crystal structure exceeded 0.30 Å.

Docking analysis

A grid of dimension 12 Å was set with the crystallographic
ligand as the center of the grid. The residues Phe 5, Arg 6,
Ile 9, Leu 19, Phe 22, Asn 23, Tyr 28, Gly 30, Gly 32, Asp
49 and Tyr 69 were in the selected grid. The prepared
ligands in the data set were docked to the active site of
PLA2 by XP docking method.

The best scored compounds after XP docking were
selected and induced fit docking (IFD) was carried out
using the program Schrödinger. The IFD protocol allows
flexibility to both the receptor and ligand. Initially the
protein was kept as rigid. Top 20 poses per ligands
were then docked by applying flexibility to protein
residues which are within 5 Å from the ligand using
Prime module. Glide score was calculated and the best
poses were selected based on it.

IFD analysis of the selected compounds was done with
the hnpsPLA2 also to understand the mode of interaction.
The protein was prepared based on the same protocol as
mentioned above. The best docked poses were selected
based on the glide score.

Enzyme kinetics studies

Among the top scored compounds, IAA and IBA were
cheaply available hence their inhibitory potentialities were
analyzed. The ppPLA2, IAA and IBA were purchased from
Sigma Aldrich, Bengaluru, India. The enzyme inhibition
assay was carried out using the reported protocol [12] with
0.07 nM PLA2 and 1.4 nM inhibitor concentration. Line-
weaver–Burk plots were drawn, and Michaelis constant
(Km) and maximal velocity (Vmax) were determined from
the plot.

Isothermal titration calorimetric assay

Approximately 0.01 mM solution of PLA2 was prepared in
deionized water and 0.2 mM solutions of IAA and IBAwere
prepared in water containing 0.01 % NaOH. Both protein
and ligand samples were degassed before loading to the ITC
machine.

The calorimetric titrations were performed at the temper-
ature 298.15 K using VP-ITC isothermal titration calorime-
ter from Microcal (Northampton, MA, USA) as described in
the manufacturer’s instruction manual. The 5 μl of ligand
solutions were added from the rotating syringe to the cell
which contains the enzyme solution. Five seconds was taken
for each injection and a time interval of 120 s was set
between two consecutive injections to allow the exothermic
peak resulting from the reaction to return to the baseline.
Total 56 injections were made. The reference power was set
as 10 μcal and the stirring speed was adjusted to 307 rpm.
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The volume of the first injection was 2 μl. The heat changes
between PLA2 and 0.01 % NaOH solution was subtracted
from the original value and the final data at the end of the
injections was fitted by a nonlinear least square method
using ORIGIN software from Microcal. The binding con-
stant (K), enthalpy change (ΔH), entropy change (ΔS) and
binding free energy (ΔG) were calculated.

Results and discussion

Among the 160 selected compounds, 134 ligands satis-
fied Lipinski’s rule of five and these were subjected to
XP docking for the screening purpose. Their glide

scores were in the range of −2.37 to −9.51 kcal mol−1.
Six compounds having glide scores better than −8.00 kcal
mol−1 were taken for IFD. The compounds selected for IFD
analysis were CID19417986, CID2324681, CID8617,
CID40426947, CID22097771, CID802 and their glide scores
were −9.51,−9.42,−9.19,−8.77,−8.52,−8.36 kcal mol−1 re-
spectively. Based on the IFD results, four top scored com-
pounds such as CID2324681, CID8617, CID22097771,
CID802 were taken for the detailed in silico analysis of
ADME properties.

About 45 pharmacologically relevant properties of these
compounds were predicted and some of the properties of
these componds are given in Table 1. Physico chemical
properties such as PSA, molecular volume, SASA, OA, %

Table 1 Physico-chemical properties predicted for the selected ligands using QikProp program

Ligand mol_MW
(130–725)

HBD
(0–6)

HBA
(2–20)

QPlogPo/
w (−2–6.5)

SASA
(300–1000)

PSA
(7–200)

Volume
(500–2000)

QPlogHERG
(concern < −5)

%HOA (>80 %
is high, <25 %
is poor)

QPlogKhsa
(−1.5–+1.5)

CID2324681 243 2 2 2.8 411 60 687 −2.0 85 −0.24

CID8617 203 2 2 2.6 449 65 730 −2.7 80 −0.2

CID2097771 305 2 2 2.4 391 63 624 −1.9 80 −0.36

CID802 175 2 2 1.9 383 65 610 −2.2 76 −0.4

Table 2 Intermolecular interactions and glide scores of the selected ligands with ppsPLA2

No
Compound

Name
Structure

No of 
H 

bonds

No of 
vdW 

contacts 
(≤ 4Å)

G Score in 
kcal mol–1 

with ppPLA2

1 CID2324681 2 79 -11.67

2 CID8617 1 67 -11.10

3 CID22097771 0 58 -10.73

4 CID802 2 31 -9.80
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of HOA, QPLogKhsa and IC50 on QPlogHERG were found
in the allowed range. All compounds were found to be CNS
inactive and their ability to cross the blood brain barrier was
also very low.

The schematic representation of the ligands and their
binding parameters with ppsPLA2 were shown in Table 2.
Among the four compounds, CID2324681 showed the high-
est glide score (−11.67 kcal mol−1). Binding of the com-
pound is stabilized by two hydrogen bonds with the enzyme.
The N atom present in the indole ring makes a hydro-
gen bond with O atom of Phe 22. Also the O atom of
the carboxyl group makes a hydrogen bond with N
atom of Gly 30. The carboxylic group makes two co-
ordinate bonds with the Ca2+ ion, which is important

for the catalytic activity of PLA2. The ligand also
makes 79 van der Waals contacts (≤ 4 Å) with the
surrounding protein atoms.

In the case of CID8617, the O atom of the carboxyl group
makes a hydrogen bond with N atom of Gly 30 and the
carboxyl group of the ligand makes two coordinate bonds
with the catalytic Ca2+ ion. Sixty seven van der Waals
contact were also found to stabilize the binding of
CID8617 in the active site of the enzyme. The glide score
obtained was −11.10 kcal mol−1.

The binding of CID22097771 in the active site of enzyme
was stabilized by coordinate bonds and van der Waals con-
tacts. No hydrogen bonds were observed between the ligand
and the enzyme. It was observed that the carboxyl group of

Fig. 1 Mode of binding of IBA
(a) and IAA (b) in the active
site of PLA2. Hydrogen bonds
are shown by doted lines
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the CID22097771 was involved in the coordinate bond with
Ca2+. There are 58 van der Waals contacts between the
ligand and the protein.

In the case of CID802, two hydrogen bonds were
seen with protein residues along with two coordinate
bonds. As explained in the case of CID2324681, the
N atom present in the indole ring and O atom of the
carboxyl group were involved in hydrogen bonds with
O atom of Phe 22 and N atom of Gly 30 respectively.
Thirty one van der Waals contacts were also seen be-
tween the ligand and the enzyme residues. The binding
details of these four compounds with ppsPLA2 have
been given in Table 2.

The mode of binding and affinity of these ligands to
hnpsPLA2 were also studied and compared with some known
inhibitors. The highest glide score (−10.38 kcal mol−1) was
found for CID8617. The glide scores for CID2324681,
CID802 and CID22097771 were −9.74, -9.46 and −9.01 kcal
mol−1 respectively. Indole-3, 4-(1-benzyl-3-carbamoylmethyl-
2-methyl-1h- indol-5-yloxy)-butyric acid (indole-6) and 3-
(1-benzyl-3-carbamoylmethyl-2-methyl-1h-indol-5-yloxy)-
propyl-]-phosphonicacid (indole-8) have been reported to limit
hnpsPLA2 activity by blocking its active site. Hence these
compounds were also docked into the active site of hnpsPLA2

and compared with the binding affinity of the ligands under
study. The indole-3, indole-6 and indole-8 bind in the active
site with a glide scores −5.39, −5.31 and −5.69 kcal mol−1

respectively. From the comparison, it was found that the com-
pounds under study could bind to the hnpsPLA2 with much
better binding energies than the reported inhibitors. Also the
observations showed that these ligands can act as PLA2

inhibitors.
The PLA2s from porcine, bovine and venom shares high

structural similarities with hnpsPLA2. The active site resi-

dues and the position of the catalytic Ca2+ ions are arranged
more or less in the same manner among all PLA2s. It was
identified that the top scored compounds CID8617 and
CID802 are IAA and IBA respectively and they are known
as auxins. The mode of binding of these two compounds in
the active site of ppsPLA2 has been displayed in the Fig. 1a
and b respectively. Since these compounds are mainly
known for their plant growth hormonal activities, it is inter-
esting to test whether these compounds have any function
relevant to human health.

As the compounds IAA and IBAwere available to us, the
enzyme kinetics and ITC analysis with these compounds
were carried out. From the enzyme kinetics studies, it was
found that both compounds inhibit ppsPLA2 in a competi-
tive manner and among these IBA inhibits more strongly
than IAA. The Km value for native PLA2, inhibited PLA2

with IBA and IAAwere 1.33, 2.5 and 1.67 nM respectively.
The Vmax was found to be the same (i.e., 7.14 nM/ml/min)
(Fig. 2). The inhibition constants (Ki) for IBA and IAA are
1.59 nM and 5.48 nM respectively. Similarly the IC50 value
calculated using Cheng–Prusoff equation is 1.793 μM for
IBA and 6.19 μM for IAA.

The IC50 values of some known indole compounds such
as (1-benzyl-5-methoxy-2-methyl-1H-indol-3-yl)acetic acid
[24], 2-(1-benzyl-5-methoxy-2-methyl-1H-indol-3-yl) acet-
amide [25] and 2-(1-benzyl-2-ethyl-5-methoxy-1H-indol-3-
yl) acetamide [26] were 13.6, 0.84 and 0.26 μM respective-
ly. The IC50 value of IBA was comparable to that of other
known indole derivatives.

The result of ITC analysis of IAA and IBA toward
ppsPLA2 at 303 K is shown in Fig. 3a and b respectively.
A total of 58 injections were made and non linear least
square fitting method was applied to interpret the data.
The binding constant (K), change in enthalpy (ΔH), change

Fig. 2 Lineweaver-Burk plots
of inhibition by IBA and IAA
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in entropy (ΔS) and binding free energy (ΔG) were calcu-
lated and is shown in Table 3. The isothermal curves of both
IAA and IBA was fitted with n=1. The negative ΔG value
indicates that the binding of each compound in the active
site is thermodynamically favorable. The binding of these
two ligands were enthalpy driven with negative enthalpy value.
The binding energy obtained for these two ligands are −6.29
and −6.08 kcal mol−1. The higher binding constant obtained for
IBA from the ITC analysis probably explains the greater affin-
ity of IBA toward PLA2 than IAA. From the result, it was
concluded that the IBA and IAA can effectively bind to the
active site of PLA2.

Conclusions

From the binding studies, it was concluded that all the dis-
cussed compounds such as CID 2324681, CID 22097771,
IBA and IAA effectively bind to the active site of PLA2 in
such a manner that they can mask the catalytically active Ca2+

ion and the key active site residues responsible for the catalytic
activity. Also it was found that all compounds exhibit the
physicochemical properties suitable to make them drug lead
compounds.

Using the program Qikprop, drugs already in use were
screened in order to find the ones structurally similar to the
compound under study. Five drugs, which have more than
85 % structural similarity were selected and they were
Riluzole, Narpoxen, Carprofen, Diflunisal and Clonidine.
All five drugs are known for their anti inflammatory prot-
perties [27–31].

The enzyme kinetic and ITC analysis also points to the
effective binding of IAA and IBA against PLA2. The struc-
tural modification of these two compounds may enhance its
binding affinity and thereby better non steroidal anti inflam-
matory compounds may be designed. The study also shows
that compounds like IAA and IBA, which are known as plant
growth hormones may have applications on animal systems.

�Fig. 3 Isothermal titration calorimetric analysis of PLA2 with IBA (a)
and IAA (b). The curve represents the non-linear least-squares fit of the
energy released as a function of the compounds added during the
titration. Raw thermal power signal (top) and plot of integrated heat
versus ligand/protein molar ratio (bottom)

Table 3 Thermodynamic parameters calculated for the binding of IBA
and IAA to PLA2 from ITC analysis

Sl
No

Compound N Kmol−1 T (K) ΔS cal
mol−1 deg

ΔH cal
mol−1

ΔG in
kcal
mol−1

1

1 IBA 1.24 4.28×104 298.15 −269 −8.649×104 −6.29

2 IAA 1.10 2.88×104 298.15 −209 −6.842×104 −6.08

1816 J Mol Model (2013) 19:1811–1817



Acknowledgments The authors gratefully acknowledge the ‘Bioinfor-
matics Infrastructure Facility’ (supported by DBT, Govt. of India) located
at the department of Biotechnology andMicrobiology, Kannur University
for providing the computational work. K.V.D. thanks for Indian Council
of Medical Research (ICMR) for the Senior Research Fellowship.

References

1. Waite M (1987) The phospholipases. In: Hanahan DJ (ed) Hand-
book of Lipid Research. Plenum, New York

2. Cifone MG, Botti D, Festuccia C, Napolitano T, del Grosso E,
Cavallo G, Chessa MA, Santoni A (1993) Involvement of phos-
pholipase A2 activation and arachidonic acid metabolism in the
cytotoxic functions of rat NK cells. Cell Immunol 148:247–258

3. Pruxanski W, Vadas P (1995) Tenidap sodium inhibits secretory
non-pancreatic phospholipase A2 synthesis by foetal rat calvarial
osteoblasts. Mediators Inflamm 4:67–70

4. Needleman P, Turk J, Jakschik BA, Morrison AR, Lefkowith JB
(1986) Arachidonic acid metabolism. Annu Rev Biochemi 55:69–102

5. Ruth JM, Lisa AM (1998) The therapeutic potential for phospho-
lipase A2 inhibitors. Expet Opin Emerg Drugs 3:333–344

6. JanssenMJ, van deWiel WA, Beiboer SH, van KampenMD, Verheij
HM, Slotboom AJ, Egmond MR (1999) Catalytic role of the active
site histidine of porcine pancreatic phoshpolipase A2 probed by the
variants H48Q, H48N and H48K. Protein Eng 12:497–503

7. Yu BZ, Berg OG, Jam MK (1993) The divalent cation is obligatory
for the binding of ligands to the catalytic site of secretory phos-
pholipases A2. Biochemistry 32:6485–6492

8. Chandra V, Jasti J, Kaur P, Srinivasan A, Betzel C, Singh TP
(2002) Structural basis of phospholipase A2 inhibition for the
synthesis of prostaglandins by the plant alkaloid aristolochic acid
from a 1.7 A crystal structure. Biochemistry 41:10914–10919

9. Singh N, Jabeen T, Pal A, Sharma S, Perbandt M, Betzel C, Singh TP
(2006) Crystal structures of the complexes of a group IIA phospho-
lipase A2 with two natural anti-inflammatory agents, anisic acid, and
atropine reveal a similar mode of binding. Proteins 64:89–100

10. Singh N, Pal A, Jabeen T, Sharma S, Perbandt M, Betzel C, Singh
TP Crystal structure of phospholipase A2 in complex with atropine
at 1.23A resolution DOI:10.2210/pdb1th6/pdb

11. Chandra DN, Prasanth GK, Singh N, Kumar S, Jithesh O, Sadasivan
C, Sharma S, Singh TP, Haridas M (2011) Identification of a novel
and potent inhibitor of phospholipase A2 in a medicinal plant: crystal
structure at 1.93 Å and surface plasmon resonance analysis of phos-
pholipase A2 complexed with berberine. Biochim Biophys Acta
Protein Proteomics 1814:657–663

12. Dileep KV, Tintu I, Mandal PK, Karthe P, Haridas M, Sadasivan C
(2012) Binding to PLA2 may contribute to the Anti-inflammatory
activity of catechol. Chem Biol Drug Des 79:143–147

13. Schevitz RW, Bach NJ, Carlson DG, Chirgadze NY, Clawson DK,
Dillard RD, Draheim SE, Hartley LW, Jones ND, Mihelich ED,
Olkowski JL, Snyder DW, Sommers C, Wery JP (1995) Structure-
based design of the first potent and selective inhibitor of human
non-pancreatic secretory phospholipase A2. Nat Struct Mol Biol
2:458–465

14. Dillard RD, Bach NJ, Draheim SE, Berry DR, Carlson DG, Chirgadze
NY, Clawson DK, Hartley LW, Johnson LM, Jones ND, McKinney
ER, Mihelich ED, Olkowski JL, Schevitz RW, Smith AC, Snyder
DW, Sommers CD, Wery JP (1996) Indole inhibitors of human non-
pancreatic secretory phospholipase A2. 3. Indole-3- acetamides. J
Med Chem 39:5119–5136

15. Draheim SE, Bach NJ, Dillard RD, Berry DR, Carlson DG, Chirgadze
NY, Clawson DK, Hartley LW, Johnson LM, Jones ND, McKinney

ER, Mihelich ED, Olkowski JL, Schevitz RW, Smith AC, Snyder
DW, Sommers CD, Wery JP (1996) Indole inhibitors of human non-
pancreatic secretory phospholipase A2. 3. Indole-3-glyoxamides. J
Med Chem 39:5159–5175

16. Hagishita S, Yamada M, Shirahase K, Okada T, Murakami Y, Ito Y,
Matsuura T, Wada M, Kato T, Ueno M, Chikazawa Y, Yamada K,
Ono T, Teshirogi I, Ohtani M (1996) Potent inhibitors of secretory
phospholipase A2: synthesis and inhibitory activities of indolizine
and indene derivatives. J Med Chem 39:3636–3658

17. Yokota Y, Hanasaki K, Ono T, Nakazato H, Kobayashi T, Arita H
(1999) Suppression of murine endotoxic shock by sPLA2 inhibi-
tor, indoxam, through group IIA sPLA2-independent mechanisms.
Biochim Biophys Acta 1438:213–222

18. Mouchlis VD, Mavromoustakos TM, Kokotos GJ (2010) Molecular
docking and 3D-QSARCOMFA studies on indole inhibitors of GIIA
secreted phospholipase A2. Chem Inf Model 50:1589–1601

19. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ (2001) Exper-
imental and computational approaches to estimate solubility and
permeability in drug discovery and development settings. Adv
Drug Del Rev 46:3–26

20. Halgren TA (1996) Merck molecular force field. I. Basis, form,
scope, parameterization, and performance of MMFF94. J Comp
Chem 17:490–519

21. Schevitz RW, Bach NJ, Carlson DG, Chirgadze NY, Clawson DK,
Dillard RD, Draheim SE, Hartley LW, Jones ND, Mihelich ED
(1995) Structure-based design of the first potent and selective
inhibitor of human non-pancreatic secretory phospholipase A2.
Nat Struct Biol 2:458–465

22. Jorgensen WL, Maxwell DS, Tirado RJ (1996) Development and
testing of the OPLS all-atom force field on conformational energetics
and properties of organic liquids. J Am Chem Soc 118:11225–11236

23. Kaminski GA, Friesner RA, Tirado RJ, Jorgensen WL (2001)
Evaluation and reparametrization of the OPLS-AA force field for
proteins via comparison with accurate quantum chemical calcula-
tions on peptides. J Phys Chem B 105:6474–6487

24. Levick S, Loch D, Rolfe B, Reid RC, Fairlie DP, Taylor SM,
Brown L (2006) Antifibrotic activity of an inhibitor of group IIA
secretory phospholipase A2 in young spontaneously hypertensive
rats. J Immunol 176:7000–7007

25. Gregory LS, Kelly WL, Reid RC, Fairlie DP, Forwood MR (2006)
Inhibitors of cyclooxygenase-2 and secretory phospholipase A2
preserve bone architecture following ovariectomy in adult rats.
Bone 39:134–142

26. Antonopoulou G, Barbayianni E, Magrioti V, Cotton N, Stephens
D, Constantinou-Kokotou V, Dennis EA, Kokotos G (2008)
Structure-activity relationships of natural and nonnatural amino
acidbased amide and 2-oxoamide inhibitors of human phospholi-
pase A(2) enzymes. Bioorg Med Chem 16:10257–10269

27. Trelle S, Reichenbach S, Wandel S, Hildebrand P, Tschannen B,
Villiger PM, Egger M, Jüni P (2011) Cardiovascular safety of non-
steroidal anti-inflammatory drugs: network meta-analysis. BMJ
342:c7086

28. Baruth H et al. (1986) Anti-inflammatory and anti-rheumatic
drugs. In: Rainsford KD (ed) Newer anti-inflammatory drugs, vol
II. CRC, Boca Raton, p 33

29. Adams SS (1999) Ibuprofen, the propionics and NSAIDs: personal
reflections over four decades. Inflammopharmacology 3:191–197

30. Dulin JN, Moore ML, Grill RJ Jr (2012) The dual COX/5-LOX
inhibitor licofelone attenuates P-glycoprotein-mediated drug resis-
tance in the injured spinal cord. J Neurotrauma doi:10.1089/
neu.2012.2587

31. Kulkarni SK, Mehta AK, Kunchandy J (1986) Anti-inflammatory
actions of clonidine, guanfacine and B-HT 920 against various
inflammagen-induced acute paw oedema in rats. Arch Int Pharma-
codyn Ther 279:324–334

J Mol Model (2013) 19:1811–1817 1817

http://dx.doi.org/10.2210/pdb1th6/pdb
http://dx.doi.org/10.1089/neu.2012.2587
http://dx.doi.org/10.1089/neu.2012.2587

	Interactions of selected indole derivatives with phospholipase A2: in silico and in vitro analysis
	Abstract
	Introduction
	Materials and methods
	Selection of ligands and ADME property prediction
	Protein preparation for docking studies
	Docking analysis
	Enzyme kinetics studies
	Isothermal titration calorimetric assay

	Results and discussion
	Conclusions
	References


