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1. Introduction

Inflammation is a defensive process and a necessary prerequisite to healing the tis-
sue injury that occurs due to physical, chemical, or biological agents. However, if the
inflammation remains beyond its defensive role, it leads to serious consequences such as
systemic shock, circulatory collapse, and local tissue injury [1]. Studies have shown that se-
creted phospholipase A, group IIA (sPLA;-IIA) enzymes play a significant role in oxidative
stress [2] and inflammatory diseases [3,4]. In healthy people, the concentration of sSPLA,-IIA
is minimal (3 ng/mL) but increases significantly (250-500 ng/mL) during infection and
injuries [5]. The sPLA»-IIA concentration has been elevated in most inflammatory fluids of
patients with rheumatoid arthritis [6], asthma [7], atherosclerosis [8], and acute respiratory
distress syndrome [9], as well as a biomarker for cardiovascular complications [10,11],
sepsis [12] and transplant rejection [13].

The sPLA;-IIA enzyme catalyzes membrane phospholipid into arachidonic acid and
lysophosphatidic acid. Arachidonic acid is converted into inflammatory mediators such
as thromboxane, leukotriene, prostaglandins, and prostacyclins. Lysophosphatidic acid
is catalyzed to a platelet activating factor (PAF) that further intensifies the inflammatory
condition (Figure 1). Furthermore, the arachidonic acid pathway produces loads of reactive
oxygen species (ROS), which contribute to the defensive function by destroying inflowing
pathogens [14,15]. However, the persistence of ROS after the defensive role causes deleteri-
ous complications [16]. Furthermore, they play an important role in several inflammatory
diseases such as ARDS, COPD, chronic bronchitis, asthma [17], rheumatoid arthritis [18],
and Alzheimer’s disease [19].
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Figure 1. Schematic representation of sSPLA,-IIA mediated inflammatory pathways, ROS production
and check points of anti-inflammatory molecule/drugs.
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The arachidonic acid pathway-mediated ROS production modulates the cPLA; and
iPLA; functions that enhance the production of arachidonic acid and free radicals [20].
Interestingly, the ROS increases the sPLA;-IIA activity and lipid peroxidation that mod-
ulate the downstream reactions, which further increase the proinflammatory mediators.
Therefore, a single bioactive molecule with both sPLA»-IIA inhibitory and antioxidant
activities may become a more effective anti-inflammatory agent. Till today, Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs) are widely used to control chronic inflammatory disor-
ders [21,22]. NSAIDs limit the COX-1/2 enzymes but have no effect on the generation of
leukotrienes and PAF [23]; they continue to cause inflammation (Figure 1). Furthermore,
the prolonged use of NSAIDs leads to several complications such as hepatotoxicity, renal
injury, hypertension, cardiovascular risks, and gastrointestinal toxicity [24-27]. The specific
sPLA;-IIA inhibitors such as varespladib (LY315920) and varespladib-methyl (LY333013)
were examined in clinical trials, where they were used to treat patients with cardiovascular
complications [28,29], but they failed to demonstrate the therapeutic effects. Drugs such
asLY315920NA, ginkgetin and petrosaspongiolide M were not successful even though
they limit the sPLA,-IIA activity at nanomolar concentrations. The unsuccessfulness of
these sPLA,-IIA inhibitors may be due to the problem associated with formulation or their
cytotoxic nature [30,31]. As a result, there is an urgent need for safe and effective sPLA,-IIA
inhibitors from natural resources with minimal or no adverse effects [32].

Antioxidants such as flavonoids, phenols, and retinoids scavenge ROS and prevent
lipid peroxidation, and they further limit the sPLA,-IIA-mediated arachidonic acid cas-
cade [14]. In our initial study on pharmaceutically important bioactive molecules, sinapic
acid, an antioxidant found in dietary sources [33], has been shown to interfere with the
pathways connected to inflammation. Sinapic acid plays a protective role against oxidative
stress disorders, as shown in [34], and another study has shown the anti-inflammatory
effect by down regulating the synthesis of iNOS and COX-2 in murine macrophage cell
lines [35]. Sinapic acid is also documented for its anti-inflammatory effects by inhibiting
IL-1p3 [36], NF-kB [35],reducing the risk of inflammatory colitis in mice by suppressing
malondialdehyde, TNF-« and myeloperoxidase expression [37],and reducing carrageenan-
induced edema [35]. Therefore, we hypothesized our research to evaluate thepotency of
sinapic acid for neutralizing the PLA,-IIA enzyme and its inflammation responses.

2. Materials and Methods
2.1. Materials

Sinapic acid, gallic acid (GA), thiobarbituric acid (TBA), Sephadex (G25, G50, and G75),
CM-Sephadex-25, 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH), Ultima Gold Scintillation
Cocktail, and dimethyl sulfoxide (DMSO) areproducts of Sigma-Aldrich, St. Louis, MO,
USA. MC-oleic acid was procured from Perkin Elmer Life Sciences Inc. in Boston, MA,
USA. The venom of Viper russelli was purchased from Irula Cooperative Society Ltd., Tamil
Nadu, India. All reagents and chemicals used in the investigation were of superior quality.

2.2. Animals

Swiss albino mice (weighing around 20-25 g, males) were procured from the University
Animal House Facility (AHF), Mangalore University, Mangalore, India. Animals were
maintained and handled according to the guidelines of the Indian National Regulations
for Animal Research. In the present study, we conducted the experiments according to
the guidelines of Mangalore University’s Institutional Animal Ethical Committee (No:
MU/AZ/504(a)/IAEC/2015-2016).

2.3. Human Biological Fluid

Institutional Human Ethical Committee (IHEC), Mangalore University, Mangalore,
India, permitted the usage of human blood samples (IHEC-No. MU/IHEC/2018/7). The
blood samples were collected from volunteers after obtaining the consent letter.
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2.4. Purification of sPLA-11A

The sPLA,-IIA was purified from Viper russelli venom as per the protocol of Kasturi and
Gowda [38]. The purity of sSPLA,-IIA was tested by sodium dodecyl-sulfate polyacrylamide
gel electrophoresis [39]. The sPLA»-IIA of Vipera russelli venom was generally used to study
the mode of action of human inflammatory sPLA»-IIA because of the simple purification
procedure, availability, close structural similarities, and catalytic action compared to human
sPLA, ITA [40].

The human and snake venom sPLA; enzymes share similar functional and biological
properties such as edema, pain, muscle injury and leukocyte influx [41]. It was also reported
that the binding pattern of a known inhibitor with human and venom phospholipase A,
was very similar [42]. Hence, it is suggested the use of snake venom PLA; as a tool for
investigating a new pharmacological inhibitor of human sPLA,-IIA [42].

2.5. Molecular Docking

The structures of phospholipase A, (PLA;) were downloaded from the Protein Data
Bank (PDB ID: 1POE and 3H1X). Structures of sinapic acid and genistein were drawn and
analyzed with ChemDraw Ultra 12.0. The three-dimensional coordination was derived
through the PRODRG online server [43]. The potential active pockets for PLA, protein
were determined and identified from both of CASTp server and reference [44]. During the
process, intermediary steps, such as grid box creation, energy optimization, protein and
ligand preparations, were established through the Graphical User Interface program of
AutoDock Tools (ADT). AutoDock prepared the data and saved the prepared file in the
required PDBQT format. Using the available information about chosen protein and ligand,
AutoDock Vina was used for the docking process along with grid box characteristics in
the configuration file. AutoDock Vina employs an iterated local search global optimizer to
process the submitted data [45]. During the docking procedure, the option was selected to
consider both the ligand and protein as rigid. Following the completion of the scheduled
docking runs, the variable conformations of the protein with ligands were obtained as
binding methods with their respective binding affinity. The stable confirmation mode with
the optimum best interaction was selected and was the one that represented the lowest
binding affinity; the same was picked and aligned alongside the receptor structure for
further investigation [46].

2.6. Estimation of Antioxidant Activity

The antioxidant activity of sinapic acid was estimated by DPPH radical scavenging
activity, as described by Blois [47], anti-lipid peroxidation activity, as described by Gut-
teridge [48], and reducing power activity, as described by Oyaizu [49]. The antioxidant
activity was expressed as percent radical scavenging activity.

2.7. Secreted Phospholipase Ay Assay (sPLA,-1IA)

Autoclaved E. coli cells labeled with #C-oleic acid were used as a substrate for es-
timation of sPLA»-IIA activity [50,51]. Briefly, the reaction mixture (350 pL) consists of
3.18 x 10° autoclaved E. coli cells, calcium (5 mM), Tris-HCI buffer (100 mM), enzyme,
and water. The 30 uL. E-coli substrate was added and incubated at 37 °C for 60 min. In
total, 2N HCl (100 pL) and 100 pL fatty acid-free BSA (10%) were added, vortexed and
centrifuged at 20,000 g for 5 min. A total of 140 pL supernatant containing 4C-oleic
acid was collected with caution and was added to a scintillation cocktail, and the 14C
radioactivity was measured.

2.8. Inhibition of sPLA)-1IA Activity

Sinapic acid was dissolved in a small amount of DMSO and made up to the appro-
priate concentration with Tris-HCl buffer. sPLA;-IIA inhibition was performed by taking
different concentrations of sinapic acid. Genistein was used as the standard molecule as
it was a proven sPLA»-IIA inhibitor and an anti-inflammatory molecule [52]. The maxi-
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mum concentration of DMSO used in the experiment was 0.022%. The Graph pad Prism
version 5.0 (GraphPad Software, San Diego, CA, USA) software was employed to calculate
the ICyq value.

2.9. The Effect of Concentrations of Substrate and Calcium on sPLA-IIA Inhibition

The assay was carried out with and without ICs; concentration of sinapic acid as
described above. The effect of substrate concentration on sPLA;-IIA inhibition was studied
by increasing its concentration from 30 to 120 nmoles. The effect of calcium concentrations
on sPLA»-IIA inhibition was examined by increasing its concentration from 2.5 to 15 mM.

2.10. Intrinsic Fluorescence Study

The fluorescence intensity of the sSPLA,-IIA enzyme was measured with and without
sinapic acid using the Horiba Jobin Yvon Fluorolog-3 spectrofluorometer. The standard
reaction mixture (2.0 mL) in a 1 cm path length cuvette consists of sSPLA-IIA (20 pug/mL)
and sinapic acid concentrations ranging from 0.02 to 0.10 uM. The spectra of the fluorescence
were measured between the wavelength of 300 and 380 nm. The tryptophan standard was
employed to correct the measurements empirically [53].

2.11. The Far UV-Circular Dichroism Study

The UV-CD spectra of sPLA»-IIA (30 pg/mL) were recorded with/without sinapic
acid in a reaction mixture using a Jasco J-810 spectropolarimeter. The quartz cuvette was
used to record the spectra of sSPLA»-IIA between 200 and 240 nm at room temperature. The
bandwidth was 1 nm, and the response time was set for 2 s. Ten scans in total were carried
out to obtainthe final spectrum. The spectrum of the blank solution containing the standard
reaction mixture was subtracted to correct the protein spectra. The secondary structure of
sPLA,-IIA was calculated using the K2D3 software (http://cbdm-01.zdv.uni-mainz.de/
~andrade/k2d3/).

2.12. Study of Reversibility of sPLA-IIA Inhibition

The sPLA,-IIA with ICsy concentration of sinapic acid in 350 pL standard reaction
mixture was preincubated and then subjected to dialysis (MW cut off of bag is 3000-6000)
for twenty-four hours by changing two buffers. The sPLA,-IIA activity was determined
before and following the dialysis procedure.

2.13. Neutralization of Indirect Haemolytic Activity

The experiment was conducted as per the method of Boman and Kaletta [54]. The
human RBC (1 mL) and egg yolk (1 mL) in 8 mL of PBS were mixed fresh as a substrate for
indirect hemolytic activity. The inhibitor (sinapic acid) was preincubated with sPLA;-IIA
(30 pg) at 37 °C for 30 min, and 1 mL of a substrate was added and allowed for the reaction
for 45 min at 37 °C. In total, 9 mL of ice-cold PBS was added to halt the reaction. The
suspension was vortexed and centrifuged for 20 min at 1500 g. The hemolytic activity in
terms of released hemoglobin was measured at 530 nm. The sPLA,-IIA enzyme without
sinapic acid was the positive control.

2.14. Neutralization of Edema Inducing Activity of sPLA,-1IA

The assay was performed as per the method of Yamakawa et al. [55], slightly modified
by Vishwanath et al. [56]. The sPLA,-IIA (5 ug) with different concentrations of sinapic
acid, making up a total of 20 uL, was injected into the plantar surface of the right hind
footpad of mice (weighing 20-25 g). The saline was injected to the respective left hind
limb as negative controls. The animals were euthanized after 45 min by administering
anesthesia (30 mg/kg of pentobarbitone i.p.), and hind limbs were amputated at the ankle
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joint and were weighed individually. The edema percentage was calculated using the
following formula

Weight of the edematous leg

Weight of normal leg (saline injected) x 100

Edema ratio =

2.15. Hemorrhagic Activity of sPLA>-1IA

The hemorrhagic activity of sSPLA,-IIA was estimated as described by Kondo H
and Venkatesh M [57,58]. Briefly, 10 ug of the hemorrhagic complex containing 5:2 ratio
of sPLA,-IIA enzyme and nonenzymatic peptide (Vipera neurotoxin-II, VNTx-II) was
injected subcutaneously (s.c.). The mice were euthanized after three hours, the skin was
removed, and hemorrhagic spots were measured on the dorsal surface. Saline alone was
injected as the control. The preincubated hemorrhagic complex was injected with different
concentrations of sinapic acid for the inhibition studies.

2.16. Statistical Analysis

The test results were given as the mean standard deviation of three determinations.
Graph Pad Prism Version 5.0 was used to calculate IC5 values. Percent inhibition was
calculated from the difference between the control receiving vehicle and the inhibitor-
treated animals.

3. Results
3.1. Molecular Docking

The molecular docking study was carried out to analyze the enzyme—inhibitor in-
teraction. The sinapic acid interacted with the human sPLA;-IIA (1POE) enzyme, and it
showed the binding energy of —7.6 (E-value). The sinapic acid interacted with the active
site conserved amino acid Asp48 through hydrogen bonding and hydrophobic interaction
with Cys124, Val45, Cys49, Thr121, Pro122, Lys52, Gly32, and Gly31 (Figure 2B and Table 1).
Similarly, the binding energy of standard genistein was —7.2, which interacted with active
site Asp48 and Lys52 through hydrogen bonding and showed hydrophobic interaction
with Val45, Cys49, Thr121, and Cys124 residues (Figure 2A and Table 1).

Table 1. The binding energy, H- bonds and hydrophobic interactions of genistein and sinapic acid
with human sPLA,-IIA (PDB ID: 1POE).

Amino Acids

Binding Inhibition .
No. Ligands Enzyme Energy No. of H RMSD  Constant Involve.d m
Name Bonds . Interactions
(kcal/Mol) (Ki) uM R
Nteractions
Val45, Asp48,
1 Genistein —7.2 02 80.96 1.95 Cys49, Lys52,
1POE Thr121, Cys124
(Human
PLAj) Gly31, Gly32,
Sinapic B Asp48, Cys49,
2 acid 7.6 01 83.44 2.71 Lys52, Thri21,

Prol122, Cys124,

3.2. Estimation of Antioxidant Activities

The antioxidant potency of sinapic acid was examined by the DPPH method, reducing
power assay and anti-lipid peroxidation activity. The sinapic acid scavenged the DPPH
radicals to 89% =+ 2.13, whereas the ascorbic acid (standard) showed 96% + 1.78. The
reducing power of sinapic acid was 63.5% =+ 2.05, compared to quercetin (standard), which
showed 66.5% =+ 1.82. The anti-lipid peroxidation was 80.6% =+ 1.07, whereas «-lipoic acid
(standard) exhibited 89% =+ 1.69 (Table 2).



Antioxidants 2022, 11, 1251 7 of 19

THRI21(A)

”
;»Rr".)l(,t. T

=

)

\

Cys124(A) oD
His27(A) X
N

O
od

LysS2(A)

Asp48(A)

S

NDITN N
» 88 ~
. Thrl21(A) Prol22(A)
. Thrl21(A)
aN
ValdS(A) cAy 32(A) LA

. on
Gly
) g .
A X Py

P

Y o Gly3l(A)
Cys49(A) b Cys49(A) - o

- Vald45(A)

His27(A)
\))-u(% -
Asp48(A)

N2

Cys124(A)

Figure 2. Docked images of sPLA,-IIA (1POE) with genistein (standard) and sinapic acid: 2D Ligplot

analysis and the crystal structure of sPLA2-IIA (1POE) with standard genistein (A) and sinapic acid
(B). Hydrogen bonds are presented by the green dashed line, and the unit of distance was set as A.

Table 2. The antioxidant activity of sinapic acid.

Antioxidant Sinapic Acid Ascorbic Acid Quercetin o-Lipoic Acid
Assays (25 uM) (25 uM) (25 uM) (25 uM)
DPPH free radical 89% 4+ 2.13 96% =+ 1.78 NT NT
Reducing power 63.5% =+ 2.05 NT 66.5% + 1.82 NT
Anti-lipid 80.6% =+ 1.07 NT NT 89% -+ 1.69
peroxidation

NT—not tested.

The antioxidant activity of sinapic acid was evaluated by DPPH radical scavenging,
reducing power assay and anti-lipid peroxidation.
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3.3. Inhibition of sSPLA»-11A

Further, the sinapic acid was employed to inhibit the inflammatory sPLA;-IIA enzyme.
It potentially inhibited the sPLA,-IIA enzyme to the extent of 94.4% 4 4.83 at 16 uM
concentration with an F-statistic value of 0.0031 and p-value of 0.9969 (Figure 3). The ICsg
value of sinapic acid was calculated by the software Graphpad Prism 5.0, and it was shown
to be 4.16 &+ 0.13 pM, whereas the standard genistein was 11.75 uM (historical ICs value)
(Table 3) [52].

100 A

(o))
o
1

% Inhibition

N
(e}
L

0 2 4 6 8 10 12 14 16
Sinapic acid (uM)
Figure 3. Inhibition of sSPLA2-ITA enzyme by sinapic acid: sPLA2-IIA enzyme was incubated with
sinapic acid (2-16 uM) at 37 °C for 60 min. Enzyme activity was measured by measuring the radiation

of 1C by liquid scintillation spectrometer. Enzyme inhibition was noted as a percentage of control.
The data represents mean + SD (n = 3).

Table 3. ICs5 value of sinapic acid for sPLA;-IIA enzyme.

oge P IC M #
Enzyme Sple/c1ﬁc A'ct1v1ty oC 50 (WMD) Type of Inhibition
(nmol/mg/min at 37 °C)  ginapic Acid  Genistein
Both are competitive
SPLA,-TTA 160.0 4164013  1175[58]  .nhibitors bound to

the active site of the
sPLA,-TIA.

* The specific activity is defined as nmoles of fatty acid released /mg of protein/min at 37 °C. #1Csp value is the
concentration that inhibits 50% sPLA,-IIA enzyme activity.

3.4. Effect of Calcium and Substrate Concentration on sPLA, IIA Inhibition

The sPLA;-IIA activity was measured with and without sinapic acid (ICsy concentra-
tion) by increasing the calcium concentration from 2.5 to 15 mM, the activity of the enzyme
was increased linearly and maintained the constant inhibition of 49.34% =+ 1.35 over all
the ranges of the calcium concentrations (Figure 4). Furthermore, sPLA,-IIA activity was
measured with and without ICsy concentration of sinapic acid by increasing substrate
concentration from 30 to 120 nmoles; the enzyme activity increased linearly and maintained
the constant inhibition of 48.43% =+ 1.76 over all the ranges of substrate concentrations
(Figure 5).
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Figure 4. Effect of calcium concentration on sPLA2-IIA inhibition: The sPLA2 IIA activity was
measured with calcium concentration ranges from 2.5 to 15 mM with (M) and without (L) ICs
concentration of sinapic acid. The sPLA,-IIA inhibition is shown in the inlet. The data are expressed

as mean = standard deviation (n = 3).
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Figure 5. Effect of substrate concentration on sPLA2-IIA inhibition: The sPLA2 IIA activity was
measured with the substrate concentrations ranging from 30 to 120 uL with (M) and without () ICsq
concentration of sinapic acid. The sPLA;-IIA inhibition is shown in the inlet. The data are expressed
as mean =+ standard deviation (n = 3).
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The inhibition constant (Ki) was determined by fitting the data to the competitive
inhibition model in GraphPad Prism 5.0 via nonlinear regression analysis of competitive
enzyme kinetics [59] (Figure 6). The Ki of sinapic acid for sPLA»-IIA inhibition was found
to be 2.711 & 1.19. The Ki and ICs; values are often used to compare the relative potency of
inhibitors. Smaller Ki values denote tight binding, and if the Ki value is less than the ICsg
value, it indicates competitive inhibition [60].

120+
sPLA, alone
100 M
6 uM
80 M
2 10 uM
S 60
o 12 uM
- 40 14 1M
T 16 pM
20
0 I | I I

| I
0 20 40 60 80 100 120
Substrate [nM]

Figure 6. Inhibition constant (Ki) of sinapic acid for sSPLA2-IIA. The primary data fit the competitive
inhibition model, and Ki was determined byincreasing the concentrations of sinapic acid by using
Graph pad prism 5.0. Values plotted mean + standard deviation (n = 3).

3.5. Intrinsic Fluorescence Study

The altered intrinsic fluorescence spectrum of the enzyme indicates the structural
changes due to interaction with the inhibitor. Sinapic acid altered the relative intrinsic
fluorescence of the sPLA,-IIA enzyme in accordance with the inhibitor concentration (0.02
to 0.1 uM). The maximum fluorescence intensity of sPLA,-IIA was noted at 338 nm and
shifted to the higher wavelength of 344 nm in the presence of sinapic acid at 0.1 pM
concentration (Figure 7L1II).

3.6. Circular Dichroism (CD) Study

The change in the secondary structure of the enzyme implies the direct interaction
with the inhibitor. The CD spectrum of sPLA,-IIA with and without ICsy concentration of
sinapic acid was recorded, which exhibited two major negative bands at 210 and 222 nm
(red line). In the presence of sinapic acid (IC5p concentration), the negative bands were
significantly reduced and abruptly shifted to longer wavelengths of 220 and 224 nm,
respectively (Figure 8). The sPLA;-IIA spectra were corrected by subtracting spectra of the
blank solution containing 100 mM Tris-HCl buffer (pH 7.4) and 5 mM calcium. The K2D3
software was used to determine the secondary structure of the sPLA,-IIA enzyme (Table 4).

Table 4. Secondary structure of sSPLA,-IIA enzyme upon addition of sinapic acid.

* Secondary Structure of

SPLA,-IIA sPLA,-ITA Alone sPLA,-ITA + Sinapic Acid (ICsp)
o-helix 43.66% 21.47%
[-strand 10.62% 31.65%
Random coil 45.72% 46.88%

* Secondary structure of sPLA; IIA was calculated with K2D3.
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Figure 7. Intrinsic fluorescence spectra of sSPLA2-IIA enzyme: (I) Fluorescence spectra of sSPLA2-IIA
enzyme (20 pg/mL) alone (a), with sinapic acid concentrations of 0.02 uM (b), 0.04 uM (c), 0.06 uM
(d), 0.08 uM (e) and 0.1 uM (f). (II) The graph showed maximum fluorescence intensity of SPLA;-ITA

enzyme of each concentration of sinapic acid.
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Figure 8. Circular Dichroism spectra of sPLA2-ITA with and without sinapic acid: The far-UV CD
spectra of sPLA,-IIA alone (red line) and with sinapic acid (ICsg concentration) (blue line) were
recorded between 200 and 240 nm using a Jasco J-810 spectropolarimeter.
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3.7. Determination of Binding Characteristics

The reversibility of sSPLA;-IIA inhibition was studied by subjecting the preincubated
reaction mixture to dialysis. The sPLA,-IIA activity was measured before and after the
dialysis. The percentage of sSPLA,-IIA inhibition before and after the dialysis was found to
be 50.2% =+ 2.3 and 47.8% = 1.55, respectively.

3.8. Neutralization of Indirect Haemolytic Activity

Sinapic acid was subjected to neutralizing indirect hemolytic activity of the sPLA,-
IIA enzyme. Sinapic acid reduced the indirect hemolytic activity of sPLA,-IIA in a
concentration-dependent manner. The sPLA,-IIA (30 pg) alone causes erythrocyte ly-
sis to 94% = 2.19, which was reduced to 12.35% =+ 2.57 by sinapic acid at a concentration of
16 uM (Figure 9). Distilled water served as a positive control (100% lysis).

100

%Lysis

F F F &F F oF eF oF
&S
Xb& Xb X‘b \Q
Y T
& & g

Figure 9. Neutralization of sSPLA2-IIA induced indirect hemolytic activity: The reaction was initiated
by adding 1 mL of substrate to preincubated sPLA;-IIA with indicated concentration sinapic acid
and incubated at 37 °C for 30 min. The released hemoglobin was measured by reading the optical
density at 540 nm. Data represent the mean standard deviation (n = 3).

3.9. Neutralization of sPLA; 1IA Induced Mouse Paw Edema

The different doses of sinapic acid (3-18 uM) were preincubated with sPLA,-IIA and
injected into the right hind paw of mice, and saline injected to the left hind paw served as
the control. Sinapic acid reduced the edema from 171.75% =+ 2.2 to 114.8% =+ 1.98 at 18 uM
concentration, and the reduced percentage of sPLA,-IIA-induced edema was 79.12% =+ 1.52
(Figure 10).

3.10. Neutralization of Haemorrhagic Activity

This study reveals the synergistic effect of SPLA,-IIA and nonenzymatic peptides. The
Vipera russellii sSPLA,-1IA and Vipera russellii neurotoxic nonenzymatic peptide (VNTx-II)
in the 5:2 molar ratio is called V. russelli Hemorrhagic Complex-I (VR-HC-I) [58] and was
administered to mice intradermally. VR-HC-I induced the hemorrhage at the injection
site (Figure 11c). Neither sPLA;-IIA nor VNTx-II independently showed the hemorrhagic
effect (Figure 11a,b respectively). The mice were injected with preincubated VR-HC-I with
sinapic acid (5, 10 and 15 pM), which reduced the hemorrhagic potential (Figure 11d—f
respectively). Sinapic acid significantly neutralized the hemorrhagic activity at 15 uM
concentration.
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Figure 10. Neutralization of sPLA2-IIA induced edema: The preincubateds PLA,-IIA enzyme (5 ug)
with the indicated concentrations of sinapic acid injected to the right hind footpad of mice (20 uL).
The mice were euthanized after 45 min and legs were amputated at the ankle, and the edema ratio
was calculated. The data are shown in mean =+ standard deviation (n = 3).

Figure 11. ReducingVR-HC-I mediated hemorrhagic activity by sinapic acid:Mice injected with 10 pg
of sSPLA,-IIA (a), 10 pg of VNTx-II alone (b), 10 pg of VR-HC-I (c). The injection of preincubated
10 ug of VR-HC-I with sinapic acid of 5 uM (d), 10 uM (e), 15 uM (f). The mice were sacrificed after
3 h, and hemorrhagic spots were recorded using the graph sheet.
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4. Discussion

Sinapic acid is rich in fruits such as orange, mango, avocado, strawberries, and
raspberries [61-63], vegetables such as garlic, onions, cabbage [64,65], and legumes such
as horse grams [66]. Among them, avocado, garlic, and horse gram are well documented
for their anti-inflammatory activity [67,68]. The sinapic acid reported no cytotoxic effect
on V79 cells [69], and there was no effect on lactate dehydrogenase activity and serum
creatine kinase in broilers, suggesting that there are no effects on the brain, liver, kidneys,
and cardiac muscle [70]. Thus, sinapic acid from the food items was demonstrated as a
non-toxic and therapeutically important molecule.

The in silico molecular docking study is important at the early stage of drug discovery
because it provides basic knowledge of binding energy, pattern and binding affinity. The
docking results of sinapic acid with sPLA,-IIA (1POE) exhibited greater binding energy
(E value —7.6), which was slightly higher than the binding energy of standard genistein
(E value —7.2). Most of the sPLA,-IIA inhibitors interfere with the catalytic site by binding
to His 47/ Asp 48 and decreases the catalytic activity by weakening Ca* interaction [71,72].
The sinapic acid interacted with the active site amino acid Asp48 through hydrogen bonding
and showed hydrophobic interaction with few amino acids. Therefore, sinapic acid was
assumed to be a potent inhibitor of sSPLA;- IIA enzyme (Table 1).

The reactive oxygen species (ROS) and their role in human disease has become an im-
portant aspect of disease management. The sPLA»-IIA-mediated ROS generation through
activation of NADPH oxidases [73] is an important pathway as it is known to be involved
in the activation of cPLA; and ERK1/2 [74], leading to the release of arachidonic acid.
Furthermore, the hydroxyl radicals that formed during inflammation attack membrane
glycerophospholipids and initiate lipid peroxidation [73]. Hence, sinapic acid was eval-
uated for its antioxidant efficacy. Sinapic acid effectively scavenged the DPPH radical,
reduced the ferric ions, and demonstrated its ability to protect lipid peroxidation. Thus,
it was concluded that sinapic acid, if developed as an anti-inflammatory drug, limits free
radicals and their intermediates released during inflammatory pathologies.

The results illustrated that the sinapic acid exhibited greater binding energy (dock-
ing study) and better antioxidant potency and, hence, was further examined for its anti-
inflammatory activity. Sinapic acid potentially inhibited the sPLA;-IIA enzyme in a
concentration-dependent manner and with a comparatively low ICsy value. The genistein
was taken as a standard molecule in this study as it is a well-known anti-inflammatory and
antioxidant molecule [75-77]. The kinetics study of sPLA,-IIAinhibition was performed
using Graph pad prism software 5.0, which suggested that the sinapic acid is a competitive
inhibitor of sSPLA,-IIA.

Many sPLA;-IIA inhibitors limit the enzyme activity either by chelating calcium (metal
ion) or binding to substrates. Inhibitors such as lipocortin I and II bind sPLA»-IIA enzymes
non-specifically and affect the quality of the lipid interface [78]. Therefore, we examined
the effect of substrate and calcium concentrations on sPLA;-IIA inhibition. The findings
exhibit that the inhibition of sSPLA,-IIA by sinapic acid was not dependent on calcium or
substrate concentrations.

Many sPLA»-IIA inhibitors were reported to alter fluorescence spectra [79]. The
structural change in the enzyme upon interaction with the inhibitor alters the intrinsic
fluorescence. The aromatic amino acids of protein such as tryptophan, tyrosine, and
phenylalanine are responsible for intrinsic fluorescence. The quantum yield, intensity, and
wavelength of maximum fluorescence emission depend upon the microenvironment of
these aromatic amino acids. The sinapic acid shifts the maximum fluorescence spectrum
of sSPLA,-IIA towards the shorter wavelength and increases the fluorescence intensity as
the polarity of the solvent surrounding the aromatic amino acids decreases [80,81]. Sinapic
acid alone does not show any fluorescence, indicating that sinapic acid interacts directly
with the sPLA,-IIA enzyme.

To substantiate fluorimetry results, a circular dichroism (CD) study was carried out.
The studies showed that significant changes occur in the secondary structure of sPLA,-IIA
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upon inhibitors binding [82]. In the present study, the sinapic acid interaction with the
sPLA,-IIA enzyme caused significant changes in the secondary structure (Figure 8). Hence,
it is indisputably concluded that sinapic acid inhibits sPLA;-1IA by irreversibly binding to
the active site.

The reversibility of sPLA,-IIA inhibition was examined by measuring the percentage
of inhibition before and after the dialysis of the reaction mixture. The inhibition percentages
before and after the dialysis were almost the same. Hence, it again is implicit that sinapic
acid irreversibly binds to the sSPLA>-IIA enzyme.

The indirect hemolytic assay is an indirect way of estimating sPLA,-IIA activity using
egg yolk phospholipid and washed erythrocytes as substrates [83]. Sinapic acid efficiently
neutralized the sPLA,-IIA-mediated hemolysis in a dose-dependent way. Thus, sinapic
acid neutralizes sPLA;-IIA enzyme activity irrespective of the nature of the substrate
because the sinapic acid binds to the enzyme irreversibly.

It has been observed that the in vitro experiments show positive results but fail to show
efficiency in the in vivo studies. This could be due to the heterogeneity of the environment
in the in vivo models. Animal experiments are important for researchers as they provide
peer knowledge of pharmacodynamics and pharmacokinetics in the early stages of drug
discovery [84]. Therefore, the effectiveness of the sinapic acid in neutralizing the sPLA,-
ITA-induced inflammatory response in the Swiss albino mice was evaluated. Sinapic acid
reduced inflammatory edema to a greater extent. Thus, sinapic acid demonstrated the
in vivo efficacy by neutralizing the sPLA,-IIA mediated inflammatory response.

In the living system, protein—protein interactions lead to pharmacological damage due
to the synergistic effect [85]. For example, the interaction of human sPLA-IIA and vimentin
(an intracellular protein) further exacerbates inflammatory pathologies. Interestingly, the
addition of LY311727 (sPLA;-IIA inhibitor) causes substantial structural displacement
in the amino terminus of the sPLA,-IIA enzyme, and that is sufficient to minimize its
interaction with the vimentin. The interaction between sPLA;-IIA and nonenzymatic
peptides is synergetic in snake bites and leads to increased hemorrhage [58]. In the present
study, sinapic acid significantly reduced the synergistic hemorrhagic effect of V. russelli
Haemorrhagic Complex-I (sPLA;-IIA and V. russelli neurotoxic nonenzymatic peptide)
(Figure 10).

5. Conclusions

Activated sPLA,-IIA generates proinflammatory lipid mediators and oxygen-free
radicals that intensify the status of oxidative stress disorders and chronic inflammatory
diseases. The present study evaluated the sinapic acid from a dietary source for both
antioxidant potency and sPLA;-IIA inhibition as an anti-inflammatory function, and the
result showed that sinapic acid exhibit both the potencies to a better extent. Further,
sPLA,-IIA inhibition was not dependent on either calcium or substrate concentration.
The altered fluorescence intensity and shifted negative bands of the circular dichroism
spectrum suggest the direct interaction of the sinapic acid with the active site of the sPLA,-
ITIA enzyme. Furthermore, sinapic acid neutralized sPLA,-IIA induced erythrolysis, mouse
paw edema and the hemorrhagic effect. As a result, sinapic acid is a potential therapeutic
candidate for both inflammatory diseases and snakebite envenomation. However, more
clinical studies are needed to claim sinapic acid as an anti-inflammatory drug.

Author Contributions: Conceptualization, A.S.G., B.H.S. and K.K.D.; methodology, A.S.G., D.U. and
S.P; software, S.N.P; result and validation, A.S.G. and K.K.D.; formal analysis, R.S.M.; writing—
original draft preparation, A.S.G.; review and editing, K.K.D. and H.O.E,; visualization, M.S.; supervi-
sion, KK.D. and H.O.E; project administration, AM.E.-S., S.A. and M.M.E,; funding acquisition, A.A.,
A.O.AM. and E.A M. All authors have read and agreed to the published version of the manuscript.

Funding: Taif University Researchers Supporting Project number (TURSP-2020/75).



Antioxidants 2022, 11, 1251 16 of 19

Institutional Review Board Statement: The studies on edema and hemorrhage using Swiss albino
mice were conducted according to the guidelines of the Declaration of Indian National Regulations
for Animal Research, India, and approved by the Institutional Ethical Committee of Mangalore
University, India. (No: MU/AZ/504(a)/IAEC/2015-2016).

Informed Consent Statement: All tests were performed according to AVMAs guidelines 55. Human
blood samples were collected from healthy volunteers after receiving ethical approval and informed
consent letters IHEC-No. MU /IHEC/2018/7).

Data Availability Statement: Data is contained within the article.

Acknowledgments: The current work was funded by Taif University Researchers Supporting Project
number (TURSP-2020/75), Taif University, Taif, Saudi Arabia. The authors are owed the Indian
Council for Medical Research (ICMR), New Delhi, for financial support through Sanctions a Senior
Research Fellowship. We also thank Mangalore University for providing laboratory facilities.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Chen, L.; Deng, H.; Cui, H.; Fang, J.; Zuo, Z.; Deng, J.; Li, Y.; Wang, X.; Zhao, L. Inflammation-associated diseases in organs.
Oncotarget 2018, 23, 7204. [CrossRef]

2. Rathee, P.; Chaudhary, H.; Rathee, S.; Rathee, D.; Kumar, V.; Kohli, K. Mechanism of action of flavonoids as anti-inflammatory
agents: A review. Inflamm. Allergy-Drug Targets 2009, 8, 229-235. [CrossRef]

3. Tietge, U.].; Pratico, D.; Ding, T.; Funk, C.D.; Hildebrand, R.B.; Van Berkel, T.; Van Eck, M. Macrophage-specific expression of
group IIA sPLA2 results in accelerated atherogenesis by increasing oxidative stress. . Lipid Res. 2005, 46, 1604-1614. [CrossRef]

4. Bidgood, M.J.; Jamal, O.S.; Cunningham, A.M.; Brooks, PM.; Scott, K.E. Type IIA secreted phospholipase A2 up-regulates
cyclooxygenase-2 and amplifies cytokine-mediated prostaglandin production in human rheumatoid synoviocytes. J. Immunol.
2000, 165, 2790-2797. [CrossRef]

5. Van Hensbergen, V.P.; Wu, Y.; van Sorge, N.M.; Touqui, L. Type IIA secreted phospholipase A2 in host defense against bacterial
infections. Trends Immunol. 2020, 41, 313-326. [CrossRef]

6.  Stefanski, E.; Pruzanski, W.; Sternby, B.; Vadas, P. Purification of a soluble phospholipase A2 from synovial fluid in rheumatoid
arthritis. J. Biochem. 1986, 100, 1297-1303. [CrossRef]

7. Bowton, D.L.; Seeds, M.C.; Fasano, M.B.; Goldsmith, B.; Bass, D.A. Phospholipase A2 and arachidonate increase in bronchoalveolar
lavage fluid after inhaled antigen challenge in asthmatics. Am. J. Respir. Crit. Care Med. 1997, 155, 421-425. [CrossRef]

8.  Menschikowski, M.; Hagelgans, A.; Siegert, G. Secreted phospholipase A2 of group IIA: Is it an offensive or a defensive player
during atherosclerosis and other inflammatory diseases? Prostaglandins Other Lipid Mediat. 2006, 79, 1-33. [CrossRef]

9.  Styles, L.A.; Schalkwijk, C.G.; Aarsman, A.].; Vichinsky, E.P.; Lubin, B.H.; Kuypers, F.A. Phospholipase A2 levels in acute chest
syndrome of sickle cell disease. Blood 1996, 87, 2573-2578. [CrossRef]

10. Mallat, Z.; Lambeau, G.; Tedgui, A. Lipoprotein-associated and secreted phospholipases A2 in cardiovascular disease: Roles as
biological effectors and biomarkers. Circulation 2010, 122, 2183-2200. [CrossRef]

11. Tietge, J.F. Extracellular phospholipases: Role in inflammation and atherosclerotic cardiovascular. Atheroscler. Risks Mech. Ther.
2015, 10, 279.

12.  Tan, T.L.; Goh, Y.Y. The role of group IIA secretory phospholipase A2 (sSPLA2-IIA) as a biomarker for the diagnosis of sepsis and
bacterial infection in adults—A systematic review. PLoS ONE 2017, 12, e0180554. [CrossRef] [PubMed]

13.  Annema, W.; de Boer, ].F; Dikkers, A.; Dimova, L.G.; van der Giet, M.; Bakker, S.J.; Tietge, U.J. Group IIA Secretory Phospholipase
A2 Predicts Graft Failure and Mortality in Renal Transplant Recipients by Mediating Decreased Kidney Function. J. Clin. Med.
2020, 9, 1282. [CrossRef]

14. Nanda, B.L.; Nataraju, A.; Rajesh, R.; Rangappa, K.S.; Shekar, M. A.; Vishwanath, B.S. PLA2 mediated arachidonate free radicals:
PLA2 inhibition and neutralization of free radicals by anti-oxidants-a new role as anti-inflammatory molecule. Curr. Top. Med.
Chem. 2007, 7, 765-777. [CrossRef]

15.  Nethery, D.; Stofan, D.; Callahan, L.; DiMarco, A.; Supinski, G. Formation of reactive oxygen species by the contracting diaphragm
is PLA(2) dependent. ]. Appl. Physiol. 1999, 87, 792-800. [CrossRef]

16. Odinga, E.S.; Waigi, M.G.; Gudda, F.O.; Wang, ].; Yang, B.; Hu, X,; Li, S.; Gao, Y. Occurrence, formation, environmental fate and
risks of environmentally persistent free radicals in biochars. Environ. Int. 2020, 134, 105172. [CrossRef] [PubMed]

17.  Zinellu, A; Fois, A.G.; Sotgia, S.; Zinellu, E.; Bifulco, F,; Pintus, G.; Mangoni, A.A.; Carru, C,; Pirina, P. Plasma protein thiols: An
early marker of oxidative stress in asthma and chronic obstructive pulmonary disease. Eur. J. Clin. Investig. 2016, 46, 181-188.
[CrossRef] [PubMed]

18.  Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.; Mazur, M.; Telser, J. Free radicals and antioxidants in normal physiological
functions and human disease. Int. . Biochem. Cell Biol. 2007, 39, 44-84. [CrossRef]

19. Bhatt, S.; Puli, L.; Patil, C.R. Role of reactive oxygen species in the progression of Alzheimer’s disease. Drug Discov. Today 2021,

26, 794-803. [CrossRef]


http://doi.org/10.18632/oncotarget.23208
http://doi.org/10.2174/187152809788681029
http://doi.org/10.1194/jlr.M400469-JLR200
http://doi.org/10.4049/jimmunol.165.5.2790
http://doi.org/10.1016/j.it.2020.02.003
http://doi.org/10.1093/oxfordjournals.jbchem.a121836
http://doi.org/10.1164/ajrccm.155.2.9032172
http://doi.org/10.1016/j.prostaglandins.2005.10.005
http://doi.org/10.1182/blood.V87.6.2573.bloodjournal8762573
http://doi.org/10.1161/CIRCULATIONAHA.110.936393
http://doi.org/10.1371/journal.pone.0180554
http://www.ncbi.nlm.nih.gov/pubmed/28671974
http://doi.org/10.3390/jcm9051282
http://doi.org/10.2174/156802607780487623
http://doi.org/10.1152/jappl.1999.87.2.792
http://doi.org/10.1016/j.envint.2019.105172
http://www.ncbi.nlm.nih.gov/pubmed/31739134
http://doi.org/10.1111/eci.12582
http://www.ncbi.nlm.nih.gov/pubmed/26681451
http://doi.org/10.1016/j.biocel.2006.07.001
http://doi.org/10.1016/j.drudis.2020.12.004

Antioxidants 2022, 11, 1251 17 of 19

20.

21.
22.

23.
24.
25.
26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

Zhu, D.; Lai, Y.; Shelat, PB.; Hu, C.; Sun, G.Y.; Lee, ].C. Phospholipases A2 mediate amyloid-beta peptide-induced mitochondrial
dysfunction. J. Neurosci. 2006, 26, 11111-11119. [CrossRef]

Gotzsche, P.C. Non-steroidal anti-inflammatory drugs. BM]J 2000, 320, 1058-1061. [CrossRef] [PubMed]

Warner, D.C.; Schnepf, G.; Barrett, M.S.; Dian, D.; Swigonski, N.L. Prevalence, attitudes, and behaviours related to the use of
nonsteroidal anti-inflammatory drugs (NSAIDs) in student athletes. J. Adolesc. Health 2002, 30, 150-153. [CrossRef]

Burnett, B.P,; Levy, R M. 5-Lipoxygenase metabolic contributions to NSAID-induced organ toxicity. Adv. Ther. 2012, 29, 79-98.
[CrossRef] [PubMed]

Ghosh, R.; Alajbegovic, A.; Gomes, A.V. NSAIDs and Cardiovascular Diseases: Role of Reactive Oxygen Species. Oxid. Med. Cell.
Longev. 2015, 2015, 536962. [CrossRef]

Fitzgerald, G.A. Coxibs and cardiovascular disease. N. Engl. ]. Med. 2004, 351, 1709-1711. [CrossRef]

Vane, J.R.; Botting, R. M. Anti-inflammatory drugs and their mechanism of action. Inflamm. Res. 1998, 47, 78-87. [CrossRef]
Bavry, A.A.; Khaliq, A.; Gong, Y.; Handberg, E.M.; Cooper-DeHoff, R.M.; Pepine, C.]. Harmful effects of NSAIDs among patients
with hypertension and coronary artery disease. Am. J. Med. 2011, 124, 614-620. [CrossRef]

Nicholls, S.J.; Cavender, M.A; Kastelein, ].].; Schwartz, G.; Waters, D.D.; Rosenson, R.S.; Bash, D.; Hislop, C. Inhibition of secreted
phospholipase A2 in patients with acute coronary syndromes: Rationale and design of the vascular inflammation suppression to
treat acute coronary syndrome for 16 weeks (VISTA-16) trial. Cardiovasc. Drugs Ther. 2012, 26, 71-75. [CrossRef]

Nicholls, S.J.; Kastelein, J.].; Schwartz, G.G.; Bash, D.; Rosenson, R.S.; Cavender, M.A.; Brennan, D.M.; Koenig, W.; Jukema, ].W.;
Nambi, V.; et al. Varespladib and cardiovascular events in patients with an acute coronary syndrome: The VISTA-16 randomized
clinical trial. JAMA 2014, 311, 252-262. [CrossRef]

Zeiher, B.G.; Steingrub, J.; Laterre, PF,; Dmitrienko, A.; Fukiishi, Y.; Abraham, E.; EZZI Study Group. LY315920NA /S-5920, a
selective inhibitor of group IIA secretory phospholipase A2, fails to improve clinical outcome for patients with severe sepsis. Crit.
Care Med. 2005, 33, 1741-1748. [CrossRef]

Garcia-Pastor, P.; Randazzo, A.; Gomez-Paloma, L.; Alcaraz, M.].; Paya, M. Effects of petrosaspongiolide M, a novel phospholipase
A2 inhibitor, on acute and chronic inflammation. J. Pharmacol. Exp. Ther. 1999, 289, 166-172. [PubMed]

Reid, R.C. Inhibitors of secreted phospholipase A2 group IIA. Curr. Med. Chem. 2005, 12, 3011-3026. [CrossRef] [PubMed]
Gaspar, A.; Martins, M.; Silva, P.; Garrido, E.M.; Garrido, J.; Firuzi, O.; Miri, R; Saso, L.; Borges, F. Dietary phenolic acids and
derivatives. Evaluation of the antioxidant activity of sinapic acid and its alkyl esters. ]. Agric. Food Chem. 2010, 58, 11273-11280.
[CrossRef]

Chen, C. Sinapic Acid and Its Derivatives as Medicine in Oxidative Stress-Induced Diseases and Aging. J. Oxid. Med. Cell. Longev.
2016, 2016, 3571614. [CrossRef] [PubMed]

Yun, K.J.; Koh, D.J.; Kim, S.H.; Park, S.J.; Ryu, J].H.; Kim, D.G,; Lee, ].Y; Lee, K.T. Anti-inflammatory effects of sinapic acid
through the suppression of inducible nitric oxide synthase, cyclooxygase-2, and proinflammatory cytokines expressions via
nuclear factor-«B inactivation. J. Agric. Food Chem. 2008, 56, 10265-19272. [CrossRef]

Huang, X.; Pan, Q.; Mao, Z.; Zhang, R.; Ma, X.; Xi, Y.; You, H. Sinapic acid inhibits the IL-1B-induced inflammation via MAPK
downregulation in rat chondrocytes. Inflammation 2018, 41, 562-568. [CrossRef]

Lee, J.Y. Anti-inflammatory effects of sinapic acid on 2,4,6-trinitrobenzenesulfonic acid-induced colitis in mice. Arch. Pharm. Res.
2018, 41, 243-250. [CrossRef]

Kasturi, S.; Gowda, T.V. Purification and characterization of a major phospholipase A2 from Russell’s viper (Viperarusselli)
venom. Toxicon 1989, 27, 229-237. [CrossRef]

Laemmli, U.K. SDS-page Laemmli method. Nature 1970, 227, 680-685. [CrossRef]

Davidson, FF; Dennis, E.A. Evolutionary relationships and implications for the regulation of phospholipase A2 from snake
venom to human secreted forms. J. Mol. Evol. 1990, 31, 228-238. [CrossRef]

Teixeira, C.D.; Landucci, E.C.; Antunes, E.; Chacur, M.; Cury, Y. Inflammatory effects of snake venom myotoxic phospholipases
A2. Toxicon 2003, 42, 947-962. [CrossRef] [PubMed]

Sales, T.A.; Marcussi, S.; Da Cunha, E.F.; Kuca, K.; Ramalho, T.C. Can inhibitors of snake venom phospholipases A2 lead to new
insights into anti-inflammatory therapy in humans? A theoretical study. Toxins 2017, 9, 341. [CrossRef] [PubMed]
Schiittelkopf, W.; van Aalten, D.M.F. PRODRG: A tool for high-throughput crystallography of protein-ligand complexes. Acta
Crystallogr. D Biol. Crystallogr. 2004, 60, 1355-1363. [CrossRef] [PubMed]

Tian, W.; Chen, C.; Lei, X.; Zhao, J.; Liang, ]. CASTp 3.0: Computed atlas of surface topography of proteins. Nucleic Acids Res.
2018, 46, W363-W367. [CrossRef]

Morris, G.M.; Huey, R.; Lindstrom, W.; Sanner, M.E,; Belew, R K.; Goodsell, D.S.; Olson, A.J. Autodock4 and AutoDockTools4:
Automated docking with selective receptor flexibility. |. Comput. Chemistr. 2009, 30, 2785-2791. [CrossRef]

Jinadatta, P.; Rajshekarappa, S.; Rao, K.S.R.; Subbaiah, S.G.P,; Shastri, S. In silico, in vitro: Antioxidant and antihepatotoxic activity
of gnetol from Gnetum ula Brongn. Bioimpacts 2019, 9, 239-249. [CrossRef]

Blois, M.S. Antioxidant determinations by the use of a stable free radical. Nature 1958, 181, 1199-1200. [CrossRef]

Gutteridge, ].M.; Halliwell, B. The measurement and mechanism of lipid peroxidation in biological systems. Trends Biochem. Sci.
1990, 15, 129-135. [CrossRef]

Oyaizu, M. Studies on products of browning reaction. Antioxidative activities of products of browning reaction prepared from
glucosamine. Jpn. |. Nutr. Diet. 1986, 44, 307-315. [CrossRef]


http://doi.org/10.1523/JNEUROSCI.3505-06.2006
http://doi.org/10.1136/bmj.320.7241.1058
http://www.ncbi.nlm.nih.gov/pubmed/10764369
http://doi.org/10.1016/S1054-139X(01)00325-1
http://doi.org/10.1007/s12325-011-0100-7
http://www.ncbi.nlm.nih.gov/pubmed/22351432
http://doi.org/10.1155/2015/536962
http://doi.org/10.1056/NEJMp048288
http://doi.org/10.1007/s000110050284
http://doi.org/10.1016/j.amjmed.2011.02.025
http://doi.org/10.1007/s10557-011-6358-9
http://doi.org/10.1001/jama.2013.282836
http://doi.org/10.1097/01.CCM.0000171540.54520.69
http://www.ncbi.nlm.nih.gov/pubmed/10087000
http://doi.org/10.2174/092986705774462860
http://www.ncbi.nlm.nih.gov/pubmed/16378502
http://doi.org/10.1021/jf103075r
http://doi.org/10.1155/2016/3571614
http://www.ncbi.nlm.nih.gov/pubmed/27069529
http://doi.org/10.1021/jf802095g
http://doi.org/10.1007/s10753-017-0712-4
http://doi.org/10.1007/s12272-018-1006-6
http://doi.org/10.1016/0041-0101(89)90136-0
http://doi.org/10.1038/227680a0
http://doi.org/10.1007/BF02109500
http://doi.org/10.1016/j.toxicon.2003.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15019493
http://doi.org/10.3390/toxins9110341
http://www.ncbi.nlm.nih.gov/pubmed/29068410
http://doi.org/10.1107/S0907444904011679
http://www.ncbi.nlm.nih.gov/pubmed/15272157
http://doi.org/10.1093/nar/gky473
http://doi.org/10.1002/jcc.21256
http://doi.org/10.15171/bi.2019.29
http://doi.org/10.1038/1811199a0
http://doi.org/10.1016/0968-0004(90)90206-Q
http://doi.org/10.5264/eiyogakuzashi.44.307

Antioxidants 2022, 11, 1251 18 of 19

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Patriarca, P.; Beckerdite, S.; Pettis, P; Elsbach, P. Phospholipid metabolism by phagocytic cells: VIL The degradation and utilization
of phospholipids of various microbial species by rabbit granulocytes. Biochim. Biophys. Acta BBA Lipids Lipid Metab. 1972, 280,
45-56. [CrossRef]

Vishwanath, B.S.; Frey, FJ.; Bradbury, M.]J.; Dallman, M.E,; Frey, B.M. Glucocorticoid deficiency increases phospholipase A2
activity in rats. J. Clin. Investig. 1993, 92, 1974-1980. [CrossRef] [PubMed]

Dharmappa, K.K.; Mohamed, R.; Shivaprasad, H.V.; Vishwanath, B.S. Genistein, a potent inhibitor of secreted phospholipase A 2:
A new insight in down regulation of inflammation. Inflammopharmacology 2010, 18, 25-31. [CrossRef] [PubMed]
Prigent-Dachary, J.; Boffa, M.C.; Boisseau, M.R.; Dufourcq, J. Snake venom phospholipases A2. A fluorescence study of their
binding to phospholipid vesicles correlation with their anticoagulant activities. J. Biol. Chem. 1980, 255, 7734-7739. [CrossRef]
Boman, H.G; Kaletta, U. Chromatography of rattlesnake venom: A separation of three phosphodiesterases. Biochim. Biophys.
Acta 1957, 24, 619-631. [CrossRef]

Yamakawa, M.; Nozaki, M.; Hokama, Z. Fractionation of sakishima habu (Trimeresurus elegans) venom and lethal, hemorrhagic
and edema-forming activities of the fractions. Anim. Plant Microb. Toxins 1976, 1, 97-109.

Vishwanath, B.S.; Gowda, T.V. Interaction of aristolochic acid with Viperarusselli phospholipase A2: Its effect on enzymatic and
pathological activities. Toxicon 1987, 25, 929-937. [CrossRef]

Kondo, H.; Kondo, S.; Ikezawa, H.; Murata, R.; Ohsaka, A. Studies on the quantitative method for determination of hemorrhagic
activity of Habu snake venom. Jpn. J. Med. Sci. Biol. 1960, 13, 43-51. [CrossRef]

Venkatesh, M.; Gowda, V. Synergistically acting PLA2: Peptide hemorrhagic complex from Daboia russelii venom. Toxicon 2013,
73,111-120. [CrossRef]

Figueiredo, A.C.; de Sanctis, D.; Pereira, P.J.B. The tick-derived anticoagulant madanin is processed by thrombin and factor Xa.
PLoS ONE 2013, 8, €71866. [CrossRef]

Burlingham, B.T.; Widlanski, T.S. An intuitive look at the relationship of Ki and IC50: A more general use for the Dixon plot. J.
Chem. Educ. 2003, 80, 214. [CrossRef]

Niéiforovi¢, N.; Abramovi¢, H. Sinapic acid and its derivatives: Natural sources and bioactivity. Compr. Rev. Food Sci. Food Saf.
2014, 13, 34-51. [CrossRef] [PubMed]

Wang, Y.C.; Chuang, Y.C.; Ku, Y.H. Quantitation of bioactive compounds in citrus fruits cultivated in Taiwan. Food Chem. 2007,
102, 1163-1171. [CrossRef]

Russell, W.R.; Labat, A.; Scobbie, L.; Duncan, G.J.; Duthie, G.G. Phenolic acid content of fruits commonly consumed and locally
produced in Scotland. Food Chem. 2009, 115, 100-104. [CrossRef]

Gorinstein, S.; Leontowicz, H.; Leontowicz, M.; Namiesnik, J.; Najman, K.; Drzewiecki, J.; Cvikrova, M.; Martincova, O.; Katrich,
E.; Trakhtenberg, S. Comparison of the main bioactive compounds and antioxidant activities in garlic and white and red onions
after treatment protocols. J. Agric. Food Chem. 2008, 56, 4418-4426. [CrossRef]

Ferreres, F; Sousa, C.; Vrchovskd, V.; Valentao, P.; Pereira, ].A.; Seabra, R.M.; Andrade, P.B. Chemical composition and antioxidant
activity of tronchuda cabbage internal leaves. Eur. Food Res. Technol. 2006, 222, 88-98. [CrossRef]

Kawsar, S.M.; Hugq, E.; Nahar, N.; Ozeki, Y. Identification and quantification of phenolic acids in Macrotyloma uniflorum by
reversed phase-HPLC. Am. |. Plant Physiol. 2010, 5, 204-211. [CrossRef]

Dabas, D.; Ziegler, G.R.; Lambert, J.D. Anti-Inflammatory Properties of a Colored Avocado Seed Extract. Adv. Food Technol. Nutr.
Sci. Open J. 2019, 5, 8-12. [CrossRef]

Giresha, A.S.; Narayanappa, M.; Joshi, V.; Vishwanath, B.S.; Dharmappa, K.K. Human secreted phospholipase A2 (spla2)
inhibition by aqueous extract of Macrotyloma uniflorum (seed) as anti-inflammatory activity. Int. . Pharm. Pharm. Sci. 2015, 7,
217-222.

Hameed, H.; Aydin, S.; Basaran, A.A.; Basaran, N. Assessment of cytotoxic properties of sinapic acid in vitro. Turk. J. Pharm. Sci.
2016, 13, 225-232. [CrossRef]

Qiao, H.Y,; Dahiya, J.P,; Classen, H.L. Nutritional and physiological effects of dietary sinapic acid (4-hydroxy-3, 5-dimethoxy-
cinnamic acid) in broiler chickens and its metabolism in the digestive tract. Poult. Sci. 2008, 87, 719-726. [CrossRef]

Ntie-Kang, F; Lifongo, L.L.; Mbah, J.; Owono, L.C.O.; Megnassan, E.; Mbaze, L.M.; Judson, PN.; Sippl, W.; Efange, S.M.N.
In silico drug metabolism and pharmacokinetic profiles of natural products from medicinal plants in the Congo basin. Silico
Pharmacol. 2013, 1, 12. [CrossRef]

Kim, R.R.; Chen, Z.; Mann, T.; Bastard, K.E,; Scott, K.; Church, W.B. Structural and functional aspects of targeting the secreted
human group IIA phospholipase A2. Molecules 2020, 25, 4459. [CrossRef] [PubMed]

Adibhatla, R.M.; Hatcher, ].E. Phospholipase A2, reactive oxygen species, and lipid peroxidation in CNS pathologies. BMB Rep.
2008, 41, 560. [CrossRef] [PubMed]

Shelat, P.B.; Chalimoniuk, M.; Wang, ].H.; Strosznajder, ].B.; Lee, ].C.; Sun, A.Y.; Simonyi, A.; Sun, G.Y. Amyloid {3 peptide and
NMDA induce ROS from NADPH oxidase and AA release from cytosolic phospholipase A2 in cortical neurons. J. Neurochem.
2008, 106, 45-55. [CrossRef] [PubMed]

Zhao, ].H.; Arao, Y; Sun, S.J.; Kikuchi, A.; Kayama, F. Oral administration of soy-derived genistin suppresses lipopolysaccharide-
induced acute liver inflammation but does not induce thymic atrophy in the rat. Life Sci. 2006, 78, 812-819. [CrossRef] [PubMed]
Park, Y.J.; Ko, JJW,; Jeon, S.; Kwon, Y.H. Protective effect of genistein against neuronal degeneration in ApoE—/— mice fed a
high-fat diet. Nutrients 2016, 8, 692. [CrossRef]


http://doi.org/10.1016/0005-2760(72)90211-1
http://doi.org/10.1172/JCI116791
http://www.ncbi.nlm.nih.gov/pubmed/8408650
http://doi.org/10.1007/s10787-009-0018-8
http://www.ncbi.nlm.nih.gov/pubmed/19894024
http://doi.org/10.1016/S0021-9258(19)43892-1
http://doi.org/10.1016/0006-3002(57)90256-1
http://doi.org/10.1016/0041-0101(87)90155-3
http://doi.org/10.7883/yoken1952.13.43
http://doi.org/10.1016/j.toxicon.2013.07.006
http://doi.org/10.1371/journal.pone.0071866
http://doi.org/10.1021/ed080p214
http://doi.org/10.1111/1541-4337.12041
http://www.ncbi.nlm.nih.gov/pubmed/33412688
http://doi.org/10.1016/j.foodchem.2006.06.057
http://doi.org/10.1016/j.foodchem.2008.11.086
http://doi.org/10.1021/jf800038h
http://doi.org/10.1007/s00217-005-0104-0
http://doi.org/10.3923/ajpp.2010.204.211
http://doi.org/10.17140/AFTNSOJ-5-151
http://doi.org/10.5505/tjps.2016.30502
http://doi.org/10.3382/ps.2007-00357
http://doi.org/10.1186/2193-9616-1-12
http://doi.org/10.3390/molecules25194459
http://www.ncbi.nlm.nih.gov/pubmed/32998383
http://doi.org/10.5483/BMBRep.2008.41.8.560
http://www.ncbi.nlm.nih.gov/pubmed/18755070
http://doi.org/10.1111/j.1471-4159.2008.05347.x
http://www.ncbi.nlm.nih.gov/pubmed/18346200
http://doi.org/10.1016/j.lfs.2005.05.104
http://www.ncbi.nlm.nih.gov/pubmed/16257011
http://doi.org/10.3390/nu8110692

Antioxidants 2022, 11, 1251 19 of 19

77.

78.

79.

80.

81.

82.

83.

84.

85.

Rumman, M.; Pandey, S.; Singh, B.; Gupta, M.; Ubaid, S.; Mahdi, A.A. Genistein Prevents Hypoxia-Induced Cognitive Dysfunc-
tions by Ameliorating Oxidative Stress and Inflammation in the Hippocampus. Neurotox. Res. 2021, 39, 1123-1133. [CrossRef]
Bastian, B.C.; Sellert, C.; Seekamp, A.; Romisch, J.; Paques, E.P,; Brocker, E.B. Inhibition of human skin phospholipase A2 by
“lipocortins” is an indirect effect of substrate/lipocortin interaction. J. Investig. Dermatol. 1993, 101, 359-363. [CrossRef]

Nemec, K.N.; Pande, A.H,; Qin, S.; Urbauer, R].B.; Tan, S.; Moe, D.; Tatulian, S.A. Structural and functional effects of tryptophans
inserted into the membrane-binding and substrate-binding sites of human group IIA phospholipase A2. Biochemistry 2006, 45,
12448-12460. [CrossRef]

Matveeva, E.G.; Morisseau, C.; Goodrow, M.H.; Mullin, C.; Hammock, B.D. Tryptophan fluorescence quenching by enzyme
inhibitors as a tool for enzyme active site structure investigation: Epoxide hydrolase. Curr. Pharm. Biotechnol. 2009, 10, 589-599.
[CrossRef]

Joshi, B.N.; Sainani, M.N.; Bastawade, K.B.; Deshpande, V.V,; Gupta, V.S.; Ranjekar, PK. Pearl millet cysteine protease inhibitor:
Evidence for the presence of two distinct sites responsible for anti-fungal and anti-feedentactivities. Eur. |. Biochem. 1999, 265,
556-563. [CrossRef] [PubMed]

Kelly, S.M.; Jess, T.J.; Price, N.C. How to study proteins by circular dichroism. Biochim. Biophys. Acta BBA Proteins Proteom. 2005,
1751, 119-139. [CrossRef] [PubMed]

Yousefpour, A.; Amjad Iranagh, S.; Nademi, Y.; Modarress, H. Molecular dynamics simulation of nonsteroidal antiinflammatory
drugs, naproxen and relafen, in a lipid bilayer membrane. Int. . Quantum Chem. 2013, 113, 1919-1930. [CrossRef]

Badyal, D.K,; Desai, C. Animal use in pharmacology education and research: The changing scenario. Indian J. Pharmacol. 2014, 46,
257-265. [CrossRef] [PubMed]

Hakes, L.; Pinney, ].W.; Robertson, D.L.; Lovell, S.C. Protein-protein interaction networks and biology—What’s the connection?
Nat. Biotechnol. 2008, 26, 69-72. [CrossRef]


http://doi.org/10.1007/s12640-021-00353-x
http://doi.org/10.1111/1523-1747.ep12365541
http://doi.org/10.1021/bi061440r
http://doi.org/10.2174/138920109789069260
http://doi.org/10.1046/j.1432-1327.1999.00764.x
http://www.ncbi.nlm.nih.gov/pubmed/10504386
http://doi.org/10.1016/j.bbapap.2005.06.005
http://www.ncbi.nlm.nih.gov/pubmed/16027053
http://doi.org/10.1002/qua.24415
http://doi.org/10.4103/0253-7613.132153
http://www.ncbi.nlm.nih.gov/pubmed/24987170
http://doi.org/10.1038/nbt0108-69

	Introduction 
	Materials and Methods 
	Materials 
	Animals 
	Human Biological Fluid 
	Purification of sPLA2-IIA 
	Molecular Docking 
	Estimation of Antioxidant Activity 
	Secreted Phospholipase A2 Assay (sPLA2-IIA) 
	Inhibition of sPLA2-IIA Activity 
	The Effect of Concentrations of Substrate and Calcium on sPLA2-IIA Inhibition 
	Intrinsic Fluorescence Study 
	The Far UV-Circular Dichroism Study 
	Study of Reversibility of sPLA2-IIA Inhibition 
	Neutralization of Indirect Haemolytic Activity 
	Neutralization of Edema Inducing Activity of sPLA2-IIA 
	Hemorrhagic Activity of sPLA2-IIA 
	Statistical Analysis 

	Results 
	Molecular Docking 
	Estimation of Antioxidant Activities 
	Inhibition of sPLA2-IIA 
	Effect of Calcium and Substrate Concentration on sPLA2 IIA Inhibition 
	Intrinsic Fluorescence Study 
	Circular Dichroism (CD) Study 
	Determination of Binding Characteristics 
	Neutralization of Indirect Haemolytic Activity 
	Neutralization of sPLA2 IIA Induced Mouse Paw Edema 
	Neutralization of Haemorrhagic Activity 

	Discussion 
	Conclusions 
	References

