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ABSTRACT

Polyphenolic compounds have shown to inhibit toxic effects induced by snake venom proteins. In this
work, we demonstrate that gallic acid, ferulic acid, cafteic acid, propylgallate and epigallocatechingallate
inhibit the enzymatic activity of a phospholipase A, (PLA,), using egg yolk as substrate. The IC50 values
are between 0.38 — 3.93 mM. These polyphenolic compounds also inhibit the PLA, enzymatic activity
when synthetic substrate is used. Furthermore, these compounds decreased the cyotoxic effect induced
by a myotoxic PLA,; specifically, epigallocatechin gallate exhibited the best inhibitory capacity with
90.92 = 0.82%, while ferulic acid showed the lowest inhibitory activity with 30.96 = 1.42%. Molecular
docking studies were performed in order to determine the possible modes of action of phenolic compounds.
All polyphenols showed hydrogen bonds with an active site of enzyme; moreover, epigallocatechingallate
presented the strongest binding compared with the other compounds. Additionally, a preliminary
structure-activity relationship analysis showed a correlation between the IC50 and the topological polar
surface area of each compound (p = 0.0491, r = -0.8079 (-0.9878 to -0.2593)), which indicates the surface
area required for each molecule to bind with the majority of the enzyme. Furthermore, our results show
that propylgallate and epigallocatechingallate are two novel natural products with anti-myotoxic potential.
The topical application of these plant polyphenols at the bite site could lead to prevent myotoxicity;
however, further in vivo studies would be necessary to confirm the in vitro results.
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RESUMEN

Los compuestos fendlicos han mostrado inhibir los efectos téxicos inducidos por proteinas de veneno de
serpiente. En éste trabajo, nosotros demostramos que el dcido gilico, el 4cido fertlico, el dcido cafeico,
el propilgalato y el epigalocatequingalato inhiben la actividad enzimitica de una fosfolipasa A, (PLA,)
usando yema de huevo como sustrato. Los valores de IC50 estin entre 0,38 — 3,93 mM. Los compuestos
mencionados también inhiben la actividad enzimadtica cuando un sustrato sintético es usado. Ademas,
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estos compuestos polifendlicos disminuyen el efecto citotoxico inducido por la fosfolipasa A, miotdxica,
el epigalocatequingalato exhibe la mejor capacidad inhibitoria con 90,92 * 0,82%, mientras que el
icido feridlico muestra la menor actividad inhibitoria con 30,96 * 1,42%. Con el fin de determinar
los posibles mecanismos de accién de los compuestos fendlicos, realizamos estudios de modelamiento
molecular. Todos los polifenoles muestran puentes de hidrogeno con el sitio activo de la enzima;
ademis el epigalocatequingalato presenta una unién mds fuerte con la PLA, que los otros compuestos.
Adicionalmente, un andlisis preliminar de relacién estructura actividad muestra una correlacién entre
los valores de IC50 y el drea superficial polar topoldgica (p = 0,0491, r = -0,8079 (-0,9878 a -0,2593)),
la cual indica el drea superficial requerida por cada molécula para unirse a la enzima. Ademis, nuestros
resultados muestran al propilgalato y el epigalocatequingalato como dos nuevos productos naturales con
potencial antimiotdxico. La aplicacién tépica de estos polifenoles en el sitio de mordedura podria llevar a
la prevencién de la miotoxicidad; sin embargo, posteriores investigaciones in vivo serfan necesarias para
confirmar los resultados in vitro.

Palabras clave: Accidente ofidico, compuestos fendlicos, dafo tisular local, fosfolipasa A,, modelamiento
molecular.

INTRODUCTION and macromolecules. The most critical event is a
prominent Ca®* influx, which initiates a complex
series of degenerative events associated with hy-
percontraction and mechanical damage of plasma
membrane, activation of calpains and cytosolic
Ca®*-dependent PLA s, Z line loss, and mitochon-
drial Ca®* overload (5). These events occur rapidly,
provoking necrosis in muscle cells. The role of the
catalytic activity in the induction of this eftect de-
X ! pends of a particular enzyme. Therefore, alkylation
coagular}t COMpONENts, NEUrotoxins, cytotoxXins — ofpy A by BPB, which is bound specifically in the
and cardiotoxins, among others (2). Phospholipases  11i548 of the catalytic site, abolishes their enzy-
Ay (PLAZ; EC3.1.14)are e‘nzymes‘that abunglantly matic activity and reduces several pharmacologi-
occur m'snake venoms Wlth crucial action 1n the ] activities (anticoagulant, myotoxic, cytotoxic,
hydrolysis of phosphqllplds. PLA, can also induce edema-forming), suggesting their dependence on
several pharmacologlcal effe.cts such as edema, e integrity of this site. However, the effect of this
quulatpn of platelet aggregation, as wellas neuro- ) dification on other pharmacological activities is
toxic, antlcoagulan‘F a}’fi myotoxic effects (3, 4) To  ess remarkable for some enzymes. These observa-
explain the susceptibility of a tissue to a particular suggest that, despite the evidences of different

PLA2 enzyme, the presence of “targetsitesCon the — gjee hydrolytic activity plays a considerable role in
surface of target cells was proposed (3). These target ¢ biological effects (6).

sites are recognized by specific “pharmacological
sitesOon PLA, molecules. These pharmacological
sites are independent of, but sometimes overlapping
with, the active site of the enzyme (3).

Snakebites represent a relevant public health
issue in many regions of the world, particularly in
tropical and subtropical countries of Africa, Asia,
Latin America and Oceania (1). The pathophysi-
ological effects observed in ophidian bites combine
the action of several enzymes, proteins and peptides,
which include phospholipases A,, hemorrhagic
metalloproteases and other proteolytic enzymes,

The therapy for snakebites has been based on the
intravenous administration of equine or ovine anti-
venoms (7). However, it has been demonstrated that
this therapy generally has a limited efficacy against
the local tissue damaging activities of venoms (8).
Thus, there is a need to search for inhibitors and
approaches that may be useful to complement con-
ventional antivenom therapy.

Myotoxic PLA,,s bind to acceptors in the plasma
membrane (target sites), which might be lipids or
proteins, and which may differ in their affinity
for the PLA,s. Upon binding, myotoxic PLA,s
disrupt the integrity of the plasma membrane by
catalytically dependent (phosphoipid hydrolysis) or
independent mechanisms (interaction of pharmaco-
logical site with cell membrane). As a consequence,
there is a loss in the control of permeability to ions

Plant extracts constitute a rich source of pharma-
cologically active compounds, some of which have
been reported to be an alternative to antagonizing
the activity of various crude venoms and purified
toxins (9-11). However, only a few of those chemical
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compounds have been isolated and identified as
active components (12-14); from those compounds,
a considerable number has been classified as po-
lyphenols (15-17), which is a group of chemical
substances found in plants and microorganisms,
characterized by the presence of more than one
phenol unit per molecule. Polyphenols are generally
divided into hydrolyzable tannins (gallic acid esters
of glucose and other sugars) and phenylpropanoids,
such as lignins, flavonoids, and condensed tan-
nins, among others. These compounds are one of
the most versatile from the plant kingdom, they
present effects such as the inhibition of HIV and
the inhibition of human simplex virus (HSV), as
well as antioxidant, bactericidal, antihelmintic, and
antihepatoxic activities, among others (18).
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Hence, the aim of this study was to demonstrate
the inhibitory ability of the following phenolic
compounds on the enzymatic and cytotoxic
activities of snake venom PLA : gallic acid,
terulic acid, caffeic acid, propylgallate, and
epigallocatechingallate (shown in figure 1). For this
purpose, we tested the inhibitory capacity of these
compounds on PLA, from the crotoxin complex
(CB isolated from the Colombian Crotalus durissus
cumanensis rattlesnake). This toxin is responsible for
the neurotoxicity and local/systemic myotoxicity
effects in the snakebite inflicted by this species. In
order to determine the possible mode of action of
these compounds; we have performed molecular
docking studies and preliminary structure-activity
relationship analysis.

A B
HO
HO
OH 0~CHy

OH

0 L

OH

OH T - Calci
)}{(ﬁ P
OH ~ ““.

=y ¥y

C ]
N oH O/\/C‘HJ.
HO HO
H HO

um binding loop

-Helixl

[-wings

(r-Helix3

Figure 1. Structures of the phenolic compounds and the enzyme used in this study. A. Gallic acid. B. Ferulic
acid. C. Cafteic acid. D. Propylgallate. E. Epigallocatechingallate. Compound structures were built by means
of ChemSketch 12.0, a software from ACD/Labs available in http:/www.acdlabs.com/download/chemsketch/
download.html. F. PLA , CB from crotoxin complex of Crotalus durissus terrificus (PDB code 2QOG).
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MATERIALS AND METHODS

Chemicals and reagents

Cafteic acid, ferulic acid, propylgallate, gallic
acid, tannic acid and epigallocatechingallate were
purchased from Sigma and used without further
purification. In all cases, compounds were diluted
in 3% DMSO in PBS. The other reagents used in
this work were purchased from Sigma and Merck,
and their purity level was the highest available. Due
to the capacity of tannic acid to precipitate proteins
and its ability to inhibit snake venom proteins (19-
21), it was used as control for inhibition in all assays,
and the other phenolic compounds were always
compared with it.

Isolation of PLA,

Crotalus durissus cumanensis venom was obtained
from four specimens maintained in captivity at
the serpentarium of the Universidad de Antioquia
(Medellin, Colombia). PLA, was purified through
molecular exclusion chromatography on Sephadex
G-75 and reverse-phase HPLC on C-18 column
eluted at 1.0 mL/min with a gradient from 0 to 100%
of acetonitrile in 0.1% trifluoroacetic acid (v/v). The
absorbance in the effluent solution was recorded at
wavelength of 280 nm (21).

Inhibition of the phospholipase A, activity
using egg yolk as substrate

PLA, activity was assayed according to the
method established by Dole (22), with titration of
free fatty acids released from egg yolk phospholip-
ids, which were suspended in 1% Triton®X-100, 0.1
M Tris—HCI, 0.01 M CaCl,, pH 8.5 buffer, using
15 ug/10 uL of PLA,. The time of reaction was 15
min at 37'C. The protein sample was selected from
the linear region of activity curves. For inhibition
experiments, 0.5, 1, 2 and 4 mM of each compound
were pre-incubated for 30 min at 37°C before the
PLA, activity determination. Results are indicated
as inhibition percentage, where 100% is the activity
induced by PLA, alone. Tannic acid was taken as
control for inhibition. The IC50 was determined
from the linear portion of the response dose curves.

Inhibition of phospholipase A, activity using
4-nitro-3-octanoyloxy-benzoic acid (4N3O-
BA) as substrate

The measurements of the enzymatic activity
using the linear substrate 4N3OBA were performed
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according to the method described by Holzer and
Mackessy (23), and adapted for a 96-well ELISA
plate. The standard assay contained 200 uL of bufter
(10 mM Tris—-HCI, 10 mM CaCl2, 100 mM NaCl,
pH 8.0), 20 uL of 10 mM of substrate (4NO3BA),
20 uL of the sample (20 ug PLA, or 20 ug PLA,
+ 2 mM of each compound), and 20 pL of water.
The negative control consisted only of bufter. The
inhibitory effect of the molecules on PLA, activity
was determined through the co-incubation of the
enzyme with each compound for 30 min at 37°C.
After the incubation period, the sample was added
to the assay and the reaction was monitored at
425 nm for 40 min (at 10 min intervals) at 37°C.
The quantity of chromophore released (4-nitro-
3-hydroxy benzoic acid) was proportional to the
enzymatic activity, and the initial velocity (V) was
calculated considering the absorbance measured
right after 20 min. Tannic acid was used as control
for inhibition.

Inhibition of cytotoxic activity

Cytotoxic activity of the purified PLA, and its
inhibition was assayed on murine myotubes obtained
from C2C12 skeletal muscle myoblast (ATCC
CRL-1772) grown in 96-well plates, as previously
described (24). The toxin alone, or mixed with
compounds at concentrations equivalent to IC50,
obtained from PLA, activity inhibition assays, was
incubated for 30 min at 37°C. Then, aliquots of
150 L (containing 20 ug of toxin + compounds
diluted in Dubelcco’s Modified Eagle’s Medium)
were applied to the cultures. After 3h at 37°C, a
supernatant aliquot was collected for determination
of lactic dehydrogenase activity (LDH; EC 1.1.1.27)
released from damaged cells using a kinetic assay
(Wiener LDH-P UV). Tannic acid was used as
control for inhibition. Additional controls consisted
of cells incubated with compounds in the absence
of toxins. Results are shown as the percentage of
inhibition, considering toxin and culture medium
to be 100 and 0% of activity, respectively.

Molecular docking and physicochemical
properties

Molecular docking was carried out using a
Molegro Virtual Docker (MVD) (25). MVD is
based on a differential evolution algorithm; dock-
ing scoring function, E___; and the solution of the
algorithm takes into account the sum of the inter-
molecular interaction energy between the ligand
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and the protein (E, ), and the intramolecular
interaction energy of the ligand (E, ). Compound
structures were built and minimized by means of
ChemSketch 12.0, a software from ACD/Labs and
available at http:/www.acdlabs.com/download/
chemsketch/download.html. The structure of PLA,
(PDB code 2QOG) from Crotalus durissus terrificus
that showed 57% of homology with the PLA,, from
C. d. cumanensis (21), which was used in this study,
was uploaded without water molecules. When
necessary, bonds, bond orders, hybridizations, and
hydrogen atoms were added, charges were assigned
(a formal charge of +2 for Caion) and flexible tor-
sions of ligands were detected. Then, an automatic
procedure was used to detect possible binding cavi-
ties. During this process, the maximum number
of cavities was fixed to 5, the grid resolution was
0.80 A, and the probe size was 1.2 A; while the
other parameters were set to default. Two cavities
were detected, and the cavity around the catalytic
site (with a volume of approximately 80.38 A%) was
used for docking calculations using the MolDock-
Optimizer as the search algorithm. During dock-
ing, the grid resolution was set to 0.3 A, while
the binding site radius was set to 14 A. RMSD
thresholds for multiple cluster poses was set at <
1.00 A. The docking algorithm was set at a maxi-
mum of 1,500 iterations with a simplex evolution
population size of 50 and a minimum of 10 runs.
The ligand configurations with minor E___ were
chosen, and a visual inspection of the interactions
at the active site was performed and recorded. In
order to perform a preliminary structure-activity
relationship study, several physicochemical proper-
ties of each compound were obtained from Molin-
spiration by means of the “Calculation of Molecular
Properties and Drug-likenessOtool, available at
http://www.molinspiration.com/cgi-bin/properties.

Statistical analysis

In order to determine the IC50 of each com-
pound in the inhibition of PLA, activity assay, the
lineal portion of dose-response curve was used, and
a simple lineal regression analysis was performed.
To determine the significant differences between
compounds and tannic acid in the same assay, a
two-way ANOVA was performed, followed by a
Bonferron’s test. To determine the significant dif-
ferences between compounds and tannic acid in
the cytotoxicity inhibition assay, an ANOVA was
performed, followed by a Dunnett’s test, and a dif-
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ference was considered significant when p < 0.05.
A non-parametric correlation was carried out using
the Spearman method between the TPSA (Topo-
logical Polar Surface Area) and the PLA, inhibition
of each compound. In all cases, results are shown
as the mean = SEM of n indicated in each case.

RESULTS AND DISCUSSION

Myonecrosis is acommonly found in snakebites,
and it is caused by PLA , one of the most important
and abundant muscle damaging components pres-
ent in snake venoms. The action of these enzymes
over membrane phospholipids includes the release
of fatty acids such as the arachidonic acid, which is
a precursor of pro-inflammatory eicosanoids (26);
moreover, such degradation can lead to destabiliza-
tion of the phospholipids bilayer (4).

Recently, we demonstrated that the PLA, used
in this study exhibited the above mentioned effects,
among others (21). This enzyme is a component
of the crotoxin complex of the Colombian Crotalus
durissus cumanensis rattlesnake venom, which is a
heterodimeric complex that is formed by a basic
PLA, known as CB, and an acidic nonenzymatic
component known as crotapotin, which increases
the pharmacological activity of PLA, (acting as
chaperone protein for the enzyme, preventing the
binding of PLA, to non-specific sites) (27, 28).
Crotoxin is responsible for neurotoxicity, renal
failure, edema, and local and systemic myotoxicity
in cases of snakebites inflicted by the South Ame-
rican Crotalus durissus rattlesnake (29). However,
CB alone also induces these effects, and it belongs
to the group IIA PLA,s, which shares the general
characteristics shown in figure 1F: the structure is
formed by three long o helixes (two of which are an-
tiparallel), two B wings and a calcium-binding loop
(figure 1F). These proteins have a variable length
ranging from 119 to 134 amino acids. Their antipa-
rallel o helixes (residues 37-57 and 90-109, respectively)
define the hydrophobic channel, with the assistance of
the N-terminal helix (residues 1-12). This region leads
the substrate to the active site, which is formed by four
residues: His48, Asp49, Tyr52 and Asp99; from
which, the combination of Asp49 with Tyr28, Gly30
and Gly32 forms the calcium-binding loop, which
is responsible of coordinating the Ca** required
during catalysis. In addition, there is an interfacial
binding surface, which mediates the adsorption of
the enzyme onto the lipid-water interface of the
phospholipids membrane bilayer (3, 30).
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Tannins, the secondary metabolites of plants,
are mostly water-soluble phenolic compounds that
can produce the common phenolic reactions and
can precipitate alkaloids, gelatin, and other proteins
(18). According to their structures, tannins are
categorized as hydrolysable tannins, condensed
tannins, or complex tannins (18). Hydrolysable
tannins are the esters of the 3, 4, 5-trihydroxyl
benzoic acid (gallic acid), which are esterified to
a core polyol, and the galloyl groups may be fur-
ther esterified or oxidatively cross-linked to form
more complex structures. The implication of the
enzymatic activity is a key step in the induction
of myonecrosis, inflammation and neurotoxic-
ity induced by PLA, (5, 31, 32). As it is shown
in figure 2, tannic acid (control for inhibition)
showed an excellent inhibitory capacity of PLA,
activity (IC50 = 0.59 mM). Likewise, epigallo-
techingallate exhibited similar inhibitory activity
(IC50 = 0.38 mM). In addition, this compound
did not reveal significant differences with respect to
tannic acid (control for inhibition) at the concentra-
tions used. At the highest concentration used, gallic
acid and its derivative, propylgallate, did not exhibit
significant differences with respect to control for
inhibition. They presented the following IC50
values: 1.84 mM and 1.84 mM, respectively

Contrastively, the cinnamic acid derivatives, fe-
rulic acid and caffeic acid showed the lowest inhibi-
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tory ability. They exhibited significant differences
with respect to tannic acid (control for inhibition)
at all the concentrations used (p > 0.05). Addition-
ally, these compounds presented the following IC50
values: 3.93 mM and 1.40 mM, respectively.

100+ . ’
Ferulic acid

Gallic acid
Epigallocatechingallate
Propylgallate

Caffeic acid

Tannic acid

804

604

beitwe

404

% inhibition

204

0 T T T
0 1 2 3 4 5

mM Compound

Figure 2. Inhibition of PLA, activity by plant phenolic
compounds. Different concentrations of each compound
were pre-incubated with 15 ug of PLA,,. The inhibition
assay was performed as described in the materials and
methods section. Results are presented as mean + SEM,
n = 4. * represents significant differences (p<0.05) with
respect to control for inhibition (tannic acid).

Similarly, all compounds inhibited PLA, activity
when the synthetic substrate (4N3OBA) was used.
However, as it is shown in table 1, epigallocatech-
ingallate presented the best inhibitory ability, while
terulic acid exhibited the lowest inhibitory capacity.

Table 1. Inhibition of PLA, activity when the synthetic substrate was used (4N3OBA), and physicochemical

properties of each compound.

COMPOUND
PROPERTY
Ferulic acid Gallic acid EGCG* Propylgallate Caffeic acid
PLA, inhibition” 16.93+£2.52% 63.15+3.66% 91.32+2.80 50.83+£4.97* 41.19+3.85%
H Bond donor 2 4 8 3 3
H Bond acceptor 4 5 1 5 4
Rotatable bonds 3 1 4 4 2
Polarizability (2\3) 20.72 £ 0.5 1539+ 0.5 4295 £ 0.5 20.98 £ 0.5 18.81 £ 0.5
Volume(A%) 172.025 135.098 367.571 186.23 154.497
TPSA (A% 66.8 98 197 87 77.8

* Epigallocatechingallate.

® Inhibition of PLA, activity using 4N3OBA, n = 6. Twenty micrograms of enzyme and two millimolar of each compound were used. * re-
presents significant differences (p < 0.05) with respect to control for inhibition (tannic acid= 94.14 = 3.49 %).

¢ Topological polar surface area.
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100-
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% inhibition

Figure 3. Inhibition of cytotoxicity induced by PLA,.
An IC50 of each phenolic compound (obtained in
inhibition of PLA, activity assay) was pre-incubated
for 30 min at 37°C with 20 ug of toxin. The inhibition
assay was performed as described in the materials and
methods section. Results are shown as mean = SEM, n
= 5. * represent significant differences (p < 0.05) with
respect to control for inhibition (tannic acid).

Due to the abundance of the PLA, in the venom
of viperids/crotalids, and to the large amount of
venom injected during snakebite accidents, these
myotoxins are undoubtedly central to the develop-
ment of myotoxicity, which occurs in two clinical
patterns: local and systemic myotoxicity (33). The
action of PLA, may result in irreversible lesions
and even amputation of the affected limb (29).
Additionally, it has been demonstrated that anti-
venoms generally have a limited efficacy against
the local tissue damaging activities of venoms (7).
Thus, there is a need to search for inhibitors and
approaches that may be useful to complement
conventional antivenom therapy. The use of cell
cultures, such as rodent lines of skeletal muscle
myoblasts/myotubes to evaluate miotoxicity of
these PLA, enzymes, appears to correlate well
with their in vivo myotoxic activity (24). This cor-
relation was used to demonstrate the inhibitory
capacity of phenolic compounds on the cytotoxic
activity induced by PLA,. As it is shown in figure
3, all compounds showed significant differences
with respect to Tannic acid (control for inhibition).
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However, the best inhibitory capacity was shown
by epigallocatechingallate, with an inhibition of
90.92 * 0.82 %. The lowest inhibitory activity
was presented by ferulic acid with 30.96 + 1.42 %;
whereas, gallic acid, propylgallate and caffeic acid
exhibited inhibition levels of 75.20 * 0.75%, 41.34
*+ 1.45%, and 56.50 = 0.57%, respectively. At the
concentration used, all compounds did not show
cytotoxic effect on myotubes (data not show).

The non-selective precipitation on snake venom
proteins and the chelating property of cofactors
required by these enzymes are two possible modes
of action attributed to polyphenols, especially those
with complex structures (15, 16, 34, 35). However,
by means of molecular docking studies it has been
demonstrated that polyphenols (such as chloro-
genic acid, curcumin, 1,3,5-trihydroxy benzene,
1,3-dihydroxy benzene and 2,4,6-trihydroxy ace-
tophenone) inhibit PLA, by interacting with the
enzyme active site (36, 37). In order to explain the
differences among the inhibitory eftects induced
by the polyphenols used in this study, a molecular
docking analysis was performed. As it is shown in
tigure 4, all compounds could be perfectly adjusted
in the active site of PLA,. In addition, all polyphe-
nols showed a H-bonding interaction with Asp49.
This bond could promote the destabilization of the
calcium coordination, and it could cause a displace-
ment of this cation from the calcium binding loop,
which is essential for the enzymatic activity since it
helps to polarize the sn2 ligation of the glycerophos-
pholipids that will be hydrolyzed (27, 37). With the
exception of propylgallate, all inhibitors presented a
hydrogen bond with His48 that blocks water activa-
tion, which is important for a further basic general
catalysis mechanism involved in hydrolysis of glic-
erophospholipids (30, 38). Additional H-bonding
interactions were shown between cafteic acid and
Cys29, and among epigallocatechingallate, Ala23
and Ala102. Moreover, the propylgallate carbonated
side chain showed hydrophobic interactions with
Leu6 and Phe5. Finally, as it is exposed in table 2,
MolDock score values showed that epigallocatech-
ingallate presented the strongest interaction energy,
whereas gallic acid presented the leastE___(table 2).
Nevertheless, this is a contradictory result, because
gallic acid was the second more potent compound
in the inhibition assays.
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Figure 4. Molecular docking results. A. Gallic acid. B. Ferulic acid. C. Caffeic acid. D. Propylgallate. E.
Epigallocatechingallate. All compounds showed interactions with the active site of PLA,. Red, big white and small
white spheres represent oxygen, carbon and hydrogen atoms in ligands, respectively. Green dash lines represent
hydrogen bonds.

Table 2. Molecular docking results.

MolDock Score (E__ ) Interaction” Internal energy® HBond*
Gallic acid -74.07 -85.64 11.57 -5.25
Ferulic acid -88.04 -94.79 6.75 -0.16
Caffeic acid -77.46 -84.58 7.12 -1.30
Propylgallate -91.66 -101.20 9.54 -4.90
Epigallocatechingallate -134.43 -168.96 34.53 -1.95

* Escore = E

inter

+E

intra®

® Interaction: Total energy between pose and target molecule (Kcal/mol).

¢ Internal energy: The internal energy of the pose (Kcal/mol).

¢ Hbond: Hidrogen bonding energy (Kcal/mol).
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The best inhibitory ability of epigallocatechin-
gallate on enzymatic and cytotoxic effects of PLA,
could be explained by its physicochemical properties,
which are presented in table 1. TPSA is the sum of
the contributions to the molecular (usually van der
Waals) surface area of polar atoms, such as oxygen,
nitrogen and their attached hydrogens (39). TPSA
indicates the surface area required to bind with the
majority of the target receptor (PLA, in this case). As
itis shown in figure 5, when a non-parametric corre-
lation analysis between TPSA and IC50 values was
performed, a significant correlation was observed
(p = 0.0491, r = -0.8079 (-0.9878 to -0.2593)). Si-
milar results were obtained with other polyphenolic
compounds (flavonoids and isoflavones) for inhibiting
telomerase and aromatase (40). The H bond donors
and acceptors pattern of epigallocatechingallate is
undoubtedly another property that should be con-
sidered. These donors and acceptors are known to
play an important role in the contribution of water
solubility by donning/accepting hydrogen bonds from
water molecules and adding polarity to the structures.
They also play an important role in drug-receptor in-
teractions. Epigallocatechingallate has a great capacity
of forming hydrogen bond interactions, providing a
high affinity for PLA, (as it is shown in table 2, E.
value). Therefore, this compound showed the lowest
interaction energy (affinity) for the enzyme. And, this
molecule also has four rotatable bonds, which may
give more number of degrees of freedom for interac-
ting with the PLA , therefore, it has more possibilities
to form a stable complex. In fact, this is supported by
the highest value of internal energy shown by epiga-
llocatechingallate (table 2).
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w
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0 1 2 3 4 5
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Figure 5. Correlation between the IC50 values for
inhibition of PLA, activity and the TPSA of each
compound. A correlation was found: p = 0.0491,
r = -0.8079 (-0.9878 to -0.2593).
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Polyphenolic compounds, such as tlavonoids,
have already been reported to be PLA, inhibitors
(41). Polyphenols (such as rosmarinic acid, aris-
tolochic acid and o-tocoferol (vitamin E)) have
also inhibited PLA s from snake venoms (17, 42,
43). Moreover, ferulic acid, cafteic acid and gallic
acid have shown an inhibitory ability against the
activities induced by whole snake venoms (15, 44).
However, these compounds had not been evaluated
on purified PLA s. Furthermore, from the results
of this study, it can be concluded that propylgallate
and epigallocatechingallate are two novel natural
products with anti-myotoxic potential.

CONCLUSIONS

The use of plant extracts and other substances
in different forms (poultices, steams, baths, among
others) at the bite site is a common strategy used
in the traditional medicine of several countries (10,
11). However, the efficacy of some of these prac-
tices have not been evaluated in controlled assays.
In this study, some polyphenols that are present
in different plants demonstrated to inhibit various
activities induced by snake venom PLA,. The topi-
cal application of these plant polyphenols directly
at the bite site should produce, to some extent, the
desired anti-venom effects, particularly the pre-
vention of myotoxicity, which generally cannot be
cured through the administration of antivenom.
However, further in vivo investigation is be neces-
sary to confirm the in vitro results.
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