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Abstract

The purpose of this investigation was to prove if Randia aculea-
ta is able to protect against oxidative stress generated by snake’s
venom. Forty-eight male CD1 mice were used divided in groups of
8. 1) control group, 2) Randia aculeata, 3) Bothrops asper venom,
4) Randia aculeata and Bothrops asper, 5) Crotalus simus venom
and 6) Randia aculeata and Crotalus simus. Blood was obtained and
then fibrinogen, Lactate Dehydrogenase (LbH) and Creatin kinase
(ck) were quantified. Muscle and hearts from animals were obtained
in order to analyse Lipid-peroxidation (Lpx), and antioxidant enzy-
mes (catalase, super oxide dismutase [sop], and glutathione pe-
roxidase, [epPx]). Mice treated with the venom had an increase in ck
and LoH enzyme activity. Fibrinogen decreased. These disturbances
were prevented with the administration of extract. It also prevented
increasing levels of lipoperoxidation in both organs. It was found
that sopb, catalase and epx enzyme activity in skeletal muscle, were
not altered. In heart tissue, sob and Gpx decreased levels were found
in groups that received the venom, but ethanol extract prevented
this decrease. Catalase activity increased in groups treated with
snake venom, and the one that received venom from C. simus and
ethanol extract. The plant minimizes significantly
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Resumen

El objetivo fue comprobar si Randia aculeata, protege contra el es-
trés oxidativo generado por el veneno de serpiente. Se utilizaron
48 ratones CD1 macho divididos en grupos de ocho. 1) grupo con-
trol, 2) Randia aculeata, 3) veneno de Bothrops asper, 4) Randia
aculeata y Bothrops asper, 5) veneno de Crotalus simus, y 6) Ran-
dia aculeata y Crotalus simus. Se obtuvo sangre y se cuantificaron
fibrinégeno, lactato deshidrogenasa (LoH) y creatinina cinasa (ck).
Se obtuvo el musculo y corazén, para analizar la peroxidacion li-
pidica (Lpx), y enzimas antioxidantes (catalasa, superéxido dismu-
tasa [sop] y glutation peroxidasa, [ePx]). Los ratones tratados con
el veneno tenian un aumento en las actividades de las enzimas ck
y LDH, el fibrindgeno disminuyd. Esto fue prevenido por el extrac-
to, también impidié el aumento de la lipoperoxidacién en ambos
érganos, las actividades de sop, catalasa y epx en el musculo es-
quelético no se alteraron. En corazén, sop y Gpx disminuyeron en
los grupos que recibieron veneno, pero el extracto lo impidié, la
actividad de catalasa aumenté en los grupos tratados con vene-
no y en el que recibié veneno de C. simus y extracto. La planta
minimiza significativamente los efectos oxidativos que causan los
venenos de vibora en ratones.
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Introduccion

Medicine plants, particularly those used as anthiophidic, are of special interest in Mexico,
since different cultures have been using them for many years. However, information is
still scarce and in most cases there is a lack of real scientific analysis. In addition, the tradi-
tional knowledge related to these plants, is getting lost due to the old age of the owners
and the lack of interest by young people in learning the use of plants as anthiophidic.

There are people in Colombia, Brazil and Mexico, known as “Culebreros” (traditional
medicine therapists, specialized in treatment for snakebites), who claim to have knowle-
dge on the application of several plants when a venomous snake attack occurs.? In many
cases, the presence of this sort of “healers” represents the only option when emergen-
cy health care is absent to provide an antivenom, and also they maintain and transmit
a valuable tradition and a wide knowledge about plants and animals from each region.

One of the damage mechanisms of the venom is the generation of oxidative
damage. The factor responsible for this event is the phospholipase A, toxin, which
increases arachidonic acid levels, and at the same time, ROS levels and lipoperoxi-
des,® resulting in an oxidative stress process and death by necrosis. Regarding oxi-
dative stress, a direct correlation was found between the antioxidative capacity of
Colombian plants and their inhibitory capability for phospholipase A,, suggesting a
possible mechanism of action.*

In Mexico, Brongniartia podalyrioides Kunth and B. intermedia Moric have been eva-
luated. It has been found that they contain edunol, a substance with a chemical structure
that allows neutralizing the cardiotoxic effects of the venom.® Similarly, in recent years it
has been documented that healers from Acayucan, in the state of Veracruz, use different
plants against snake bites, among which Randia aculeata (Crucetillo) is reported, in which
case the whole plant is applied.? At the central region of Veracruz, however, in the Jamapa
municipality, this knowledge has became popular and people do not attend to the healer,
but they make an alcoholic preparation with the fruit of this plant, just in case that they are
bitten by a snake, and they also apply this product in household animals. The cytoprotec-
tive effect on skeletal muscle, myocardium and blood has also been shown.®

In light of what is mentioned above, it was our interest to assess whether the
protective effect on skeletal muscle and heart is due to the modification, by the
plant, of the oxidative stress parameters generated by the snake’s venom, and if it
contributes to a lower degree of cell death.

Materials and methods

Preparation of the plant

The plants were collected in rural communities from Jamapa, Veracruz, Mexico,
identified by specialist in plants Abigail Aguilar-Contreras as Randia aculeata and
deposited in the Herbarium of medicinal plants of the Centro Medico Siglo XXI IMSS
and were registered for its traditional medical use. One kg of fruit was smashed
and submerged in 5 liters of 96°alcohol for 8 days, afterwards, it was filtered, the
alcohol was evaporated and solids were concentrated in a 0.09 % saline solution.

Venom

Crotalus simus and Bothrops asper venom was kindly provided and donated by Ed-
gar Reina-Ponce and Orlando Reina-Ponce, directors of “Museo Viviente Veracruz
Salvaje”, in Veracruz, Mexico. The quantification of proteins in the venom was made
using the Bradford method, and after that LD, was made using the Lorke’s method.

Animals

Forty-eight male CD1 mice were used. Animals weighed between 20 and 25 g. They
were housed in groups of six or eight in a Plexiglas cage, with food and water ad libitum,
in a room with constant temperature (21 + 2 °C) and a 12-h light:12-h dark cycle (lights on
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at 0800). All experimental procedures described in this study are in accordance
with the guidelines of the Laws and Codes of Mexico in The Seventh Title of the
Regulations of the General Law of Health Regarding Health Research and the
Mexican Official Standard NOM-062-ZO0-1999 of the technical specifications for
production, care, and use of laboratory animals, and also the 2010/63/ue eu-
ropean parliament’s directive regarding protection of animals used in scientific
investigations. The animals were randomly assigned into six groups, 1) a control
group that received 0.9% saline ig and 0.9% saline im (n = 8), 2) 250 mg/kg R.
aculeata ig + 0.9% saline im (n = 8), 3) 0.9% saline ig + Img/kg B. asper venom im
(n =8), 4) 250 mg/kg R. aculeata ig + Tmg/kg B. asper venom im (n = 8), 5) 0.9%
saline ig + 5mg/kg C. simus venom im (n = 8), and 6) 250 mg/kg R. aculeata ig +
5mg/kg C. simus venom im (n = 8). The administration of saline or R. aculeata ig
was made immediately before saline or venom administration im. 24 hours after
administration, the mice were killed by decapitation.

Blood was obtained and fibrinogen, Lactate Dehydrogenase (LDH), and
Creatine kinase (CK) enzymes were quantified by commercial kits. Moreover,
quadriceps muscle and hearts from animals were obtained, which were stored
at ultra freezing conditions (-70° C), to perform further analysis for oxidative
stress markers, such as Lipid-peroxidation (LPX), and antioxidant enzymes
(catalase, super oxide dismutase [SOD], and glutathione peroxidase, [GPX]).

Biochemical parameters

All of the muscles and hearts used for biochemistry assays were homogeni-
zed in 3 mL 10 mM phosphate buffer, pH 7.4

Protein quantification

Protein quantification from the homogenate was determined by the Bra-
dford method, which foundation is the reaction between aromatic amino
acids from the proteins and brilliant blue Coomasie G-250, to report results
as mg of protein.”

Lipid peroxidation assay

A sample of 0.1 g of tissue was used, and homogenized in 5mL 0.15 M Tris-HCI
buffer pH 7.4, and was mixed with 1 mL 20% Trichloroacetic acid (TCA), 2 mL
0.67% TBA, and heated during 1 hour at 100°C. Later, the mixture was placed in
ice bath, and after cooling the precipitate was discarded by centrifugation for
15 minutes, 6000 rpm. Absorbance of the sample was measured at 535 nm by
using a blank with all of the reagents but the homogenized tissue. As 99% of the
TBARS is malodialdehyde (MDA), TBARS concentrations of the samples were
calculated by using a curve of increasing concentrations of MDA.2

Enzymatic activities of Glutathione Peroxidase (GPX) & Superoxide Dis-
mutase (SOD).

These enzymes were measured by following manufacturer instructions
(Cayman Chemical), and by using colorimetric methods.

Catalase activity

Catalase activity was measured by monitoring the enzyme-catalyzed decom-
position of H,O,.° Briefly, 100 uL of cell extract was added to 3 mL of 100 mM
phosphate buffer, pH 7.4, containing 30 mM of H,O,. The absorbance was re-
corded at 240 nm after 10 min at 37°C. The decomposition of H,O, by catalase
present in the samples follows first-order kinetics according to the equation
k=2.3 tlog Ao/A, where k is the first-order reaction rate constant, t is the time
over which the decrease of H,O, caused by catalase activity was measured
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(10 min), and Ao/A is the ratio of optical densities at times O and 10 min. Catala- Figura 1

se activity is expressed as k/mg of protein. Effect of Randia aculeata on the enzyme activity

of CK (A), LDH (B), and plasmatic fibrinogen (C)
4. . *P<0.05 vs. control; the average is represented
Statistical Analysis as [[EE. ANOVA one way and SNK post hoc.

Data are expressed as means = SE (standard error) and the values of
all parameters were analyzed by using a one-way analysis of variance
followed by the Student-Newman-Keuls test. A value of p < 0.05 was
considered statistically significant.

Results

Plasmatic parameters

Regarding the variables measured in the plasma of mice from the diffe-
rent groups evaluated (Figure 1), it was found that mice treated with the
venom had an increase in the CK and LDH enzyme activities, as compa-
red to the control group (A & B), but fibrinogen decreased (C). These
disturbances were prevented with the administration of ethanol extract
from R. aculeata.
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Lipoperoxidation

Lipoperoxidation, shown in Figure 2, increased in both skeletal muscle (A) and Source: self made.
heart (B), in those groups where the venom was administered, and “crucetillo” .
. . . . . . Figura 2
prevented the increasing of lipoperoxidation in both organs.

Effect of Randia aculeata and snake venoms on the
peroxidation of lipids in skeletal muscle (A) and heart
SOD enzyme activity (B). The average is represented by = EE. *p<0.05 vs.
control. ANOVA one way and SNK post hoc.

Figure 3 shows SOD enzyme activity of the different groups in

this study. It is noted that in skeletal muscle (A), changes in enzy- 3
me activity are not altered, whereas it decreases in groups that E E
) . = 5
received the venom. Ethanol extract prevented this decrease. 3 600 °
2
S 400 g
2 s
Catalase enzyme activity gm é
8 o
The detoxifying activity of catalase in skeletal muscle (A) and E 0,@ :
heart (B) is shown in Figure 4. Only in the case of the heart, the s
activity increased in groups treated with snake venom, and the PR
one that received venom from C. simus and ethanol extract.
Source: self made.
Figura 4
Figura 3 igura
Effect of Randi leat d K the SOD EEffect of Randia aculeata and snake venoms on the
i etc ,° kaT tlal acu e«la a:n Sg‘; e\;eréon_:;on € X enzyme atc- catalase enzyme activity in skeletal muscle (A) and
'\g yin ;Ee*e forg:sc e ( )tanl ANe;:lAi ). The averzgser\ﬁ(reprfien . heart (B). Average is represented as [JEE. *p<0.05 vs
ed as JEE. "p<0.05 vs control one way an post hoc. control A one way and SNK post hoc.
o [2] s g
£ B
«g 0.03 g 020 g 04
o
g, ;0.15 g 03
. 2 o010 = 02
- e
§ i 0.05 .s 01
O .00 3 0.0
& & & &
o4 .,'; v"f o° ..»“"’ @.ﬁ"’ f@'
& .*""
o o

39

Source: self made. Source: self made.



Hugo Alberto Sénchez Maldonado, Edgar Cano Europa

Effect of the ethanolic extract of Randia aculeatas fruit in heart and skeletal muscle oxidative stress caused by snake venom Carlos Angel Gallardo Casas, Maria del Carmen Castillo Herndndez, Marcos Ayala Herndndez,

GPX enzyme activity

GPX enzyme activity in skeletal muscle (A) and heart is shown in Figure 5. Only
for the heart, the enzyme activity decreased in groups treated with snake
venoms, and this effect was prevented with the extract of Randia aculeata.

s
8

Discussion

One of the principal effects found in medicine plants with an-
tiophidic properties has been the partial neutralization of the
myotoxic effects'®, since enzymes PLA,, metalloproteases and
crotoxins are responsible for these effects. Randia aculeata has 000
shown to provide a partial protective effect on skeletal muscle &
and myocardium, because when venom is administered, both
muscles exhibit marked necrosis and these effects are partially
inhibited by the administration of Randia culeata, followed by
notable leucocytes infiltration. Probably this event is largely due to the fact
that the powerful enzymatic system that causes necrosis is inhibited by diffe-
rent phytochemicals, which are in the ethanol extract.®

Other studies have shown an enzymatic inhibition for the in vitro proteolysis
by ethanol extract from Renealmia alpinia as proteolytic activity of venoms
and is responsible for a fibrinogen decrease in plasma, in our model it can be
seen that fibrinogen is not reduced in groups that received venom and later
were administered with the ethanol extract, since when proteases are inhibi-
ted, fibrinogen will remain, leading to an antihemorrhagic effect."

A minor systemic damage due to the plant can be observed because CK and
LDH enzymes only raise their activity in those groups that received the venom,
these enzymes increase the muscular damage and when both are raised it re-
presents a cardiac damage'?, in groups where we administered the plant plus
the venom, these increase was not present, and this is consistent with a minor
damage found in skeletal muscle and heart, in accordance to earlier studies.

The present results could indicate a complementary treatment for serum
treatment since fabotherapics do not neutralize the effects in tissue degra-
dation by snake venoms.” In our study, this hypothesis is supported by the
parameter values we obtained from oxidative stress in skeletal muscle and
heart. We observed that both organs presented lipoperoxidation after 24
hours, as reported by Abdurrahmanen, in the African snake Echis pyramidum.
Said snake includes phospholipase A, among its toxins." For this study, we
found that the ethanol extract reduced significantly lipoperoxidation as phos-
pholipase activity is inhibited, therefore there is more ROS generation, and
oxidative stress will not be present.

Usually, plants exhibit different antioxidant phytochemicals. It has been repor-
ted that Randia sp. contains several flavonoids in its fruit that confers high an-
tioxidant capacity,® the first mechanism of action proposed for our plant, is that
its antioxidants could selectively inhibit phospholipase A, because it has been
shown that antioxidants also selectively inhibit the site of action of this enzyme.’

The second mechanism proposed is that antioxidants from the fruit of Ran-
dia aculeata could neutralize ROS, acting as strong nucleophiles as shown in
other models.” Regarding antioxidant enzymes, we only observed alteration
in heart, and not in skeletal muscle, since the events of oxidative stress follow
a temporary course and as the administration of venoms was performed di-
rectly on skeletal muscle, possibly after 24 hours we did not find any enzyme
activity due to the fact that toxins of the venom reach immediately to the cells
and enzymatic disturbances can be presented during the first hours of the
intoxication.™

Regarding SOD activity, it is reduced because probably this enzyme is hy-
drolyzed by snake proteases; however, the administration of the plant pre-
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GPX (U [ mg protein)

Figura 5

Effect of both Randia aculeata and snake ven-
oms on the GPX enzyme activity in skeletal
muscle (A) and heart (B). The average is repre-
sented as [[EE. *p<0.05 vs control ANOVA one
way and SNK post hoc.

Source: self made.



vents this disturbance. On the other side, with regard to enzyme activities
of catalase and GPX peroxidases, we observed an increase in catalase
activity in groups where venom was administered, and this effect is coun-
teracted by the plant, only against B. asper venom, this increased activity
is trying to compensate the reducing observed in GPX because it is mini-
mized with both venoms, this is the only enzyme that eliminates lipoperoxi-
des that increased in this model due to snake toxins.

Conclusion

Randia aculeata can be a good alternative as a treatment against ophidian
accidents. It showed an antihemorrhagic effect by inhibiting the decrease
of plasma fibrinogen. It also provided cytoprotection of the myocardium
and skeletal muscle through an antioxidant mechanism: by reducing lipid
peroxidation and avoiding the reduction of the antioxidant enzyme system
in the preclinical model. Therefore, it is suggested to use these results in
a clinical model so they can contribute improve the health of people who
suffer snake bites.
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