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ABSTRACT

Objective: To evaluate the antivenin activity of organic extracts obtained from roots, stems and leaves of
Pentalinon sp.

Design/methodology/approach: The phytochemical profile of the extracts was determined, and their
inhibitory capacity was assessed against several effects induced by Bothrops asper venom, including lethality,
proteolytic activity on azocasein, phospholipase A activity, and fibrinogenolytic activity.

Results: The extracts of Pentalinon sp. predominantly contained flavonoids and terpenoids. None of the tested
extracts were able to neutralize the venom’s lethality. However, the ethanolic leaf extract completely inhibited
proteolytic activity on azocasein and partially reduced phospholipase A, activity.

Findings/conclusions: Root extracts partially inhibited proteolytic activity on azocasein and prevented the
degradation of the alpha and beta chains of fibrinogen.

Keywords: Contrayerba, snakebite, traditional medicine, phytochemistry.
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INTRODUCTION

Mexico is a country with great biodiversity, with around 4,000 species of medicinal
plants (Ocegueda et al., 2005) and 93 species of venomous snakes (Uetz et al., 2024), which
generally cause an average of 3,800 cases of bites (Neri-Castro ¢t al., 2020). The most
affected population are children and agricultural workers living in rural areas, where
medical services do not always have antivenom (Sevilla-Sanchez et al., 2021). One of the
snake species of medical importance that causes a high number of snakebite accidents in
Mesoamerica and northern South America is Bothrops asper, known as the nauyaca, four-
nosed viper, or mahuaquite (Mora-Obando et al., 2023). Its venom is mainly composed of
three families of toxins: a) phospholipases A2 (PLA2) that are associated with effects such
as edema, myotoxicity, cytotoxicity; b) snake venom metalloproteinases (SVMP) that act
mainly in the microvasculature generating local and systemic hemorrhages, coagulopathies,
myonecrosis, which affect hemostasis; and c¢) snake venom serine proteases (SVSP) that
mainly contribute to defibrinogenation (Gutiérrez and Rucabado, 2000; Alape-Girén et
al., 2008; Gutiérrez et al., 2009; Mora-Obando et al., 2023).

Given the difficulties in obtaining antivenoms (Vasquez et al., 2024), people often resort
to using plant-based treatments to delay or counteract the effects of the venom; however,
in most cases the plants used do not have scientific studies that validate their use (Bénard-
Valle et al., 2015), such is the case of contrayerba (Pentalinon sp.), used in traditional Mayan
and Huastec medicine (Pulido and Serralta, 1993; Pérez-Bautista et al., 2023).

In recent years, the search for inhibitors that complement antivenom therapy has
gained importance (Gutiérrez et al., 2021) and provide more time to reach the nearest
medical service. In Mexico, there are few scientific studies evaluating the antivenom
activity of plants that can help treat snakebites. Therefore, the objective was to evaluate the

antivenom properties of Pentalinon sp. extracts against the venom of Bothrops asper.

MATERIALS AND METHODS
Location and collection of plant material

Roots, stems, and leaves of Pentalinon sp. were collected from wild populations in
February and April of 2023 and 2024 in the municipality of San Felipe Orizatlan, Hidalgo,
Mexico (21° 05* and 21° 24° N and 98° 27° and 98° 42° W), and in the municipality
of San Martin Chalchicuautla, San Luis Potosi, Mexico (98°40°31.912” N and 21° 19
28.950” W).

The experimental phase was carried out in the Phytochemistry Laboratory and
the Laboratory of Biological Tests with Medicinal Plants at the Postgraduate College,
Montecillo Campus, as well as in the Molecular Medicine and Bioprocesses Laboratory of

the Institute of Biotechnology at the National Autonomous University of Mexico.

Taxonomic identification and extraction of Pentalinon sp.

The identification of Pentalinon sp. was carried out through molecular analysis at the
Institute of Biology of the National Autonomous University of Mexico. Ethanolic extracts
and extraction pools were obtained from dried roots, stems, and leaves (Table 1) by

maceration with 70% ethanol, 96% ethanol, hexane, ethyl acetate, or methanol. Filtration
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Table 1. Amount of plant material used to obtain organic extracts of Pentalinon sp.

Extract Sample weight (g) Abbreviation
Pentalinon sp. root ethanol 253.6 R
Pentalinon sp. stem ethanol 264.1 T
Pentalinon sp. leaf ethanol 87.7 H
Pentalinon sp. root pool 54 PR
Pentalinon sp. stem pool 150 pPT
Pentalinon sp. leaf pool 128.1 PH

was performed every three days with solvent exchange until the absence of color was
observed. The crude extract was obtained by removing the solvent with a rotary evaporator
(IKA® RV10, automatic contro/BUCHI R-114 Equipan S.A. de C.V., Switzerland).
Extraction pools were formed from the mixture of the extracts obtained with hexane, ethyl

acetate, and methanol. The extracts were kept refrigerated at 4 °C until use.

Obtaining the Phytochemical Profile of Pentalinon sp. extracts

The presence of phenols, flavonoids, tannins, saponins, and terpenes was evaluated
using thin-layer chromatography (TLC) (Wagner and Bladt, 2009). 0.4 g of each extract
were weighed and dissolved in 8 mL of methanol. Samples of each extract were placed
on 10X 10 cm aluminum plates (HPTLC Silica gel 60 F254 Merck). They were eluted
using different elution systems according to the metabolite group. Finally, they were
observed under ultraviolet light at 365 nm and developed with different developers
(Table 2).

Bothrops asper venom

A pool of lyophilized Bothrops asper venom was used, obtained from 39 adult specimens.
This venom came from the venom bank of the Biotechnology Institute of the National
Autonomous University of Mexico (UNAM). The pool was stored at —20 °C until use.

Animal use
Mice (18-20 g) of the ICR strain, of mixed sex, were used. The mice were kept in

acrylic boxes (30X 15X 15 cm) with a 12 h light/12 h dark cycle, with unlimited access to

Table 2. Elution system and developer used for each group of metabolites analyzed in Pentalinon sp.

Metabolite Elution system (v/v) Developer
Phenols Ethyl acetate:methanol (9:1) Folin-Ciocalteu Reagent
Flavonoids Ethyl acetate:methanol:water:formic acid | NP-PEG

(50:2:3:6)

Tannins Ethyl acetate:methanol (1:1)
Saponins Ethyl acetate:methanol (1:1) Ferric Chloride
Terpenoids Toluene:chloroform:ethanol (4:4:1) Vanillin and 1% Sulfuric Acid in Ethanol
Alkaloids Methanol-dichloromethane (1:9) Anisaldehyde-Sulfuric Acid
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food and water (Laboratory Rodent Diet). Bioethical approvals were obtained from the
Biotechnology Institute of UNAM, the project number is 495.

Median lethal dose (LD, ) of B. asper venom and lethality neutralization with Pentalinon
sp. extracts. The median lethal dose (LD;,) of the venom was obtained according to
the methodology of Lorke (1983) with modifications. Three mice were inoculated
intraperitoneally (IP) per dose of venom resuspended in phosphate buffer (PBS). The doses
administered were 60, 100, 130, 150, and 170 ug mouse . Deaths were recorded 24 h
post-inoculation.

The evaluation of the lethality-neutralizing activity was determined using the
methodology of Otero et al. (2000), with some modifications. Three mice were inoculated
IP per treatment. The treatments were based on 3LD; of the venom, which was pre-
incubated for 30 min at 37 °C with different doses of extract. Controls consisted of 3LD5,
of venom and some doses of extract (Table 3). Mice were monitored for 24 h, and mortality

was recorded.

Inhibition of the proteolytic effect on azocasein

The methodology of Saravia-Otten et al. (2021) was followed with modifications. A
dose of 1:48 venom:extract (w/w) was selected for evaluation; venom (20.5 ug) was used
as a positive control, PBS as a blank, and PBS:DMSO:Tween 20% (1:0.2:0.2 v:v) as a
negative control. Extracts with and without substrate were also included. All assays had a
final volume of 20 L. and were pre-incubated at 37 °C for 30 min. 100 4L of an azocasein
solution (Sigma A2765) of 10 mg mL ™! in an azocasein buffer was added, and the mixture
was incubated for 30 min at 37 °C. Trichloroacetic acid (5%) was added to precipitate
undigested proteins and stop the reaction. In 96-well plates, 150 uL. of 0.5 M NaOH and
150 L of supernatant were added. Absorbance was quantified at 450 nm using a Biolek

Table 3. Treatments evaluated for the neutralization of 3LD;, of B. asper
venom with Pentalinon sp. extracts inoculated into mice (ICR).

Extract
Treatment Venom o)

Venom* 3 LDy,
5
Venom + ethanolic root extract 3 LDy, 90
Venom + ethanolic leaf extract 3 LDy, 20
Venom + ethanolic stem extract 3 LDy, 20
20
Venom + pool of leaf extracts 3 LDy, 50
80
. 5
Ethanolic root extract* - 90
Ethanolic extract of stems* - 20
Ethanolic extract of leaves* - 20
Pool of leaf extracts* - 20
Pool of root extracts* - 20

*: control.
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EIx800 microplate reader with Gen5 Version 2.0 software. Experiments were performed
in triplicate. The absorbance of the extracts without substrate was subtracted from the
activity of the extract incubated with the substrate to calculate the percentage of activity.
Results were expressed as a percentage of proteolytic activity, considering 100% of the

proteolytic activity generated by the venom.

Inhibition of phospholipase A2 (PLA2) activity

The evaluation was performed according to the methodology of Gutiérrez et al. (1988)
with modifications. A selected dose of 1:623 venom:extract (w:w) was evaluated. As positive
controls, B. asper venom (3 ug) and Micrurus tener venom were used; as negative controls,
extracts, PBS, and PBS:DMSO:Tween 20% (1:0.2:0.2 v:v) were used. The venom:extract
mixtures were pre-incubated for 30 min at 37 °C. The treatments were plated in triplicate
on 0.1% agarose plates containing 2.0% egg yolk and rhodamine 6G. Subsequently, they
were incubated for 20 h at 37 °C. The diameter of the halos was measured using GIMP
2.10.38. The average diameter of the halo generated by B. asper venom was taken as 100%
phospholipase A2 activity.

Inhibition of fibrinogenolytic activity

The methodology described by Ware et al. (1942) was followed with some modifications.
Mixtures of 50 ug of human fibrinogen with 1:221 and 1:442 venom:extract (w:w) doses
were incubated for 30 min at 37 °C. Fibrinogen, venom (10 ug) with fibrinogen, and
extracts with fibrinogen were used as controls. After incubation, a 6 uL aliquot of the
sample was taken and mixed with 3 uL of 5x sample buffer containing S-mercaptoethanol,
bringing the final volume to 15 uL with distilled water. This mixture was boiled for 5 min
and centrifuged at 13,000 rpm for 30 s. Perform electrophoresis under reducing conditions
with 12.5% gels.

Statistical Analysis

The median lethal dose data were analyzed using GraphPad Prism Version 10.0
software, plotting the percentage of mortality as a function of the logarithm of the amount
of venom using the sigmoid dose-response nonlinear regression method. The neutralization
data were analyzed using GraphPad Prism Version 10.2.3 software. For the proteolytic
inhibition and phospholipase A2 assays, a one-way ANOVA was performed to determine if
there was statistical significance. Subsequently, a Dunnett’s test was performed to determine
if the treatments were significantly different from the control (venom). A p-value <0.05
was considered significant. The analyses and graphs were performed using GraphPad

Prism Version 10.2.3 software.

RESULTS AND DISCUSSION
Taxonomic identification of Pentalinon sp.

According to the results of molecular analysis using the matK (maturase K) molecular
marker for plant identification (Letsiou et al., 2024), 100% pairwise identity and identical

sites correspond to the genus Pentalinon. This genus has only two species, Pentalinon
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andrieuxii and Pentalinon luteum. In this case, it is suggested that the species used is Pentalinon
andrieuxii, based on evaluations of its morphological characteristics (results not shown) and
the distribution of both species: P. luteum is reported mainly in Florida and the Caribbean

islands, and P. andrieuxii in various states of Mexico and South America.

Obtaining extracts and phytochemical profile of Pentalinon sp.

Three ethanolic extracts and three extract pools were obtained; the yields are presented
in Table 4. The pools were obtained by increasing the polarity of the extractions to achieve
complete extraction of the metabolites.

Flavonoids, terpenoids, and saponins were found in greater quantities in the roots,
stems, and leaves; phenols, tannins, and alkaloids were present in smaller quantities and
were not found in the roots (Figure 1).

Some of'the ethanolic extracts and extract pools showed variations in their compositions,
which is related to the extraction method. Sterols, coumarins, and terpenes, including
betulinic acid, urechitol A, and urechitol B, have been isolated from P. andrieuxii (Yampuc
et al., 2009; Dominguez-Carmona et al., 2010; Pan et al., 2012). A more in-depth
phytochemical analysis of the phytochemical composition of Pentalinon sp. will be carried

out in subsequent studies.

Table 4. Yields of the extracts obtained from Pentalinon sp.

Extract Yield (%)
Pentalinon sp. root ethanol 14.45
Pentalinon sp. stem ethanol 12.54
Pentalinon sp. leaf ethanol 18.92
Pentalinon sp. root pool n/d
Pentalinon sp. stem pool n/d
Pentalinon sp. leaf pool 5.44

n/a: no data, the final extract was not weighed

Figure 1. Chromatographic plates for the presence of a: phenols, b: flavonoids, c: terpenoids, d: tannins, e: alkaloids and f: saponins in extracts of
Pentalinon sp. I: root, II: stems, III: leaves. R: ethanolic extract of root, T: ethanolic extract of stems, H: ethanolic extract of leaves, PR: pool of root
extracts, PT: pool of stem extracts, PH: pool of leaf extracts.
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Survival (%)
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Median lethal dose (LD;,) of Bothrops asper venom and neutralization
of lethality with Pentalinon sp. extracts

The LD, of the venom pool was 138.9 (131.5-145.9) ug/mouse. None of the evaluated
extract doses neutralized the lethality of 3LDs, of B. asper venom (Figure 2). 3LDy, of
venom was recorded as inducing death in mice between 15 and 18 min post-inoculation.
The ethanolic leaf extract at a dose of 20 mg/3LD, delayed death for 3 h. The controls
of the ethanolic extracts at a dose of 20 mg/mouse induced signs of toxicity (piloerection,
loss of hind limb movement, decreased motor activity, and rapid respiration) for a few
hours without causing death. The ethanolic root extract at a dose of 5 mg/mouse did not
induce signs of toxicity. The root pool (20 mg mouse_l) caused the death of the mice. Of
the three doses of the leaf pool evaluated (20, 50, and 80 mg), none showed toxicity like the
ethanolic extract. At 20 mg/3LD5, the leaf extract pool delayed death by one hour. The
80 mg/3LD;, dose did not prevent mortality 18 min post-inoculation.

People who report benefits from consuming this plant may be experiencing multiple
factors that are difficult to monitor. These include the amount of venom injected by the
snake, the possibility of dry bites, and the presence or concentration of metabolites that
may interfere with the lethality of the venom. I'urthermore, aspects such as the harvest
time and the phenological stage of the plant could also influence the results observed when
using Pentalinon sp. as an antivenom.

It has been documented that, during reproductive periods, plants tend to synthesize a
greater quantity of bioactive compounds (Pires-Moreira et al., 2024). However, none of the

plants collected for this study were at that stage. On the other hand, the observed toxicity

V 3DLg, v e V3Dl
R5mg o H20mg
# R20 mg & V+H20mg
PR 20 mg = ¥ PH20 mg
V+R20mg < & V+PH20mg
B V+R5mg s @ V+PH50mg
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2
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Figure 2. Percentage of survival of mice (ICR) injected with 3LD;, of B. asper venom and Pentalinon sp. extracts. I: root, IIL: leaves, III:
stems. V: B. asper venom, R: ethanolic root extract, T: ethanolic stem extract, H: ethanolic leaf extract, PR: pool of root extracts, PT:
pool of stem extracts, PH: pool of leaf extracts.
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could be due to the presence of certain toxic terpenoids. According to Agus (2021), some
monoterpenes have cytotoxic effects that vary depending on the dose and exposure time.
This coincides with what was observed in the root extracts of Pentalinon sp., where 20 mg
of the root pool did induce mortality, probably due to a higher concentration of these
compounds resulting from the extraction method used. Similarly, it is possible that people
who use this plant do not experience adverse effects because the dose used does not contain
sufficiently high concentrations of these toxic compounds.

Inhibition of proteolytic activity on azocasein

The proteolytic activity on the venom’s azocasein, associated with SVMPs, was
significantly affected by the evaluated extracts at different percentages (P<0.03).
The ethanolic leaf extract inhibited 100% of the proteolytic activity, while extracts PR
(43.12+£3.46%) and T (45.68%4.71%) had similar inhibition percentages, as did R
(14.73+8.54%) and PT (10.16%£2.7%). The leaf pool showed practically no inhibition
(3.6%£2.08%) (Figure 3). SVMPs are enzymes that depend on metal ions such as zinc to
perform their catalytic functions (Adrido et al., 2022).

Some flavonoids, such as pinostrobin, have the ability to chelate metal ions (Gémez-
Betancur et al., 2014; Kasprzak et al., 2015) and have been shown to partially inhibit the
proteolytic and hemorrhagic activity of B. asper venom in in vitro studies. The phytochemical
profile of the roots, stems, and leaves of Pentalinon sp. revealed that all organs have a
significant flavonoid content, which could be responsible for the inhibition of proteolytic
activity. Differences in the phytochemical composition of ethanolic extracts and extract
pools were also observed, which may be related to the varying percentages of inhibition
among extracts from the same organ.

Inhibition of phospholipase A, (PLA2) activity
Of all the extracts evaluated, the ethanolic leaf extract was the only one to partially

inhibit phospholipase A, activity. Root and stem extracts mixed with the venom generated

o
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Figure 3. Inhibition of the proteolytic activity of azocasein in B. asper venom with extracts of Pentalinon sp. I: root, II: stems,
and III: leaves. V: B. asper venom, R: ethanolic root extract, T: ethanolic stem extract, H: ethanolic leaf extract, PR: pool of root
extracts, PT: pool of stem extracts, PH: pool of leaf extracts. Results expressed as a percentage of activity, considering the venom
as 100%. Statistical significance (p<0.05) compared to the venom: *.
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slightly larger halos than those generated by the venom alone (Table 5, Figure 4). The
decrease in phospholipase A2 activity can be attributed to the interaction of phospholipase
A, with components of the extract. Some phenolic compounds, flavonoids, coumestans,
alkaloids, steroids, terpenoids, and tannins are among the main plant derived inhibitors of
PLA2 (Carvalho et al., 2013).

The phytochemical profile analysis shows that the leaves of Pentalinon sp. Some of these
groups of compounds are present, which could act by preventing access to the hydrophobic
channel for fatty acids, or by binding to functional sites on proteins, or by inducing protein
oligomerization (Salvador et al., 2019). In recent years, the search for molecules that inhibit
specific venom toxins has gained increasing interest (Salvador et al., 2019), and plants
are an important reservoir of such molecules. Future research will need to identify the
compounds present in the leaves of Pentalinon sp. that interact with phospholipases A, and
how they interact.

Table 5. Phospholipase A, activity of B. asper venom and mixtures of venom
with Pentalinon sp. extracts.

Treatment Activity phospholipase A, (%)
Bothrops asper venom 100
Venom+ Ethanolic root extract 108.8£6.505
Venom+Pool of root extracts 101.8%£2.512
Venom+ Ethanolic stem extract 110.5%8.23
Venom+Pool of stem extracts 104.2+4.149
Venom+ Ethanolic leaf extract 60.78+6.618*
Venom+Pool of leaf extracts 95.44+2.702

Values corresponding to the percentage of PLA2 activity (£ SD). Results of
the average of three repetitions, corresponding to the 1:623 poison:extract (w:w)
mixture. *: statistical significance of p<0.05 compared with the poison alone
(100% activity).

Figure 4. Inhibition of phospholipase A2 activity of Bothrops asper venom with extracts of Pentalinon sp. I: root, II: stems, III: leaves.
Co-: PBS negative control, Co™: Micrurus tener venom positive control, Ba: B. asper venom, V: B. asper venom, R: ethanolic root
extract, T ethanolic stem extract, H: ethanolic leaf extract, PR: pool of root extracts, P'T: pool of stem extracts, PH: pool of leaf
extracts.
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Inhibition of fibrinogenolytic activity

The extracts of Pentalinon sp. acted in different ways against fibrinogen and venom.
Figure 5A, corresponding to ethanolic extracts, shows how the root extract did not interfere
with fibrinogen; all three chains remained intact. On the other hand, the stem and leaf
extracts induced fibrinogen degradation, as the bands were faded. The ethanolic root
extract partially inhibited the degradation of the fibrinogen f band caused by the venom;
the ethanolic leaf extract plus venom induced the degradation of all three fibrinogen chains
as well as venom components; no bands were observed; and the mixture of ethanolic stem
extract with venom induced the same banding pattern as the venom alone (Figure 5A).
The pools of stem and leaf extracts did not alter the &, B, and y chains of fibrinogen. On
the other hand, the pool of root extracts maintained all three chains, but they were diffuse
(Figure 5B). Regarding the inhibition of fibrinogenolytic activity caused by the venom,
although the pool of root extracts interacted with fibrinogen, it only partially inhibited
fibrinogenolytic activity; the & and 8 bands were observed, but not entirely intact.

The stem pool prevented the degradation of the § chain, and the leaf pool showed no
inhibition. To determine if the inhibition of chain degradation was better with higher doses,
double the dose of root extracts (Figure C) and leaf extracts (Figure D) was evaluated. Root
extracts partially inhibited fibrinogenolytic activity, as the & and § bands of the fibrinogen

2
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Figure 5. Inhibition of the fibrinogenolytic activity of B. asper venom with Pentalinon sp. extracts. A) ethanolic extracts, B) pool of
extracts, C) root extracts, D) leaf extracts. MPM: molecular weight marker, Fib: fibrinogen as a negative control, B. asper: venom
as a positive control, R: ethanolic root extract, T: ethanolic stem extract, H: ethanolic leaf extract, PR: pool of root extracts, PT:

pool of stem extracts, PH: pool of leaf extracts.
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chains, which the venom completely degrades, were faintly visible. With leaf extracts, the
fibrinogen and venom bands were lost, showing runs along the gel. Based on these results,
intermediate doses between those evaluated may show better inhibition. These results
also reflect the different compositions of the extracts, which cause non-homogeneous
inhibition. Roots have components that interact with venom enzymes, interfering with
fibrinogenolytic activity. The search for inhibitors of venom serine proteinases is limited
(Gutiérrez et al., 2021). In future research it would be important to evaluate whether
inhibition acts in the same way in coagulation assays, since the degradation of fibrinogen
chains affects the transformation of fibrinogen to fibrin, which is the protein that forms the
clot network (Park and Park, 2024).

This study represents an advance in the exploration of the antivenom properties of
Pentalinon sp. Although the evaluated extracts did not inhibit the lethality of Bothrops asper
venom, the presence of bioactive compounds, such as phenols, flavonoids, terpenoids, and
saponins, was identified. These compounds interact iz vitro with venom enzymes, achieving
partial inhibition of proteolytic, phospholipase A,, and fibrinogenolytic activities. Among
the plant parts evaluated, the leaves stood out for exhibiting the greatest inhibitory capacity
against proteolytic and phospholipase A, activities. Significant differences in phytochemical
composition were detected between the ethanolic extracts and the extraction pools, which
likely explains the variations in their neutralizing capacity. These results underscore
the importance of conducting a comprehensive phytochemical analysis to identify the
compounds responsible for these interactions and to further their structural and biological
characterization.

It is important to emphasize that this study does not propose the use of Pentalinon sp. as
a substitute for antivenoms, which remain the treatment of choice for snakebites. Instead,
this work is positioned as a preliminary analysis aimed at identifying compounds that may
complement current treatments, with the goal of addressing the limitations and challenges
faced by patients affected by these envenomations. Although the extracts showed partial
inhibition of certain enzymatic activities, this should not be interpreted as an indicator of
in vivo efficacy. The results have demonstrated that these extracts do not neutralize the
lethal activity of Bothrops asper venom. Furthermore, toxicity studies revealed that the pool
of root extracts, administered at a dose of 20 mg, caused the death of mice, highlighting the

need for more detailed toxicological analyses to evaluate their safety.

CONCLUSIONS

This study provides novel information on the potential interactions between extracts of
Pentalinon sp. and Bothrops asper venom. To date, their efficacy and safety for use in treating
snakebites have not been demonstrated. These findings open new lines of research, focused
both on identifying specific compounds and on their preclinical evaluation, to determine

their potential as complementary tools in the management of snake envenomation.
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