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Background: Cuachalalate (Amphipterygium adstringens) is one of Mexico’s most commercialised
medicinal plants, and its natural populations are mainly found in this country. The high
demand for stem bark (SB) has risked its survival, making it necessary to develop sustainable
strategies.

Aim: This study aimed to identify bioactive compounds in branch bark (BB) and evaluate their
antipathogenic and antivirulence capacities.

Setting: The study was conducted in the low deciduous forest (LDF) of the State of Puebla,
Mexico.

Methods: Bioactive metabolites in BB were profiled by high-performance thin-layer
chromatography (HPTLC). The chemical composition of aqueous bark extracts was scrutinised
by high-performance liquid chromatography-mass spectrometry (HPLC-EM-SQ-TOF system)
and molecular network analysis. The folk method’s antipathogenic capacity was determined
in a burn model in mice infected with Pseudomonas aeruginosa. Finally, the antivirulence
properties of bark organic extracts were determined.

Results: The BB contained masticadienoic, 3a-hydroxymasticadienoic and anacardic acids,
also present in SB. The aqueous extracts showed the presence of flavonoids, catechins and
saponins in both barks. The folk method using BB extracts significantly reduced mouse
mortality and prevented sepsis development. This might be related to the capability of extracts
to block the production of bacteria virulence factors.

Conclusion: The similarity in bioactive metabolites and biological activity between SB and BB
of cuachalalate suggests that using BB as a medicinal agent could be a practical and sustainable
strategy. This approach could potentially prevent the overexploitation of cuachalalate’s SB,
contributing to its conservation.

Contribution: This study proposes a sustainable strategy for using cuachalalate as a medicinal
agent using BB, a renewable source.

Keywords: cuachalalate; endemic plant; antivirulence; burns; Pseudomonas aeruginosa;
branch bark.

Introduction

Mexico’s low deciduous forest (LDF) is distributed mainly along the Mexican Pacific slope up to
Chiapas, with some areas extending north of the Yucatan Peninsula (CONABIO 2013). Its surface is
estimated to cover 11.7% of the national territory and contains many endemic plant species (Trejo &
Dirzo 2000).

The cuachalalate tree (Amphipterygium adstringens) is not just one of Mexico’s most commercialised
medicinal plants but also a non-timber resource characteristic of the LDF (Beltran-Rodriguez et al.
2018). The stem bark (SB) of the cuachalalate, used since pre-Hispanic times for its medicinal
properties, has been scientifically validated, opening a world of potential for its use in modern
medicine (Sotelo-Barrera et al. 2022).

Currently, the cuachalalate marketing chain is heavily reliant on a constant supply of SB from
natural populations, leading to a significant reduction in its distribution (Sotelo-Barrera et al.
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2022). This has resulted in the classification of the cuachalalate
tree as a vulnerable species on the IUCN Red List of
Threatened Species (Martinez-Salas, Samain & Fuentes 2020),
with some researchers even placing it within the risk category
(Ramos-Ordoriez et al. 2022).

Although it has been proposed that at least three more
species of the genus Amphipterygium (glaucum, molle
and simplicifolium) are distributed in Mexico (Beltran-
Rodriguez & Bye 2022; Cuevas-Figueroa 2005), only the
bioactive properties of A. adstringens have been demonstrated
(Sotelo-Barrera et al. 2022). The most important bioactive
compounds identified in A. adstringens are triterpenes, such
as masticadienoic and 3-o-hydroxymasticadienoic acids,
and phenolic compounds, such as anacardic acids. These
metabolites are easily extracted with organic solvents such
as hexane and ethyl acetate (Gémez-Salgado et al. 2024).
Also, thesemoleculeshavebeenattributed to gastroprotective
properties (Arrieta et al. 2003; Navarrete, Martinez-Uribe &
Reyes 1998; Rosas-Acevedo et al. 2011), anti-inflammatory
(Oviedo-Chavez et al. 2004; Rodriguez-Canales et al. 2016),
anticancer (Alam-Escamilla et al. 2015; Galot-Linaldi et al.
2021), wound healing (Pérez-Contreras et al. 2022) and
antivirulence effects (Castillo-Judrez et al. 2013, 2022).
Besides, the Mexican Herbal Pharmacopoeia recognises
3a-hydroxymasticadienoic acid as a specific marker of A.
adstringens, although masticadienoic and oleanolic acids
have also been proposed as quality control indicators of
herbal products (Sotelo-Barrera et al. 2022).

Interestingly, the primary way folk uses the bark is through
aqueous extracts, which also have gastroprotective
(Navarrete et al. 1990), anti-inflammatory (Oviedo-Chavez
et al. 2004), immunomodulatory (Ramirez-Leén et al. 2013),
antitumor (Gonzalez, McKenna & Delgado 1962),
antipathogenic (Gémez-Salgado et al. 2024) and antivirulence
properties (Castillo-Juarez et al. 2013, 2022). However,
the bioactive compounds are still unknown, as the
aqueous extracts do not contain masticadienoic acid,
3a-hydroxymasticadienoic acid or anacardic acids (Gémez-
Salgado et al. 2024).

In this regard, the chemical composition of aqueous extract
of cuachalalate has been poorly characterised; however,
the abundant formation of foam when the extracts are
vigorously shaken suggested the presence of saponins
(Gémez-Salgado et al. 2024; Gonzéalez et al. 1962). For
instance, sarsasapogenin isolated from the SB using
supercritical extraction was recently confirmed (Arenas-
Quevedo & Gracia-Fadrique 2024). Additionally, molecular
network analysis determined the presence of terpenoid
derivatives of cholic acid and panaxatriol, flavonoids
such as kaempferol-3-O-glucoside, and catechins such as
epicatechin, epigallocatechin gallate and catechin gallate
(Gémez-Salgado et al. 2024).

In the realm of bioactivity, antivirulence phytochemicals
possess antibacterial mechanisms that interfere with the
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ability of pathogenic bacteria to establish themselves and
cause damage by blocking their virulence factors (Castillo-
Juarez et al. 2015). For instance, the hexane extract of the
stem bark of cuachalalate and its anacardic acids reduce
the elastase activity, pyocyanin, and rhamnolipid
production of P. aeruginosa (Castillo-Judrez et al. 2013).
Furthermore, anacardic acids inhibit the secretion of the
phospholipase ExoU (Castillo-Juarez et al. 2022). On the
other hand, the lyophilised aqueous extract also inhibits
the production of pyocyanin and elastolytic activity
in bacteria (Gomez-Salgado et al. 2024). Recently,
the antipathogenic capacity of cuachalalate SB was
demonstrated in a burned animal model infected with
P. aeruginosa (Gémez-Salgado et al. 2024). The folk method
combines washing the burned tissue with the aqueous
extract and applying the pulverised bark, which increases
the survival of mice by reducing the establishment of
P. aeruginosa and sepsis (Gémez-Salgado et al. 2024).

Importantly, the aqueous extract, or low-polarity extracts,
lack bactericidal activity against P. aeruginosa (Castillo-
Judrez et al. 2013; Pérez-Contreras et al. 2022); thus, its
effects rely on antivirulence properties (Castillo-Judrez
et al. 2013; Gémez-Salgado et al. 2024). The bioactive
properties of cuachalalate, particularly those related to its
antipathogenic capacity and antivirulence activity, hold
immense promise for developing effective and sustainable
treatment options for burn patients infected with antibiotic-
resistant bacteria (Castillo-Judrez et al. 2013; Gémez-
Salgado et al. 2024).

The upscaling demand for bark extracted from natural
populations and destructive harvesting techniques for
obtaining SB have placed this species in a precarious
condition (Beltran-Rodriguez et al. 2021). The problem is
highly significant, as its cultivation is not promoted, and
more regulatory mechanisms are needed for sustainable
management (Beltran-Rodriguez et al. 2021). Furthermore,
fair trade must be encouraged, especially for bark
collectors, who receive the lowest economic profit of the
entire marketing network at the cost of destroying their
natural resources (Solares et al. 2012). Moreover, while
sustainable management proposals have been made, they
have primarily focused on the SB as the sole source of
bioactive compounds. Therefore, the main goal of this
research was to identify bioactive compounds in
cuachalalate branch bark (BB), assess their antipathogenic
and antivirulence effects and compare them with the
extracts of SB.

Research methods and design
Study area

The barks were collected in July 2022 in Chiautla de Tapia,
Puebla, located at 18°15'30.30""N, 98°35’0.9”E at 1020 AMSL
(Figure 1). Non-probabilistic sampling was carried out, and
10 juvenile trees with an average diameter of 44.4 + 6 cm and
different bark colours were selected. One branch of each tree
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Source: Photographs taken by M. Sotelo-Barrera, March 2024

Note: Central southern Mexico is the leading distribution area of the adstringens species. The descendants of the ancestral peoples of Mixtec origin have preserved the knowledge of the medicinal
properties of cuachalalate to heal internal and external wounds. In Chiautla de Tapia, Puebla, the stem bark is sold locally, but the debarking destructive techniques and the land use change for

agriculture and livestock have drastically reduced the tree’s natural populations.
FIGURE 1: Study area and collection of cuachalalate bark.

was stripped of bark, separating the primary and secondary
branches and the bark from the stem. Following the
instructions of the folk method, the biological material was
dried in the sun for 2 days and ground in a mechanical mill
(Figure 2 and Figure 3). Jorge Alberto Gutiérrez Gallegos,
PhD, correctly identified the biological material, and some
type specimens (voucher number 19745) were stored in the
FEZA-UNAM Herbarium.

Nonpolar organic extract preparation

Ten grams of ground bark were meticulously extracted with
50 mL of ethyl acetate (J.T. Baker) in Soxhlet equipment at
50 °C, and three cycles of approximately 2 h each were carried
out. The solvent was then carefully removed under reduced
pressure in a rotary evaporator (BUCHI-R114).

High-performance thin layer chromatography
analysis

The extracts (10 mg/mL) were dissolved in methanol (J.T.
Baker), ultrasonicated for 3 min, and mixed with a vortex. The
sample was separated onssilica gel HPTLC plates (20 x 10cm, ,,,5,)
(Merck). The analysis was performed in a CAMAG-HPTLC
system (Muttenz, Switzerland) equipped with a sample
applicator (ATS4), an automatic chamber developer (ADC2), a
visualiser (version 2), an automatic immersion derivatiser
(version 1.0 AT) and a hot plate (version 3).

All extracts were applied as 6 mm bands with 10 mm between
each band. A quality control sample (QC), consisting of a
mixture of all samples, was applied at the right end of each
chromatographic plate.
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The samples were separated with an elution system of
hexane: EtOAc (7:3, v/v). The chamber’s saturation time was
20 min, and the humidity was 47% using a saturated KSCN
solution. After development, the plates were automatically
dried and derivatised with anisaldehyde-sulfuric acid at
100 °C for 3 min. Images of the plates were acquired under
white light or UV at 366 nm.

For visual representation and multivariate data analysis,
the plate images were processed with rTLC (Fichou,
Ristivojevic & Morlock 2016). The data extraction
dimensions were the same as those used for the sample
application. For data extraction, 28 pixels were used as the
integration dimension, and data from the grey channel were
normalised to the QC sample of each corresponding plate
and used for further analysis.

Principal component analysis (PCA) was performed using
informationbetween the 0.14and 0.37 R, range, corresponding
to the anacardic acid, masticadienoic acid and
3a-hydroxymasticadienoic acid bands. The model was scaled
by unit variance (UV), and the score plot was coloured
according to branch type.

Aqueous bark extract preparation

Ten grams of bark were boiled in 200 mL of water for 10 min
and allowed to cool for 30 min at room temperature. The
aqueous extract was filtered with paper (Whatman No. 1),
frozen and lyophilised. One gram of lyophilised material was
extracted by maceration with 45 mL of methanol under
stirring overnight. The methanol extract was filtered with
paper (Whatman No. 1), and the solvent was removed under
reduced pressure with a rotary evaporator (BUCHI-R114).
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Stem bark (SB)

Source: Photographs taken by I. Castillo-Judrez, July 2022

Note: Also shown is the appearance of the barks after undergoing the traditional drying treatment, which consists of exposing them to the sun.

FIGURE 2: Cuachalalate tree in the rainy season and the classification of the bark into primary branch bark (PBB), secondary branch bark (SBB) and stem bark (SB).

Molecular network analysis

The sample analysis was performed as reported by Gémez-
Salgado et al. (2024). They were dissolved in DMSO
(2mg/mL) and analysed using an Agilent G6530AB HPLC-
MS-SQ-TOF system. Separation was performed using a
Gemini-NX C18 reversed-phase column (3 pm, 2.0 x 75 mm,
Phenomenex) in a binary elution system of CH,CN-H,O
and 0.1% formic acid (G6émez-Salgado et al. 2024). A
gradual elution gradient (constant flow rate at 0.4 mL/
min) was used, starting with a 15:85 ratio until reaching
100:0 in 8 min, followed by an isocratic retention of 1.5 min
(Gémez-Salgado et al. 2024). The mass spectrometric
analysis was performed in positive ionisation mode (range
100 m/z-2500 m/z), and the two most abundant ions per
cycle were selected for fragmentation using the automatic
mode (Auto MS?) (Gémez-Salgado et al. 2024).
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The development of the molecular network was based on a
classical analysis using the Global Natural Products Social
Molecular Networking (GNPS) website (http://gnps.ucsd.
edu) (Wang et al. 2016). The obtained raw (.d) files were
converted to mzML format using the MSConvert programme
and analysed on the GNPS server (Chambers et al. 2012). Some
parameters were followed for the molecular network analysis,
such as filtering MS* fragment ions within +0.5 Da of the
precursor m/z ratio. Also, the precursor and fragment ion
tolerances were set to 0.5 Da (Gémez-Salgado et al. 2024).
Network node connections were formed by assigning edge
values based on a cosine score greater than 0.7 and at least six
aligned peaks (Goémez-Salgado et al. 2024). Subsequently, the
molecular network spectra were compared with the GNPS
spectral libraries. Finally, a MolNetEnhancer analysis was
performed to determine the structural diversity of the
molecules present in the samples (Ernst et al. 2019). Cytoscape
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SBB (11.2%)
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Source: Photographs taken by I. Castillo-Juarez and B. Reyes-Garcia, March 2023
SB, stem bark; PBB, primary branch bark; SBB, secondary branch bark.

FIGURE 3: Comparison of the main characteristics of cuachalalate bark. (a) Stem bark red or white; (b) Ground bark; (c) Organic extracts with ethyl acetate; (d) 5%

Aqueous bark extracts; (e) Lyophilised material, (%) = yield.

3.9.1 was used to visualise the molecular networks graphically
(Shannon et al. 2003), and clusters were assigned colours
based on their chemical subclass (Gomez-Salgado et al. 2024).

Antipathogenic activity

Thirty female mice of the CD1 strain, 10-12 weeks old, were
used, whose backs were depilated with an electric shaver and
depilatory cream (Loquay®). To induce the third-degree burn,
they were previously anesthetised with 24 mg/kg of sodium
pentobarbital (pisabental, PiSA). The shaved area was exposed
in a1 x 2 cm opening of a metal plate and immersed in 95 °C
water for 12 s. Subsequently, the burn was inoculated
subcutaneously with 10” CFU/60 pL of P. aeruginosa PA14.

Mice were kept in a heat source until they fully recovered
from the procedure. Sterilised sawdust bedding was also
used, and the acrylic cages, drinkers and metal grates were
washed with 10% sodium hypochlorite.

The bark of the primary and secondary branches was applied
following the instructions of the popular method, which
consists of washing the wound with 5% aqueous extract and
applying the powdered bark until the lesion is covered
(Gomez-Salgado et al. 2024). This procedure was performed
every 24 h for 12 days.

Mortality was determined every 24 h, and on the 12th day,
surviving animals were anesthetised with 24 mg/kg sodium
pentobarbital (pisabental, PiSA) and sacrificed by cervical
dislocation. Burn tissue and liver were processed to quantify
the presence of bacteria using the viable count method, with
results expressed as CFU/g of tissue.
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Antivirulence assay

The ethyl acetate extracts were diluted in DMSO (Sigma-
Aldrich) to obtain final concentrations of 250, 500 and
1000 pug/mL in the in vitro assays.

An overnight culture of P. aeruginosa PA14 was performed in
LB broth at 37 °C, 120 rpm, and adjusted to O.D. 660 nm = 0.1.
In a 96-well plate (Corning®), 180 pL of culture was mixed
with 20 pL of the ethyl acetate extract, incubated at 37 °C and
160 rpm for 24 h.

Pyocyanin production: A total of 800 pL of culture supernatants
were mixed with 420 pL of chloroform (J.T. Baker®) and shaken
vigorously for 2 min. The samples were centrifuged at 14000
rpm for 8 min, and the organic phase was recovered and
mixed with 800 uL of 0.2 N HCI. For pyocyanin quantification,
the aqueous phase (650 nL) was diluted 1:1 in distilled water
and measured at 520 nm. The values obtained were normalised
based on the growth of the cultures measured at 660 nm.

The caseinolytic activity was carried out according to that
reported by Gémez-Salgado et al. (2024): A total of 5 uL of
centrifuged culture supernatant (14000 rpm for 2 min) was
mixed with 100 uL of 1.2% azocasein (20 mM Tris-base, 1 mM
CaCl,, pH 8) and incubated for 35 min at 37 °C (Gémez-Salgado
et al. 2024). Subsequently, 50 pL of the reaction mixture was
transferred to glass tubes with 200 pL of 1% HNO,, shaken, and
centrifuged at 14000 rpm for 2 min. Finally, 50 pL of the
supernatants was transferred to a 96-well plate (Corning®) with
150 puL of 0.5% NaOH and measured at 440 nm.

Biofilm production: In a 96-well plate (Corning®), bacteria
were incubated at 28 °C for 48 h in the dark. After, the cultures
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were discarded, and the wells were washed with distilled
water three times. They were placed in an oven at 40 °C for 20
min to eliminate humidity.

Subsequently, 200 uL of 0.1% crystal violet was added to each
well, allowed to stand for 5 min, and washed three times
with double-distilled water. Finally, the dye adhered to the
walls of the wells was solubilised with 200 pL of 80% ethanol,
and the absorbance was measured at 570 nm. The values
obtained were normalised based on the growth of the cultures
measured at 660 nm.

Statistical analysis

Experimental data were analysed with SigmaPlot version
14.0. The figure legends indicate the different parametric and
non-parametric statistics used.

Ethical considerations

The burn mouse model was carried out following
the procedure described by Gémez-Salgado et al. (2024).
Ethical clearance to conduct this study was obtained from
the Institution of Teaching and Research in Agricultural
Sciences, Postgraduate College, Animal Welfare Committee
(Project research number: COBIAN/016/23 and ethical
clearance No. 016). The animals were fed a standard diet
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(Rodent Diet 5001, LabDiet) and housed in an experimental
room with 12 h light and dark cycles.

Results
General characteristics of the barks

Seven of the randomly selected trees were male and three were
female. Each presented a unique colour gradient in the SB,
ranging from red to white (Figure 2 and Figure 3a). Instead,
the BBs were white, regardless of the colour of the SB. These
colour differences become imperceptible after drying, and all
barks become reddish brown.

Additionally, with its thicker vascular cambium, the SB
accumulates more water, requiring a longer drying time. In
contrast, BB dries faster, resulting in thin strips that are easier
to grind (Figure 2 and Figure 3b).

The organic extract with ethyl acetate from the SB and
BB exhibited similar physical characteristics: a viscous
texture, a dark green colour, and similar yield (Figure 3c).
Meanwhile, the 5% aqueous extracts were reddish and
generated foam when shaken vigorously (Figure 3d).
Likewise, the physical appearance and yield of the
lyophilised extract was 10%, a similar value in all samples
(Figure 3e).
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The bark of the branches also contains bioactive
compounds

The ethyl acetate extract was analysed by HPTLC to identify
the main bioactive metabolites described for cuachalalate.
Visual inspection of the chromatographic plates indicated
slight quantitative differences between biological replicates
and branch type (Figure 4a and Figure 4b). However, the
area showing the three compounds did not show relevant
differences between samples.

The chromatographic data were subjected to PCA for more
information on possible differences. The model resulted in
four principal components (PCs) that explained 87% of the
variability of the model (RX2 = 0.87). PC1 captured 50%
of the model variability, while PC2 captured only 19%.
However, no differentiation of groups was observed in
the score, indicating that there are no qualitative or
quantitative differences in the content of anacardic acid
mixture (R, 0.14), masticadienoic acid (R, 0.23) and
3a-hydroxymasticadienoic acid (R; 0.37) between the
samples (Figure 4c).

Chemical components of aqueous extracts

The molecular networks were built considering 740 MS
spectra condensed in 110 nodes clustered in 62 groups
forming 16 molecular families (groups of fragmentation
spectra with a high degree of similarity, represented as a
cluster of connected nodes in the network) and 46 isolated
nodes (Figure 5a). Analysis of the MNs using the
MolNetEnhancer displayed the presence of terpenoids,
flavonoids and catechins in the samples. Furthermore,
dereplication analysis allowed the putative identification
of some molecules. Among the terpenoids, cholic
acid, saponins, p-sitosterol and panaxatriol (Figure 5b) were
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detected, whereas the polyphenolic compounds epicatechin,
epigallocatechin gallate, catechin gallate, kaempferol-3-O-
rhamnoside, kaempferol-3-O-glucoside and acacetin-7-O-
rutinoside were putatively identified (Figure 5b).

The branch’s bark has antipathogenic activity

In a previous study using a folk method and a burn model in
mice, the antipathogenic capacity of the cuachalalate SB was
demonstrated (Goémez-Salgado et al. 2024). The folk
procedure consisted of washing the infected burn with the
aqueous extract of the SB and applying a poultice with the
ground bark (Gémez-Salgado et al. 2024).

By applying the folk method with the bark of the branches,
we also recorded the antipathogenic ability. In the burns
model, the untreated animals succumbed to infection
within the first 24 h, and this trend continued until 12 days
when a final survival rate of 40% was recorded. Compared
to the group treated with the folk method, the animals’
deaths were avoided, and a survival of 90% was recorded
(Figure 6a).

Although the folk method with the bark branches did not
reduce the establishment of the bacteria in the burned tissue
of the surviving animals (Figure 6b), the treatment
prevented systemic dispersion because no bacteria were
recorded in the livers (Figure 6c).

Antivirulence properties

Ethyl acetate extract of BB markedly reduced the production of
virulence factors regulated by quorum sensing in P. aeruginosa.

The SB extract showed remarkable efficacy, inhibiting biofilm
formation by 78% with 250 pg/mL and reaching 90% inhibition
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with 1000 pg/pL. Although the BB extract did not show a
dose-response effect, all concentrations tested inhibited the
biofilm by approximately 70%, comparable to the QS mutant
strain (4lasR/ArhIR) used as a positive control (Figure 7a).

For pyocyanin production, the SB extract reduced it by
about 75%, while the BB extracts completely inhibited it at
1000 pg/mL (Figure 7b). In particular, the PBB extract
registered the most significant activity because it completely
inhibited its production with 500 ng/mL (Figure 7b).

Finally, the SB extract inhibited caseinolytic activity by 20%
and 40%, with 500 pg/mL and 1000 pg/mL, respectively,
while the BB extract did so at around 80% with 500 pg/mL
(Figure 7c).

Discussion

There is a high demand for cuachalalate bark and an average
annual collection of 57.5 tons is calculated (Solares, Vazquez-
Alvarado & Galvez-Cortés et al. 2012). It is estimated that
traditional debarking techniques cause the death of 60% of
individuals within natural populations (Solares-Arenas
et al. 2006). Meanwhile, bad practices aimed at obtaining a
more significant amount of material, such as completely
removing the bark from the stem or felling the whole tree,
have contributed to the disappearance of cuachalalate in
many regions (Martinez 1996; Solares et al. 2002). Therefore,
it has been recommended to strip the bark of adult trees in
60 cm sheets that do not exceed 50% of the perimeter of the
stem and to avoid doing so on juvenile trees less than 10
years old (Solares-Arenas & Galvez-Cortés 2002).

It is suggested that the SB has a high regenerative capacity;
however, this can vary depending on temperature, rainy
season and tree sex (Solares et al. 2006). In this regard, it was
reported that the regeneration capacity of cuachalalate is
greater than 90% in debarking individuals during the rainy
season, regardless of the sex of the trees (Beltran-Rodriguez
etal. 2021). Undoubtedly, these recommendations to promote
the sustainable management of cuachalalate are fundamental
(Beltran-Rodriguez et al. 2020; Solares-Arenas & Galvez-
Cortés 2002). However, the quality of the regenerated bark
and how many times it is possible to debark the tree before
compromising its viability have not yet been determined.
Furthermore, these sustainable management proposals have
considered SB the only source of bioactive metabolites.

In this research, we demonstrate that triterpenes and
anacardic acids, reported as the main bioactive compounds
in SB (Sotelo-Barrera et al. 2022), are also present in BB.
Furthermore, we did not record significant differences in the
qualitative and quantitative analyses of the bark samples.

It should be noticed that triterpenes and anacardic acids
are extracted with nonpolar solvents such as hexane or
ethyl acetate, hence their absence in aqueous extractions
(Gémez-Salgado et al. 2024). Interestingly, aqueous extracts
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FIGURE 7: Antivirulence properties of ethyl acetate extract from cuachalalate
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have been identified as the primary folk mode of
administration and have bioactive properties such
as gastroprotective, anti-inflammatory, antitumor and
antivirulence (Sotelo-Barrera et al. 2022).

One characteristic of the aqueous extract of the SB is its
tendency to form foam when vigorously shaken, a clear
indicator of the presence of saponins (Gémez-Salgado
et al. 2024; Gonzilez et al. 1962). Notably, extracts
from branch bark also exhibited similar physical
characteristics, including foam production. Furthermore,
in the molecular network analysis, we were able to identify
glycosylated compounds in the aqueous extracts of all
bark samples.
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In previous studies, we demonstrated the properties of SB in
reducing the virulence of P. aeruginosa and its beneficial effect
in treating burns infected with this bacterium (Gomez-
Salgado et al. 2024). It should be noticed that the effectiveness
of the folk method depends on washing the burned tissue
with the aqueous extract and applying pulverised bark.
Using cuachalalate in this way, we demonstrate that the BB is
also active as it reduces the death of mice by preventing the
dispersal of the bacteria and sepsis, similar to the effect
reported for the SB (Gémez-Salgado et al. 2024).

Inhibiting the factors and mechanisms that allow pathogenic
bacteria to establish themselves and cause damage is a novel
antibacterial strategy with the potential to combat infections
without generating resistance (Castillo-Judrez et al. 2015).
Unlike bactericidal antibacterials, antivirulence agents
interfere with specific targets that regulate the production of
virulence factors without directly affecting the viability of the
bacteria (Castillo-Juarez et al. 2015).

We know the mechanisms and systems responsible for
producing virulence factors in P. aeruginosa, particularly
those that allow it to resist antimicrobials (biofilms) and
those that cause damage, such as proteases, elastases,
phospholipases and pyocyanin (Castillo-Juarez et al. 2015).
This research also demonstrates that organic extracts from
the branch’s bark exhibit antivirulence capacity in vitro, as
they significantly reduce biofilm formation, pyocyanin
production and protease activity.

Our primary interest in this study was analysing the
antivirulence and antipathogenic properties of cuachalalate.
However, the presence of triterpenes and anacardic acids in the
branch’s bark suggests that it may also have gastroprotective,
anti-inflammatory and antitumor activity, although
complementary studies are required to corroborate this.

On the other hand, the response of trees to bark removal is a
complex process influenced by several factors. These include
the tree’s age, the harvest season, the degree of bark removal,
the speed of wound closure and the tree’s susceptibility to
pathogens such as insects, fungi and microorganisms
(Delvaux, Sinsin & Van Damme 2010; Patel, Hegde & Gunaga
2023). Therefore, the frequency of harvesting, the quality of
the regenerated bark and the number of times the bark can be
removed without compromising the tree’s survival limit
sustainability strategies.

However, this research identified bioactive compounds and
biological activity in the branch’s bark, which can help to
propose better strategies and solutions for the sustainable
management of the cuachalalate tree.

Obtaining the bark from the branches can promote sustainable
harvesting. Controlled pruning can offer advantages and
solve some problems that arise with the use of SB. The area
exposed to pathogens or dehydration is much smaller,
making it easier to cover the damaged area to help it heal
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quickly. When removing branches, it is unnecessary to wait
for the bark to recover to perform another debarking, and the
quality of the material is maintained. Likewise, the bark of
the branches is thinner and contains less water, which makes
it easier to dry, transport, store and process. Also, although
complementary studies are required, this study is the basis
for designing healthy cuachalalate plantations with
sustainable production because its management does not
compromise the tree’s survival and the bark quality caused
by the continuous debarking.

Conclusion

In Mexico, the trade of medicinal species is a lifeline for many
rural communities. However, in the cuachalalate marketing
chain, the bark collectors are experiencing a decline in their
economic profits and witnessing the rapid degradation of
their natural resources. Our proposed solutions of controlled
pruning and domestication of the cuachalalate tree could
provide much-needed relief to these communities. However,
establishing official standards is a critical step to effectively
regulate, protect and certify the bark’s origin, thereby
ensuring this trade’s long-term sustainability.

Unregulated harvesting of cuachalalate bark in recent
decades has been detrimental and dangerous to the survival
of its natural populations. Therefore, it is necessary to
develop non-destructive and sustainable harvest options. In
this study, we demonstrated no significant differences
between the bioactive metabolites contained in SB and BB,
which was also reflected in their similar antipathogenic and
antivirulence activity. Therefore, the use of BB as a medicinal
agent is an excellent strategy to prevent the death of
cuachalalate by stem debarking.
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