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ABSTRACT

Anacardium occidentale L. leaves are used in traditional medicine for allergies, pain, and diabetes, for example; however, the safety
and composition of aqueous preparations remain insufficiently characterized. This study aimed to evaluate the phytochemical
profile, acute toxicity, and genotoxicity of an aqueous extract from leaves of this plant (AoLE). AoLE contained total phenolic
content of 266.1 mg pyrogallol equivalents/g dry weight (DW), total tannin content of 32.2 mg tannic acid equivalents/g DW,
14.58 mg/mL proteins, and lectin activity. HPLC analysis revealed gallic acid and rutin presence. LC-ESI-MS identified 13
flavonoids, 6 phenolic acids, and 4 gallotannin derivatives. For toxicological evaluation, mice received a single oral dose of
2000 mg/kg. No mortality, behavioral alterations, or changes in body weight, food/water intake, hematological parameters, or
biochemical markers were observed over 14 days. Organ weights and histology of the liver, kidneys, and spleen remained normal,
indicating an LDs, > 2000 mg/kg. Genotoxicity assays showed no increase in micronucleate cells or DNA damage in the comet
assay. The presence of polyphenols, tannins, flavonoids, and lectins, together with no evidence of acute toxicity under the tested
conditions, supports the development of AoLE as a standardized phytopharmaceutical. Future studies should investigate chronic
toxicity and long-term stability to advance preclinical and clinical applications.

1 | Introduction remedies are safer than conventional pharmaceuticals [1, 2].
However, although medicinal plants have demonstrated bene-
ficial effects worldwide, they may also cause adverse effects.

These undesirable effects are particularly associated with plant-

Medicinal plants synthesize bioactive compounds capable of
beneficially influencing physiological processes, making them

important sources of therapeutically relevant substances. Their
widespread use is attributed to availability and low cost, inclusion
in everyday diets, and the general perception that plant-based

based herbal products that have not been adequately evaluated
for toxicity and are insufficiently regulated [3]. Therefore, the
characterization of herbal preparations and the assessment of
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their toxicological profiles are essential for improving health and
the quality of life of individuals who use them.

Anacardium occidentale L. (Anacardiaceae), popularly known as
the cashew tree, is a plant native to northeastern Brazil. It is a
medium-sized plant and is used in forest restoration, the timber
industry, the production of oils and resins, and as a food source
through its fruits and pseudofruits [4]. In traditional medicine,
its leaves, bark, stem, and roots have been used to treat illnesses,
including allergies, coughs, stomach pain, diarrhea, skin infec-
tions, and diabetes mellitus [5, 6]. Studies have demonstrated that
A. occidentale leaves possess antioxidant [7], antiulcerogenic [8],
hypoglycemic [9], antimicrobial [10], anti-inflammatory [11], and
antihypertensive [12] activities. It was also reported that the bark
of A. occidentale contains lectins [13], a class of carbohydrate-
binding proteins with antimicrobial [14, 15], insecticidal [16], and
pharmacological [17] activities.

One of the essential criteria for the development of phytopharma-
ceuticals is the evaluation of their potential toxicity and safety, as
well as comprehensive phytochemical characterization. The toxi-
city assessment of A. occidentale leaf extracts has been previously
documented in the literature. Konan et al. [18] evaluated the oral
acute toxicity (2000 mg/kg), 30-day subacute toxicity (400, 700,
and 1000 mg/kg), and genotoxicity (2000 mg/kg) of an ethanolic
leaf extract in Wistar rats and reported a favorable safety profile in
all assays. Tédong et al. [19] reported that a hexane leaf extract did
not induce toxic effects when orally administered as single doses
of 2000 and 6000 mg/kg; however, an LDy, of 16,000 mg/kg was
determined, and signs such as asthenia, anorexia, diarrhea, and
syncope were observed at doses >10,000 mg/kg. In addition, in
an 8-week oral subchronic study, the same hexane extract (2000—
14,000 mg/kg) reduced food intake and weight gain, induced
behavioral changes, and caused liver and kidney lesions. In turn,
Konan and Bacchi [8] reported no signs of acute toxicity in Swiss
mice orally treated with a hexane leaf extract at 2000 mg/kg. Also,
a hydromethanolic extract from leaves did not cause acute toxicity
and morphological changes in organs of male chicks [20].

Although previous studies have investigated the toxicity of
organic extracts and assessed the pharmacological activities of A.
occidentale leaves, a comprehensive evaluation of the chemical
profile and safety of aqueous leaf preparations, closely reflecting
traditional use as teas or infusions, has not yet been conducted.
To address this issue, the present study comprehensively char-
acterized an aqueous extract of A. occidentale leaves (AoLE)
for the presence of secondary metabolites and lectins, as well
as evaluated its acute toxicity (biochemical and hematological
parameters, histopathological alterations) and genotoxicity in
Swiss mice (Mus musculus).

2 | Materials and Methods

2.1 | Plant Material

Leaves of A. occidentale were collected on 15 May 2023 from adult
specimens located in the garden of the Department of Pharmacy
at the Universidade Federal de Pernambuco (UFPE), Recife,
Brazil (8°0258.3” S, 34°56'48.2” W). Taxonomic identification was
confirmed at the Herbarium UFP Geral Mariz of UFPE, where a

voucher specimen (no. 90,032) is deposited (https://specieslink.
net/rec/155/90032). Collection was performed under authoriza-
tion no. 72024 from the Instituto Chico Mendes de Conservagdo
da Biodiversidade, and the study is registered under A2087F0
in the Sistema Nacional de Gestdo do Patriménio Genético e do
Conhecimento Tradicional Associado (SisGen). Immediately after
collection, the leaves were rinsed with distilled water and dried in
an oven (Fanem, Sdo Paulo, Brazil) at 40°C for 5 days. The dried
material was then ground into a powder and stored at —20 °C.

2.2 | Preparation of Aqueous Extract

A 22 factorial design was employed to prepare four different
extracts by varying two factors: drug concentration (5% or 10%,
w/v) and extraction method, either homogenization for 16 h or
turboextraction in four cycles of 30 s with 4 min intervals. All
extractions were performed using distilled water as the solvent.
The extract selected for subsequent in vivo testing was determined
based on total phenolic content, guided by Pareto charts and
response surface analysis. After identifying the optimal extraction
condition, the chosen A. occidentale leaf extract (AoLE) was
prepared, freeze-dried using a Liotop L101 lyophilizer (Liobras,
Sdo Carlos, Brazil) and stored at —20 °C. The yield was calculated
according to Dhanani et al. [21] as the ratio of the mass of extract
to the mass of dry matter.

2.3 | Total Phenolic Content

Total phenolics were quantified using the Folin-Ciocalteu
method. Samples were prepared at a concentration of 1 mg/mL. In
a 10-mL volumetric flask, 250 pL of the sample, 500 uL of Folin—
Ciocalteu reagent, and 4 mL of distilled water were mixed, and
the final volume was adjusted with 10% (w/w) sodium carbonate
(Na,CO;) solution. Absorbance was measured in triplicate after
20 min at 780 nm. Total phenolic content was expressed as
milligrams of pyrogallol equivalents (PGE) per g dry weight (DW).

2.4 | Tannin Content

Initially, total phenol content was evaluated in 96-well
microplates following the method described by Margraf et al.
[22]. Briefly, 20 uL of the sample in distilled water (0.2 mg/mL)
was mixed with 100 pL of 10% (v/v) Folin-Ciocalteu reagent.
After 5 min, 100 pL of 7.5% (w/v) Na,CO; was added, and the
plate was shaken for 20 s. The mixture was then allowed to rest
in the dark at 25°C for 60 min before absorbance was measured
at 740 nm using a microplate reader. A calibration curve (y =
0.0677x + 0.0455; R* = 0.9912) was generated using tannic acid
standard (0.5-10 mg/mL), and total phenol content was expressed
as milligrams of tannic acid equivalents (TAE) per gram DW.
Residual phenols were quantified in parallel following Amorim
et al. [23]. In this method, 1 g of casein was combined with 6 mL
of the sample and 12 mL of distilled water aiming to precipitate
tannins bound to casein. After stirring for 3 h, the mixture was
filtered to remove the casein, and the volume was adjusted
to 25 mL. Phenol content in the tannin-free filtrate was then
measured as described above. Finally, total protein-precipitable
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tannins content was calculated as the difference between total
phenols and residual phenols.

2.5 | High Performance Liquid Chromatography
(HPLC)

Chemical profiling of AoLE was conducted using high-
performance liquid chromatography (HPLC) on an Ultimate
3000 system (Thermo Fisher Scientific, Waltham, MA, USA)
equipped with a photodiode array detector (DAD). The system
included a binary pump (HPG-3 x OORS), degasser, and an
autosampler with a 20 pL injection loop (ACC-3000). Detection
was performed at 270 and 350 nm. Separations were achieved on
a C18 analytical column (250 mm X 4.6 mm i.d., 5 um; Supelco
Inc., Bellefonte, PA, USA) with a C18 guard column (4 mm
X 3.9 ym; Phenomenex, Torrance, CA, USA) at a controlled
temperature of 24 + 1°C. The mobile phase consisted of 0.05%
trifluoroacetic acid in ultrapure water (solvent A) and methanol
(solvent B), delivered at a flow rate of 0.7 mL/min. The gradient
program was as follows: 0-10 min, 15%-25% B; 10-15 min, 25% B;
15-20 min, 25%-40% B; 20-25 min, 40%-80% B; 30-32 min, 80%
B; 32-34 min, 80%-15% B; and 34-36 min, 15% B. Rutin and gallic
acid were used as reference standards. All samples were analyzed
in triplicate, and chromatographic data were processed using
Chromeleon 6.8 software (Dionex/Thermo Fisher Scientific).

2.6 | Phytochemical Analysis by LC-ESI-MS
Phytochemical profiling of the AoLE was also conducted using
liquid chromatography coupled to electrospray ionization mass
spectrometry (LC-ESI-MS). Chromatographic separation was per-
formed on an HPLC system (Shimadzu, Kyoto, Japan) equipped
with a LC-20AD solvent pump (600 uL/min), DGU-20A5 online
degasser, CBM-20A system controller, and SPD-M20A diode array
detector (190-800 nm). A GIST C18 column (250 X 4.6 mm, 5 pum,
100 A; Shimadzu) was used for separation, and 20 uL of a 1 mg/mL
extract solution was injected via an autosampler (SIL-20A). The
mobile phase consisted of 0.1% formic acid in water (solvent A)
and methanol (solvent B), and a linear gradient from 5% to 100%
B over 60 min was applied to elute analytes. Mass spectrometric
detection was performed on an Amazon X (Bruker Daltonics, Bil-
lerica, MA, USA) equipped with an electrospray ionization (ESI)
source operating in negative mode. The following parameters
were set: capillary voltage 4.5 kV, end plate offset 500 V, nebulizer
pressure 4.0 bar, nitrogen drying gas at 8 mL/min, and a source
temperature of 200°C. Collision-induced dissociation (CID) was
carried out in auto-MS/MS mode, using advanced resolution for
both MS and MS/MS acquisitions. Spectra were recorded over an
m/z range of 50-1,500 at intervals of 2 s.

2.7 | Protein Quantification

Protein concentration was determined according to Lowry et al.
[24] using a bovine serum albumin (BSA) standard curve ranging
from 31.25 to 500 ug/mL. Samples (0.2 mL) were incubated for
10 min with 1 mL of an alkaline copper solution [1 mL of 0.5%
(w/v) copper sulfate in 1% (w/v) sodium citrate] and 50 mL of 2%
(w/v) Na,CO; in 0.1% (w/v) sodium hydroxide. After incubation
at 25°C, 0.1 mL of Folin-Ciocalteu reagent diluted 1:1 with

water was added. Following 30 min of reaction, absorbance was
measured at 720 nm.

2.8 | Evaluation of Hemagglutinating Activity

The presence of lectins in AoLE was assessed using the
hemagglutinating activity assay in microtiter plates, following
Procépio et al. [25]. Briefly, 50 uL of the sample was serially
diluted in 0.15 M NacCl, and 50 pL of a 2.5% (v/v) suspension
of glutaraldehyde-fixed [26] rabbit erythrocytes was added.
After 45 min, erythrocyte precipitation was inspected visually.
Hemagglutinating activity (titer™') was defined as the inverse
of the highest dilution that caused complete hemagglutination.
Specific hemagglutinating activity was expressed as the ratio of
the titer to the protein content (mg). Rabbit erythrocytes were
collected with approval from the Ethics Committee on Animal
Experimentation of UFPE (process 23076.033782/2015-70). A
hemagglutinating activity inhibition assay was performed to
confirm the lectin presence. The extract was incubated for
15 min at 28°C with 0.2 M solutions of glucose, fructose, maltose,
galactose, N-acetylglucosamine, or methyl mannopyranoside,
or with 0.5 mg/mL of casein, azocasein, or albumin, prior to
determination of hemagglutinating activity.

2.9 | Toxicological Assessment

2.9.1 | Animals

Female Swiss mice (6-8 weeks, 25-30 g) were obtained from the
Keizo Asami Institute (iLIKA) at UFPE and maintained under
standard laboratory conditions, including a 12 h light/dark cycle
and a temperature of 22°C. Animals had free access to water and
food (Labina, Purina, Brazil). All experimental procedures were
conducted in accordance with the guidelines approved by the
Ethics Committee for the Use of Animals (CEUA) of UFPE, under
protocol number 136/2022.

2.9.2 | Acute Toxicity Assay

The experiment was conducted following the Test Guideline 423
of OECD [27], using three animals per group. To achieve a final
sample size of six per group and improve statistical power, the
experiment was repeated once. The control group received a
single oral dose of saline solution (0.15 M NacCl), while the test
group administered a single dose of AoLE at 2000 mg/kg. Animals
were observed closely for the first four hours post-administration
for behavioral signs of toxicity, as described by Brito et al. [28].
Subsequently, they were monitored for 14 days, during which
body weight, water and food intake, and individual behaviors
were recorded. On day 14, animals were anesthetized intraperi-
toneally with ketamine (100 mg/kg) and xylazine (10 mg/kg) [29],
and blood was collected via cardiac puncture for biochemical
and hematological analyses. Liver, spleen, and kidneys were
harvested for histological examination and weight.

2.9.3 | Biochemical and Hematological Analysis

Biochemical analyses included measurement of blood levels
of albumin (ALB), alanine aminotransferase (ALT), aspartate
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aminotransferase (AST), alkaline phosphatase (ALP), bilirubin
(BIL), gamma-glutamyl transferase (GGT), total protein (TP),
urea (UR), creatinine (CRE), total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL-c), and very low-density lipopro-
tein (VLDL), using commercial kits (Labtest Diagnéstica, Lagoa
Santa, Brazil). Hematological evaluations included red blood cell
count (RBC), hematocrit (HCT), hemoglobin (HB), mean cor-
puscular volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), platelet
count (PLT), white blood cell count (WBC), and differential
counts for segmented neutrophils (SEG), lymphocytes (LYM),
monocytes (MON), basophils (BAS), and eosinophils (EOS).

2.9.4 | Histological Analysis

For histological analysis, organ samples were fixed in 10% (v/v)
buffered formalin, dehydrated through a graded ethanol series
(70%-100%), cleared in xylene, and embedded in paraffin. Sec-
tions of 5 um thickness were cut, stained with hematoxylin and
eosin, and mounted on coverslips using Entellan resin (Merck,
Darmstadt, Germany) [30]. Slides were examined using a Motic
BA200 microscope coupled to a Moticam 1000 digital camera
(1.3 MP; Motic Incorporation Ltd., Kowloon, Hong Kong).

2.10 | Assessment of In Vivo Genotoxicity

Groups of female mice (n = 5) received either oral saline or
AoLE at 2000 mg/kg body weight. For the comet assay, blood was
collected from the tail vein 6 h after treatment [31]. Blood cells
were isolated, suspended in buffer, and subjected to electrophore-
sis following the protocols of Singh et al. [32] and Tice et al.
[33]. Slides were subsequently stained with ethidium bromide
(79.25 uM) and examined under a fluorescence microscope. DNA
damage was quantified by assessing the comet tail, with cells
scored from O (undamaged) to 4 (maximal damage).

For the micronucleus assay, the method of Hayashi et al. [34] was
applied using the same animals. Blood was collected 48 h post-
treatment into anticoagulant-containing tubes. For each animal,
10 pL of blood was placed on two slides pre-stained with acri-
dine orange, and micronuclei were scored under a fluorescence
microscope. A total of 2000 polychromatic erythrocytes (PCE) per
animal were counted by a single observer using a blinded analysis.

2.11 | Statistical Analysis

Results are presented as mean =+ standard deviation (SD). Statisti-
cal comparisons between groups were performed using one-way
analysis of variance (ANOVA) followed by Bonferroni’s post hoc
test. Comet and micronucleus assay data were analyzed using
ANOVA with Tukey’s post hoc test. All analyses were con-
ducted using GraphPad Prism Software (La Jolla, CA, USA), and
differences were considered statistically significant at p < 0.05.

3 | Results and Discussion

An essential step in developing A. occidentale-based phytophar-
maceuticals is evaluating their safety and potential toxicity, along

with comprehensive phytochemical characterization. Here, we
characterized an aqueous leaf extract (AoLE) and provided a
detailed chemical characterization and acute toxicity profile.

Initially, four different extracts were obtained by varying the
drug concentration (5% or 10%, w/v) and the extraction method
(maceration or turboextraction). Table 1 shows that the extract
prepared from leaf powder at a concentration of 10% (w/v)
using the turboextraction method exhibited the highest total
phenolic content (266.1 + 0.80 mg PGE/g DW). The response
surface plot (Figure 1A) and the Pareto chart (Figure 1B)
indicated a positive influence of both the extraction method
(+12.83) and drug concentration (+17.66), confirming that higher
responses were obtained when the turboextraction method and
a 10% concentration were employed. Therefore, this extract
was selected for further studies and was designated AoLE.
The yield of AoLE was 24.6 + 0.82%, which is comparable
to that reported by Nugroho et al. [12], who obtained a yield
of 26.72% using hydroalcoholic maceration of A. occidentale
leaves.

The higher efficiency of turboextraction compared to homog-
enization can be attributed to intense agitation that disrupts
cell walls, increases surface contact between plant particles and
solvent, shortens extraction time, and produces slight friction-
induced heating, all of which enhance compound release and
minimize degradation of sensitive metabolites [35-37]. These
advantages make turboextraction particularly suitable for indus-
trial production, allowing for more concentrated and standard-
ized extracts as well as higher productivity.

The tannin content of AoLE was 32.2 mg TAE/g DW. Because the
method does not allow separate identification or quantification
of tannin classes, this value represents total protein-precipitable
tannins and may reflect contributions from both hydrolysable and
condensed tannins. HPLC analysis enabled the characterization
of the phytochemical profile of AoLE, highlighting the pres-
ence of hydrolysable tannins and flavonoids. The chromatogram
(Figure 2A) showed several peaks, of which seven were assigned
to the class of hydrolysable tannins [1, retention time (rt, min.) =
7.35;2,1t=9.76; 3, rt =10.12; 4, rt = 10.89; 5, rt =14.60; 6, rt = 23.24;
7, rt = 26.37] and three to the flavonoid class (8, rt = 27.17; 9, rt =
26.73; 10, rt = 27.57), as shown in Figure 2B. Based on these data,
the concentration of gallic acid and rutin was calculated in AoLE,
obtaining values of 0.61 + 0.0096% (1.57%) and 0.22 + 0.0001%
(0.52%), respectively.

The presence of tannins and flavonoids in the leaf mesophyll is
characteristic of the Anacardiaceae family [38]. Tannins are a
hallmark of A. occidentale [39], and this class of compounds can
be used as biomarkers in the standardization process to produce
herbal medicines derived from this species. As is well known,
tannins exhibit a wide range of biological activities, including
antioxidant, anti-inflammatory, antidiabetic, cardioprotective,
wound-healing, and antimicrobial effects [40]. Cashew leaf
extracts containing tannins and flavonoids, as identified by thin-
layer chromatography, were reported to exhibit antihypertensive
activity in isolated rat aorta [12]. However, many studies on A.
occidentale leaf extracts did not perform chemical characteriza-
tion, which hampers the association of the observed bioactivities
with specific components.
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TABLE 1 |
occidentale leaves.

Experimental design matrix for evaluating the extraction method and plant drug amount to obtain aqueous extract from Anacardium

Coded variables Natural variables Response
Total phenolic content
Method Plant drug Method Plant drug (%) (mg PGE/g DW)
-1 -1 M 5 226.8 +1.80
1 -1 T 5 252.0 +2.78
-1 1 M 10 2582 +2.91
1 1 T 10 266.1 + 0.80

M, maceration; T, turboextraction; PGE, pyrogallol equivalents; DW, dry weight; Response values are presented as mean + standard deviation.

LC-ESI-MS analysis of AoLE enabled the identification of
several compounds. Within the flavonoid class, 13 compo-
nents were identified. Six were flavonols: myricetin-O-hexoside
(m/z 479) [41], quercetin-O-hexoside-gallate (m/z 615) [42],
quercetin-O-hexoside (m/z 463) [43], quercetin-O-pentoside
(m/z 433) [44], quercetin-O-deoxyhexoside (m/z 477), and
kaempferol-O-deoxyhexoside (m/z 431) [45]. Five compounds
were classified as flavanols: (epi)gallocatechin—(epi)catechin
(m/z 593), (epi)catechin—(epi)gallocatechin (m/z 593) [43], gal-
locatechin/epigallocatechin (m/z 305) [46], catechin (m/z 289),
and proanthocyanidin Bl (catechin-catechin) (m/z 577) [47]. One
compound was identified as a flavanonol, dihydrokaempferol-O-
hexoside (m/z 449) [48], and one as a flavanone, naringenin-6,8-
di-C-hexoside (m/z595) [49, 50]. Quercetin-O-hexoside has previ-
ously been reported in other species of the Anacardiaceae family,
and studies indicate that it contributes significantly to antioxidant
activity as assessed by the DPPH method [44]. Naringenin-
6,8-di-C-hexoside and dihydrokaempferol-O-hexoside have also
been reported in leaf tissues, with the latter exhibiting notable
antioxidant activity [48-50].

Six components belonging to the phenolic acid group were iden-
tified: gallic acid-O-hexoside (m/z 331) [51], gallic acid (m/z 169)
[52], methyl gallate-O-hexoside (m/z 345) [53], hydroxycinnamic
acid-gallic acyl-O-hexoside (m/z 477) [54], dihydroxybenzoic
acid-O-hexoside (m/z 315) [55], and protocatechuic acid-O-
glucuronide (m/z 329) [56]. These gallic acid derivatives are
widely distributed among plant species and tissues and have
been reported to exhibit antioxidant activity. In addition, one gal-
lotannin, digalloyl-O-hexoside (m/z 465) [43], three gallotannin
derivatives—galloylshikimic acid derivatives I, II, and III (m/z
325) [57]—and shikimic acid (m/z 173) [58, 59] were identified.

The protein concentration in AoLE was 14.58 mg/mL. A. occiden-
tale leaves contain proteins at levels ranging from 10.12% to 14.65%
of their biomass [60, 61], indicating a strong potential for protein
extraction using water alone as the solvent in the present study.

AoLE exhibited a specific hemagglutinating activity of 8989.84,
suggesting the presence of lectins. Their occurrence was con-
firmed, as the hemagglutinating activity was inhibited by azo-
casein (1.1), casein (4.39), albumin (8.78), N-acetyl glucosamine
(140.47), and methyl mannopyranoside (280.94). This indicates
that these carbohydrates prevented the lectins in AoLE from
binding to glycoconjugates on the erythrocyte surface. Maciel
et al. [13] previously purified a lectin from A. occidentale bark

(AnocBL), whose hemagglutinating activity was inhibited by
L-arabinose and glycoproteins.

Within the Anacardiaceae family, lectins have also been isolated
from the bark, heartwood, and leaves of Myracrodruon urundeuva
Allem [62, 63] and from the leaves of Schinus terebinthifolia Raddi
[64]. The lectins from these species have demonstrated biotech-
nological applications as insecticidal agents [65] and biomedical
potential as antimicrobial [66], antitumor [67], anti-inflammatory
[68, 69], and psychotropic [70] agents. The identification of lectins
in AoLE supports future studies aiming at the purification and
characterization of these proteins from cashew leaves.

Once characterized, AoLE was evaluated for oral acute toxicity in
Swiss mice. Although derived from natural sources, plant extracts
may elicit adverse effects in animals. Despite their biomedical
potential, some constituents can be toxic depending on the dose;
for example, tannins may exhibit antinutritional effects [71], and
certain lectins can cause a range of toxic effects, from minor
alterations to lethality [17].

AoLE (2000 mg/kg) did not induce behavioral changes during the
first 4 h after administration. Throughout the 14-day observation
period, there were no significant differences (p < 0.05) in daily
water and food consumption or in the weight gain pattern of
the animals compared to the control group (Table 2). No deaths
occurred during the experimental period, indicating an LD,>
2000 mg/kg. Therefore, AoLE can be classified as having a low
oral toxicity according to the Globally Harmonized System (GHS)
of Classification and Labeling of Chemicals, corresponding to
Class 5 (low or no acute toxicity) [27].

Similarly, Tédong et al. [19] reported that the hexane extract
from A. occidentale leaves did not induce toxic effects when
administered as single dose of 2000 mg/kg. These authors
reported that doses >10,000 mg/kg caused signs such as asthenia,
anorexia, diarrhea, and syncope. However, the authors did not
perform chemical characterization of the extract; therefore, the
toxic effects cannot be attributed to any specific compounds.
Considering that pharmacological doses are much lower than
those assessed and the recommendations of OECD protocol, the
absence of observable toxic effects at 2000 mg/kg further indicates
the low acute toxicity of AoLE under the experimental conditions.

Analysis of hematological parameters revealed no significant
differences (p > 0.05) between animals receiving 2000 mg/kg
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TABLE 2 |

Evaluation of body weight and average daily food and water consumption of control animals and those treated with a single oral dose of

2000 mg/kg of Anacardium occidentale leaf extract (AoLE), assessed during 14 days.

Parameters Control AoLE (2000 mg/kg)
Average weight — —
Initial weight (g) 25.93 + 0.81 26.26 +0.73
Final weight (g) 25.96 +2.43 27.00 £ 3.11
Food consumption (g/day) 4.09 +£0.71 4.7+ 0.89
Water consumption (mL/day) 9.72 + 0.86 8.6 +1.29

Food and water consumption values correspond to the total consumption of each experimental group. Values represent the mean + standard deviation (n = 6). No
significant differences (p > 0.05) were found between groups according to one-way analysis of variance (ANOVA) followed by Bonferroni’s post hoc test.

TABLE 3 | Hematological parameters of control animals and those treated with a single oral dose of 2000 mg/kg of Anacardium occidentale leaf

extract (AoLE), assessed after 14 days.

Parameters Control AoLE
Erythrocytes (10°/mm?) 530 + 0.31 511+ 0.44
Hematocrit (%) 37.54 + 3.12 39.14 +3.24
Hemoglobin (g/dL) 14.52 + 0.41 14.25 + 0.32
Mean corpuscular volume (fL) 70.83 + 5.88 76.59 + 6.41
Mean corpuscular hemoglobin (pg) 34.16 + 0.71 27.88 +0.41
Mean corpuscular hemoglobin concentration (g/dL) 38.67 +1.09 36.40 +£8.73
Platelets (10°/mm?) 996.94 + 98.88 944.86 + 79.49
Leukocytes (10°/mm?) 7.94 + 0.54 7.57 + 0.46
Lymphocytes (%) 69.54 + 4.09 71.01 + 3.65
Segmented neutrophils (%) 25.97 + 0.68 24.85 +0.79
Monocytes (%) 2.87 +£0.34 3.06 +0.42
Basophiles (%) 0.14 + 0.02 0.11 + 0.04
Eosinophils (%) 1.36 + 0.15 140 + 0.14

Values represent the mean + standard deviation (n = 6/group). No significant differences (p > 0.05) were found between groups according to one-way analysis of

variance (ANOVA) followed by Bonferroni’s post hoc test.

AoLE and the control group (Table 3). Similarly, biochemical
analysis (Table 4) showed no significant changes (p > 0.05)
in markers of kidney and liver function, which are sensitive
indicators of organ toxicity. Overall, the lack of alterations in
these parameters suggests that AoLE does not adversely affect the
physiological function of key organs or that, if any adverse effects
occurred, the animals could recover from them. To confirm this,
the organs were collected and examined both macroscopically
and microscopically.

No significant changes (p > 0.05) were observed in the organ
weights of animals treated with 2000 mg/kg AoLE (Table 5),
and no macroscopic alterations in color or texture were detected
at the time of collection. Figure 3 shows representative histo-
logical images of the liver, kidneys, and spleen from control
and AoLE-treated mice. Livers from animals treated with AoLE
exhibited clearly delineated hepatocytes, nuclei with discernible
chromatin, and central lobular veins of diverse sizes with
intact architecture, without signs of connective tissue fibrosis,
reflecting healthy hepatic parenchyma. In the kidneys, both

treated and control groups showed well-formed glomeruli and
renal convoluted tubules, indicating that AoLE did not interfere
with tubular function, including reabsorption and secretion. The
spleens of treated mice maintained the normal organization
of white and red pulp, with typical cellular morphology and
counts, and showed no indications of hyperactivation relative to
controls.

Konan et al. [18] reported the presence of tannins, flavonoids,
and saponins in a hydroethanolic leaf extract that was acutely
and subacutely safe in rats. Together with our results, it can be
inferred that the tannins and lectins present in A. occidentale
leaves do not occur at toxic levels, unlike tannin levels found in
oak (Quercus spp.) leaves [42] and the highly toxic lectin ricin
present in Ricinus communis L. seeds [72].

In the genotoxicity assessment, the micronucleus test showed no
significant difference (p = 0.85) in the number of micronucleate
PCE between the negative control and AoLE-treated group
(Figure 4A), indicating no mutagenic activity. Similarly, the
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TABLE 4 |
extract (AoLE), assessed after 14 days.

Biochemical blood parameters of control animals and those treated with a single oral dose of 2000 mg/kg of Anacardium occidentale leaf

Parameters Control AoLE

Albumin (g/L) 29.54 +3.19 3210 +3.88
Alanine aminotransferase (U/L) 47.85 + 4.12 49.17 + 4.23
Aspartate aminotransferase (U/L) 64.16 + 4.10 63.04 + 5.24
Alkaline phosphatse (U/L) 13.84 + 0.39 13.52 + 0.44
Bilirubin (mg/dL) 0.35 +0.13 0.40 = 0.10
Gamma glutamyl transferase (U/L) 1412+ 0.35 14.46 + 0.44
Total proteins (g/dL) 72.12 + 6.04 74.83 £+ 5.85
Urea (mg/dL) 31.0 £ 0.44 36.0 = 0.55
Creatinine (mg/dL) 0.40 + 0.03 0.43 +0.04
Total cholesterol (mg/dL) 81.83 + 6.41 78.42 +5.79
Triglycerides (mg/dL) 90.32 +8.45 93.51 +7.39
HDL-cholesterol (mg/dL) 36.54 + 3.08 35.01 + 3.16
LDL-cholesterol (mg/dL) 28.50 + 2.56 26.97 +2.49
VLDL-cholesterol (mg/dL) 1431+ 1.25 14.82 +1.00

Values represent the mean + standard deviation (n = 6/group). No significant differences (p > 0.05) were found between groups according to one-way analysis of

variance (ANOVA) followed by Bonferroni’s post hoc test.

TABLE 5 |
animals and those treated with a single oral dose of 2000 mg/kg of

Evaluation of the relative weight of organs of control

Anacardium occidentale leaf extract (AoLE), assessed after 14 days.

Weight (%)
Organs Control AoLE
Kidneys 0.387 + 0.07 0.395 + 0.04
Spleen 0.1200 + 0.02 0.1125 + 0.01
Liver 1315+ 0.22 1.307 £ 0.16

Values represent the mean + standard deviation (n = 6/group). No significant
differences (p > 0.05) were found between groups according to one-way
analysis of variance (ANOVA) followed by Bonferroni’s post hoc test.

Spleen

FIGURE 3 |
and spleen of female mice from the control group and those treated with a

Representative photomicrographs of the liver, kidney,

single dose of 2000 mg/kg of Anacardium occidentale leaf extract (AoLE).
Liver: The centrilobular vein (cv) is visible in all images. Kidney: Renal
glomeruli (Gr) and convoluted tubules (arrows) are well preserved and
organized. Spleen: Lymph nodes (Nd) are well defined in both control and
treated groups. Hematoxylin and eosin (H&E) staining was used. Scale
bars: 100 pm.

comet assay revealed no significant differences in either the
damage index (p = 0.082, Figure 4B) or damage frequency
(p = 0.0625, Figure 4C), suggesting that acute treatment with
2000 mg/kg AoLE does not induce genotoxic effects. These
findings are consistent with the absence of genotoxic effects
detected in ethanolic extract from A. occidentale leaves [18].

The results obtained here for AoLE provide a foundation for
future pharmaceutical development, particularly in standardiza-
tion, safe dosing, stability, and therapeutic potential. Charac-
terization of bioactives, including gallic acid, rutin, flavonoids,
tannins, lectins, and proteins, establishes reliable chemical mark-
ers for batch-to-batch consistency and quality control. Acute
toxicity and genotoxicity assays indicated no treatment-related
adverse effects under the experimental conditions employed, sup-
porting further pharmacological evaluation and oral formulation
development. The solubility and stability of key bioactives enable
aqueous formulations, while long-term stability under varying
pH, temperature, and storage conditions should be assessed in
future studies.

4 | Conclusion

AoLE is arich source of bioactive compounds, including polyphe-
nols, flavonoids, tannins, and lectins, and has demonstrated low
acute oral toxicity and no genotoxicity in mice. The important
levels of proteins, tannins, and lectins warrant further investi-
gation into the biological potential of cashew leaves. Overall,
the low acute toxicity under the experimental conditions, the
availability of standardized biomarker data, and promising ther-
apeutic potential provide a clear rationale for the preclinical and
clinical development of modern phytopharmaceuticals, including
studies on sub-acute and chronic toxicity, long-term stability, and
pharmacological efficacy.
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FIGURE 4 | Genotoxicity assessment of Anacardium occidentale leaf

extract (AoLE) at 2000 mg/kg in mice (n = 5 per group). (A) Number of
micronucleated polychromatic erythrocytes (MnPCE). (B) Frequency of
DNA damage in the comet assay. (C) Damage index in the comet assay.
NC = negative control; PC = positive control. Error bars indicate standard
deviation values. Data were analyzed using analysis of variance (ANOVA)
with Tukey’s post hoc test.
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