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Abstract The Brazilian Cerrado represents one of

the world’s most biodiverse savanna ecosystems and

harbors a rich reservoir of medicinal plant species

traditionally used in the preparation of aqueous

infusions and decoctions. This review provides a

critical and comparative assessment of traditional

aqueous preparations and complem/entary phyto-

chemical studies involving four emblematic Cerrado

species: Dipteryx alata Vogel, Hancornia speciosa

Gomes, Bowdichia virgilioides Kunth, and Eugenia

dysenterica DC. The available evidence derives from

heterogeneous preparation systems, including tradi-

tional aqueous infusions, hydroethanolic and

methanolic extracts, chromatographically fractionated

preparations, isolated compounds, formulation-based

systems, and metabolomics-oriented analytical

approaches. Across these systems, more than 80

metabolites have been reported, including flavonoids,

isoflavonoids, phenolic acids, proanthocyanidins, gal-

loylated derivatives, and prenylated chalcones, char-

acterized using LC–MS/MS, HPLC–DAD, GC–MS,

PS-MS, and one- and two-dimensional NMR spec-

troscopy. The reviewed studies suggest antioxidant,

anti-inflammatory, hypoglycemic, antimicrobial,

cytoprotective, antinociceptive, and neuropharmaco-

logical potential associated with proposed modulation

of pathways involving NF-jB, AMPK, COX-related

mediators, a-glucosidase, oxidative stress responses,

and inflammatory signaling. Comparative structure–

activity interpretations further suggest that prenylated

and galloylated substituents may contribute to

enhanced lipophilicity, membrane interaction, and

biological responsiveness. However, the current evi-

dence remains fragmented due to heterogeneous

extraction methodologies, limited pharmacokinetic

and toxicological characterization, insufficient stan-

dardization of preparations, and the scarcity of clin-

ically relevant validation studies. This review

highlights the importance of integrating ethnobotan-

ically realistic aqueous preparations with metabolo-

mics, bioassay-guided fractionation, and advanced

analytical platforms to better understand which

metabolites are genuinely associated with the tradi-

tional medicinal use of Cerrado species and their

potential biotechnological applications.
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Introduction

The Brazilian Cerrado is recognized as one of the most

biodiverse biomes on the planet, often referred to as
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the ‘‘cradle of waters’’ due to its strategic role in water

conservation and in supplying the major river basins of

South America (de Castilho Silva et al. 2024).

Covering approximately 2 million km2, the Cerrado

spans a vast area of central Brazil and extends into

parts of neighboring countries, making it the second

largest biome in Brazil. It is primarily distributed

across the states of Goiás, Mato Grosso, Mato Grosso

do Sul, Tocantins, Minas Gerais, Bahia, Maranhão,

Piauı́, and the Federal District (Furley 1999; IBGE

2020).

This biome harbors an exceptional diversity of plant

species, many of them endemic and possessing unique

phytochemical profiles. The complex chemical compo-

sition of Cerrado flora has attracted increasing scientific

interest, particularly regarding its potential as a source of

structurally diverse and pharmacologically active sec-

ondary metabolites. Several classes of compounds have

been reported, including flavonoids, tannins, alkaloids,

terpenoids, saponins, phenolic acids, steroids, and

lignans (Gurib-Fakim 2006; Neto et al. 2020).

Historically, medicinal plants have played a central

role in traditional Brazilian medicine, especially

among Indigenous communities and rural populations

(Leonti and Casu 2013). The empirical knowledge

accumulated over generations has guided recent

scientific investigations, particularly concerning the

popular use of ‘‘medicinal teas’’ from the Cerrado,

which are prepared by infusion or decoction of plant

parts such as leaves, bark, roots, and fruits (Tabajara

de Oliveira Martins et al. 2019). These preparations

are widely used in the treatment of inflammatory,

gastrointestinal, respiratory, infectious, metabolic, and

degenerative conditions (de Carvalho et al. 2020).

Despite the growing interest, significant gaps

remain in the scientific literature. The comprehensive

identification of bioactive compounds, their mecha-

nisms of action, and the potential synergistic effects

resulting from metabolite interactions are still under-

explored. Furthermore, there is a lack of systematic

studies addressing optimal extraction conditions,

chemical stability, and purification methods that

would allow for the maximization of therapeutic

compound recovery and utilization.

In recent years, advances in high-resolution ana-

lytical techniques—such as ultra-high performance

liquid chromatography coupled with tandem mass

spectrometry (UHPLC-MS/MS), gas chromatogra-

phy–mass spectrometry (GC–MS), high-performance

liquid chromatography with diode array detection

(HPLC–DAD), and one- and two-dimensional nuclear

magnetic resonance (NMR) spectroscopy—have

enabled more precise chemical characterization,

opening new possibilities for the identification of

novel compounds and the validation of their bioactive

properties (Queiroz et al. 2024; Meunier et al. 2024).

In this context, the present review aims to provide a

critical, comprehensive, and up-to-date analysis of the

phytochemical composition of medicinal teas pro-

duced from native plant species of the Brazilian

Cerrado, with emphasis on structural identification,

chromatographic characterization, and bioactivity

correlation of the major metabolites.

To this end, four species of high phytochemical

relevance were selected based on criteria such as

metabolic diversity, structural originality, use of

modern structural elucidation methods, and previously

described therapeutic potential: Dipteryx alata Vogel

(baru), Hancornia speciosa Gomes (mangaba), Bow-

dichia virgilioides Kunth (sucupira-preta), and Euge-

nia dysenterica DC. (cagaita).

These species were chosen not only for the

abundance and diversity of their secondary metabo-

lites but also for the robustness and consistency of

available phytochemical studies, which enabled the

detailed identification of glycosylated flavonoids,

condensed and hydrolyzable tannins, chalcones, iso-

flavones, phenolic acids, and triterpenes using tech-

niques such as NMR and high-resolution mass

spectrometry.

The following sections will individually address the

chemical profile of each plant, the extraction methods

employed, the main isolated compounds, the correla-

tions between chemical structure and biological func-

tion, and the proposed biosynthetic pathways. By

compiling this evidence from a chemical perspective,

this review aims to provide a solid scientific founda-

tion for future research focused on the phytochemical,

biotechnological, and pharmaceutical exploitation of

native Cerrado species, while promoting their sustain-

able valorization and conservation.

Methods of literature search and inclusion criteria

To ensure the comprehensiveness and scientific rigor

of this review, a systematic literature search was

conducted between January and March 2025 using the
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Scopus, ScienceDirect, and PubMed databases. The

search strategy aimed to identify experimental studies

characterizing the phytochemical composition of

medicinal teas (infusions or decoctions) prepared

from plant species native to the Brazilian Cerrado

biome.

Boolean operators were used to combine relevant

keywords, including the terms: ‘‘infusion’’ OR ‘‘de-

coction’’ AND ‘‘phytochemical composition’’ OR

‘‘bioactive compounds’’ OR ‘‘metabolites’’ AND

[species name] AND ‘‘HPLC’’ OR ‘‘GC–MS’’ OR

‘‘LC–MS/MS’’ OR ‘‘NMR’’ OR ‘‘phytochemical

analysis.’’ The search was limited to peer-reviewed

articles published in English, Portuguese, or Spanish.

Strict inclusion criteria were adopted, prioritizing

studies that: (a) provided experimental identification

of phytochemical constituents in aqueous infusions or

decoctions prepared using traditional or optimized

methods; (b) employed advanced analytical tech-

niques such as high-performance liquid chromatogra-

phy (HPLC), gas chromatography–mass spectrometry

(GC–MS), liquid chromatography–tandem mass spec-

trometry (LC–MS/MS), and one- and two-dimen-

sional nuclear magnetic resonance spectroscopy (1H,

13C NMR, HSQC, HMBC); (c) included unambigu-

ous botanical identification of the plant species

studied; and (d) reported full or partial structural

elucidation, or at least chemical classification of the

compounds (e.g., flavonoids, tannins, alkaloids).

Based on these criteria, four species were selected

due to their phytochemical relevance and the robust-

ness of the available literature: Dipteryx alata Vogel

(baru), Hancornia speciosa Gomes (mangaba), Bow-

dichia virgilioides Kunth (sucupira-preta), and Euge-

nia dysenterica DC. (cagaita). These species were

prioritized for their high metabolic diversity and the

consistent application of advanced analytical tech-

niques, enabling detailed chemical elucidation of their

bioactive constituents in aqueous preparations.

Dipteryx alata

Dipteryx alata, commonly known as baru, cumbaru, or

cumaruzeiro, is a large leguminous tree belonging to

the family Fabaceae, subfamily Papilionoideae

(Antunes et al. 2020). It is a native and endemic

species of the Brazilian Cerrado, widely distributed

across the states of Goiás, Mato Grosso, Mato Grosso

do Sul, Minas Gerais, and São Paulo, reaching up to

25 m in height (Martinez and Teodoro 2024). Beyond

its ecological relevance, D. alata holds significant

socioeconomic and cultural importance. The baru nut

is widely consumed as a food source and is considered

rich in lipids, proteins, fiber, and bioactive compounds

(de Miranda Monteiro et al. 2022).

Leaves, bark, and fruit pulp are traditionally used in

folk medicine for the preparation of teas and infusions

indicated for the treatment of muscular and joint pain,

including rheumatism, lumbago, and osteoporosis;

gynecological conditions such as prolonged menstru-

ation, uterine inflammation, and vaginal discharge;

renal and urinary disorders, with diuretic and analgesic

effects; and gastrointestinal ailments such as gastritis,

ulcers, and intestinal infections, among other thera-

peutic uses (Esteves-Pedro et al. 2012; Ribeiro et al.

2017).

Figure 1 illustrates the chemical structures of the

five major compounds identified in the leaves, bark,

pulp, and seeds of the species, with an emphasis on

flavonoids and phenolic acids, which have been

extensively studied for their antioxidant, anti-inflam-

matory, and wound-healing properties.

Table 1 summarizes the main studies on D. alata,

highlighting the plant parts used, extraction methods,

analytical techniques, identified compounds, pharma-

cological activities, and experimental models.

Importantly, most studies summarized in Table 1

did not directly reproduce traditional medicinal infu-

sions or decoctions. Instead, they employed hydroal-

coholic, methanolic, ethanolic, alkaline, ultrasound-

assisted, oil-based, or chromatographically fraction-

ated preparations. Therefore, these studies should be

interpreted as complementary phytochemical and

pharmacological evidence rather than direct validation

of traditional aqueous preparations. This distinction is

essential because extraction solvent, temperature,

polarity, and processing conditions strongly influence

metabolite recovery, structural stability, bioaccessi-

bility, and biological activity, which may result in

substantial differences between experimentally

obtained extracts and traditional medicinal prepara-

tions used in folk medicine.

The reviewed literature reveals that D. alata is a

remarkable source of chemical diversity, with bioac-

tive compounds distributed distinctively across bark,

leaves, pulp, almonds, and seeds. Extracts obtained

from the trunk bark have shown prominent antiophidic
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effects againstBothrops jararacussu venom, primarily

attributed to tannins, phenolic acids, and flavonoids

such as quercetin, identified by thin-layer chromatog-

raphy (TLC). These compounds are associated with

the precipitation of toxic proteins and the formation of

inactive complexes with phospholipase A2 enzymes

(Nazato et al. 2010).

These findings were corroborated by Puebla et al.

2010, who isolated and structurally characterized a

range of compounds—such as isoflavonoids, chalcones,

and triterpenes—using advanced techniques including

NMR and HRMS. The application of one- and two-

dimensional NMR spectroscopy (1H, 13C, HSQC, and

HMBC) enabled the precise elucidation of complex

structures, including glycosylated flavonoids.

The use of LC–MS/MS and UHPLC-DAD further

contributed to the differentiation of structural isomers

with minor variations in sugar chains or methoxylation

positions, underscoring the importance of these tech-

niques for analyzing plant matrices with high phyto-

chemical complexity (Puebla et al. 2010; Ferraz et al.

2014; Nunes et al. 2024). Among the isolated

compounds, 7,8,30-trihydroxy-40-methoxyisoflavone

demonstrated high efficacy in neutralizing the neuro-

muscular and myotoxic effects induced by Bothrops

jararacussu venom and its major myotoxin, bothrop-

stoxin-I (BthTX-I), preventing up to 84% of neuro-

muscular blockade in mouse phrenic nerve–

diaphragm preparations (Ferraz et al. 2014). This

activity is related to the presence of phenolic hydroxyl

groups at positions C-7, C-8, and C-30 of the

isoflavone, whose configuration allows specific inter-

actions with phospholipase A2 enzymes in the venom,

leading to the formation of reactive quinones that

inactivate toxic proteins (Ferraz et al. 2014). This

chemical structure underpins the compound’s high

potential for muscle membrane stabilization and

prevention of venom-induced myonecrosis.

In addition to antiophidic effects, compounds found

in the leaves and pulp have exhibited strong antiox-

idant activity. Methanol/water extracts and aqueous

homogenates from the fruit pulp demonstrated high

levels of total phenolics and flavonoids, with protec-

tive effects against oxidative stress in Caenorhabditis

elegans in vivo models, promoting increased lifespan

and activation of endogenous antioxidant pathways,

such as DAF-16 nuclear translocation and upregula-

tion of SOD-3 expression (Leite et al. 2020).

The use of alkaline solvents and hydroethanolic

mixtures has proven effective for extracting these

compounds, with 5% NaOH solution being particu-

larly efficient in recovering phenolics and condensed

tannins (da Silva et al. 2021). Baru almonds have also

emerged as promising sources of bioactive com-

pounds. Ethanolic extracts have shown high concen-

trations of gallic acid and significant antioxidant and

wound-healing activities, promoting epithelial regen-

eration in pulmonary cell lines (Coco et al. 2022).

Another noteworthy finding is the selective cyto-

toxicity exhibited by pulp-with-peel extracts against

tumor cell lines (SiHa and C33A), with minimal

effects on non-tumorigenic cells (HaCaT, L929),

indicating potential applications in preventive or

therapeutic oncology (Barizão et al. 2021). The

phenolic composition of this fraction—rich in trans-

cinnamic acid, protocatechuic acid, luteolin, and

naringenin—supports the hypothesis of synergistic

interactions among metabolites in the induction of

apoptosis and inhibition of tumor cell proliferation.

The formulation of nanoemulsions from baru

almond oil has demonstrated promising physicochem-

ical stability and functional potential for food, cos-

metic, and pharmaceutical applications, particularly

due to the interfacial behavior of crude baru oil and the

antioxidant properties associated with phenolic com-

pounds and tocopherols (de Oliveira Paulo et al. 2023;

Queiroz et al. 2025). Recent spectrometric analyses

revealed even greater phytochemical diversity, with

the tentative identification of numerous compounds by

PS–MS, including flavonoids, gallotannins, phenolic

acids, chalcones, glycosides, triterpenes, and organic

acids distributed across peel, pulp, endocarp, raw

almond, and roasted almond fractions (Nunes et al.

2024).

The leaves, in turn, contain novel glycosylated

flavonoids such as quercetin-3-O-b-glucoside-7-O-a-

rhamnoside and quercetin-7-O-a-rhamnoside, which

have shown strong anti-inflammatory and antioxidant

activities in in vivo models of pain, edema, and nitric

oxide production (Dos Santos et al. 2025).

Additionally, thermal processing of the almonds

was found to directly influence their phytochemical

profile. Compounds such as quercetin, gallic acid

derivatives, tannins, and other phenolic metabolites

were detected in raw and roasted almond fractions,

suggesting that thermal processing may alter metabo-

lite availability, promote the release of matrix-bound
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compounds, or contribute to the formation of process-

ing-derived derivatives (Nunes et al. 2024). This

evidence underscores the importance of post-harvest

processing in modulating the bioactivity of D. alata

derivatives.

The recurrent detection of flavonoids and phenolic

acids such as luteolin, quercetin, and gallic acid in

various plant parts highlights the systematically

bioactive nature of D. alata, which exhibits a broad

pharmacological spectrum. These compounds mainly

belong to the classes of flavonols, phenolic acids, and

isoflavonoids, all known for their high antioxidant

activity and ability to interact with biological targets

such as oxidative enzymes, inflammatory mediators,

and toxic proteins (Al-Khayri et al. 2022; Chagas et al.

2022).

In particular, the polyhydroxylated structure of

these compounds enhances their ability to act as free

radical scavengers, anti-inflammatory agents, and

stabilizers of cellular membranes (Murias et al.

2005; Nájera-Maldonado et al. 2024). The recurrent

presence of these bioactive compounds in different

plant fractions reinforces the potential of D. alata as a

versatile source for the development of functional

extracts with broad therapeutic applications.

In terms of safety, the reviewed studies generally

reported low toxicity for several evaluated extracts,

including cell-based assays, Artemia salina, Allium

cepa, C. elegans, keratinocytes, erythrocytes, and in

silico toxicity predictions. However, comprehensive

in vivo, chronic toxicity, and clinical safety assess-

ments remain scarce, limiting definitive conclusions

regarding long-term therapeutic use (Nazato et al.

2010; Leite et al. 2020; Lima et al. 2022; Scapin et al.

2024; Queiroz et al. 2025; Dos Santos et al. 2025).

These findings support the therapeutic potential of D.

alata for both topical and systemic use, in natural or

nano-structured formulations, with possible applica-

tions in phytotherapy, dentistry, functional foods, and

cosmetics.

Fig. 1 Dipteryx alata tree and its main bioactive compounds identified in different parts of the plant: A quercetin, B luteolin, C rutin,

D gallic acid and E protocatechuic acid
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Structure–activity relationship (SAR) analysis of

the compounds identified in D. alata reveals structural

patterns that largely explain their biological activities.

Flavonoids such as quercetin, luteolin, and rutin

possess a flavonol backbone with multiple hydroxyl

groups on rings A and B, which confer high antiox-

idant potential through electron donation and free

radical stabilization (Cos et al. 2000; Singh et al.

2021). Specifically, hydroxyl groups at positions C-30

and C-40 on ring B, and C-5 and C-7 on ring A,

promote metal chelation and the inhibition of pro-

oxidant enzymes such as NADPH oxidase and

xanthine oxidase (Luo et al. 2022; Abou Baker

2022). Rutin, with rhamnose and glucose moieties

attached at position C-3, exhibits increased water

solubility, improving its bioavailability in infusions

and enhancing its stability in phytotherapeutic prepa-

rations (Kapešová et al. 2019; Křen & Bojarová,

2023).

Regarding phenolic acids such as gallic acid,

protocatechuic acid, and caffeic acid, the presence of

carboxyl groups conjugated to polyhydroxylated

aromatic systems contributes to lipid peroxidation

inhibition and modulation of inflammatory pathways,

including NF-jB signaling (Mucha et al. 2021; Rathod

et al. 2023). These compounds function as reactive

oxygen species (ROS) scavengers and inhibitors of

enzymes such as COX-2 and LOX, primarily through

hydrogen bonding and hydrophobic interactions with

catalytic sites (Molehin et al. 2023; Rudrapal et al.

2024).

Triterpenic compounds such as lupeol and betulin,

identified in the bark and almonds, possess a penta-

cyclic core with a hydroxyl group at the C-3 position,

which enables their action in modulating inflamma-

tory responses, particularly through the inhibition of

mediators such as TNF-a and IL-1b (Renda et al.

2022). The rigid and hydrophobic structure of these

compounds favors interactions with nuclear receptors

(e.g., PPARc) and cellular membrane components,

supporting their effectiveness in models of pain and

chronic inflammation (Sharma and Lee 2021; Enayati

et al. 2022; Spanoudaki et al. 2024).

Fig. 2 Main bioactive compounds identified in Hancornia speciosa: A chlorogenic acid, B rutin, C catechin, D quercetin and

E bornesitol
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Although the phytochemical findings for D. alata

highlight promising compounds, the lack of clinical

trials and in vivo validations for many extracts and

fractions limits the therapeutic consolidation of this

species. Most studies remain confined to in vitro

models, with a scarcity of systematic in vivo assess-

ments and a complete absence of controlled clinical

trials. Furthermore, few compounds have been eval-

uated in isolation and in a systematic manner, making

it difficult to distinguish intrinsic effects from poten-

tial synergistic interactions among the metabolites

present in crude extracts.

Another recurring challenge is the lack of stan-

dardized protocols for extraction, fractionation, and

quantification, which compromises comparability

across studies and hinders progress toward technolog-

ical development. Although the D. alata almond is

widely studied and commercially valued, other parts

of the plant—such as the bark, leaves, and pulp—

contain significant concentrations of bioactive

compounds but remain underexplored from a

phytochemical and functional perspective, represent-

ing an untapped potential for the integral utilization of

the species.

It is worth noting that more than fifty metabolites

recently identified by PS–MS in bark, pulp, and

almond extracts of D. alata have yet to undergo

functional studies or detailed structural investigations

(Nunes et al. 2024). The absence of data on their

biosynthetic pathways, chemical stability, and mech-

anisms of action limits their application, yet also

presents a significant opportunity for the discovery of

new bioactive candidates with pharmaceutical and

nutraceutical potential.

In this context, further advancement in the phyto-

chemical and bioactive knowledge of D. alata should

involve integrated approaches, including untargeted

metabolomics, bioassay-guided fractionation, mecha-

nistic studies, and stability analysis in complex

formulations. Such advances will be crucial to support

the rational and scientific use of this species, acceler-

ating its inclusion in innovative production chains and

Fig. 3 B. virgilioides and chemical structures of representative structurally characterized compounds: A Maackiain, B Lupeol, C b-

Sitosterol, D Stigmasterol and E Medicarpin
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promoting the biotechnological valorization of the

Brazilian Cerrado as a strategic reservoir of natural

resources.

Hancornia speciosa

Hancornia speciosa, commonly known as ‘‘manga-

beira’’, is a plant native to Brazil and belongs to the

Apocynaceae family. It is widely distributed across

several Brazilian biomes, including the Caatinga,

Amazon, Cerrado, and Atlantic Forest, and is also

found in neighboring countries such as Bolivia, Peru,

and Paraguay (Vieira et al. 2016). Its fruits, known as

mangabas, have significant socioeconomic impor-

tance. They are consumed fresh or processed by

small-scale agro-industries into juices, ice creams,

sweets, and jams, serving as a crucial source of income

for traditional communities, especially the traditional

catadoras de mangaba (mangaba gatherers) (Soares

et al. 2011; Almeida et al. 2022; Nunes et al. 2022).

Figure 2 presents representative bioactive com-

pounds reported in studies of H. speciosa: (A) chloro-

genic acid, (B) rutin, (C) catechin, (D) quercetin, and

(E) bornesitol.

Table 2 summarizes the main phytochemical and

pharmacological information extracted from recent

studies on different parts of H. speciosa, highlighting

the identified compounds, analytical methods used,

observed biological activities, proposed mechanisms

of action, and research gaps.

Importantly, several studies summarized in Table 2

did not directly reproduce traditional medicinal infu-

sions or decoctions commonly employed in folk

medicine. Instead, many investigations used

hydroethanolic, ethanolic, methanolic, acetone/water,

pressurized, fractionated, chromatographically puri-

fied, latex-derived, or in vitro cell culture-based

preparations to improve metabolite recovery and

structural characterization. Therefore, these studies

should be interpreted as complementary phytochem-

ical and pharmacological evidence rather than direct

validation of traditional aqueous preparations. This

Fig. 4 Eugenia dysenterica and representative bioactive compounds identified across different plant parts and preparation/extraction

systems
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g
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o
p
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n
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ro
p
s
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u

an
d
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ro
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s
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u
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u
s
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s

v
en

o
m

s;
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d
u
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f
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d
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y
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k
el
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ci
p
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e
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en
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m

p
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te
in

s;

p
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en
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c
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m
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o
u
n
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d
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o
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m
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p
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o
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p
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m
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o
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ir
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t
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it
y
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al
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at
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n
;

m
et

h
an

o
li

c
ex

tr
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t
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m
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al
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b
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te

ra
ti

o
n
s
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la

te
d
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p
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at
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s
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cl
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el
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s;
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ti
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e
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m

p
o
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n
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t
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la

te
d
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id
u
al
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;
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h
an
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m
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m
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n

p
ar

ti
al
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u
la

ti
v
e

N
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at
o

et
al

.

(2
0
1
0

)

S
te

m
b
ar

k
H

y
d
ro

al
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h
o
li

c

ex
tr

ac
ti

o
n
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o
w
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b
y

p
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ti
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n
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h
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an
e,

d
ic
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m
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e,
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h
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l
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at
e
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d
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l;
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g
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d
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L
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0

ch
ro

m
at

o
g
ra

p
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n
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u
p
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b
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n
,

2
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y
d
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x
y
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p
-

2
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9
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en
-3

-o
n
e,
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o
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n
,

o
d
o
ra
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n
,

d
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te
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x
in

,
8
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-

m
et

h
y
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et
u
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n
,
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o
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q
u
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en
in

,
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lf
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ti
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,

v
an
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c
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,
v
an

il
li

n
an

d

p
ro

to
ca

te
ch

u
ic
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G
C

–
M

S
,

H
R

-E
S

I–

M
S

,
IR

sp
ec

tr
o
sc

o
p
y
,

1
D

/

2
D

-N
M

R
,
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L
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an

d
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ro
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o
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p
h
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ti
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n

In
v
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f

n
eu
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m
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r

b
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an

d
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x
ic

it
y
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b
y
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s
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u
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m
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o
fl

av
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n
o
id
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an

d

p
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en
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c
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id
s
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y
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te

ra
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w
it
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en
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m

p
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o
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h
o
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p
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an

d

n
eu

ro
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x
in

s,
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g

to
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ef
fe

ct
s

N
o
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ir

ec
t

to
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ic

it
y
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r
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to
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ic

it
y
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y
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p
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E
x
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v
el

y
in
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ro

st
u
d
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;
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o
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te
d
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m

p
o
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n
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s

w
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e
n
o
t
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d
iv

id
u
al
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p
h
ar

m
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o
lo

g
ic

al
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ev
al

u
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P
u
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et
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.

(2
0
1
0

)
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it
p
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s
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d
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,
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o
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h
le

t

ex
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d

B
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D
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p
id
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n
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an
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,
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n
o
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,
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n
o
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n
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d
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ra
te
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y
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s
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an

d
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p
h
o
to
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c

as
sa
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s

N
u
tr

it
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d
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p
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te
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w

it
h
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n
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p
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p
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at
io
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o
f

u
n
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te
d
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s

N
o

to
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ic

it
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r
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y
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p
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N
o

b
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lo
g
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y
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g

p
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ti
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;
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s
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n
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at
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d
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ac
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n
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ar

ti
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.

(2
0
1
3

)

S
te

m
b
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k
H
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o
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c
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ac
ti
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p
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d
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p
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p
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7
,8

,3
0 -

T
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h
y
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ro
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y
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et
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o
x
y
is

o
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e
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M
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p
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N
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,
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p
h
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n
iq
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In
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it
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f
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p
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b
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u
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b
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p
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M
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u
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ra
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p
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o
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b
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n
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p
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d
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v
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p
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p
h
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o
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F
er

ra
z

et
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.

(2
0
1
4

)
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b
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p
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p
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p
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P
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v
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P
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p
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at
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p
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at
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b
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b
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p
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c
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p
o
u
n
d
s

S
p
ec

tr
o
p
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p
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p
o
te

n
ti

al

an
d

p
o
ss

ib
le

ap
p
li

ca
ti

o
n

as
p
la

n
t-

b
as

ed
fu

n
ct

io
n
al

b
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it
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p
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c
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b
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r
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s

p
er
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al
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p
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ab
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b
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g
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d
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S
il
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(2
0
2
0

)

F
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it
p
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M
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w
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)
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b
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it
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p
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,
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O
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et
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o
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y

d
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y
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y
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o
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o
n
e,
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,
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p
en
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p
h
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,
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h
en

o
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c
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an
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y
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p
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an
d

A
B
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ra
d
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d
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v
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b
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it
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R
O

S

sc
av

en
g
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p
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6
n
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o
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b
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C
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ra
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b
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y

o
r

re
p
ro

d
u
ct

iv
e
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p
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R
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o
u
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e

p
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v
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ra
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)
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b
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y
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p
u
lp

fl
o
u
r

ex
tr

ac
te

d
w

it
h
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n
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3
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d
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b
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u
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c
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n
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n
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ch
in
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p
h
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o
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c
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u
m
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b
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,
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g
n
an

s
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d
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g
n
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p
o
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s
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o
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C
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,
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u
m
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u
m
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c
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p
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p
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d
u
st

ri
al

ap
p
li

ca
ti

o
n

as

an
ti

o
x
id

an
t

so
u
rc

e

an
d

su
b
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c
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ra
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;
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p
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p
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d
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il
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(2
0
2
1

)
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p
h
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p
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in
fe

rr
ed

fr
o
m

li
te

ra
tu

re

N
o

ex
p
er

im
en

ta
l

to
x
ic

it
y

as
sa

y
s

p
er

fo
rm

ed

A
ct

iv
it

ie
s

in
fe

rr
ed

fr
o
m

p
h
y
to

ch
em

ic
al

co
m

p
o
si

ti
o
n
;

se
v
er

al

co
m

p
o
u
n
d
s

p
u
ta

ti
v
el

y
id

en
ti

fi
ed

B
as

to
s

et
al

.

(2
0
1
7

)

L
ea

v
es

E
th

an
o
li

c

m
ac

er
at

io
n

fo
ll

o
w

ed
b
y

fr
ee

ze
-d

ry
in

g

R
u
ti

n
,

ca
te

ch
in

,

is
o
q
u
er

ce
ti

n
,

ch
lo

ro
g
en

ic

ac
id

,
q
u
er

ce
ti

n
,

k
ae

m
p
fe

ro
l,

ep
ic

at
ec

h
in

,

p
ro

cy
an

id
in

s,

ca
ro

te
n
o
id

s

H
P

L
C

–
D

A
D

-M
S

/

M
S

,
G

C
-F

ID
,

A
m

es
te

st

A
n
ti

o
x
id

an
t,

an
ti

-

in
fl

am
m

at
o
ry

,

an
ti

o
b
es

it
y
,

an
ti

h
y
p
er

g
ly

ce
m

ic

an
d

n
eu

ro
p
ro

te
ct

iv
e

ac
ti

v
it

ie
s

R
ad

ic
al

sc
av

en
g
in

g
,

en
zy

m
e

in
h
ib

it
io

n
an

d

in
fl

am
m

at
o
ry

m
o
d
u
la

ti
o
n

N
o

re
le

v
an

t
to

x
ic

o
lo

g
ic

al

co
n
ce

rn
s;

an
ti

m
u
ta

g
en

ic
ac

ti
v
it

y

o
b
se

rv
ed

N
o

cl
in

ic
al

v
al

id
at

io
n
;

sy
n
er

g
is

ti
c

in
te

ra
ct

io
n
s

n
o
t

ex
p
er

im
en

ta
ll

y

co
n
fi

rm
ed

S
an

to
s

et
al

.

(2
0
1
8

)

F
ru

it
s

A
q
u
eo

u
s

d
ec

o
ct

io
n

fo
ll

o
w

ed
b
y

so
lv

en
t

p
ar

ti
ti

o
n
in

g

R
u
ti

n
,

ch
lo

ro
g
en

ic
ac

id
,

g
al

li
c

ac
id

,
ca

te
ch

in
,

fe
ru

li
c

ac
id

,
ro

sm
ar

in
ic

ac
id

H
P

L
C

–
D

A
D

,
L

C
–

M
S

,
E

L
IS

A

A
n
ti

-i
n
fl

am
m

at
o
ry

,

lu
n
g
-p

ro
te

ct
iv

e
an

d

an
ti

v
en

o
m

ac
ti

v
it

y

R
ed

u
ct

io
n

o
f

cy
to

k
in

es
,

n
it

ri
c

o
x
id

e,
le

u
k
o
cy

te

re
cr

u
it

m
en

t,
an

d

in
fl

am
m

at
o
ry

lu
n
g

in
ju

ry

N
o

ac
u
te

to
x
ic

it
y

si
g
n
s

re
p
o
rt

ed

N
o

cl
in

ic
al

v
al

id
at

io
n
;

co
n
tr

ib
u
ti

o
n

o
f

u
n
id

en
ti

fi
ed

co
m

p
o
u
n
d
s

u
n
cl

ea
r

B
it

en
co

u
rt

et
al

.

(2
0
1
9

)

L
ea

v
es

S
eq

u
en

ti
al

p
re

ss
u
ri

ze
d

li
q
u
id

ex
tr

ac
ti

o
n

R
u
ti

n
,

ch
lo

ro
g
en

ic
ac

id
,

k
ae

m
p
fe

ro
l,

fl
av

o
n
o
id

s

an
d

p
h
en

o
li

c
co

m
p
o
u
n
d
s

H
P

L
C

–
U

V
,

F
o
li

n
–

C
io

ca
lt

eu
,

D
P

P
H

as
sa

y

A
n
ti

o
x
id

an
t

an
d

an
ti

b
ac

te
ri

al

ac
ti

v
it

ie
s

F
re

e
ra

d
ic

al
sc

av
en

g
in

g

an
d

b
ac

te
ri

al

m
em

b
ra

n
e

d
is

ru
p
ti

o
n

N
o

to
x
ic

it
y

as
sa

y
s

p
er

fo
rm

ed

R
es

tr
ic

te
d

to
in

v
it

ro

as
sa

y
s;

n
o

is
o
la

ti
o
n

o
f

ac
ti

v
e

co
m

p
o
u
n
d
s

B
ar

b
o
sa

et
al

.

(2
0
1
9

)

C
el

l

su
sp

en
si

o
n

cu
lt

u
re

s

d
er

iv
ed

fr
o
m

le
av

es
/c

al
li

In
v
it

ro
cu

lt
u
re

u
n
d
er

d
if

fe
re

n
t

ca
rb

o
n

so
u
rc

es

fo
ll

o
w

ed
b
y

m
et

h
an

o
li

c

ex
tr

ac
ti

o
n

C
h
lo

ro
g
en

ic
ac

id
,

ep
ic

at
ec

h
in

,
ro

sm
ar

in
ic

ac
id

,
h
es

p
er

id
in

,
ru

ti
n
,

q
u
er

ce
ti

n

H
P

L
C

–
D

A
D

P
o
te

n
ti

al
an

ti
o
x
id

an
t

an
d

b
io

te
ch

n
o
lo

g
ic

al

ap
p
li

ca
ti

o
n
s

O
sm

o
ti

c
m

o
d
u
la

ti
o
n

o
f

p
h
en

o
li

c
b
io

sy
n
th

es
is

C
el

l
su

rv
iv

al
ab

o
v
e

9
4
%

u
n
d
er

al
l

co
n
d
it

io
n
s

N
o

p
h
ar

m
ac

o
lo

g
ic

al

o
r

in
v
iv

o
as

sa
y
s

p
er

fo
rm

ed

D
an

ta
s

et
al

.

(2
0
2
1

)
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T
a

b
le

2
co

n
ti

n
u

ed

P
ar

t
u

se
d

P
re

p
ar

at
io

n
/

E
x

tr
ac

ti
o

n
ty

p
e

Id
en

ti
fi

ed
b

io
ac

ti
v

e

co
m

p
o

u
n

d
s

Id
en

ti
fi

ca
ti

o
n

m
et

h
o

d

P
h

ar
m

ac
o

lo
g

ic
al

ac
ti

v
it

y

P
ro

p
o

se
d

m
ec

h
an

is
m

o
f

ac
ti

o
n

T
o

x
ic

it
y

an
d

sa
fe

ty
S

tu
d

y
li

m
it

at
io

n
s

R
ef

er
en

ce
s

L
ea

v
es

E
th

an
o
l/

w
at

er
an

d

m
et

h
an

o
l/

et
h
y
l

ac
et

at
e

ex
tr

ac
ti

o
n
;

ch
ro

m
at

o
g
ra

p
h
ic

is
o
la

ti
o
n

C
h
lo

ro
g
en

ic
ac

id
,

ru
ti

n
,

b
o
rn

es
it

o
l,

q
u
in

ic
ac

id
,

lu
p
eo

l
es

te
r

d
er

iv
at

iv
es

,

fl
av

o
n
o
id

s

H
P

L
C

–
P

D
A

,

U
P

L
C

-D
A

D
-

E
S

I–
M

S
/M

S
,

N
M

R

A
n
ti

h
y
p
er

te
n
si

v
e

an
d

an
ti

d
ia

b
et

ic

p
o
te

n
ti

al

V
as

o
re

la
x
at

io
n
,

A
C

E

in
h
ib

it
io

n
an

d
a

-

g
lu

co
si

d
as

e
in

h
ib

it
io

n

N
o

d
ir

ec
t

to
x
ic

it
y

ev
al

u
at

io
n

N
o

in
v
iv

o

co
n
fi

rm
at

io
n

o
f

d
u
al

p
h
ar

m
ac

o
lo

g
ic

al

ef
fe

ct
s

P
er

ei
ra

et
al

.

(2
0
2
2

)

F
ru

it
p
u
lp

H
y
d
ro

et
h
an

o
li

c

ex
tr

ac
ti

o
n

fo
ll

o
w

ed
b
y

ly
o
p
h
il

iz
at

io
n

P
h
en

o
li

c
co

m
p
o
u
n
d
s,

v
it

am
in

C
,

ca
ro

te
n
o
id

s,

re
d
u
ci

n
g

su
g
ar

s

H
P

L
C

–
P

D
A

,

D
P

P
H

,
F

R
A

P
,

T
B

A
R

S

A
n
ti

o
x
id

an
t

ac
ti

v
it

y
Ir

o
n
-r

ed
u
ci

n
g

p
o
w

er
an

d

in
h
ib

it
io

n
o
f

li
p
id

p
er

o
x
id

at
io

n

N
o

to
x
ic

it
y

as
sa

y
s

p
er

fo
rm

ed

N
o

id
en

ti
fi

ca
ti

o
n

o
f

in
d
iv

id
u
al

p
h
en

o
li

cs
;

ab
se

n
ce

o
f

in
v
iv

o
v
al

id
at

io
n

M
ar

ti
n
s

et
al

.

(2
0
2
3

)

L
ea

v
es

A
ce

to
n
e/

w
at

er

ex
tr

ac
ti

o
n

fo
ll

o
w

ed
b
y

S
ep

h
ad

ex
L

H
-2

0

fr
ac

ti
o
n
at

io
n

B
o
rn

es
it

o
l,

ch
lo

ro
g
en

ic

ac
id

,
ru

ti
n
,

k
ae

m
p
fe

ro
l,

d
im

er
ic

an
d

tr
im

er
ic

B
-t

y
p
e

p
ro

cy
an

id
in

C
-g

ly
co

si
d
es

U
P

L
C

-D
A

D
-E

S
I–

M
S

/M
S

,

th
io

ly
si

s,

E
L

IS
A

,
D

C
F

H
-

D
A

as
sa

y

A
n
ti

-i
n
fl

am
m

at
o
ry

,

an
ti

o
x
id

an
t

an
d

an
ti

h
y
p
er

te
n
si

v
e

p
o
te

n
ti

al

R
ed

u
ct

io
n

o
f

o
x
id

at
iv

e

st
re

ss
an

d
T

N
F

/I
L

-1
b

re
le

as
e;

N
F

-j
B

m
o
d
u
la

ti
o
n

N
o

cy
to

to
x
ic

it
y

o
r

in
v
iv

o

to
x
ic

it
y

as
sa

y
s

re
p
o
rt

ed

R
es

tr
ic

te
d

to
in

v
it

ro

as
sa

y
s;

n
o

p
h
ar

m
ac

o
k
in

et
ic

ev
al

u
at

io
n

Ju
n
io

r
et

al
.

(2
0
2
4

)

L
at

ex
C

ru
d
e

la
te

x

fr
ac

ti
o
n
at

ed

in
to
[

1
0

k
D

a

an
d
\

1
0

k
D

a

fr
ac

ti
o
n
s

C
h
lo

ro
g
en

ic
ac

id
,

g
al

ac
to

se
-r

ic
h

ca
rb

o
h
y
d
ra

te
s,

p
h
en

o
li

c

co
m

p
o
u
n
d
s

F
o
li

n
–
C

io
ca

lt
eu

,

H
P

L
C

m
o
n
o
sa

cc
h
ar

id
e

an
al

y
si

s,
M

T
T

,

fl
o
w

cy
to

m
et

ry

L
ei

sh
m

an
ic

id
al

ac
ti

v
it

y

A
rg

in
as

e
in

h
ib

it
io

n
,

o
x
id

at
iv

e
st

re
ss

m
o
d
u
la

ti
o
n

an
d

cy
to

k
in

e
re

g
u
la

ti
o
n

L
o
w

cy
to

to
x
ic

it
y

to
w

ar
d

m
ac

ro
p
h
ag

es

C
o
m

p
o
si

ti
o
n

o
f
\

1
0

k
D

a

fr
ac

ti
o
n

n
o
t

fu
ll

y

el
u
ci

d
at

ed
;

n
o

in
v
iv

o
v
al

id
at

io
n

C
as

tr
o

et
al

.

2
0
2
4

)

S
te

m
b
ar

k
S

u
lf

u
ri

c
et

h
er

an
d

m
et

h
an

o
li

c

ex
tr

ac
ti

o
n

T
ri

te
rp

en
o
id

s,
p
h
en

o
li

c

ac
id

s,
fl

av
o
n
o
id

s,

ca
te

ch
in

s,

p
ro

an
th

o
cy

an
id

in
s,

ta
n
n
in

s,
p
h
y
to

st
er

o
ls

G
C

–
M

S
,

F
o
li

n
–

C
io

ca
lt

eu
,

m
ic

ro
d
il

u
ti

o
n

as
sa

y

A
n
ti

b
io

ti
c-

m
o
d
if

y
in

g

ac
ti

v
it

y

E
n
h
an

ce
m

en
t

o
f

an
ti

b
io

ti
c

ef
fi

ca
cy

an
d

m
em

b
ra

n
e-

re
la

te
d

sy
n
er

g
is

ti
c

ef
fe

ct
s

N
o
n
-t

o
x
ic

in
D
ro
so
p
h
il
a

m
el
a
n
o
g
a
st
er

N
o

in
tr

in
si

c

an
ti

b
ac

te
ri

al

ac
ti

v
it

y
;

m
ec

h
an

is
m

s
n
o
t

fu
ll

y
el

u
ci

d
at

ed

d
a

S
il

v
a

et
al

.

(2
0
2
4

)
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T
a

b
le

3
C

o
m

p
ar

is
o

n
o

f
p

h
y

to
ch

em
ic

al
an

d
p

h
ar

m
ac

o
lo

g
ic

al
st

u
d

ie
s

in
v

o
lv

in
g
B
o
w
d
ic
h
ia

vi
rg
il
io
id
es

K
u

n
th

an
d

it
s

d
if

fe
re

n
t

p
re

p
ar

at
io

n
/e

x
tr

ac
ti

o
n

sy
st

em
s

P
ar

t

u
se

d

P
re

p
ar

at
io

n
/

E
x

tr
ac

ti
o

n
ty

p
e

Id
en

ti
fi

ed
b

io
ac

ti
v

e

co
m

p
o

u
n

d
s

Id
en

ti
fi

ca
ti

o
n

m
et

h
o

d

P
h

ar
m

ac
o

lo
g

ic
al

ac
ti

v
it

y

P
ro

p
o

se
d

m
ec

h
an

is
m

o
f

ac
ti

o
n

T
o

x
ic

it
y

an
d

sa
fe

ty

S
tu

d
y

li
m

it
at

io
n

s
R

ef
er

en
ce

s

S
te

m
in

n
er

b
ar

k
an

d

le
av

es

A
q
u
eo

u
s

ex
tr

ac
t

p
re

p
ar

ed

b
y

in
fu

si
o
n

in
b
o
il

in
g

d
is

ti
ll

ed
w

at
er

fo
ll

o
w

ed

b
y

ly
o
p
h
il

iz
at

io
n

F
la

v
o
n
o
id

s,
ta

n
n
in

s,

tr
it

er
p
en

es
an

d

sa
p
o
n
in

s

P
h
y
to

ch
em

ic
al

sc
re

en
in

g
an

d

D
P

P
H

as
sa

y

A
n
ti

n
o
ci

ce
p
ti

v
e,

an
ti

-

in
fl

am
m

at
o
ry

an
d

an
ti

o
x
id

an
t

ac
ti

v
it

ie
s

E
ff

ec
ts

m
ay

in
v
o
lv

e

in
h
ib

it
io

n
o
f

in
fl

am
m

at
o
ry

m
ed

ia
to

rs
,

C
O

X
/

iN
O

S
-r

el
at

ed

p
at

h
w

ay
s

an
d

fr
ee

ra
d
ic

al
sc

av
en

g
in

g

L
o
w

ac
u
te

to
x
ic

it
y
;

L
D

5
0

[
5

g
/k

g
fo

r

st
em

in
n
er

b
ar

k
ex

tr
ac

t

N
o

is
o
la

ti
o
n

o
r

st
ru

ct
u
ra

l

el
u
ci

d
at

io
n

o
f

in
d
iv

id
u
al

co
m

p
o
u
n
d
s;

m
ec

h
an

is
m

s

in
fe

rr
ed

fr
o
m

p
h
ar

m
ac

o
lo

g
ic

al
m

o
d
el

s

T
h
o
m

az
zi

et
al

.
(2

0
1
0
)

S
te

m
b
ar

k
A

q
u
eo

u
s

ex
tr

ac
t

p
re

p
ar

ed

b
y

in
fu

si
o
n

o
f

p
o
w

d
er

ed
st

em
b
ar

k

fo
ll

o
w

ed
b
y

fi
lt

ra
ti

o
n
,

so
lv

en
t

ev
ap

o
ra

ti
o
n

an
d

ly
o
p
h
il

iz
at

io
n

A
lk

al
o
id

s,
fl

av
o
n
o
id

s,

tr
it

er
p
en

o
id

s
an

d

re
si

n
o
u
s

co
n
st

it
u
en

ts

B
eh

av
io

ra
l

p
h
ar

m
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distinction is relevant because extraction conditions

strongly influence metabolite composition, chemical

stability, bioaccessibility, and biological activity.

H. speciosa has emerged as a promising source of

bioactive compounds with a broad pharmacological

spectrum. An integrated analysis of the available

studies highlights not only the phytochemical diver-

sity found in different parts of the plant but also the

biological relevance of the identified metabolites,

many of which belong to the classes of phenolic acids,

flavonoids, and triterpenes.

Among the most frequently identified compounds

are chlorogenic acid and rutin, found in various

extracts from the leaves, fruits, and latex of the plant

(Neves et al. 2016; Torres-Rêgo et al. 2016; Bastos

et al. 2017; Dos Santos et al. 2018; Bitencourt et al.

2019; Pereira et al. 2022; Martins et al. 2023; Castro

et al. 2024). Chlorogenic acid has been associated with

anti-inflammatory and antioxidant effects through NF-

jB pathway inhibition, cytokine modulation, and

downregulation of COX-2 expression (Torres-Rêgo

et al. 2016; Bitencourt et al. 2019). Rutin, in turn,

stands out as a potent vasodilator and antioxidant

agent, with evidence of synergistic activity with other

flavonoids such as quercetin and catechin (Bastos et al.

2017; dos Santos et al. 2018; Pereira et al. 2022;

Martins et al. 2023).

Leaf-derived extracts and in vitro cell suspension

cultures of H. speciosa exhibited highly diverse

phytochemical profiles, including flavonoids, phenolic

acids, chalcones, procyanidins, carotenoids, and cycli-

tols identified by UHPLC-HRMS/MS, HPLC-DAD-

MS/MS, UPLC-DAD-ESI-MS/MS, and NMR-based

approaches (Bastos et al. 2017; Santos et al. 2018;

Dantas et al. 2021; Pereira et al. 2022; Junior et al.

2024). These compounds have been associated with

multiple pharmacological activities, including antidi-

abetic, antioxidant, anti-inflammatory, and wound-

healing effects. Notably, studies have highlighted the

potential of SGLT1/2 inhibitors (such as phloretin and

phloridzin) in glycemic modulation, and vasodilatory

flavonoids (quercetin, kaempferol, rutin) in the control

of hypertension (Bastos et al. 2017; Pereira et al.

2022).

Aqueous decoctions and partially fractionated fruit

preparations demonstrated significant anti-inflamma-

tory efficacy in experimental models, reducing inflam-

matory mediators, leukocyte migration, nitric oxide

production, and cytokine release, including TNF-a,T
a
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IL-1b, and IL-6 (Torres-Rêgo et al. 2016; Bitencourt

et al. 2019). These preparations also showed protec-

tive effects against inflammatory lung injury induced

by Tityus serrulatus scorpion venom, an effect asso-

ciated with modulation of NF-jB signaling pathways

and polarization of macrophages toward the anti-

inflammatory M2 phenotype (Bitencourt et al. 2019).

Studies involving the latex of H. speciosa have also

revealed remarkable pharmacological properties. The

work by Almeida et al. (2014) demonstrated the

angiogenic potential of water-eluted latex, with no

observed cytotoxicity, while Neves et al. (2016)

reported its osteogenic activity, promoting periosteal

cell proliferation and bone regeneration in an in vivo

model. Although cis-1,4-polyisoprene was identified

as the major constituent in the physicochemical

analysis (Almeida et al. 2014), phenolic compounds

such as chlorogenic acid and naringenin-7-O-glu-

coside were also detected in other fractions and are

likely involved in the regenerative activities (Neves

et al. 2016).

Notably, the latex also exhibited leishmanicidal

activity, particularly the \ 10 kDa fraction, which

significantly reduced promastigote and amastigote

forms of Leishmania amazonensis, with no toxic

effects observed in macrophages (Castro et al. 2024).

This action was attributed to the combination of

carbohydrates such as galactose, which may stimulate

pro-inflammatory cytokine production, and phenolic

compounds with direct activity on parasite enzymes,

such as arginase (Castro et al. 2024).

An innovative study using suspended cells derived

from in vitro cultured leaves revealed that carbon

sources such as sucrose and glucose can modulate the

production of secondary metabolites through con-

trolled osmotic stress (Dantas et al. 2021). Significant

production of compounds such as rosmarinic acid,

epicatechin, rutin, and quercetin highlights the poten-

tial of plant cell culture as a sustainable platform for

the production of bioactives with cosmetic and

pharmaceutical applications (Dantas et al. 2021).

Phenolic-rich leaf extracts obtained by sequential

pressurized liquid extraction exhibited antioxidant and

antibacterial activity, likely associated with free

radical scavenging and disruption of bacterial mem-

brane integrity (Barbosa et al. 2019). Complementar-

ily, extracts from the stem bark showed no intrinsic

antibacterial activity but were able to potentiate the

efficacy of antibiotics such as gentamicin andT
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norfloxacin, characterizing them as bacterial resis-

tance modulators (da Silva et al. 2024).

The SAR analysis of the major compounds from H.

speciosa allows elucidation of the molecular mecha-

nisms underlying their therapeutic activities. Chloro-

genic acid, one of the most recurrent metabolites in

leaf, fruit, and latex extracts, consists of an ester

formed between caffeic acid and quinic acid, confer-

ring well-documented antioxidant and anti-inflamma-

tory properties. The conjugated phenolic system of

caffeic acid facilitates the scavenging of reactive

oxygen species (ROS), while the quinic acid moiety

enhances aqueous solubility and chemical stability,

promoting gastrointestinal absorption and interaction

with enzymes such as COX-2 and arginase (Wang

et al. 2022a, b; Domı́nguez-Avila et al. 2017; Clifford

et al. 2020). The conjugation of these moieties also

facilitates modulation of the NF-jB inflammatory

pathway, as observed in studies with fruit extracts

(Bitencourt et al. 2019; Huang et al. 2023).

Among the predominant flavonoids, rutin stands

out due to its glycosylated flavonol skeleton (querce-

tin-3-O-rutinoside), which incorporates sugars such as

rhamnose and glucose (Pannu et al. 2021; Khan et al.

2024). This glycosylation enhances the compound’s

stability in aqueous preparations (such as infusions),

improves intestinal bioavailability, and reduces cellu-

lar toxicity while maintaining its antioxidant capacity,

attributed to the presence of hydroxyl groups at the

C-30 and C-40 positions of the B-ring (Alizadeh and

Ebrahimzadeh 2022; Yang et al. 2023). Studies have

shown that this structural configuration promotes

nitric oxide-dependent endothelial vasodilation, and

its combined action with quercetin, catechin, and

epicatechin potentiates protective effects on the car-

diovascular system and oxidative stress control (Dal

and Sigrist 2016; Donadio et al. 2021).

Glycosylated chalcones, such as phloridzin—iden-

tified in leaf extracts—exhibit strong antidiabetic

potential by acting as competitive inhibitors of glucose

cotransporters SGLT1 and SGLT2. Their open-chain

structure (distinct from classical flavonoids with a

closed C-ring) confers greater conformational flexi-

bility, while the glucose moiety linked via an O-gly-

cosidic bond increases selectivity for intestinal and

renal membrane transporters. Its aglycone, phloretin,

displays greater lipophilicity and membrane penetra-

tion, and is also effective in modulating inflammatory

pathways and glycemic metabolism (Donadio et al.

2021; Abouelenein et al. 2023; Marulkar and Bhatia

2024).

Finally, pentacyclic triterpenes, especially lupeol

ester derivatives and related triterpenoids identified

mainly in leaf and stem bark fractions, exhibit relevant

anti-inflammatory and wound-healing potential

(Somensi et al. 2022; Sen et al. 2024). The hydroxyl

group at the C-3 position of lupeol favors interaction

with nuclear receptors such as PPARc and with

cellular membranes, thereby modulating the expres-

sion of genes associated with inflammation and tissue

repair (Sharma et al. 2021).

Despite the significant advances achieved in recent

decades, research on H. speciosa still presents relevant

gaps that limit a full understanding and application of

its therapeutic potential. One of the main limitations is

the lack of studies that systematically correlate

isolated compounds with specific biological effects

in in vivo models, hindering the identification of

reliable chemical markers and a clearer understanding

of both individual and synergistic contributions of the

metabolites present in crude extracts.

Furthermore, few studies employ integrative

approaches based on omics techniques—such as

metabolomics, proteomics, and transcriptomics—that

could reveal molecular targets and metabolic path-

ways modulated by these compounds under complex

physiological conditions.

Another critical issue is the absence of consistent

data on the pharmacokinetics, metabolic stability, and

oral bioavailability of the major bioactive con-

stituents, especially in phytotherapeutic or nutraceu-

tical formulations. Such data are crucial to enable the

transition from traditional use to evidence-based

applications, including the development of standard-

ized and technologically viable products. Although

several studies reported low cytotoxicity or absence of

acute toxic effects in specific experimental models, the

safety evidence remains fragmented and preparation-

dependent, with limited information on chronic tox-

icity, pharmacokinetics, reproductive toxicity, hepa-

totoxicity, and clinical safety.

In this context, the execution of rigorous clinical

trials becomes essential to validate experimentally

observed effects and enable safe and effective clinical

applications. There is an urgent need for controlled

clinical trials that confirm the therapeutic effects in

humans, taking into account individual variability,

routes of administration, and potential drug
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interactions. Overcoming these gaps requires a coor-

dinated translational research agenda that integrates

phytochemical, pharmacological, and clinical

advances, thereby consolidating H. speciosa as a

scientifically and therapeutically relevant bioactive

source among the medicinal plants of the Cerrado.

Bowdichia virgilioides

Bowdichia virgilioides, commonly known as ‘‘sucu-

pira-preta’’, is a large tree legume widely distributed

throughout the Brazilian Cerrado. Its presence has

been recorded in approximately 76% of the savanna

areas analyzed, with a geographic range extending

from the state of Pará to São Paulo (Ratter et al. 2003;

Machado et al. 2018).

In addition to its ecological relevance, the species is

valued in landscaping and widely used in the produc-

tion of high-quality timber. In traditional medicine,

various parts of the plant—such as seeds, bark, and

roots—are commonly employed for the treatment of

inflammatory and infectious conditions, including

rheumatism, arthritis, wounds, skin disorders, pharyn-

gitis, and bronchitis (Machado et al. 2018).

The phytochemical diversity of B. virgilioides is

illustrated in Fig. 3, which displays the plant image

alongside the chemical structures of the representative

structurally characterized compounds in the literature.

Additionally, Table 3 summarizes the main pharma-

cological evidence associated with different plant

parts, highlighting the identified bioactive compounds,

analytical methods used, observed biological activi-

ties, and the limitations of the reviewed studies.

Importantly, the studies summarized in Table 3

include both traditional aqueous preparations and non-

aqueous extraction systems. While some investiga-

tions used aqueous infusions followed by lyophiliza-

tion, others employed hydroethanolic, methanolic,

ethanolic, hexane, partitioned, or chromatographically

fractionated extracts. Therefore, as in the other species

reviewed, these studies should be interpreted as

complementary phytochemical and pharmacological

evidence rather than uniform validation of traditional

medicinal infusions. This distinction is particularly

relevant because extraction solvent, polarity, fraction-

ation, and purification procedures strongly influence

metabolite recovery, structural identification, and

biological activity.

Available studies on B. virgilioides highlight a

chemically heterogeneous profile, with bioactive con-

stituents distributed across stem bark, stem inner bark,

leaves, root bark, roots, and heartwood. However, the

level of phytochemical resolution varies substantially

among studies, ranging from preliminary phytochem-

ical screening of aqueous infusions to NMR-, GC–

MS-, and ESIMS-based structural elucidation of

isolated compounds from non-aqueous fractions. This

diversity reflects the species’ phytochemical plastic-

ity, with significant variations in compound distribu-

tion depending on the plant part analyzed, extraction

method, and biological model employed—supporting

its potential as a multitarget source of bioactive

molecules.

Among the most frequently reported classes,

flavonoids, tannins, triterpenes, saponins, alkaloids,

and phenolic constituents are recurrently detected in

stem bark, stem inner bark, leaves, and root bark

preparations. Aqueous infusions of stem inner bark

and leaves showed antinociceptive, anti-inflamma-

tory, and antioxidant activities, which were associated

with inhibition of inflammatory mediators, cyclooxy-

genase/inducible nitric oxide synthase (COX/iNOS)-

related pathways, and free radical scavenging (Tho-

mazzi et al. 2010). Hydroethanolic stem inner bark

extracts also reduced lipid peroxidation and oxidative

stress in resistance-trained rats, although individual

compounds were not structurally identified (dos

Santos et al. 2014).

Aqueous stem bark infusions also demonstrated

anxiolytic-like activity after acute and sub-chronic

oral treatment, without evident locomotor impairment

or myorelaxant effects (Vieira et al. 2013). However,

because no direct phytochemical characterization,

receptor-binding assays, or neurochemical analyses

were performed, the proposed involvement of alka-

loids, flavonoids, triterpenoids, or resinous con-

stituents remains speculative. Sequential hexane and

methanolic extracts from root bark showed acute

antihyperglycemic activity and improved oral glucose

tolerance in diabetic rats, possibly through modulation

of intestinal glucose absorption and GLUT2-related

pathways (Silva et al. 2015). Nevertheless, the active

constituents were not isolated, and the proposed

mechanism remains preliminary.

In contrast to studies based mainly on crude extracts

or phytochemical screening, the investigation by

Bezerra-Silva et al. (2015) provided stronger
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structural evidence by isolating and characterizing the

isoflavonoids maackiain and medicarpin from ethano-

lic heartwood extracts after cyclohexane partitioning

and chromatographic fractionation. These compounds

were associated with larvicidal activity against Aedes

aegypti larvae, although the precise mechanism of

larvicidal action and toxicity toward non-target organ-

isms remain unresolved.

Hydroethanolic stem bark extracts and their solvent-

partitioned fractions also showed antioxidant and

antinociceptive effects in formalin-, glutamate-, and

capsaicin-induced orofacial pain models (Shan et al.

2016). These effects were attributed to reactive oxygen

species (ROS) modulation and possible involvement of

opioid, glutamatergic, and TRPV1-related pathways,

but the absence of isolated active compounds limits

definitive structure–activity conclusions.

The pentacyclic triterpenes lupeol and lupenone,

identified in chromatographically isolated root frac-

tions, represent structurally relevant metabolites of B.

virgilioides. In the broader literature, these com-

pounds have been associated with anti-inflammatory

effects, including modulation of pro-inflammatory

cytokines such as TNF-a and IL-1b. However, their

specific pharmacological contribution in B. vir-

gilioides extracts still requires direct experimental

validation (Vieira et al. 2013; Agra et al. 2013).

Additionally, phytosterols such as b-sitosterol, stig-

masterol, and sitostenone were identified mainly in

methanolic root extracts subjected to chromatographic

isolation procedures (Cardoso et al. 2024). The C-3

ketone group in sitostenone may influence interactions

with lipid- and metabolism-related nuclear targets such

as LXRs and PPARs, as suggested by broader phytos-

terol literature (Liu et al. 2022; Brañes et al. 2024; Choe

et al. 2024; Sen et al. 2024; Das et al. 2025). Although

these activities are well documented in the broader

literature for phytosterols and pentacyclic triterpenes,

their specific pharmacological contribution in B. vir-

gilioides remains insufficiently elucidated.

One of the most relevant findings was the identi-

fication of prenylated chalcones, such as cordoin and

isocordoin, isolated from the roots (Cardoso et al.

2024). These molecules are characterized by an a,b-

unsaturated carbonyl system and prenyl substituents

on the aromatic rings, structural features that may

increase lipophilicity, membrane permeability, and

interaction with hydrophobic biological targets. How-

ever, in B. virgilioides, their biological evaluation was

restricted to moderate antioxidant activity and cyto-

toxicity in the Artemia salina assay; therefore, antitu-

mor mechanisms such as CDC25B inhibition should

be discussed only as literature-based hypotheses rather

than experimentally demonstrated effects for this

species.

Other notable constituents include long- and very-

long-chain free fatty acids (C16–C42), identified in

root extracts by Cardoso et al. (2024). Although these

compounds may contribute to membrane structure and

stress adaptation in plants, their pharmacological role

in B. virgilioides remains unexplored. Particularly

those with chains above C22, these molecules may

play structural roles in plant membranes, contributing

to resistance against water and heat stress (de Carvalho

and Caramujo 2018; Batsale et al. 2021; Sharma et al.

2023). Recent studies suggest that certain fatty acids

and lipid-derived metabolites may act as cellular

signaling molecules by activating G protein-coupled

receptors and modulating inflammatory and metabolic

pathways; however, the specific biological relevance

of very-long-chain fatty acids in B. virgilioides

remains to be demonstrated (Panov et al. 2024).

From a methodological standpoint, the reviewed

studies exhibit considerable heterogeneity in both

extraction systems and analytical depth. Some studies

directly investigated aqueous infusions followed by

lyophilization, which are closer to traditional prepara-

tions, but relied mainly on phytochemical screening and

pharmacological assays without structural elucidation.

In contrast, studies using hydroethanolic, methanolic,

ethanolic, hexane, or chromatographically fractionated

extracts provided stronger structural information,

including NMR-, GC–MS-, and ESIMS-based identi-

fication, but were less representative of traditional

medicinal use. This methodological divergence limits

direct comparisons across studies and reinforces the

need for future investigations that combine ethnobotan-

ically realistic aqueous preparations with high-resolu-

tion metabolomics and bioassay-guided fractionation.

Regarding safety, the available evidence remains

incomplete and preparation-dependent. Aqueous stem

inner bark extracts showed low acute toxicity, and

aqueous stem bark infusions did not impair motor

coordination in behavioral assays (Thomazzi et al.

2010; Vieira et al. 2013). Hydroethanolic stem bark

fractions also showed no motor impairment in the

rotarod assay (Shan et al. 2016). However, the

methanol-soluble root fraction showed significant
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toxicity in the Artemia salina lethality assay, high-

lighting the need for more comprehensive toxicolog-

ical studies, including mammalian cytotoxicity,

genotoxicity, chronic toxicity, reproductive toxicity,

and non-target organism assessment (Cardoso et al.

2024).

Therefore, B. virgilioides represents a strategic

phytochemical matrix with relevant anti-inflamma-

tory, antinociceptive, anxiolytic, antihyperglycemic,

larvicidal, antioxidant, and cytotoxic potential. How-

ever, the current evidence remains fragmented across

heterogeneous extraction systems and uneven levels of

chemical characterization. Future studies should pri-

oritize the integration of traditional aqueous prepara-

tions with LC–MS/MS, NMR-based metabolomics,

bioassay-guided fractionation, and mechanistic phar-

macology to clarify which compounds are actually

present in medicinal infusions and which bioactivities

can be reliably attributed to them. This approach will

be essential to bridge traditional knowledge, phyto-

chemical validation, and safe biotechnological appli-

cation of B. virgilioides metabolites.

Eugenia dysenterica

Eugenia dysenterica, commonly known as ‘‘cagaita’’,

is a native and endemic fruit-bearing species of the

Brazilian Cerrado biome, widely distributed in the

Central-West and Southeast regions of Brazil, partic-

ularly in the states of Goiás, Minas Gerais, Mato

Grosso, and Mato Grosso do Sul (Alvarenga et al.

2019). This arboreal species belongs to the Myrtaceae

family and predominantly occurs in typical cerrado,

cerradão, and open field formations, playing a signif-

icant role in the composition of the savanna vegetation

(Zucchi et al. 2003; Barbosa et al. 2015).

In addition to its ecological value, E. dysenterica

has long been used in traditional medicine. Its leaves

are commonly used to prepare infusions with antidiar-

rheal properties and for the treatment of jaundice,

whereas its fruits—recognized for their laxative

effect—are consumed fresh or processed into juices,

jams, and sweets (de Sousa et al. 2018). These

traditional applications highlight the plant’s relevance

both for local communities and for ethnobotanical and

pharmacological studies.

Figure 4 displays the image of E. dysenterica and

the chemical structures of five representative bioactive

compounds identified in different preparation/extrac-

tion systems: (A) quercetin, (B) catechin, (C) epicat-

echin, (D) gallic acid, and (E) ellagic acid. These

representative compounds, mostly belonging to flavo-

noid and phenolic acid classes, have been associated

with a variety of important pharmacological activities.

Table 4 summarizes the main phytochemical and

biological data from studies involving different plant

parts, including extraction and identification methods,

proposed mechanisms of action, toxicity assessments,

and experimental limitations, providing a comprehen-

sive overview of the therapeutic potential of E.

dysenterica.

Importantly, the studies summarized in Table 4

include traditional aqueous preparations, such as leaf

infusions and aqueous extracts, but also methanolic,

ethanolic, hydroethanolic, fractionated, chromato-

graphically isolated, and formulation-based prepara-

tions. Therefore, these studies should not be

interpreted uniformly as direct evidence of traditional

medicinal infusions. Instead, they provide comple-

mentary phytochemical and pharmacological evi-

dence that helps clarify the chemical diversity,

biological potential, and safety concerns associated

with E. dysenterica. This distinction is essential

because extraction solvent, fractionation, formulation

strategy, and plant part strongly influence metabolite

recovery, bioaccessibility, toxicity, and biological

activity.

Phytochemical studies on E. dysenterica have

revealed a highly diverse metabolic profile, although

the level of chemical characterization varies substan-

tially among preparations. Traditional aqueous prepa-

rations, such as leaf infusions and aqueous extracts,

have been evaluated mainly for gastrointestinal,

neuropharmacological, cytoprotective, antimicrobial,

and topical effects, whereas methanolic, ethanolic,

hydroethanolic, and fractionated extracts have pro-

vided more detailed structural information on flavo-

noids, phenolic acids, proanthocyanidins, triterpenes,

sterols, and other specialized metabolites (Lima et al.

2011; Gasca et al. 2017; Costa et al. 2019; Mazutti da

Silva et al. 2020; Justino et al. 2022; Barbosa et al.

2025). Advanced characterization techniques, such as

one- and two-dimensional NMR, LC–MS/MS, and

HPLC–DAD, have enabled the structural identifica-

tion of structurally characterized compounds with

recognized biological potential.
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Among the structurally characterized metabolites,

quercetin-3-O-(6‘‘-O-galloyl)-b-D-glucopyranoside

was isolated from methanolic extracts of stem bark

and leaves after chromatographic purification and

demonstrated antileukemic activity against CCRF-

CEM and Kasumi-1 leukemia cell lines (Vitek et al.

2017). This compound reduced cell viability, induced

apoptosis and late apoptosis-necrosis, promoted mito-

chondrial depolarization, and caused cell-cycle arrest.

However, because this evidence derives from isolated

compounds and in vitro leukemia models, it should be

interpreted as complementary mechanistic evidence

rather than direct validation of traditional aqueous

preparations. The antiproliferative activity of querce-

tin-3-O-(6‘‘-O-galloyl)-b-D-glucopyranoside is attrib-

uted to the galloyl moiety, which increases the

electronic density of the molecule and enhances

interactions with intracellular proteins involved in

cell cycle regulation, a mechanism also observed in

galloylated compounds such as pentagalloyl glucose

(Wen et al. 2023).

Ethanolic extracts followed by liquid–liquid frac-

tionation from leaves, fruit pulp, peel, and seeds

revealed gallated B-type proanthocyanidins, gallic

acid, quercetin, quercetin glycosides, myricetin, and

other flavonoid derivatives by LC–ESI–MS/MS (Jus-

tino et al. 2022). These polar fractions showed

antioxidant, antiglycation, a-amylase inhibitory, and

a-glucosidase inhibitory activities, suggesting antidi-

abetic potential. However, these findings were

restricted to in vitro biochemical assays, and no

in vivo diabetic validation of isolated fractions was

performed.

Aqueous leaf extracts followed by acetone frac-

tionation also showed antioxidant and cytoprotective

effects in human gingival fibroblasts, reducing

chlorhexidine-associated cytotoxicity (Costa et al.

2019). However, the tested fraction was not directly

structurally characterized, and anti-inflammatory

activity was not confirmed, limiting mechanistic

conclusions.

Formulation-based studies further demonstrated the

technological relevance of aqueous leaf extracts.

Chitosan microparticles and dermatological emulsions

containing catechin- and epicatechin-rich aqueous

extracts improved catechin stability, sustained release,

skin penetration, antimicrobial activity against Sta-

phylococcus aureus, angiogenic activity, and topical

delivery, with low cytotoxicity toward HaCaT

keratinocytes and L-929 fibroblasts at antimicrobial

concentrations (Mazutti da Silva et al. 2020). Never-

theless, these findings remain mainly in vitro and

formulation-based, with no validation in in vivo skin

infection models.

Ultrasound-assisted hydroethanolic extracts from

fruit by-products, particularly peels and seeds, were

rich in gallic acid, ellagic acid, tannins, anthraquinone

heterosides, and phenolic compounds (Barbosa et al.

2025). These liquid and lyophilized bioinputs showed

antioxidant, antimicrobial, and antibiofilm activities

against microorganisms associated with bovine mas-

titis and poultry contamination. However, the antimi-

crobial mechanisms were not directly investigated,

and in vivo toxicological and antimicrobial validation

remains necessary.

A broader literature-based synthesis by Santana

et al. (2022) integrated evidence from nutritional,

phytochemical, and pharmacological studies involv-

ing fruits, pulp, seeds, and leaves. This review

highlighted antioxidant, anti-inflammatory, antihyper-

glycemic, hypolipidemic, anti-obesity, gastroprotec-

tive, antidiarrheal, laxative, and antimicrobial

potential, with mechanisms discussed from the liter-

ature involving enzyme inhibition, NF-jB/AMPK/

PPAR-related pathways, and microbiota modulation.

However, because many of these mechanisms derive

from heterogeneous studies, they should be interpreted

as integrative hypotheses requiring direct validation in

standardized preparations.

Toxicological evidence for E. dysenterica is prepa-

ration- and plant-part-dependent. Lima et al. (2011)

reported that repeated administration of leaf infusion,

aqueous extract, and ethanolic extract caused intesti-

nal and hepatic histopathological alterations, although

ALT levels remained within reference values. In

contrast, some fruit-derived preparations and polar

fractions showed low cytotoxicity in specific in vitro

models, as summarized by Santana et al. (2022) and

Justino et al. (2022). These contrasting findings

reinforce the need to distinguish between leaves,

fruits, seeds, peels, aqueous infusions, ethanolic

fractions, and formulation-based preparations when

discussing safety.

Aqueous leaf infusions followed by chromato-

graphic isolation yielded quercetin and catechin,

which showed moderate acetylcholinesterase inhibi-

tory activity and cytotoxicity against SH-SY5Y neu-

roblastoma cells (Gasca et al. 2017). Although these
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findings suggest possible neuropharmacological rele-

vance, the aqueous extract reduced cell viability at

higher concentrations, and no in vivo neuroprotective

validation was performed. Despite promising prelim-

inary evidence, the neuropharmacological potential of

this species remains underexplored and demands

further investigation using other cell lines and

in vivo models.

In summary, E. dysenterica presents a complex and

preparation-dependent phytochemical profile, with

aqueous leaf preparations, methanolic isolates,

ethanolic fractions, topical formulations, and

hydroethanolic fruit by-product extracts providing

heterogeneous levels of chemical and pharmacologi-

cal evidence. Phenolic compounds, flavonoids, proan-

thocyanidins, galloylated derivatives, and phenolic

acids appear to contribute to antioxidant, antimicro-

bial, antiglycation, cytoprotective, antidiarrheal, antil-

eukemic, and topical wound-related activities.

Nevertheless, the current evidence remains frag-

mented across heterogeneous extraction systems, and

future studies should prioritize standardized aqueous

infusions and decoctions combined with LC–MS/MS,

NMR-based metabolomics, bioassay-guided fraction-

ation, toxicological profiling, and in vivo validation.

Comparative phytochemical profiles

and bioactivities

The integrated analysis of the four native Cerrado—D.

alata, H. speciosa, B. virgilioides, and E. dysenter-

ica—reveals a highly heterogeneous yet intercon-

nected phytochemical and pharmacological landscape

shaped by differences in plant parts, extraction

systems, analytical approaches, and experimental

validation levels.

To synthesize this information comparatively,

Table 5 provides a consolidated overview of the main

identified compounds, analytical techniques

employed, predominant pharmacological activities,

proposed molecular mechanisms, and available data

on toxicity and safety. This integrated assessment

provides the foundation for a critical evaluation of the

therapeutic and biotechnological opportunities asso-

ciated with each species.

The comparative analysis of D. alata, H. speciosa,

B. virgilioides, and E. dysenterica reveals a highly

heterogeneous yet interconnected phytochemical and

pharmacological landscape shaped by distinct prepa-

ration systems, extraction solvents, analytical

approaches, and experimental models. Importantly,

the available evidence derives from traditional aque-

ous infusions and decoctions as well as hydroethano-

lic, methanolic, chromatographically fractionated,

formulation-based, and metabolomics-oriented

extraction systems. Therefore, the pharmacological

activities discussed in this comparative section should

be interpreted as complementary levels of phytochem-

ical and biological evidence rather than uniform

validation of traditional medicinal infusions.

All four species share a predominance of flavonoids

and phenolic acids, though with structural variations

and organ-specific distributions that confer distinct

pharmacological profiles. In E. dysenterica, complex

glycosylated flavonoids such as quercetin-3-O-(6‘‘-O-

galloyl)-b-D-glucopyranoside, isoquercetin, and

derivatives of catechin, epicatechin, and type B

proanthocyanidins are distributed across leaves, seeds,

fruit pulp, peels, aqueous infusions, ethanolic frac-

tions, and chromatographically isolated preparations

(Vitek et al. 2016; Justino et al. 2022). In contrast, H.

speciosa is characterized by a high abundance of

flavonoids such as rutin, quercetin, phlorizin, and

luteolin derivatives, particularly in leaves and latex,

along with phenolic acids including chlorogenic and

rosmarinic acids (Bastos et al. 2017; Dantas et al.

2021; Pereira et al. 2022).

D. alata exhibits a chemically diverse profile

involving flavonoids, phenolic acids, methoxylated

isoflavones, tannins, triterpenes, fatty acids, and lipid-

associated metabolites distributed across bark, leaves,

pulp, peel, almonds, seed oil, and infusion-derived

preparations. However, this diversity derives from

highly heterogeneous extraction systems, including

hydroalcoholic bark extracts, methanol/water pulp

extracts, ultrasound-assisted extraction, PS-MS meta-

bolomic profiling, nanoemulsions, and one lyophilized

leaf infusion study (Nazato et al. 2010; Puebla et al.

2010; Leite et al. 2020; Barizão et al. 2021; Nunes

et al. 2024; Dos Santos et al. 2025).

With regard to the application of advanced analyt-

ical techniques, E. dysenterica and D. alata account

for the largest number of compounds identified using

high-resolution methods such as LC–ESI–MS/MS,

UHPLC-MS/MS, HPLC–DAD, PS–MS, and one- and

two-dimensional NMR spectroscopy (1H, 13C,

HSQC, HMBC) (Nunes et al. 2024; Sen et al. 2024;
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Vitek et al. 2016; Mazutti da Silva et al. 2020). The

combination of bioactivity-guided fractionation with

detailed spectral analysis has enabled not only the

structural elucidation of novel compounds but also

more detailed structural characterization and prelim-

inary structure–activity interpretations, although

many proposed mechanisms remain inferential and

dependent on extract composition, fractionation strat-

egy, and experimental model.

In B. virgilioides, although few studies have

systematically employed NMR techniques, targeted

investigations have identified rare compounds such as

prenylated chalcones associated with moderate

antioxidant activity and cytotoxicity in the Artemia

salina assay (Bezerra-Silva et al. 2015; Cardoso et al.

2024). H. speciosa has made significant strides

through the use of UPLC-DAD-ESI-MS/MS and

studies on stress-induced metabolite production in

cell suspension cultures, representing an representing

a promising and potentially sustainable approach for

bioactive metabolite production (Dantas et al. 2021).

The analyzed species exhibit varying degrees of

pharmacological applicability, H. speciosa and E.

dysenterica show promising but still preliminary

evidence for systemic applications, particularly as

anti-inflammatory, hypoglycemic, and systemic

antioxidant agents. These effects have been associated

with proposed modulation of NF-jB-, AMPK-, and

PPARc-related pathways, inhibition of digestive

enzymes such as a-amylase and a-glucosidase, reduc-

tion of advanced glycation end-products (AGEs), and

possible regulation of gut microbiota composition

(Torres-Rêgo et al. 2016; Mazutti da Silva et al. 2020;

Santana et al. 2022; Justino et al. 2022).

In contrast, D. alata and B. virgilioides are

notable for their antioxidant, anti-inflammatory, antio-

phidic, antinociceptive, larvicidal, cytoprotective, and

wound-related activities, depending on the plant part

and extraction system evaluated. Experimental studies

have reported epithelial regeneration, inhibition of

inflammatory mediators (COX-2, TNF-a), antimicro-

bial activity against resistant pathogens, and larvicidal

and antivenom efficacy have been reported in several

studies (Thomazzi et al. 2010; Bezerra-Silva et al.

2015; Mazutti da Silva et al. 2020; da Silva et al.

2024). The use of nanotechnological formulations,

such as chitosan microparticles containing E. dysen-

terica extract, has demonstrated the potential for

controlled catechin release, improved skin

permeation, and angiogenic activity in formulation-

based experimental systems (Mazutti da Silva et al.

2020).

The integrated analysis of these four Cerrado

species also reveals a remarkable functional conver-

gence among their identified metabolites and extract-

associated compounds. Among the antioxidants,

widely distributed compounds such as quercetin, rutin,

gallic acid, chlorogenic acid, catechin, and epicatechin

are recurrently identified among the studied species.

These metabolites may act synergistically to neu-

tralize reactive oxygen species (ROS), protect biomo-

lecules from lipid peroxidation and protein damage,

and stabilize cellular membranes by modulating lipid

fluidity and mitochondrial integrity (Stagos 2019;

Gasmi et al. 2022; Yu et al. 2023; Andrés et al. 2024).

The presence of multiple hydroxyl groups on aromatic

rings in these flavonoids significantly contributes to

their high electron-donating capacity, metal chelation

ability, and inhibition of oxidative enzymes such as

NADPH oxidase and xanthine oxidase (Parcheta et al.

2021; Shen et al. 2022).

Within the anti-inflammatory group, aglycone

flavonoids and pentacyclic triterpenes—including

flavonoids, phenolic acids, proanthocyanidins, borne-

sitol, and selected triterpenoids such as lupeol—stand

out for their role in inhibiting the inflammatory

signaling pathway mediated by NF-jB. These com-

pounds have been associated with reduced expression

of pro-inflammatory enzymes such as COX-2 and

LOX, as well as cytokines including TNF-a and IL-1b
(Zhu et al. 2017; Wu et al. 2022; Jain et al. 2022).

Mechanistically, many of these effects have been

proposed to involve activation of nuclear receptors

such as PPARc, which regulates the expression of

anti-inflammatory genes and promotes macrophage

polarization toward the M2 phenotype, associated

with tissue repair and regeneration (Hassanshahi et al.

2022). The high biological activity of flavonoids is

largely attributed to the presence of conjugated

systems and phenolic hydroxyl groups in their struc-

tures, which favor specific molecular interactions,

such as hydrogen bonding and hydrophobic interac-

tions with the catalytic domains of target proteins.

These interactions are essential for enzyme inhibition,

receptor modulation, and the regulation of cellular

signaling pathways, granting these compounds a broad

spectrum of therapeutic actions (Ullah et al. 2020).
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The antidiabetic effects observed in H. speciosa

and E. dysenterica are predominantly attributed to

flavonoids. These compounds appear to contribute

significantly in the management of type 2 diabetes

primarily through the inhibition of a-amylase and a-

glucosidase enzymes, thereby reducing glucose

absorption and postprandial glycemic peaks (Jin and

He 2022; Ke et al. 2023). In addition, flavonoids may

modulate signaling pathways such as IRS/PI3K/AKT

and AMPK/GLUT4, potentially enhancing glucose

uptake and insulin sensitivity (Ye et al. 2023; Wang

et al. 2024). They also exert anti-inflammatory and

antioxidant effects, protect pancreatic b-cells, and

regulate gut microbiota, contributing to overall

improvement of glycemic metabolism (Yang et al.

2021; Wang et al. 2022a, b; Maity et al. 2022).

Prenylated chalcones and isoflavonoids such as

cordoin, isocordoin, maackiain, and medicarpin rep-

resent chemically distinctive metabolites in B. vir-

gilioides. In the broader literature on prenylated

flavonoids, these structural classes have been associ-

ated with antiproliferative, enzyme-modulating, and

apoptosis-related activities, particularly due to preny-

lation and methoxyl substituents that increase

lipophilicity and membrane permeability (Bartmańska

et al. 2018). However, for B. virgilioides, the currently

available biological evidence remains limited mainly

to larvicidal activity and cytotoxicity in the Artemia

salina assay, and antitumor mechanisms should

therefore be interpreted as literature-based hypotheses

rather than experimentally demonstrated effects for

this species.

Finally, although less extensively studied, neu-

ropharmacological effects have shown promising

preliminary evidence. Flavonoids such as quercetin

and catechin, isolated from E. dysenterica, exhibited

inhibitory activity against acetylcholinesterase

(AChE), with IC50 values below 50 lg/mL, as well

as antioxidant properties that mitigate neuronal oxida-

tive stress (Gasca et al. 2017). The ability of these

compounds to cross the blood–brain barrier and

modulate pathways associated with neuronal sur-

vival—such as the PI3K/Akt pathway and the upreg-

ulation of brain-derived neurotrophic factor (BDNF—

suggests that their neuropharmacological potential

deserves further investigation in more physiologically

relevant in vivo and translational models, including

experimental models relevant to neurodegenerative

disorders such as Alzheimer’s and Parkinson’s disease

(Bellavite 2023).

Collectively, these functional groupings highlight

the therapeutic versatility of secondary metabolites

derived from Cerrado species, whose structural diver-

sity may enable modulation of multiple molecular

targets and metabolic pathways. The wide range of

biological effects—from cytoprotective antioxidant

action to cytotoxic and antiproliferative potential—

confers considerable pharmacological and biotechno-

logical potential to the species analyzed, supporting

their potential as natural platforms for the develop-

ment of novel multifunctional therapeutic agents.

Regarding toxicological assessments, significant

differences were observed among the species. D. alata

and H. speciosa generally showed low toxicity in

specific experimental models, with low cytotoxicity

and no significant adverse effects reported in animal or

cell-based models (Leite et al. 2020; Martins et al.

2023). In contrast, studies involving aqueous leaf

infusions of E. dysenterica revealed hepatic and

intestinal lesions in rodents, indicating potential risks

associated with prolonged use of traditional aqueous

extracts (Lima et al. 2011). In the case of B.

virgilioides, although several studies reported accept-

able tolerability within the evaluated experimental

conditions, isolated compounds from the roots showed

significant cytotoxicity in Artemia salina bioassays,

underscoring the need for further genotoxicity testing

and systemic safety evaluations (Cardoso et al. 2024).

Overall, the comparative analysis reinforces the

central methodological limitation identified through-

out this review: most phytochemical and pharmaco-

logical evidence available for Cerrado medicinal

species derives from heterogeneous extraction sys-

tems rather than standardized traditional infusions or

decoctions. Future investigations should therefore

prioritize ethnobotanically realistic aqueous prepara-

tions integrated with LC–MS/MS and NMR-based

metabolomics, bioassay-guided fractionation, chronic

toxicological evaluation, and in vivo validation. Such

an approach will be essential to clarify which

metabolites are actually present in traditional prepa-

rations and which biological effects can be reliably

associated with their traditional medicinal use.
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Research gaps, methodological challenges,

and biotechnological valorization of Cerrado

species

Although recent advances in the phytochemical char-

acterization of D. alata, H. speciosa, B. virgilioides,

and E. dysenterica have significantly expanded our

understanding of their bioactive constituents and

pharmacological activities, methodological and sci-

entific challenges still hinder the consolidation of their

therapeutic and biotechnological applications. The

reviewed literature indicates that most studies remain

focused on descriptive analyses, relying on conven-

tional extraction methods, isolated in vitro assays, and

partial compound characterizations, without substan-

tial progress in integrating chemistry, pharmacology,

and molecular biology.

A particularly important limitation identified

throughout this review concerns the underutilization

of traditional ethnobotanical knowledge as a basis for

therapeutic target selection and experimental design.

Although the medicinal use of Cerrado species is

strongly associated with aqueous infusions and decoc-

tions prepared according to traditional practices, a

substantial portion of the available phytochemical and

pharmacological evidence derives from methanolic,

ethanolic, hydroethanolic, fractionated, or isolated-

compound approaches that do not necessarily repro-

duce these traditional preparation systems. According

to Cordell (2014), different extraction and preparation

procedures can drastically alter the metabolite profile

and, consequently, the biological outcomes associated

with medicinal plant preparations.

More recent studies have similarly highlighted that

aqueous extracts remain comparatively underexplored

despite their central importance in traditional medi-

cine and community-based healthcare systems (Hoel

et al. 2024; Albino 2025). This limitation was also

evident throughout the present review, since relatively

few studies investigated standardized aqueous infu-

sions or decoctions under conditions that realistically

approximate traditional preparation methods.

Consequently, several metabolites and pharmaco-

logical activities described for Dipteryx alata Vogel,

Hancornia speciosa Gomes, Bowdichia virgilioides

Kunth, and Eugenia dysenterica DC. may not fully

represent the chemical composition or biological

effects of the preparations traditionally consumed by

local populations. Future studies should therefore

prioritize ethnobotanically realistic preparation proto-

cols combined with advanced analytical techniques

and bioassay-guided approaches to better establish the

relationship between traditional use, phytochemical

composition, and pharmacological activity.

Another important limitation is the limited number

of studies adopting integrated approaches that com-

bine phytochemical profiling, mechanistic pharmacol-

ogy, toxicology, and ethnobotanically realistic

preparation methods. This is reflected in the scarcity

of data concerning biosynthetic pathways, metabolic

stability, synergistic interactions among compounds,

and detailed molecular mechanisms of action.

Although techniques such as HPLC–DAD, GC–

MS, and NMR have been applied in several studies,

few have explored the combined use of high-resolu-

tion metabolomics, molecular modeling, bioassay-

guided fractionation, or molecular docking—strate-

gies now considered essential for the functional

validation of natural metabolites.

Furthermore, there is a noticeable lack of standard-

ization in extraction protocols, infusion preparation,

and pharmacological testing, which compromises

reproducibility and hinders cross-study comparisons.

In many cases, extracts are evaluated in crude form

without directed fractionation or isolation of major

compounds, which prevents the identification of

reliable chemical markers for clinical or industrial

use. Even when compounds are isolated, they are

rarely followed by pharmacokinetic, long-term toxi-

city, or bioavailability studies, significantly limiting

their translation into the development of phytothera-

peutic or nutraceutical products.

In light of these challenges, a set of methodological

and strategic guidelines is proposed to guide the next

generation of studies on medicinal plants from the

Brazilian Cerrado:

1. Integration of untargeted metabolomics with

bioassay-guided fractionation, aimed at prioritiz-

ing compounds with relevant biological activity

through correlation between chemical profiles and

cellular responses. Tools such as LC–MS/MS

combined with multivariate analysis (PCA,

OPLS-DA) and validation through functional

assays should be routinely incorporated.

2. Application of molecular modeling and docking

techniques to predict the affinity of natural com-

pounds for specific pharmacological targets,
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including inflammatory enzymes (COX-2, LOX),

nuclear receptors (PPARc, LXR), ion channels, and

protein kinases. These approaches may guide the

rational selection of fractions or structural deriva-

tives with greater selectivity and bioactivity.

3. Functional transcriptomic and proteomic studies

capable of elucidating intracellular pathways

modulated by metabolites, thereby establishing

connections between chemical structure and bio-

logical response at the molecular level. This will

allow the validation of mechanisms suggested in

in vitro models and broaden understanding of

potential side effects and pleiotropic actions.

4. Implementation of standardized in vivo assays

with toxicological validation in murine, zebrafish,

or Caenorhabditis elegans models, particularly for

isolated compounds of high purity (e.g., medi-

carpin, cordoin, and quercetin-3-O-(6‘‘-O-gal-

loyl)-b-D-glucopyranoside), which have shown

promising activities but still lack in-depth pre-

clinical evaluation.

5. Reappraisal of traditional ethnobotanical knowl-

edge, which remains underutilized as a basis for

therapeutic target selection. The popular use of

herbal infusions for digestive, respiratory, and

musculoskeletal conditions, for instance, could be

further explored through the identification of

active compounds in teas and studies on their

stability, synergism, and intestinal metabolism.

In addition to methodological strategies, it is

essential to consider the ecological and conservation

dimensions involved in the use of native Cerrado

species. Despite hosting over 12,000 vascular plant

species, the Cerrado faces high rates of deforestation,

habitat fragmentation, and conversion to agricultural

monocultures. Several species studied here, such as D.

alata and B. virgilioides, occur in regions under

intense anthropogenic pressure and are experiencing

accelerated loss of natural habitats (Colli et al. 2020).

Thus, the biotechnological valorization of the

Cerrado must be linked to sustainable practices and

the conservation of native species, promoting ethical

bioprospecting, sustainable management of wild pop-

ulations, and the cultivation of species in agroforestry

systems or productive home gardens. Domestication

and vegetative propagation projects should accom-

pany phytochemical research, ensuring biomass

replenishment and the continuous supply of high-

quality raw material for pharmaceutical and industrial

purposes.

Finally, the Cerrado should be regarded not only as

a reservoir of biodiversity but as a strategic phyto-

chemical heritage, whose scientific exploration

demands interdisciplinary approaches, international

cooperation, and public policies that support applied

science, conservation, and the sustainable use of its

medicinal flora.

Conclusions

This review presented a comprehensive and critical

comparative analysis of the phytochemical composi-

tion and pharmacological activities of four native

Cerrado species widely used in medicinal infusions:

D. alata, H. speciosa, B. virgilioides, and E. dysen-

terica. The collected evidence reveals that these

species harbor a remarkable diversity of bioactive

secondary metabolites, including glycosylated flavo-

noids, phenolic acids, isoflavones, triterpenes, proan-

thocyanidins, and prenylated chalcones, many of

which have been identified and structurally character-

ized using high-resolution analytical techniques such

as LC–MS/MS, GC–MS, and multidimensional NMR

spectroscopy.

The identified compounds exhibited a broad phar-

macological spectrum, including antioxidant, anti-

inflammatory, hypoglycemic, cytoprotective, antimi-

crobial, larvicidal, and antitumor activities, mediated

through relevant molecular targets such as NF-jB,

PPARc, COX-2, a-glucosidase, CDC25B, and

AMPK. These activities are consistent with the

traditional uses of these species, highlighting the

potential of integrating ethnobotanical knowledge

with modern phytochemical research.

However, significant challenges remain. Most

studies are still limited to crude extracts and in vitro

assays, with a notable scarcity of systematic in vivo

experiments, lack of long-term toxicological assess-

ments, and insufficient pharmacokinetic data. Further-

more, only a few compounds have been individually

evaluated for their bioactivity and stability, limiting

the establishment of robust structure–activity relation-

ships. The standardization of extraction protocols and

the application of integrated—such as untargeted

metabolomics, bioassay-guided fractionation, and
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molecular modeling—are critical steps to overcome

these limitations.

Additionally, the biotechnological valorization of

these species must be intrinsically linked to the

conservation of the Cerrado, one of the most biodi-

verse yet critically threatened biomes in the world.

The sustainable exploitation of native medicinal plants

requires not only analytical and pharmacological

advances but also public policies for preservation,

ethical resource management, and the promotion of

applied scientific research.

In this context, this work provides a solid scientific

foundation for future investigations focused on the

discovery of novel multifunctional phytocompounds,

contributing to the rational and sustainable use of the

Brazilian Cerrado’s biodiversity as a strategic reser-

voir of high-value bioactive molecules for therapeutic

applications.
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Investigation; Methodology; Validation; Visualization;

Writing—original draft and Writing—review and editing.

Rafael Cardoso Rial: Conceptualization; Formal analysis;

Investigation; Methodology; Project administration;

Supervision; Validation; Visualization; Writing—original

draft and Writing—review and editing.

Funding This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-profit

sectors.

Declarations

Competing interests The authors declare that they have no

known competing financial interests or personal relationships

that could have appeared to influence the work reported in this

paper.

Open Access This article is licensed under a Creative

Commons Attribution 4.0 International License, which permits

use, sharing, adaptation, distribution and reproduction in any

medium or format, as long as you give appropriate credit to the

original author(s) and the source, provide a link to the Creative

Commons licence, and indicate if changes were made. The

images or other third party material in this article are included in

the article’s Creative Commons licence, unless indicated

otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons licence and your

intended use is not permitted by statutory regulation or exceeds

the permitted use, you will need to obtain permission directly

from the copyright holder. To view a copy of this licence, visit

http://creativecommons.org/licenses/by/4.0/.

References

Abou Baker DH (2022) An ethnopharmacological review on the

therapeutical properties of flavonoids and their mecha-

nisms of actions: a comprehensive review based on up to

date knowledge. Toxicol Rep 9:445–469. https://doi.org/

10.1016/j.toxrep.2022.03.011

Abouelenein D, Caprioli G, Mustafa AM (2023) Phloridzin:

advances on resources, biosynthetic pathway, bioavail-

ability, bioactivity, and pharmacology. Handbook of

Dietary Flavonoids. https://doi.org/10.1007/978-3-030-

94753-8_25-

Agra IK, Pires LL, Carvalho PS, Silva-Filho EA, Smaniotto S,

Barreto E (2013) Evaluation of wound healing and

antimicrobial properties of aqueous extract from Bowdi-
chia virgilioides stem barks in mice. An Acad Bras Cienc

85(3):945–954. https://doi.org/10.1590/S0001-

37652013005000049

Albino RDC (2025) Essential oils seem overrepresented in

current traditional medicine research. Is this justified? An

Acad Bras Cienc 97(suppl 4):e20250694. https://doi.org/

10.1590/0001-3765202420250694

Alizadeh SR, Ebrahimzadeh MA (2022) O-Glycoside quercetin

derivatives: biological activities, mechanisms of action,

and structure–activity relationship for drug design, a

review. Phytother Res 36(2):778–807. https://doi.org/10.

1002/ptr.7352

Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa FM,

Al-Mssallem MQ (2022) Flavonoids as potential anti-in-

flammatory molecules: a review. Molecules 27(9):2901.

https://doi.org/10.3390/molecules27092901

Almeida LM, Floriano JF, Ribeiro TP, Magno LN, da Mota
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Brañes MC, Gillet R, Valenzuela R (2024) Nuclear receptors

behind the therapeutic effects of plant sterols on metabo-

lism: a review. Lipids 59(6):169–180. https://doi.org/10.

1002/lipd.12409

Brazilian Institute of Geography and Statistics (IBGE). (2020).

BDiA: Environmental Information Database. Rio de

Janeiro. Available at https://bdiaweb.ibge.gov.br

Cardoso KV, Santos DCD, David JM (2024) Chemical com-

position and biological activities of extracts and isolated

compounds from the roots of Bowdichia virgilioides
(Fabaceae). Quim Nova 48(3):e-20250037. https://doi.org/

10.21577/0100-4042.20250037

Castro JO, de Sousa Lopes D, Capim SL, de Souza PM,

Queiroz-Oliveira T, Cavalcante-Costa VS, Lopes DdS,

Castro-Gomes T, Paulino GDS, da Silva MR, Mendes

TAdO, Pirovani CP, Silva LAM, Cavalli ISJ, Cruz JdO,

Santos JLd, dos Santos JL (2024) In vitro leishmanicidal

activity of Hancornia speciosa latex against Leishmania
(Leishmania) amazonensis. Phytomed plus 4(4):100658.

https://doi.org/10.1016/j.phyplu.2024.100658

Chagas MDSS, Behrens MD, Moragas-Tellis CJ, Penedo GX,
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hães PDO, Guerra ENS (2019) In vitro evaluation of

Eugenia dysenterica in primary culture of human gingival

fibroblast cells. Braz Oral Res 33:e035. https://doi.org/10.

1590/1807-3107bor-2019.vol33.0035

123

Phytochem Rev (2026) 25:4487–4524 4519

https://doi.org/10.3390/ijms25052600
https://doi.org/10.3390/ijms25052600
https://doi.org/10.1007/s40415-020-00599-3
https://doi.org/10.1007/s40415-020-00599-3
https://doi.org/10.1016/j.bse.2015.02.004
https://doi.org/10.1016/j.seppur.2019.04.022
https://doi.org/10.1016/j.seppur.2019.04.022
https://doi.org/10.3390/molecules30051115
https://doi.org/10.21577/0103-5053.20210112
https://doi.org/10.3390/molecules23112922
https://doi.org/10.3390/molecules23112922
https://doi.org/10.3390/molecules22010143
https://doi.org/10.3390/cells10061284
https://doi.org/10.3390/cells10061284
https://doi.org/10.3390/antiox12020280
https://doi.org/10.3390/antiox12020280
https://doi.org/10.1016/j.exppara.2015.03.018
https://doi.org/10.1016/j.exppara.2015.03.018
https://doi.org/10.1016/j.toxicon.2019.03.018
https://doi.org/10.1016/j.toxicon.2019.03.018
https://doi.org/10.1002/lipd.12409
https://doi.org/10.1002/lipd.12409
https://bdiaweb.ibge.gov.br
https://doi.org/10.21577/0100-4042.20250037
https://doi.org/10.21577/0100-4042.20250037
https://doi.org/10.1016/j.phyplu.2024.100658
https://doi.org/10.1155/2022/9966750
https://doi.org/10.3389/fnut.2024.1414696
https://doi.org/10.1111/1541-4337.12518
https://doi.org/10.1080/14786419.2021.1984909
https://doi.org/10.1080/14786419.2021.1984909
https://doi.org/10.1007/s10531-020-01967-x
https://doi.org/10.1007/s10531-020-01967-x
https://doi.org/10.1016/j.phytol.2014.06.002
https://doi.org/10.1016/s1572-5995(00)80029-0
https://doi.org/10.1016/s1572-5995(00)80029-0
https://doi.org/10.1590/1807-3107bor-2019.vol33.0035
https://doi.org/10.1590/1807-3107bor-2019.vol33.0035


da Silva AT, da Silva FT, dos Santos Alves J, Peres DS, Garcia

LGC, dos Santos PA (2020) Physical-chemical profile and

bioactive compounds of water-soluble baru extract (Dip-

teryx alata Vogel). Res Soc Develop 9(5):e199953294–

e199953294. https://doi.org/10.33448/rsd-v9i5.3294

da Silva SR, Ferreira THB, Giunco AJ, Argandoña EJS (2021)

Nutritional potential and effect of the solvent on the

extraction of secondary metabolites from pulp and bark of

baru (Dipteryx alata). J Food Meas Charact

15(4):3453–3460. https://doi.org/10.1007/s11694-021-

00926-6

da Silva VB, Almeida-Bezerra JW, Pereira RLS, de Alcântara
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Ferreira RMDSB, Araújo RLBD (2024) Investigating the

chemical profile of underexplored parts of Dipteryx alata
(Baru) using the PS–MS technique. Plants 13(13):1833.

https://doi.org/10.3390/plants13131833

Pannu A, Sharma PC, Thakur VK, Goyal RK (2021) Emerging

role of flavonoids as the treatment of depression. Biomo-

lecules 11(12):1825. https://doi.org/10.3390/

biom11121825

Panov AV, Mayorov VI, Dikalov SI (2024) Role of fatty acids

b-oxidation in the metabolic interactions between organs.

Int J Mol Sci 25(23):12740. https://doi.org/10.3390/

ijms252312740
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Côrtes SF, Sena MM, Braga FC (2022) Definition of

chemical markers for Hancornia speciosa Gomes by

chemometric analysis based on the chemical composition

of extracts, their vasorelaxant effect and a-glucosidase

inhibition. J Ethnopharmacol 299:115692. https://doi.org/

10.1016/j.jep.2022.115692

Puebla P, Oshima-Franco Y, Franco LM, Santos MGD, da Silva

RV, Rubem-Mauro L, Feliciano AS (2010) Chemical

constituents of the bark of Dipteryx alata Vogel, an active

species against Bothrops jararacussu venom. Molecules

15(11):8193–8204. https://doi.org/10.3390/

molecules15118193

Queiroz EF, Guillarme D, Wolfender JL (2024) Advanced high-

resolution chromatographic strategies for efficient isolation

of natural products from complex biological matrices: from

metabolite profiling to pure chemical entities. Phytochem

Rev 23(5):1415–1442. https://doi.org/10.1007/s11101-

024-09928-w
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