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ABSTRACT

Objective: Carry out a morpho-anatomical and phytochemical study of the leaves of Gallesia integrifolia
(Spreng.) Harms.

Theoretical Framework: G. integrifolia (pau-d“alho) is a plant from the Phytolaccaceae family, native to the
Amazon and Cerrado biomes, used in folk medicine for inflammatory and infectious diseases.

Method: The leaves collected in Sdo Luis, Maranhao, identified and registered in the Maranhdo Herbarium. The
morphological characteristics were analyzed with the naked eye, and the anatomical study involved transverse and
paradermal sections in the median region of the leaves, where they were stained and analyzed under an optical
microscope. The Hydroalcoholic Extract (HaE) and Aqueous Extract (AqE) were prepared for phytochemical
analysis, evaluating the presence of phenols and tannins, flavonoids, saponins and alkaloids.

Results and Discussion: The leaves have a lanceolate shape, symmetrical base, acuminate apex, entire margin
and limb and peninnervian venation. Under microscopy, the hypostomatic leaves, with anomocytic stomata,
epidermal cells with sinuous anticlinal walls, glandular trichome, dorsiventral mesophyll, biconvex central rib,
with two collateral vascular bundles with fiber sheaths, one smaller on the upper surface and the other in an arc on
the abaxial face, with parenchyma in the central region of this rib. In HaE and AqE, phenols, tannins, some types
of flavanoids and alkaloids and the absence of triterpenes and saponins were observed.

Research Implications: The therapeutic potential of the plant species favors pharmacobotanical and
phytochemical studies, as it enables the identification, authenticity of the raw material and influences the study of
pharmacological activities.

Originality/Value: This study contributes to the literature regarding information on the morpho-anatomical
characteristics and the presence of classes of secondary metabolites of G. integrifolia.
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ESTUDO FARMACOBOTANICO E FITOQUIMICO DAS FOLHAS DE Gallesia integrifolia (SPRENG.)
HARMS COLETADAS EM SAO LUIS, MARANHAO

RESUMO
Objetivo: Realizar um estudo morfo-anatdmico e fitoquimico das folhas de Gallesia integrifolia (Spreng.) Harms.

Referencial Teorico: G. integrifolia (pau-d‘alho) é uma planta da familia Phytolaccaceae, natural dos biomas
amazonico e cerrado, usada na medicina popular para doencas inflamatorias e infecciosas.

Método: As folhas coletadas em S&o Luis, Maranhdo, identificada e registrada no Herbario do Maranhdo. As
caracteristicas morfologicas foram analisadas a vista desarmada, e o estudo anatémico, fez-se os cortes transversais
e paradérmicos na regido mediana das folhas, onde foram corados e analisados em microscopio éptico. Foram
preparados o Extrato Hidroalcodlico (EHa) e o Aquoso (EAQ) para analise fitoquimica, avaliando a presenca de
fenois e taninos, flavonoides, saponinas e alcaloides.

Resultados e Discusséo: As folhas apresentam formato lanceolado, base simétrica, apice acuminado, margem e
limbo inteiro e nervacdo peninérvia. Na microscopia, as folhas hipoestomaticas, com estdmatos anomociticos,
células epidérmicas com paredes anticlinais sinuosas, tricoma glandular, mesofilo dorsiventral, nervura central
biconvexa, com dois feixes vasculares colaterais com bainha de fibras, sendo um menor junto a face superior e
outro em arco na face abaxial, havendo parénquima na regido central dessa nervura. No EHa e EAq observou-se,
fenois, taninos, alguns tipos de flavanoides e alcaloides e auséncia de triterpenos e saponinas.

ImplicacBes da Pesquisa: O potencial terapéutico da espécie vegetal favorece o estudo farmacobotéanico e
fitoquimico, pois possibilita a identificacdo, a autenticidade da matéria-prima e influéncia o estudo de atividades
farmacoldgicas.

Originalidade/Valor: Este estudo contribui para a literatura no que tange nas informacdes sobre as caracteristicas
morfo-anatdmica e na presenca de classes de metabolitos secundérios de G. integrifolia.

Palavras-chave: Biotecnologia, Controle de Qualidade, Compostos Fitoquimicos, Plantas Medicinais

ESTUDIO FARMACOBOTANICO Y FITOQUIMICO DE HOJAS DE Gallesia integrifolia (SPRENG.)
HARMS RECOLECTADAS EN SAO LUIS, MARANHAO

RESUMEN

Objetivo: Realizar un estudio morfoanatémico y fitoquimico de las hojas de Gallesia integrifolia (Spreng.)
Harms.

Marco Teérico: G. integrifolia (pau-d“alho) es una planta de la familia Phytolaccaceae, originaria de los biomas
Amazonas y Cerrado, utilizada en la medicina popular para enfermedades inflamatorias e infecciosas.

Meétodo: Las hojas recolectadas en Sdo Luis, Maranhdo, identificadas y registradas en el Herbario de Maranhéo.
Las caracteristicas morfolégicas se analizaron a simple vista y el estudio anatémico involucr6 cortes transversales
y paradérmicos en la regién media de las hojas, donde fueron tefiidas y analizadas al microscopio dptico. Se
prepararon el Extracto Hidroalcohdlico (EHa) y el Extracto Acuoso (EAc) para analisis fitoquimicos, evaluando
la presencia de fenoles y taninos, flavonoides, saponinas y alcaloides.

Resultados y Discusion: Las hojas tienen forma lanceolada, base simétrica, pice acuminado, margen y limbo
entero y venacion peninnerviana. Al microscopio se observan las hojas hipostomaticas, con estomas anomociticos,
células epidérmicas con paredes sinuosas anticlinales, tricoma glandular, meséfilo dorsiventral, costilla central
biconvexa, con dos haces vasculares colaterales con vainas de fibras, una mas pequefia en el haz y otra en arco en
el la cara abaxial, con parénquima en la regidn central de esta costilla. En EHa y EAc se observaron fenoles,
taninos, algunos tipos de flavonoides y alcaloides y ausencia de triterpenos y saponinas.
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Implicaciones de la investigacion: El potencial terapéutico de las especies vegetales favorece los estudios
farmacobotanicos y fitoquimicos, ya que permite la identificacion, autenticidad de la materia prima e influye en el
estudio de las actividades farmacolégicas.

Originalidad/Valor: Este estudio contribuye a la literatura sobre informaciéon sobre las caracteristicas
morfoanatémicas y la presencia de clases de metabolitos secundarios de G. integrifolia.

Palabras clave: Biotecnologia, Control de Calidad, Compuestos Fitoquimicos, Plantas Medicinales.

RGSA adota a Licenca de Atribuicio CC BY do Creative Commons (https://creativecommons.org/licenses/by/4.0/).

1 INTRODUCTION

Gallesia integrifolia (Spreng.) Harms is a native Brazilian plant species, widely present
from the Amazon to the Cerrado, which is part of the Phytolaccaceae family, which ranges from
grasses to large trees. G. integrifolia comprises large trees with heights ranging from 15 to 30
m and its trunk has a diameter of 70 to 140 cm. Its flowering is between February and April and
its fruits ripen between September and October (Sydor et al., 2022).

Its main characteristic is the strong smell of garlic on all organs, but it stands out on the
leaves and bark, especially when green. This characteristic justifies their main popular names
such as stink stick, garlic stick or garlic stick. They also have names derived from indigenous
languages such as guararema, ubaeté. The smell of garlic is due to the presence of natural
substances such as sulfur present in the species (Furtado et al., 2022).

Ethnopharmacological studies report numerous uses of parts of G. integrifolia, in
neoplasms, such as prostate tumors (Lorenzi, 2002); the use of its leaves and stalk to control
arterial hypertension, as well as reduce lipid levels (Feijo, 2008), still used to treat asthma and
bronchitis or infectious diseases (Arunachalam et al., 2016) and inflammatory such as
rheumatism and arthritis (Bortolucciet al.,2222. 022)

Chemical studies have already demonstrated the presence of porphyrins, a diterpene,
triterpenes (Neves, 2012), saponins, simple phenolic compounds, flavonoids and sesquiterpenes
(Arunachalam et al., 2017), as well as alkaloids, essential oils, tannins and coumarins (Souza
et al., 2020).

Considering the potential for medicinal use, an incorrect identification of the raw
material of G. integrifolia for the production of phytotherapics has as consequence the use of
an inappropriate pharmaceutical input, which not only does not present the desired therapeutic

effect, can also promote undesirable effects for presenting toxic components (Costa, 2021).
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Hence, the need to carry out pharmacobotanical studies that make it possible to identify
macro- and microscopic characteristics allowing the quality control of the species, and its safe
use in research and therapy (Oliveira & Akisue, 2009).

The Brazilian Pharmacopeia emphasizes the importance of the morpho-anatomic
description of plant species as a prerequisite for the identification of plant drugs, emphasizing
the relevance of this type of research to perform quality control of plant material for use by
industries or manipulation pharmacies, aiming at producing medicines, inputs, or other
derivative of interest to society, ensuring the use of the correct species (Gilbert et al., 2022).

In this context, this study aimed to conduct a morpho-anatomic and phytochemical study
of G. integrifolia leaves, enabling them to be used as criteria of authenticity in the correct
characterization of this species, ensuring the use of the correct species and contributing to its

quality control and possible pharmacological studies with the plant species.

2 METHODOLOGY

The species G. integrifolia was collected during the month of June 2023, in the rural
area of the city of Sdo Luis, Maranhdo (2°36'38.3"S 44°12'57.8"W) in the late afternoon. Its
exsicatas were prepared and sent for identification in the Herbarium of Maranhdao (MAR) of
the Federal University of Maranhdo, where it was deposited under registration number of the
Tombo MAR 13.900.

For the description morpho-anatomical, adult leaves were used, collected from the 3rd
to 5th knots of the branches of the species. For the macroscopic description, the leaves were
analyzed with the unarmed view, observing the following characteristics: phyllotaxy,
composition, color, size, consistency, contour, apex, base, margin and nervation.

For the description of the anatomical (microscopic) characteristics, cross-sectional and
paraderical cuts were made in the median region of the leaf limbus with the aid of stainless steel
sheets. The cuts were then discolored with 20% sodium hypochlorite solution and washed in
distilled water and stained with astra blue and 0.5% basic fuchsin. The slides were mounted in
distilled water and analyzed under an optical microscope (Oliveira & Akisue, 2009).

For the preparation of the extracts of G. integrifolia, the cold maceration process was
used. For the preparation of the Aqueous Extract (EAQ), 200g of the vegetable material was
used in distilled water solvent in the ratio 1:10. After 24 hours, the mixture obtained was
vacuum-filtered, concentrated in a vacuum oven and subsequently freeze-dried. For the

Hydroalcoholic Extract (aH), 100g of the previously ground plant material was used, with
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solvent extractor ethanol P.A 70% (v/v) following the ratio 1:10 for 7 days, with daily stirring,
under cover of light wrapped in aluminum foil. The mixture obtained after 7 days was vacuum
filtered and concentrated in rotary evaporator under reduced pressure, after this process the
extract was lyophilized for further analysis (Harborne, 1998). At the end of the processes, the
hydroalcoholic and aqueous extracts were obtained in the form of a dry powder.

The AEQ and aH were submitted to phytochemical tests, following the methodology of
Matos (2009). The tests carried out evaluated the presence of phenols and tannins (reaction with
ferric chloride), flavonoids (pH variation test), saponins (foam test) and alkaloids (identification

with Dragendorff, Hager and Mayer).

3 RESULTS AND DISCUSSIONS

Data on the anatomy of G. integrifolia are limited, and no descriptive studies on the
anatomy of the species were found after the work of Oliveira and Akisue (2009). What is to be
seen is that the studies focused on this plant species were concerned with making comparisons
as to the characteristics of germination and the influences of light and shading, as pointed out
by Feijo (2008).

Most of the published papers on G. integrifolia deal with the analysis of its substrates
and biological applications, such as essential oil of several different organs from fruits, leaves
and bark, and crude extracts using various solvents.

For this reason, due to the limited volume of specific published work on the anatomy of
the species G. integrifolia, for the purpose of comparing anatomical characteristics, studies
were used in this work referring to other species, of the same family, since as for the family
Phytolaccaceae the volume of information is much greater, especially the speciesPetiveria
alliacea Linn stands out.

The species G. integrifolia has lanceolate-shaped, bright green leaves on both sides,
being stronger on the adaxial face, measuring 16 to 24 cm in length and 6 to 10.5 cm in width
in the median region. It has a symmetrical base, an acuminate apex; a smooth, whole margin; a

penile vein and a short petiole (Figure 1).
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Figure 1

Characteristic of the leaves of Gallesia integrifolia (Spreng.) Harms.

The work with the most detailed description of the macro- and microscopic
characteristics of G. integrifolia is that of Oliveira and Akisue (2009), and the findings in this
work corroborate those of these researchers, as dorsiventral mesophyll, presenting pallidaic
tissue, areas with sclera-chemic fibers demonstrating support of the epidermis and trichomes.

Piva et al. (2019) have similarly found similar features in their sample of G. integrifolia,
such as the presence of developed cuticles, phloem, xylem and parenchyma, pallidavids, multi-
layered cortex as well as sclera fiber sheath.

The epidermis, in front view, has cells with sinuous anticline walls on both sides.
Glandular trichomes have been observed on both sides of the epidermis. The stomata are of the
anomocytic type and are restricted to the underside, characterizing the leaf as hypostomatic
(Figure 2 A-D).
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Figure 2

Leaf blade and epidermis in front view of Gallesia integrifolia (Spreng.) Harms.

> 0 MR
¢ <

A-B: adaxial face. C-D: Abaxial face. B: detail of the glandular tricoma of the adaxial face; D: detail of the
glandular tricoma on the abaxial face and of the anamocytic stomata. Key: zip = epidermal cell, est = stomata, tg
= glandular tricoma.

In the cross sections, the epidermis of the adaxial face shows subepidermis in some
areas. The epidermis of the abaxial face is unistratified. A thin cuticle has been observed, and
gland trichomes are found in epidermal depressions. The mesophyll of this leaf is dorsiventral,
with a layer of pallidic tissue and several of spongy tissue. The pallidic tissue is short. Along
the abaxial face of the epidermis, in this region of the mesophyll, there were some areas of
scleral fibers that seem to be supporting the epidermis and the trichomes (Figure 3 A-D).

Rev. Gest. Soc. Ambient. | Miami | Special Edition v.18.n.10 | p.1-15 | 08816 | 2024.

7



Pharmacobotanical and Phytochemical Study of The Leaves of Gallesia integrifolia (SPRENG.) Harms
Collected in S&o Luis, Maranhédo

Figure 3

Leaf blade in cross view of Gallesia integrifolia (Spreng.) Harms.

:

tg {2pm tg 75 pm

A-B: dorsiventral mesophyll. C-D: mesophyll, with detail of glandular tricoma. Legend: pp = palliationary
parenchyma, pe = spongy parenchyma, tg = glandular tricoma, epd = adaxial epidermis, shep = subepidermis, b =
abaxial epidermis, fe = sclerenchymal fibers.

The median rib is biconvex in shape, with the upper convexity being discrete. Below
the epidermis, scleral fibers are observed, being more condensed on the adaxial face and
forming one or two layers on the abaxial face.

Colenchyma, which is common on median ribs, cannot be observed by the presence of
fibers. Then there is common parenchyma which is more developed on the abaxial face. There
are 2 bicollateral vascular bundles that are joined by a sheath of sclerotic fibers.
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The smaller beam faces the adaxial face and the other one closer to the abaxial face, is
arc-shaped with undulations, and in some areas the beams appear to be separated. There is a
parenchyma in the center of the spinal cord, similar to a parenchyma of the spinal cord. Between
these two main beams, smaller beams can be observed, also joined by the sheath of sclerotic

fibers that are forming a characteristic design (Figure 4 A-D).

Figure 4
Central rib in cross view of Gallesia integrifolia (Spreng.) Harms.

epd

N

A: Overview of the central rib. B-C: details of the central rib. D: detail of the underside. Key: epd = adaxial
epidermis, epb = abaxial epidermis, fe = sclera fibers; be = sheath of sclera fibers, x = xylem, f = phloem, fv =
vascular bundle, p = parenchyma.

The presence of anomocytic-type stomata resembles those observed in other species,
such as Rivina humis Linn (Pugialli & Marquete, 1989) and P. alliacea(Rochaet al.,2006),
which are restricted to the abaxial face only.

Other features of the Phytolaccaceae also appear in G. integrifolia, such as the presence
of a pallidic parenchyma and stomata at the same level as the other epidermal cells.
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The positioning of the stomata on the underside of the leaves (abaxial face) classifies it
as hypostomatic according to the characterization of Metcalfe and Chalk (1950), this
particularity relates to environmental conditions, being often present on the upper face in
aquatic plants, and on the lower plants adapted to dry environments, since the stomata are
organs related to gas exchange and transpiration of plants (Pacheco et al., 2021), such
relationship makes sense since the environment of the sample collection in rural area of Séo
Luis consisted of more xeric (dry).

The presence of glandular trichomes in G. integrifolia leaves indicates that the species
has developed the ability to secrete substances in order to defend itself from aggression or attract
pollinators, among the substances stand out the essential oils: terpenes characteristic as volatile
oily liquids, with a strong aroma, which contribute to the odor (essence) peculiar to some plant
species (Machado and Fernandes Junior, 2011) and this is the main characteristic of G.
integrifolial, even responsible for its popular names.

Numerous studies have confirmed the presence of essential oil in G. integrifolia, in
various organs such as leaves (Akisue et al., 1984), in the bark (Barbosa et al., 1999), and even
flowers (Furtado et al., 1922).

Since the city of Sdo Luis is located in one of the three main ecotones of Brazil: Cerrado-
Amazo6nia (Santos, 2022), the uniqueness of abiotic factors such as nutrients, temperature
variation, abundance of water resource directly influence the formation of species and synthesis
of secondary metabolites (Gobbo-Neto & Lopes, 2007), this fact also relates to the position of
stomata on the underside, a way to avoid excessive water loss, since even the collection site is
a coastal city, some places, especially those farther from the coast may experience periods of
water deprivation, especially during periods of drought.

The uniqueness of a transitional biome is also related to the presence of glandular
trichomes, since these mainly serve the purpose of secreting exudates capable of protecting the
plant from aggressive pathogens such as bacteria and fungi (Wang et al., 2021), these having
an environment conducive to their proliferation in an environment with such biodiversity.

In relation to the phytochemistry of EAq and aH as shown in Table 1, the presence of
classes of secondary metabolites such as phenols and tannins, flavones, xanthones, flavonols
and flavonoids were identified in both extracts. As for anthocyanidins and anthocyanins,

triterpenes and saponins, they were not observed in both extracts.
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Table 1
Phytochemical evaluation of secondary metabolites of extracts of Gallesia integrifolia

(Spreng.) Harms.

Secondary metabolites EAqQ EHa
Phenols +++ +++
Tannins +++ +++
Antocyanidines and Antocyanines - -
Flavonois, Flavonois and Xanthones +++ +++
Chalcones ++ +
Flavonoids Flavonoids +++ +++
Leukoanthocyanidins - +
Catechins ++ +
Flavanones ++ ++
Triterpenes - -
Alkaloids +++ +
Saponins - -

Key: +++ = strongly positive reaction; ++ = moderately positive reaction; + = weakly positive reaction; - = negative
reaction. EAq = Aqueous extract; EHa = Hydroalcoholic extract.

The relevance of phytochemical studies mainly translates into identifying the chemical
compounds present in the species under study, identifying the relevant secondary metabolite
classes in the quality of the medicinal raw material and in prospecting for biodiversity or
bioprospecting. Secondary metabolites have relevant biological activities, the greatest benefit
of which is found in the numerous pharmacologically active substances (Simdes, 2001). As
observed in this study the range of secondary metabolite classes, which may be conducive to
pharmacological studies.

The presence of alkaloids in the EAq and aH are consistent with the studies of Akisue
et al. (1986) and Rodrigues et al. (2021). A similar phytochemical profile has also been
observed in G. integrifolia substrates as the essential oil: tannins and coumarins (Carneiro et
al., 2014; Souza et al., 2020). Neves (2012) observed substances such as porphyrins, a
diterpene, triterpenes; whereas, Arunachalam et al. (2017) found saponins, alkaloids, phenolic
compounds, flavonoids and sesquiterpenes. A similar phytochemical profile was found in the
studies of Ordoéfiez et al. (2020), which observed the presence of alkaloids, flavonoids, steroids,
coumarins and sesquiterpenic lactones in the methanolic extract.

The presence of alkaloids in the plant species under study is important due to the
importance that this metabolite can present, since there are related biological activities, the
anesthetic, analgesic, anti-inflammatory, anticholinergic, neurodepressant, psychostimulant,
antimicrobial, muscle relaxant, among other pharmacological activities (Lovato, 2021; Santos
et al., 2023).
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Phenols and tannins, other metabolic classes observed in the species G. integrifolia,
have already been related in other studies to antifungal, antibacterial and antiviral,
antirheumatic, antitumor and antitussive activities (Arnoso et al., 2019).

The phytochemical profile of AEq and aSH are suggestive of antimicrobial activity due
to the phytochemical constituents present, such as tannins, flavonoids and alkaloids and
phenols, which may be associated with antioxidant and antimicrobial activity. Although there
are similarities between this study and Pereira et al. (2022) and Nogueira et al. (2021), there
were differences in the phytochemical profile in relation to the absence of saponins.

In the light of the above, it is important to point out that the quantity of secondary
metabolites and the specific type in each medicinal plant varies depending on the time of year,
time of collection, soil conditions and also with factors inherent to the plant (Noldin et al.,
2003).

4 CONCLUSION

G. integrifolia studied in this work showed that many of its anatomical features resemble
other species of the same family Phytolaccaceae, sharing peculiarities with samples of the same
species, but collected elsewhere.

In this way, by recognizing these individual characteristics of the species, one can
identify with greater certainty which peculiarities help to determine a rigorous control of quality
in obtaining the correct raw materials, as well as reinforcing the possibility of the presence of
relevant secondary metabolites, and thus can guide for research into pharmacological activities

and obtaining bioproducts.
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