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Estudio anatómico e histoquímico de Sechium edule (Jacq.) Sw.
Sechium edule (Jacq.) Sw. tiene un papel importante nutricional y
terapéuticamente en la medicina popular, especialmente utilizado
como agente hipotensor. Para ampliar la información farmacológica sobre esta especie, este trabajo tiene como objetivo el estudio
histoanatómico de sus hojas. Se prepararon muestras con secciones transversales y paradérmicas de la hoja para el estudio mi croscópico. Para el análisis histoquímico, se utilizaron reactivos específicos para los metabolitos objetivo. A través del análisis realizado se identificaron estructuras anatómicas para la correcta identificación de la especie estudiada. La histoquímica mostró la presencia de alcaloides, triterpenos y esteroides, compuestos lipofílicos y
lignina. Esta información sobre la localización de los compuestos
no tiene precedentes. Así, el trabajo amplía el conocimiento sobre
la especie y la familia Cucurbitaceae.
Palabras clave: Chuchu, Chayote, Cucurbitaceae, Farmacobotánica,
Microscopía.

Abstract
Sechium edule (Jacq.) Sw. plays an important role as for its nutritional and therapeutical use in folk medicine, being especially used
as a hypotensive agent. In order to expand the pharmacobotanical
information on this species, this work aims to perform the histoanatomical study of its leaves. Samples containing cross-section
and paradermic sections of the leaf were prepared for microscopic
study. For the histochemical analysis, specific reagents were used,
according to the targeted metabolites. Through the performed analysis, it was possible to identify the anatomical structures that confer
the correct identification of the studied species. The histochemistry
showed the presence of alkaloids, triterpenes and steroids,
lipophilic compounds and lignin. This information on the localisation
of the compounds is unprecedented. Thus, the work expands the
knowledge about the species and the family Cucurbitaceae.
Key words: Chuchu, Chayote, Cucurbitaceae, Pharmacobotany,
Microscopy.
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Introduction
The Cucurbitaceae family is among the plants
families of great importance in the world’s economy, due to species used in food and in the pharmaceutical industry (Rajasree et al. 2016, Ajuru &
Nmom 2017). According to Christenhusz & Byng
(2016), the Cucurbitaceae family has 95 genera
and 965 species, widely distributed among the
tropics and subtropics, with few species occurring
in temperate regions. In Brazil, cucurbits represent an important family, with 160 species distributed in 28 genera (Gomes-Klein et al. 2015).
Among the genera present in Brazil, the genus
Sechium P. Browne was regarded as monospecific, containing only Sechium edule (Jacq.) Sw.
(Saade 1996). However, since the 1970s, new
findings have been discussed and the authors consider that the genus Sechium comprises about six
to eight species (Madison 2017). The species S.
edule, popularly known as chuchu or chayote,
originates in Central America, where it was initially planted as a vegetable by the Aztecs. Currently it is cultivated in tropical and subtropical
countries because its fruits are sources of vitamins, minerals, fibers and starch (Mishra & Das
2015). In addition to fruits, roots, stems and
leaves can also be eaten (Madison 2017) in different forms.
The medicinal use of S. edule has been cited in
ethnobotanical surveys. In Brazil, most used parts
for medicinal purposes are leaves and fruits, in the
form of infusion or decoction. The main indication of leaves and fruits is as an hypotensive agent
(Medeiros et al. 2004, Vendruscolo & Mentz
2006, Agra et al. 2008, Pereira et al. 2012, Santos
et al. 2012, Rodrigues & Andrade 2014, Messias
et al. 2015), but they are also used as sedatives
(Messias et al. 2015, Souza et al. 2016). The
leaves can also be used to treat urinary infection
(Oliveira et al. 2010).
Vieira et al. (2019) reported that S. edule has a
diversity of bioactive compounds such as alkaloids, saponins, flavonoids, triterpenes and
steroids. In addition, they also showed that the
species has several biological activities. Among
them, the anti-cardiovascular, anti-diabetic, antiobesity, antioxidant, anti-inflammatory, anti-ulcer,
anticancer, anti-mutagenic, anti-microbial, antiepileptic and hepatoprotective properties are the
most cited.
Despite finding studies on the chemical com-
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pounds of S. edule in the literature, no information
was found on the exact localisation of these compounds. In addition, anatomical studies seek for
potential characters with taxonomic value, contributing to enrich knowledge about the genus
Sechium and the family Cucurbitaceae. Given the
medicinal importance of S. edule, studies involving an accurate identification of the plant are
necessary to establish the quality parameters necessary for its use. Thus, this study aimed to
describe anatomically the leaf of S. edule, as its
most important vegetal product, as well as identifying the sites of the synthesis or accumulation of
metabolites in the leaf lamina.

Materials and methods
Plant material

Plant samples were collected at Engenho Serra
Grande, Rural Zone of Vitória de Santo Antão,
State of Pernambuco, Brazil. A voucher specimen
(nº 93.027) was deposited in the Herbarium Dárdano de Andrade Lima, from the Instituto
Agronômico de Pernambuco. The leaves used in
this study were collected between the third and
fifth nodes.
Anatomy

For anatomical characterization, the material was
fixed in FAA50 (formaldehyde, acetic acid and
ethyl alcohol 50%, 1: 1: 18 v/v) (Johansen 1940).
Cross-sections of petiole and leaf lamina were obtained through the use of razor blades and petiole
included in medulla (Cecropia sp.) as a support
material. For the leaf lamina, paradermic sections
were also performed, on the adaxial and abaxial
faces. Subsequently, sections were exposed to a
solution of sodium hypochlorite 50% for clarification (Kraus & Arduin 1997). After washing in distilled water, the cross-sections were stained according to the technique described by Bukatsch
(1972), with safranin and Astra blue. Paradermic
sections were stained with methylene blue
(Krauter 1985). Afterwards, all sections were assembled on semipermanent slides, following usual
procedures described by (Johansen 1940, Sass
1951). The analysis of microscopic slides was performed using an optical and microscope (Leica
DM750M), equipped with a digital camera (Leica
ICC50W), and the processed images were obtained through software (Leica LAS EZ).
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Histochemistry

Histochemical tests were performed on cross-sections of fresh leaf lamina, obtained by freehand
technique, using razor blades and petiole included
in medulla (Cecropia sp.) as support material. The
following reagents were used to indicate the presence of metabolites: potassium dichromate (10%)
for phenolic compounds (Johansen 1940), Dragendorff’s reagent for alkaloids (Yoder &
Mahlberg 1976), antimony trichloride for triterpenes and steroids (Mace et al. 1974), hydrochloric vanillin for tannins (Mace & Howell 1974),
Sudan III for lipophilic compounds (Sass 1951),
phloroglucinol for lignin (Johansen 1940) and Lugol for starch (Johansen 1940). Controls were
studied in parallel with the histochemical slides.
The analysis of slides was performed using an optical microscope (Leica DM750M), equipped with
a digital camera (Leica ICC50W), and the pro-
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cessed images were obtained through software
(Leica LAS EZ).

Results
Anatomy

The petiole of S. edule, in cross-section, has an
angular shape, with a larger indentation on the
adaxial face (Figs. 1A and 1B). The uniseriate epidermis (Fig. 1C) shows glandular (Fig. 1C) and
non-glandular trichomes (Fig. 1D). The glandular
trichomes have a uniseriate and multicellular body
and four-cell head (Fig. 1C). Non-glandular trichomes are uniseriate and multicellular (Fig. 1D).
Underneath the epidermis, there are two to six
layers of discontinuous angular collenchyma
(Figs.1A and 1B). Thirteen bicollateral vascular
bundles are arranged in a circular shape around
the section outline (Figs. 1A and 1B).

Figura 1. Secciones transversales del pecíolo de Sechium edule (Jacq.) Sw. A: vista general de la cara adaxial, B: vista general de la cara
abaxial, C: detalle del tricoma glandular, D: detalle del tricoma tector. co: angular colénquima, ep: epidermis, gt: tricoma glandular, ngt:
tricoma tector, pa: parénquima, vb: haz vascular. Colorante: safranina y azul Astra. Microscopio óptico Leica DM750M.
Figure 1. Cross-sections of the petiole of Sechium edule (Jacq.) Sw. A: general view of the adaxial face, B: general view of the abaxial face,
C: detail of glandular trichome, D: detail of non-glandular trichome. co: angular collenchyma, ep: epidermis, gt: glandular trichome, ngt:
non-glandular trichome, pa: parenchyma, vb: vascular bundle. Stain: safranin and Astra blue. Optical microscope Leica DM750M.
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Figura 2. Vista frontal y secciones transversales de la lámina foliar de Sechium edule (Jacq.) Sw. A, C: superfície adaxial, B, D: superfície
abaxial, E: mesofilo, F: nervadura central. co: angular colénquima, ep: epidermis, gt: tricoma glandular, ngt: tricoma tector, pa: parénquima,
pp: parénquima en empalizada, sp: parénquima esponjoso, sta: estoma, vb: haz vascular. Colorante: azul de metileno (A y B), safranina y
azul Astra (C, D, E y F). Microscopio óptico Leica DM750M.
Figure 2. Frontal view and cross-sections of the leaf blade of Sechium edule (Jacq.) Sw. A, C: adaxial face, B, D: abaxial face, E: mesophyll,
F: midrib. co: angular collenchyma, ep: epidermis, gt: glandular trichome, ngt: non-glandular trichome, pa: parenchyma, pp: palisade
parenchyma, sp: spongy parenchyma, sta: stoma, vb: vascular bundle. Stain: methylene blue (A and B), safranin and Astra blue (C, D, E and
F). Stain: methylene blue (A and B), safranin and Astra blue (C, D, E and F). Optical microscope Leica DM750M.

In the adaxial face of paradermic leaf lamina
section of S. edule, the epidermal cells show a
slightly sinuous outline walls (Fig. 2A), while the
abaxial face exhibits epidermal cells with strongly
sinuous outline walls (Fig. 2B). Leaf lamina is
amphiestomatic, with anomocytic stomata being

more frequent on the abaxial face (Figure 2B).
Glandular and non-glandular trichomes were
observed on both faces (Figs. 2C and 2D). The
glandular trichomes are similar to those found in
the petiole. Non-glandular trichomes are uniseriate and multicellular, however, they differ from
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Figura 3. Histoquímica de la lámina foliar de Sechium edule (Jacq.) Sw. A, B: control, C: reactivo de Dragendorff, D: tricloruro de
antimonio, E: Sudan III, F: floroglucinol. ct: cutícula, ngt: tricoma tector, pa: parénquima, ph: floema, xy: xilema. Microscopio óptico Leica
DM750M.
Figure 3. Histochemistry of the leaf blade of Sechium edule (Jacq.) Sw. A, B: control, C: Dragendorff’s reagent, D: antimony trichloride, E:
Sudan III, F: phloroglucinol. ct: cuticle, ngt: non-glandular trichome, pa: parenchyma, ph: phloem, xy: xylem. Optical microscope Leica
DM750M.

non-glandular trichomes found in the petiole
because they have a conical shaped apical cell.
In cross-section, the epidermis of the leaf
blade is uniseriate, covered by a thin layer of
cutin, which represents the cuticle (Fig. 2E). The
mesophyll is dorsiventral, with the palisade
parenchyma showing one to three cell layers (Fig.

2E). It is observed that the closer to the central
vein, there are more layers of cells. The midrib
has a biconvex shape, with about two layers of
discontinuous angular collenchyma on each side
(Fig. 2F). In the central region of the central vein,
a bicollateral vascular bundle can be noticed (Fig.
2F).
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Histochemistry

The figures 3A and 3B show the leaf blade without adding any reagent. Alkaloids were found in
the parenchyma and phloem that are located near
the central vein (Fig. 3C). Triterpenes and steroids
were visualized in the base and body cells of the
non-glandular trichomes (Fig. 3D). Lipophilic
compounds were evidenced in the cuticle and
parenchyma near the central vein (Fig. 3E) and
lignin was observed in the xylem (Fig. 3F). Tests
for phenolic compounds, tannins and starch were
negative. The table 1 gathers the information observed through histochemistry.
REAGENT
Potassium
dichromate 10%
Dragendorff
Antimony
trichloride
Hydrochloric
vanillin
Sudan III
Phloroglucinol
Lugol
— absence

METABOLITE
phenolic
compounds

SITE
—

parenchyma and
phloem
base and body cells of
triterpenes and
non-glandular
steroids
trichomes
alkaloids

tannins

—

lipophilic
compounds
lignin
starch

cuticle and
parenchyma
xylem
—

Tabla 1. Sitios de síntesis y acumulación de metabolitos en la
lámina foliar de Sechium edule (Jacq.) Sw.
Table 1. Sites of synthesis and accumulation of metabolites in the
leaf of Sechium edule (Jacq.) Sw.

Discussion
Studies on the Cucurbitaceae species have shown
that the shape of the petiole is quite variable. In
Momordica tuberosa Cogn., Kumar et al. (2010),
a convex outline on the adaxial face and a triangular outline on the abaxial face were observed. In
Momordica charantia L., Sá et al. (2018) a convex outline with two proeminences on the adaxial
face and a triangular outline on the abaxial face
were observed. Vieira et al. (2019b) observed that
the petiole of Luffa cylindrica (L.) M. Roem has a
rounded outline, with two proeminences on the
adaxial face. Another characteristic of the petiole
that has also shown to be variable and important
for distinguishing Cucurbitaceae species is the
number of vascular bundles (Sãvulescu & Hoza
2010, Aguoru & Okoli 2012, Rus et al. 2015, Sá
et al. 2018, Vieira et al. 2019b).
In the leaf blade of Cucurbitaceae species, in
addition to the variable number of vascular bund-
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les (Ajuru & Okoli 2013, Mohammed & Guma
2015), the type of bundle may also vary. The most
common type of vascular in the species of the
family is the bicollateral one (Metcalfe & Chalk
1950). However, collateral vascular bundles have
already been reported, for example in the leaves
of M. charantia (Coutinho et al. 2010), Bryonia
alba L. (Rus et al. 2015) and L. cylindrica (Vieira
et al. 2019b).
The presence of glandular and non-glandular
trichomes is another common characteristic in the
Cucurbitaceae family (Inamdar et al. 2019). Ali &
Al-Hemaid (2011) cited the presence of conical
trichomes in S. edule. Cadena-Iñiguez (2005)
found five types of trichomes in eight varieties of
S. edule, collected in Mexico, for which they
studies the leaf anatomy.
Most Cucurbitaceae stomata are anomocytic,
but other types are also found, such as paracytic,
tetracytic, staurocytic, anysocytic, cyclocytic or
occasionally have only a single subsidiary cell.
Cadena-Iñiguez (2005) observed stomata only on
the abaxial face of S. edule, while our study corroborates the data described by Inamdar et al.
(2019) describing the leaf lamina of the species as
amphiestomatic.
Regarding the metabolites searched through
histochemistry, the results are in agreement with
the literature data that report that triterpenes and
steroids are common in the Cucurbitaceae family
(Valente 2004). Cucurbitacins, for example, are
triterpenes found in members of Cucurbitaceae
and also in other plant families and have an
important pharmacological potential, being
responsible for anti-inflammatory, antitumor,
antidiabetic responses, among others activities
(Kaushik et al. 2015). They are usually present in
plants as β-glucosides and the most commonly
found in the plant kingdom are cucurbitacins B
and D (Cadena-Iñiguez et al. 2007).
Alkaloids have been identified in S. edule
fruits (Salama et al. 1986, Sibi et al. 2013). In the
leaves, Noumedem et al. (2013) identified alkaloids present in their methanolic extract, which
exhibited activity against Gram-negative multidrug-resistant bacteria. Regarding the phenolic
compounds, there was divergence with the literature data. The present study did not detected their
presence, while other studies on the leaf of this
species identified these metabolites, correlating
them with the antioxidant activity (Ordonez et al.
2006, Ibarra-Alvarado et al. 2010, Chao et al.
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2014). Among the flavonoids, Chao et al. (2014)
identified in S. edule quercetin, myricetin, morin
and kaempferol, myricetin being found in the
highest concentrations. Taking into account that in
the literature studies that identified flavonoids the
species was collected in different locations, the
difference with the present result can be explained
by the fact that secondary metabolites represent a
chemical interconnection between the plants and
the environment to which they are inserted. Therefore, their synthesis is often affected by environmental conditions (Gobbo-Neto & Lopes 2007).
In the studies of Sá et al. (2018) and Vieira et
al. (2019b), histochemical tests for tannins were
also negative. At the same time, Vieira et al.
(2019b) did not identify starch in L. cylindrica
leaf blade, while Sá et al. (2018) observed starch
in the midrib parenchyma of M. charantia.
The study brought new information about the
location of metabolites in the leaf blade of S.
edule, as well as demonstrated the useful characters in the identification of the species, which constitutes a great contribution to the taxonomy of the
Cucurbitaceae family. The information gathered
here also have great importance to assist in the
pharmacobotanical standardization of S. edule,
given its broad medicinal use and the evidence of
its therapeutic potential reported in the literature.
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