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A B S T R A C T 

Mangifera indica L., popularly known as mango, is an important fruitful widely 

used in Brazilian traditional medicine for the treatment of diabetes, anemia, 

diarrhea, hemorrhoids, indigestion, asthma, bronchitis, flu, hypertension, 

rheumatism, disorders of the liver and for tumors. In order to expand the 

pharmacobotanical information about the species, this study aimed to perform the 

anatomical characterization, histochemistry, and crystal analysis of the leaf blade of 

M. indica. For the anatomical characterization were used optical microscopy, 

polarization microscopy, and scanning electron microscopy. Histochemical tests 

were performed to evidence the presence of metabolites and microchemical 

analyzes by dispersive energy spectroscopy were done to determine the elemental 

chemical composition of the crystals. The microscopic analysis allowed the 

identification of characters useful in the identification of the species, such as the 

presence of glandular trichomes in the leaf blade. Through histochemistry was 

evidenced the presence of phenolic compounds, lipophilic substances, lignin, and 

starch in the leaf blade. The chemical nature of the crystals was determined to be 

calcium oxalate. The results contribute to the pharmacobotanical standardization of 

M. indica. 
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Introduction 

The Anacardiaceae family has 

approximately 80 genera and 873 species, present 

mainly in tropical and subtropical regions around 

the world, extending to temperate regions (Pell et 

al., 2011). It is a family intensely studied for 

including species with fruits of economic 

importance, such as mango, cashew nut, pistachio, 

ambarella, yellow mombin, and red mombin 

(Lorenzi et al., 2015; Coelho et al., 2019). 

Mangifera indica L., popularly known as 

mango, it is a perennial tree, 8-18 m in height, 

originating in India and Myanmar. It is one of the 

most planted fruitful in Brazil, with almost one 

hundred cultivars in the country (Lorenzi et al., 

2015). Different parts of the plant, such as root, 

bark, leaves, flowers, fruits and seeds, are usually 

used for the treatment of diseases, such as 

diabetes, anemia, diarrhea, hemorrhoids, 

indigestion, asthma, bronchitis, influenza, 

hypertension, rheumatism, liver disorders, and 

tumor (Shah et al., 2010; Santos, Nunes & 

Martins, 2012; Ribeiro et al., 2017). 

The presence of bioactive compounds 

stimulate studies with this species, and there are 

several reviews pointing out the metabolites and 

proven pharmacological activities, such as 

antidiabetic, anticancer, analgesic, antipyretic, 

anti-inflammatory, anti-ulcer, and antibacterial 

(Shah et al., 2010; Ghuniyal, 2015; Jahurul et al., 

2015; Parvez, 2016; Ediriweera, Tennekoon & 

Samarakoon, 2017; Lauricella et al., 2017). 

Considering the wide distribution of this 

species, and the great variety of uses and interests, 

pharmacobotanical studies are also essential to 

support the correct identification of the species 

and to provide more information about the 

morphological characters. Therefore, this study 

aimed to carry out the anatomical and 
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histochemical characterization of the leaf blade of 

M. indica. 

 

Material and Methods 

The material was collected in the 

metropolitan region of Recife, Pernambuco, 

Brazil. The voucher specimen was deposited in 

the Herbarium Dárdano de Andrade Lima, of the 

Instituto Agronômico de Pernambuco (IPA), 

under registration number 91429. 

Leaf-blades collected between the third 

and fifth nodes of three adult specimens were 

fixed in FAA 50 (formaldehyde, acetic acid, and 

ethyl alcohol) (Kraus & Arduin, 1997). For 

anatomical characterization, cross-sections and 

paradermal sections were obtained by hand, using 

an ordinary razor blade in the middle region of the 

leaf blades (Johansen, 1940; Oliveira & Akisue, 

2009). Posteriorly, sections were clarified with 

sodium hypochlorite solution 50% (Kraus & 

Arduin, 1997). After washing in distilled water, 

the cross-sections were stained according to the 

technique described by Bukatsch (1972) using 

safranin and astra blue. Paradermal sections were 

stained with methylene blue 1% (Krauter, 1985). 

Semipermanent histological slides were prepared 

to contain the sections following usual plant 

anatomy procedures (Johansen, 1940; Sass, 1951). 

Images of semipermanent histological slides were 

used with the software LAS EZ (Leica), obtained 

by a digital camera (Leica ICC50 W) coupled to 

an optical and polarized microscope (Leica 

DM750M). 

Considering the anatomical 

characterization under Scanning Electron 

Microscopy (SEM), samples of fresh leaf blades 

were fixed in 2.5% glutaraldehyde and post-fixed 

using 2% osmium tetroxide solution. The material 

was submitted to dehydration in ethanol series 

until critical point drying (Bal-Tec CPD 030), 

mounted onto SEM stubs, using the double-sided 

adhesive tape and sputter-coated with gold (Leica 

EM SCD 500) (Haddad et al., 1998). The samples 

were analyzed with a scanning electron 

microscope (Quanta 200 FEG) in the Centro de 

Tecnologias Estratégicas do Nordeste (CETENE). 

Histochemical tests were done on cross-

sections of fresh leaf blades obtained by hand, 

using an ordinary razor blade (Johansen, 1940), 

using the reagents: potassium dichromate 10% for 

phenolic compounds (Gabe, 1968), vanillin 

chloridric for tannins (Mace & Howell, 1974), 

Sudan III for lipophilic substances (Sass, 1951), 

antimony trichloride for triterpenes and steroids 

(Mace, Bell & Stipanovic, 1974), Dragendorff’s 

reagent for alkaloids (Yoder & Mahlberg, 1976), 

Lugol's iodine reagent for starch (Johansen, 1940), 

phloroglucinol for lignin (Johansen, 1940), and 

hydrochloric acid 10% aiming to establish the 

nature of the crystals (Jensen, 1962). Controls 

were conducted at the same time with the tests 

(Johansen, 1940; Sass, 1951). Semipermanent 

histological slides with the cross-sections were 

analyzed under an optical microscope (Alltion). 

The elemental composition of crystals 

was analyzed in cross-sections of leaf blades 

processed following the same methodology 

described for the analysis in SEM. The chemical 

microanalyses were done by Energy Dispersive 

Spectroscopy (EDS) with an X-ray detector 

attached to the Zeiss-EVO-LS15 scanning 

electron microscope. 

 

Results and Discussion 

In the frontal view, the epidermal cells 

show slightly sinuous and thick walls on both 

sides of the leaf (Figure 1AB). The leaf blade is 

hypoestomatic, with anomocytic stomata (Figure 

1B). According to Metcalfe & Chalk (1950), 

family Anacardiaceae is characterized by 

hypoestomatic or amphistomatic leaf blades. 

Multicellular glandular trichomes were found on 

both faces of the leaf (Figure 1BC). Rocha et al. 

(2015) did not mention the presence of trichomes 

in a study with the leaf of M. indica; the authors 

found non-glandular trichomes in the leaf of 

Spondias purpurea. The presence of non-

glandular trichomes has also been described in the 

leaf of S. mombin (Vasconcelos, Vasconcelos & 

Randau, 2016). 

 

 
Figure 1. Frontal view of the leaf blade of Mangifera indica L. under optical microscopy. A, C: adaxial face; 

B: abaxial face. Abbreviations: gt = glandular trichome; st = stomata. Bars: A, B = 50 µm; C = 20 µm. 

Fonte: Sá (2019). 
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The midrib, in cross-section, is biconvex 

(Figure 2A). The similar shape of the midrib was 

also found by Rocha et al. (2015). The epidermis 

is uniseriate, covered by thick cuticle (Figure 2B). 

The vascular bundle has a biconvex shape and is 

collateral, surrounded by sclerenchyma (Figure 

2B), corroborating some studies (Santhan, 2014; 

Rocha et al., 2015). In the phloem are secretory 

structures (Figure 2BC). The presence of 

secretory structures is the main characteristic of 

the family Anacardiaceae (Metcalfe & Chalk, 

1950). In vegetative organs, these structures are 

found mainly in the phloem and pith. There are 

studies in the literature reporting the composition 

of the substance of these structures and, also, the 

process of development (Lacchia & Carmello-

Guerreiro, 2009). Prismatic crystals are visualized 

in the phloem and the parenchyma (Figure 2DE). 
 

 
Figure 2. Cross-sections of the leaf blade of Mangifera indica L. A, C: scanning electron microscopy; B, D, 

F: optical microscopy; E, G: polarization microscopy. A-E: midrib; F, G: mesophyll. Abbreviations: ep = 

epidermis; pa = parenchyma; pc = prismatic crystal; ph = phloem; pp = palisade parenchyma; scl = 

sclerenchyma; sp = spongy parenchyma; ss = secretory structure; vb = vascular bundle. Bars: A, D, E = 100 

µm; B = 200 µm; F, G: 50 µm; C = 50 µm. Fonte: Sá (2019). 



Journal of Environmental Analysis and Progress V. 04 N. 04 (2019) 266-272 

Sá, R.D.; Cavalcanti, G. da S.; Santos, D.M.; Silva, A.S.; Padilha, R.J.R.; Alves, L.C.; Randau, K.P.   269 

The mesophyll presents an organization of 

the dorsiventral type, with one-two layers of 

palisade parenchyma and around six-eight layers 

of spongy parenchyma (Figure 2F). Santhan 

(2014) observed two-three layers of palisade 

parenchyma in the species. Prismatic crystals are 

visualized in the palisade parenchyma and the 

spongy parenchyma (Figure 2FG). 

Figure 3A shows the cross-section of the 

leaf blade without the addition of reagents. 

Phenolic compounds were evidenced in the 

epidermis (Figure 3B) and lipophilic compounds 

in the cuticle (Figure 3CD), glandular trichomes 

(Figure 3D), and secretory structures (Figure 3D).  

Lignin was observed in xylem, 

sclerenchyma (Figure 3E), and starch was found 

in the parenchyma of the midrib (Figure 3F). The 

hydrochloric acid 10% showed that the crystals 

are of calcium oxalate, after dissolution thereof 

(Figure 3GH). The tests for alkaloids, tannins, 

triterpenes, and steroids were negative, differing 

from the literature (Okwu & Ezenagu, 2008; 

Helen et al., 2013; Somkuwar & Kamble, 2013; 

Nwankwo & Osaro-Mathew, 2014; Dhital, 2017; 

Diso et al., 2017; Divyalashmi & Sharmili, 2017). 

However, in these studies, phytochemical tests 

were performed, and the samples were collected 

in different periods and countries, which explains 

this divergence of results. 

 

 
Figure 3. Histochemistry of the leaf blade of Mangifera indica L. A: control; B: potassium dichromate 10%; 

C, D: Sudan III; E: phloroglucinol; F: Lugol's iodine reagent; G, H: hydrochloric acid 10%. Abbreviations: ct 

= cuticle; ep = epidermis; gt = glandular trichome; id = idioblast; pc = prismatic crystal; scl = sclerenchyma; 

ss = secretory structure; sta = starch; xy = xylem. Bars: A, E = 200 µm; B, C, D, F, G, H = 50 µm. Fonte: Sá 

(2019). 
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Through SEM-EDS analysis, it was 

possible to confirm that the chemical composition 

of the crystals present in the leaf of M. indica is of 

calcium oxalate (Figure 4ABC). Oxalic acid is an 

organic acid widely distributed in various 

organisms and a natural component of a large 

number of plants. It is a product where calcium 

ions are obtained in the environment, and oxalate 

ions are derived from plant metabolism (Ilarslan, 

1997). 

The morphology of the crystals produced 

may be of a single type throughout the plant, or 

various types, each being specific for a given 

organ or even several types within the same 

organ, but in different tissues. Despite this wide 

variety of distribution among species, the 

morphology of the crystal produced, and its 

distribution is constant within a species, and this 

constancy of crystal shape and distribution 

indicates the strong genetic regulation of crystal 

deposition (Franceschi & Nakata, 2005). 

 

 
Figure 4. Scanning electron micrograph and elemental composition of the crystals of the leaf blade of 

Mangifera indica L. A: prismatic crystal; B: analysis of the elemental composition of the crystal; C: 

percentage of the chemical constituents of the crystal. Abbreviations: pc = prismatic crystal. Bar: A = 6 µm. 

Fonte: Sá (2019). 

 

Conclusion 

Although there are already some studies 

about this species, the present study provided new 

anatomical information useful for the correct 

identification of M. indica, such as the presence of 

glandular trichomes in the leaf. The histochemical 

tests allowed the determination of the sites of 

accumulation and synthesis of the metabolites, 

beyond the characterization of the chemical nature 

of the crystals, which was also confirmed by 

SEM-EDS analysis. The results contribute to the 

pharmacobotanical standardization of this species. 
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