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ABSTRACT

Chemical components act in plant defense and protection, but many of them are extracted and used
medicinally. For Cerrado, active chemical components are used in the treatment of diseases, which
strengthens the necessity for pharmacological studies of plants of that environment. The objective was
to evaluate the histochemistry of the leaf blade of Byrsonima verbascifolia (L.) DC., Malpighiaceae, Cam-
pomanesia adamantium (Cambess.) O.Berg, Myrtaceae, Roupala montana Aubl., Proteaceae, and Solanum
lycocarpum A. St.-Hil., Solanaceae, species that have been reported as producers of secondary metabolites
for pharmacological use. The 3rd node leaves (median, intercostal and margin regions) were collected,
fixed, included in Paraplast® or 2-hydroxyethyl methacrylate, sectioned in microtome, stained and photo-
graphed on microscope. This analysis aimed to find leaf regions which produced chemical compounds.
For histochemical tests, we selected the intercostal areas from median region leaf of the 3rd node. Work
was done with fresh and newly collected leaves and those were fixed and embedded in Paraplast®. Tests
were conducted for lipids, terpenoids, phenolic compounds, alkaloids, sugars and proteins. Alkaloids
were observed only in R. montana, as well as the results for phenolic compounds. Flavonoids are present
in B. verbascifolia and R. montana. The lipid composition was showed for the chemical compounds of B.
verbascifolia and C. adamantium, which proved to be part of the essential oils or resins oils in C. adaman-
tium idioblasts. The chemical compounds of B. verbascifolia, C. adamantium and R. montana are present
mainly in idioblasts among the parenchyma and epidermal cells. C. adamantium has secretory cavities,
but only with lipid content. The identification of chemical compounds has not been possible in mature
leaves of S. lycocarpum.
© 2016 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Plant secondary metabolism produces products that can aid in

in medicinal use plants (Silva et al., 2010). Leaves, xylopodia and
barks are quoted as producers of active pharmacological substances
(Silva et al., 2010). According to Ribeiro and Walter (1998) the Cer-

the defense and protection, besides the attraction of pollinators
(Evert, 2006). Those substances have been extracted and utilized
for medicine production, vaccines and other forms of treatment
(Barbosa-Filho et al., 2008; Souza et al., 2008). In this context, the
anatomic study of pharmacologic use plants may contribute to
quality assurance and correct identification (Mauro et al., 2008;
Carpano et al., 2009; Gomes et al., 2009). Beyond that, it allows to
elucidate the aspects referring to secreting structures and conse-
quently to storage and secretion of secondary metabolites, which
could lead to the correct localization and extraction of medicinal
chemicals.

Secreting structures are frequently reported to the different
organs of Cerrado plants (Castro et al., 1997; Rodrigues et al.,
2011; Boudouris and Queenborough, 2013), this being Biome rich
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rado is the second largest Biome in Brazil, occupying around 23% of
national territory (Oliveira and Marquis, 2002). It is considered the
floristically richest Savannah in the world with elevated endemism,
being one of the prioritized Brazilian areas to conservation (Myers
et al., 2000).

Malphigiaceae, Myrtaceae, Proteaceae and Solanaceae are well
represented on the Cerrado (Rizzini, 1971; Pereira-Silva et al.,2004)
that also contain plant species provided with active substances
useful to diseases treatment. Byrsonima (Malpighiaceae) presents
species with antimalarial activity (Milliken, 1997). Byrsonima cras-
sifolia (L.) Kunth and Byrsonima verbascifolia (L.) DC., and are used
for antifever in different countries in Latin America (Rutter, 1990;
Garcia-Barriga, 1992). The leaves of species of Campomanesia (Myr-
taceae) are useful for treatment of diarrhea and bladder issues
(Piva, 2002). Besides the ethyl acetate extract of fruits of Campo-
manesia adamantium (Cambess.) O. Berg has shown an inhibitory
effect against Mycobacterium tuberculosis, a pathogenic bacterium
that causes most cases of tuberculosis (Pavan et al., 2009). The
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leaves of the Roupala montana Aubl. (Proteaceae) are utilized as
antipyretics and antiseptics for treatment of wounds and ulcers
(Butler et al., 2000). Solanaceae is a source of alkaloids provided
with pharmacological actions, especially Solanum crinitum Lam.,
Solanum lycocarpum A. St.-Hil. and S. gomphodes Dunal, for being
used in the treatment of diabetes (Aradjo et al., 2010b).

Based on the exposure, this study aimed to evaluate the histo-
chemistry of the leaves of B. verbascifolia (L.) DC., Malpighiaceae, C.
adamantium (Cambess.) O.Berg, Myrtaceae, R. montana Aubl., Pro-
teaceae, and S. lycocarpum A. St.-Hil., Solanaceae, species reported
as producers of secondary metabolites of pharmacological activ-
ities. Also, it intends to describe the secretory structures that
produce such compounds, and identify the cells and tissues in
which they are stored.

Materials and methods
Studied species and deposit at the herbarium

B. verbascifolia (L) DC., Malpighiaceae, C. adamantium
(Cambess.) O.Berg, Myrtaceae, R. montana Aubl., Proteaceae,
and S. lycocarpum A. St.-Hil., Solanaceae, were collected at the
“Campo sujo” (shrub Savannah) of Cerrado within Serra do Cipé,
Minas Gerais, Brazil (19°22'01”’S and 43°37’10”"W). Vouchers were
deposited at the Herbarium of Universidade Federal de Minas
Gerais (BHCB), under the registration numbers: 161584, 161585,
161586 and 167052.

Light microscopy

Leaves (n=5) of the 3rd node of five individuals were collected,
fixed in FAA (formalin, acetic acid, 50% ethanol, 1:1:18 v/v/v) and
stored in ethanol 70% (Johansen, 1940).

Inclusions in Paraplast® (Kraus and Arduin, 1997) and/or in 2-
hydroxyethyl methacrylate (Leica Instruments, historesin) were
done with fragments of the median region. Then, cross sections of
5-10 wm were obtained using a rotary microtome (Leica® Biocut
Jung, USA). The material prepared in historesin was stained with
toluidine blue 0.05% — pH 4.7 (O’Brian et al., 1964) and Paraplast®
with safranin and astra blue 1% (Kraus and Arduin, 1997). All leaves
were mounted in Entellan® (Kraus and Arduin, 1997) and photo-
graphed with use of a light microscope (Primo Star Zeiss®) coupled
with digital camera (Canon A650).

Histochemical tests

Transverse sections of the median area of the intercostal region
were obtained from fresh and recently collected leaves from the 3rd
node (n=5), using table microtome (Rolemberg and Bhering Trade,
model LPC). The tested metabolites classes are listed in Box 1. Fresh
selections, unfixed and unstained, were utilized as negative con-
trol. The positive control was conducted as recommended by the
respective authors of histochemical tests. The tests were repeated
on material included in Paraplast® in order to obtain thinner sec-
tions and thus improve the visualization of the results. In both cases,
the slides were mounted in the reagent itself or jelly glycerin. The
sections were photographed under a light microscope (Primo Star
Zeiss®) coupled with digital camera (Canon A650).

Results

There was no occurrence of external secretory structures on
the leaf lamina in any species studied, but only internal secretory
structures occurred in them (classification of Evert, 2006). These
structures occur in the midrib (Fig. 1A, D and G), the intercostal

Box 1: Metabolite groups, reagents and authors of the
methodologies used in histochemical tests.

Metabolite Reagent References
groups
Lipids
Total Sudan red B Brundrett et al.
(1991)
Terpenoids

David and Carde
(1964)

Hardman and
Sofowora (1972),
Mace et al. (1974)

Essential oils
and resin-oils
Steroids

Nadi reagent

Antimony trichloride

Phenolic compounds

General Ferric chloride IIl Johansen (1940)
Tannins Vanillin-hydrochloric acid Mace and Howell
(1974)
Lignin Phloroglucinol Johansen (1940)
Flavonoids p- Feucht and Schmid
Dimethylaminocinnamaldehyde (1983)
- DMACA
Alkaloids
General Dragendorff Furr and Mahlberg

(1981)

Polysaccharides

General Periodic acid-Schiff’s reagent Mcmanus (1948)
(PAS)
Starch Lugol Jensen (1962)
Pectins Ruthenium red Johansen (1940)
Mucilage Tannic acid/Ferric chloride Il Pizzolato and Lillie
(1973)
Proteins
Total Bromophenol blue Mazia et al. (1953)

region (Fig. 1B, E, H) and the margin (Fig. 1C, F and I), particularly
in idioblasts (Fig. 1A-I), in most species. In these cells, the chemical
compounds occupy uniformly all vacuole, in general (Fig. 1A and
I). The idioblasts present primary walls when in the epidermis and
parenchyma (Fig. 1A-F), or secondary, when attached to the fibers
(Fig. 1G-1).

The size and shape vary according to the tissue to which it is
associated, in most cases being similar to the neighboring cells of
the same meristematic origin (Fig. 1A-I). In such cases, recognition
is only possible by the presence of chemical compounds.

Byrsonima verbascifolia

In midrib, idioblasts containing chemical compounds are shown
between xylem and phloem cells, and in parenchyma originated
from the ground meristem (Fig. 1A). In the intercostal region and
in the edge of the leaf, the compounds are found in epidermal cells
on both sides, in the mesophyll and in the smaller diameter bundles
(Fig. 1B and C). In the negative control it was not possible to identify
chemical compounds (Fig. 2A).

The histochemical analysis showed lipids in all idioblasts with
content (Fig. 2B; Box 2) and concentrated flavonoids in the cells of
the spongy and palisade parenchyma (Fig. 2C; Box 2).

Campomanesia adamantium

In the midrib, chemical compounds are widely found in epider-
mal cells, in the ordinary parenchyma and in the parenchyma cells
and fibers of xylem and phloem (Fig. 1D). The intercostal region
contains chemical compounds mainly in the epidermis and bun-
dle sheath cells (Fig. 1E). In the edge of the leaf, the content can
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