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Abstract

Neotropical forests have many plant species of great value, be it nutritional, ornamental and, mainly,
medicinal. The substances present in these species are the most varied and many families are very relevant
in this regard. The family Solanaceae comprises many species whose secondary metabolites, including
alkaloids, make them an interesting pharmacological target. However, the large number of species in the
family and their often, which are often morphologically similar, makes their therapeutic use unsafe. Thus,
this study aimed to contribute to the anatomical characterization of the family to assist in the correct
identification of species so as to support their safe therapeutic use. The analyzed species (S. paniculatum,
S. sisymbriifolium and S. americanum) were collected in Atlantic forest environments and anatomical
analyses were performed according to usual protocols in plant anatomy. The results confirmed important
diagnostic characteristics for the distinction of the species and provided data that contribute to their safer
and more effective use, since their anatomical characterization can be used as a reference to assist in the

identification of species.

Keywords: Jurubeba. Pharmacobotany. Solanaceae. Solanum americanum. Solanum paniculatum.
Solanum sisymbriifolium.

Introduction

The occurrence and use of plants as well as the substances present in them are subjects that arouse great
interest in the academic environment, in pharmaceutical industries, and among the population. However,
despite their benefits, as some plants produce toxic substances, their use may be harmful for humans. Many
plants are commonly used by the population without any prior knowledge and are generally commercialized
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as natural products without instructions about their therapeutic use, being the popular name of the species,

the only information provided.

Even today, in several poor regions and even in large cities in the world, medicinal plants are sold in open
markets, marketplaces, houses, and herbalist’'s shops, and grown in residential backyards. Reports and
popular observations of medicinal plants contribute significantly to the dissemination of the therapeutic use
of plants. Such use is usually empirically indicated, but many of the chemical constituents responsible for

the therapeutic effects of these plants are still unknownl,

In addition to the issue of production of toxic substances, the correct botanical identification of medicinal
species is fundamental to develop pharmacological research, as well as to ensure the genetic conservation

and maintenance of biodiversityd and correct and safe use by the population.

In Brazil, the registration of herbal medicines is regulated by the Resolution of the Collegiate Board - RDC
n® 26 of May 13, 2014, which provides for the registration of herbal medicines and report of traditional herbal
products. Thus, the identification and morpho-anatomical characterization of plants are fundamental for the
quality control of the raw material used in the preparation of herbal medicines, as a guarantee of reliability
B8, 1t is also worth mentioning that researches on medicinal plants must meet standards of scientific rigor so
that the production can be released®, and such standards can only be obtained when professionals in the

area are involved in the research.

Solanaceae family comprises 98 genera and around 2700 species, many of high economic value ¥, and is
widely used for therapeutic purposes due to its secondary metabolites®l. Many species of this family present

alkaloids. Thus, the family has species that serve as a source of medicines, but also species that can be toxicll.

Within the family, the genus Solanum L. is one of the most researched and explored due to its wide number
of species and diverse chemical composition, which includes a variety of steroidal saponins and

glycoalkaloids of importance in the natural resistance of these plants against many pests®.

However, due to the large number of species of Solanaceae, the terminological issue becomes very
complex. Several species are known by the same popular names, which makes their therapeutic use risky.
Because of that, they end up being contraindicated to treat diseases. There are also conflicts as to the plant

organs and the stage of development at which they should be used.

In order to contribute to the anatomical study of the family Solanaceae and assist in the correct identification
of species, so as to increase the reliability of their therapeutic use, this study aimed to make an anatomical

characterization of the vegetative organs of three Solanum species used in folk medicine.

Material and methods

The species studied in this work were Solanum paniculatum L., Solanum sisymbriifolium Lam. and
Solanum americanum Mill.. S. paniculatum, commonly known as jurubeba, is widely used as a medicinal
plant to treat various diseases, such as respiratory problems, liver diseases, anemia, and as a tonicll. S.
sisymbriifolium, also known as joa, is considered an infesting plant due to the easy dispersion of seeds

and for having a chemical compound that makes it resistant to pests and diseases!¥. It is popularly used
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as a medicine for digestive and urinary problemstd. S. americanum, also called aguaragu3, is used as
medicine by the population in the treatment of injuries caused by Leishmania sp. (Trypanosomatidae),

cough, and infection by protozoal2.

The study material was collected in an Atlantic forest environment at the A.C. Simdes campus of the Federal
University of Alagoas (UFAL) with the presence of reproductive structures. Three adult individuals of each
species were collected and a representative part of the material was pressed for production of exsiccates,
confirmation of identification, and creation of vouchers for deposit at the MAC herbarium with the following
information: Campus - UFAL, Maceié AL, 02/02/2017, fl./fr., M.C.S. Esteves 2, 3, (MAC64076, MAC64077,
MAC 57989).

Other parts of the material were fragmented and sorted into roots, stems and leaves and fixed in FAA 70
(formaldehyde, acetic acid, 70% ethanol, 1:1:18 v/v) for 24 hoursl!!l. After this time interval, the material was

stored in 70% alcohol for further processing.

For anatomical analyses, free-hand cross sections were made of plant organs at various stages of
development with the aid of a razor blade. They were clarified with 2% sodium hypochlorite, stained with
0.5% Astra blue aqueous solution and 0.5% safranin aqueous solution?, and mounted between slides and

coverslips with 40% glycerin to prepare semipermanent histological slides.

For the detection of chemical compounds, the following tests were carried out: ferric chloride for detection
of phenolic compounds!3; ruthenium red staining for mucilage and pectint4l; Sudan IV and Sudan black B

staining for lipids'¥; zinc iodine chloride for starch8l,

After preparation of histological slides, the samples were analyzed and photographed using an Olympus

BX51 Microscope with an Olympus DP25 camera, Olympus DP2-BSW software.

Results and Discussion

S. americanum (FIGURE 1A) presented leaf blades with uniseriate epidermis, stomata on both sides,
uniseriate, four-celled, tector trichomes on both surfaces, in small quantities, and even more scarce on the
abaxial surface (FIGURE 1B-C); dorsiventral mesophyll with a layer of palisade parenchyma and three to
four layers of spongy parenchyma (FIGURE 1B); midrib with a biconvex outline with a more prominent
abaxial surface, uniseriate epidermis, parenchymal cortex and amphicrival vascular cylinder, with rare

peltate glandular trichomes on the abaxial surface (FIGURE 1D-E).

The analysis of the primary structure of the stem revealed two lateral wings (FIGURE 1F), uniseriate
epidermis with few uniseriate single-celled non-glandular trichomes, few glandular trichomes formed by a
head cell, a tapered median cell, a basal cell, and few peltate glandular trichomes (FIGURE 1G); internal to
the epidermis, the first layer of the cortex was composed of parenchymal cells and the rest corresponded to
two to three layers of angular collenchyma and, internally to them, two more layers of parenchyma cells
(FIGURE 1H-l). The vascular cylinder was composed of bicollateral vascular bundles surrounding a wide
parenchymatous pith (FIGURE 1H-I). In secondary growth (FIGURE 2A), the phellogen was installed and
the epidermis was replaced by the periderm with one to two layers of phellem cells (FIGURE 2B). The cortex

started to be composed of two cell layers of lamellar collenchyma and, internally to them, two to three layers
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of parenchyma cells, which undergo anticlinal divisions during organ growth in thickness (FIGURE 2A-B).
The vascular cylinder was composed of primary phloem, secondary phloem, secondary xylem and primary
xylem and, internally to it, primary phloem.

FIGURE 1: A-E) Transverse sections of the foliar limb of S. americanum. F-l) Transverse sections of stem in primary
growth of S. americanum. *: tector trichome cells; CR: central rib; Cl: cambial initial; CO: colenchyma; CX: cortex; E:
epidermis; GT: Glandular trichome; LB: Lamina blade; P: Phloem; PA: Parenchyma; PI: Pith; PP: Primary phloem; PX:
Primary xylem; TT: Tector trichome; ST: Stomata; X: Xylem; W: Wing.

The root at initial secondary growth presented epidermis as outermost tissue, cortex with parenchyma cells
of different sizes and shapes, phloem, and primary xylem, which was diarch (FIGURAS 2C-D). In secondary
structure, the root presented the same cell types plus secondary phloem, cambium, and secondary xylem
(FIGURE 2E-F).

In S. paniculatum, the leaves were hypostomatic and presented uniseriate epidermis, some capitate
glandular trichomes on the adaxial surface (FIGURE 3A) and stellate non-glandular trichomes in great
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amount on the abaxial surface (FIGURE 3A-C) both on the midrib and the leaf blade; dorsiventral mesophyll
composed of a layer of palisade parenchyma and three to four layers of spongy parenchyma; midrib with a
biconvex outline with a more prominent abaxial surface, uniseriate epidermis, cortex with a layer of
collenchyma and the rest of the layers of parenchyma, amphicrival vascular cylinder and horseshoe-shaped
xylem (FIGURE 3C), and rare glandular trichomes on the adaxial surface (FIGURE 3D).

FIGURE 2: A-B) Transverse sections of stem in secondary growth of S. americanum. C-D Transverse sections of root in the
initial of the secondary growth of S. americanum. E-F) transverse sections of root in secondary growth of S. americanum.
Dotted arrow: cells in division; CO: Colenchyma; CX: Cortex; CZ: Cambial zone; PA: Parenchyma; PE: Periderm; PH:
Phellem; PHE: Phelloderm; PX: Prymary xylem; Phg phellogen; SP: Secondary phloem; SX: Secondary xylem.

The primary structure of the stem showed a uniseriate epidermis with rare stellate non-glandular trichomes;
cortex composed of approximately seven layers of parenchyma cells and, internally to them, some sclerified
cells (FIGURE 4A). In initial secondary growth (FIGURE 4B), the stem started to present periderm and the
cortex was composed of approximately seven layers of collenchyma cells, five layers of parenchyma cells,
and sclerified cells. In well-established secondary growth (FIGURE 4C), the cortex presented the same cells
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as the previous stage but the layer of sclerified cells became continuous and there was the production of
secondary xylem and phloem.

The primary structure of the root (FIGURE 4 D) presented epidermis, cortex formed by cell divisions in the
endodermis and composed of six layers of rounded, uniform parenchymal cells, containing great amounts of
starch. The vascular cylinder had primary phloem and xylem, the latter being tetrarch (FIGURE 4H). In
secondary structure, at initial development, the installation of the phellogen and subsequent establishment of
the periderm with five layers of phellem cells (FIGURE 4E) were observed; the cortex still contained starch and
the vascular cylinder had additionally secondary phloem, cambium and secondary xylem (FIGURE 4 E-G).

FIGURE 3: A-D) Transverse sections of the foliar limb of S. paniculatum. CR: Central rib; GT: Glandular trichome; LB:
Lamina blade; PP: Primary phloem; STT: Stellar tector trichome; SPP: Spongy parenchyma.

100 100 um

50 pm
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FIGURE 4: A) Transverse section of the stem in primary growth of S. paniculatum. B) Transverse section of the stem S.
paniculatum in the initial of the secondary growth. C) Transverse section of the stem in secondary growth of S.
paniculatum. D) Trensverse section of the root of S. paniculatum in primary gowth. E) Transverse section of the root of S.
paniculatum in the initial of secondary gowth. F-H) Transverse sections of the root of S. paniculatum in secondary gowth.
Arrows: Cells with starch grains; CO: Colenchyma; CX: Cortex; e: epidermis; PP: Primary phloem; PX: Primary xylem;
PA: Parenchyma; PE: Periderm; PH: Phellem; PHE: Phelloderm; PHG: Phellogen; PI: Pith; SC: Scerenchyma cells; SP:
Secondary phloem; STT: Stellar tector trichome; SX: Secondary xylem.

S. sisymbriifolium presented amphistomatic leaves with few, uniseriate, uni-, bi- or tricellular non-glandular
trichomes, both on the midrib and the leaf blade, on the two surfaces of the epidermis (FIGURE 5A-E); few
stellate non-glandular trichomes only on the leaf blade, on both sides of the epidermis (FIGURE 5A-E); many
glandular trichomes formed by a single head cell, a tapered median cell, and a basal cell distributed
throughout both surfaces of the epidermis (FIGURE 5A-E); rare peltate glandular trichomes only on the
lower surface of the midrib (FIGURE 5C); dorsiventral mesophyll with a layer of palisade parenchyma and
three layers of spongy parenchyma (FIGURE 5E); midrib with a biconvex outline with a more prominent
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abaxial surface, uniseriate epidermis, cortex with three to four layers of collenchyma and the rest of
parenchyma, and amphicrival vascular cylinder with horseshoe-shaped xylem (FIGURE 5A).

The primary structure of the stem presented uniseriate epidermis with few uniseriate, uni or bicellular non-
glandular trichomes; cortex composed of three layers of parenchyma cells below the epidermis, six layers
of angular collenchyma cells, and three to six layers of parenchyma cells (FIGURE 5F-G). The central
cylinder presented bicollateral vascular bundles around the pit (FIGURE 5F-G), until the beginning of
secondary growth (FIGURE 5H). In secondary growth, the epidermis was maintained; the cortex remained
similar to that of the primary stem but with the appearance of a discontinuous band of sclerified cells
surrounding the vascular cylinder, which was added with secondary phloem and xylem (FIGURE 5I-K).

FIGURE 5: A-E) Transverse sections of the foliar limb of S. sisymbriflolium. F-G) Transverse sections of stem in primary
growth of S. sisymbriifolium. H) Transverse section of the stem of S. sisymbrifolium in the initial of the secondary growth.
I-K) Transverse sections of the root of S. sisymbrifolium in secondary gowth. CR: Central rib; CZ: Cambial zone; CO:
Colenchyma; CX: Cortex; E: Epidermis; GT: Glandular trichome; LB: Leaf blade; PP: Primary phloem; PX: Primary xylem;
PA: Parenchyma; PE: Periderm; PI: Pith; STT: Stellar tector trichome; SC: Sclerenchyma cells; SP: Secondary phloem;
SX: Secondary xylem; TT: Tector trichome.
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In the initial of secondary structure of the root presented a uniseriate epidermis, a cortex composed of several
layers of large, rounded parenchyma cells (FIGURE 6A), and a vascular cylinder with diarch primary xylem
(FIGURE 6B). The inner cortex was formed by cells produced by meristematic activity of the layer of
precursor cells of the endoderm, the proendodermis. This meristematic activity produces the internal cortex
of the root, observed as conspicuous layers of stratified cells (FIGURE 6C-D). In the secondary structure,
the phellogen was installed, and the periderm was developed (FIGURE 6C-D); the vascular cylinder started
to present secondary phloem, cambium, and secondary xylem, with two protoxylem poles. The main
anatomical differences are showed in the TABLE 1.

Regarding the histochemical tests performed, all reacted negatively in the three species.

FIGURE 6: A-D) Transverse sections of the root of S. sisymbriflolium in the initial of the secondary growth. E-F) Transverse
sections of the root of S. sisymbriflolium in the secondary growth. CX: Cortex; EC: External cortex; IC: Internal cortex; PX:
Primary xylem; PE: Periderm; PHE: Phelloderm; PHG: Phellogen; SX: Secondary xylem.
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TABLE 1: Mean diferences among the species.

Charatcter Foliar limb
Primary stem Secondary stem Root
Central rib
Trichomes Vascular
Species Cortex bundle Wings | Trichomes | Cortex Coating Cortex Protoxylem
S. americanum ft_ ?_t par bico p t_t © g_t col, par periderm col, par 2 poles
S. paniculatum st 1g col, par bico, o a stt pa, scl periderm col, par, 4 poles
++ - - scl

S. sisymbrifolium _tt’ Sft’ gi col, par bico, o a t_t col, par | epidermis Co';gar’ 2 poles

Legend: Captions: a = absent; bico = biconvex; col = colenchyma; escl = slerenchyma; par = parenchyma; tt = tector

tricichome; gt = glandulas Trichome glandular; stt = stellar tector trichome; p = present; --- = sparse; - = litle; + = many;

++ = too many; o = horseshoe shape.

The species studied here have different therapeutic properties. Thus, pointing out the anatomical differences

between them is of paramount importance for their safe use.

Studies of the external and internal morphology of any plant used in medicine are extremely important for
the identification of these species. Although some sophisticated chemical and molecular methods are
available for identification of plant material, morphoanatomical studies are the simplest methods to prevent

counterfeiting and adulteration of drugstd.

In this work, it was found that the main anatomical differences were related to the type and quantity of
trichomes present on the leaves and stems, mainly in the primary structure of these organs; the composition
of the cortex of the midrib and the stem, in both primary and secondary structure; the shape of the vascular
bundle in the midrib; the presence or absence of wings on the surface of primary stems; the outermost tissue

of secondary stems; and the number of protoxylem poles of the root.

These differences do not only characterize the species, but also allow comparative analyses and represent

diagnostic characteristics.

Trichomes are important structures in xeric environments, as they maintain a saturated atmosphere of water

vapor around the leafl18l,

Trichomes can be glandular or non-glandular and were present in the three species studied. Glandular
trichomes can be subdivided into capitate and peltate and present variable morphology, structure and

density on the epidermis of different species and organs,

Both capitate and peltate glandular trichomes are frequently present in plants of the Asteraceae, Lamiaceae
and Solanaceae families. Capitate trichomes usually consist of a basal cell, one to several stalk cells, and
one or a few secretory cells at the tip of the stalk. They predominantly produce non-volatile or less volatile

compounds that are directly exuded onto the surface of the trichomel22,

Peltate trichomes, of which typical examples can be found in mint and basil, consist of a basal cell, a (short)

stalk cell, and a head composed of several secretory cells. Glandular trichomes are important in plant
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resistance against pests and can be used, therefore, as an important first line of defense against herbivorous

insects and pathogens(21.,

Other Solanum species also present glandular trichomes. For example, unbranched glandular trichomes
were identified in S. lycopersicum L., in the twelve subsamples of the Vegetable Germplasm Bank (UFV)22],
and contained compounds such as glycosylated flavonoids (rutin), nitrogenous phenolic compounds (acid

chlorogenic), methyl ketones (2-tridecanone and 2-undecanone), and zingiberene sesquiterpenes.

As for non-glandular trichomes, the literature provides information about their presence in other species of
Solanum23l, and in some cases the dense layer of stellate trichomes on leaves has been interpreted as a

bio-shield against stress24.

In the present study, most trichomes of S. paniculatum were glandular, while those of S. sisymbriifolium
were mostly non-glandular. In turn, both types were less frequent in S. americanum, which may suggest that

this species is the most vulnerable of the three to herbivory and environmental stress.

Although ecological variations can affect the distribution of trichomes, the type of trichome is a stable trait in

most species2,

The morphology and distribution pattern of trichomes on leaf surfaces of the Solanum species analyzed by
them were useful for distinction of the species, and that this would be especially useful for pharmacognosists,

archaeobotanists, paleobotanists, and agronomists(22,

Regarding key anatomical features, the literature provides information on Solanum species that can be
compared to the present findings, and when combined, they allow an accurate diagnosis and correct
distinction and identification of the species. Solanum caavurana has been described as having leaves with
a dorsiventral mesophyll, uniseriate palisade parenchyma, spongy parenchyma, and biconvex midrib. The
initial secondary structure of the stem, in cross section, presents uni-stratified epidermis followed by
collenchyma of the angular type, forming a continuous cylinder of four to five layers delimited by
sclerenchyma bundles and five to six layers of cortical parenchyma. The vascular system is bicollateral with
eustelic organization, delimited by a layer of discontinuous sclerenchyma bundles that surround the external
phloem. The initial secondary structure of the root shows a poorly developed periderm and gradual

suberization of epidermis cells. The cortical parenchyma consists of five to six layers of parenchyma cells[25,

Solanum lycocarpum presents stellate, bicellular, non-glandular and glandular trichomes on both sides of
the leaf blade. The mesophyll has dorsiventral arrangement with palisade parenchyma formed by a layer of
long, narrow cells, and spongy parenchyma formed by three to five layers of polyhedral cells that show a

compact disposition, without typical characteristics of spongy parenchymat28l,

The leaves of S. crinitum present a uniseriate epidermis with multiseriate-stalked porrect-stellate trichomes.
In cross section, the mesophyll is of the dorsiventral type with uniseriate palisade parenchyma and 4-5 layers
of spongy parenchyma. The midrib shows a biconvex outline in cross section, with a more conspicuous
convexity on the abaxial side. The epidermis is uniseriate with rounded cells and long-stalked stellate
trichomes, similar to those of the leaf blade. Adjacent to the epidermis, there is the angular collenchyma,

with about five layers, followed by the fundamental parenchyma.
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In S. gomphodes, the leaves are amphistomatic and have uniseriate epidermis with sessile to subsessile, rarely
stalked, porrect-stellate trichomes on the adaxial side, and long-stalked porrect-stellate trichomes on the
abaxial side. The mesophyll, in cross section, is of the dorsiventral type, with uniseriate palisade parenchyma

and 4-5 layers of spongy parenchyma. The midrib has uniseriate epidermis and stalked stellate trichomes.

The leaves of S. forvum have uniseriate epidermis with sessile stellate trichomes on both surfaces. The
mesophyll is dorsiventral with uniseriate palisade parenchyma and 4-5 layers of spongy parenchyma. The
midrib shows a single-celled layered epidermis followed by 4-7 layers of angular collenchyma. The stem has
uniseriate epidermis with porrect-stellate trichomes. The collenchyma is angular forming a continuous
cylinder, 5-8 layers, followed by a reduced cortical parenchyma, 4-5 layers. The vasculature consists of
external phloem, xylem, and internal phloem. The root, in initial secondary growth, has an underdeveloped
periderm and stratified parenchyma located between the periderm and the phloem. The secondary phloem

and the xylem form a massive cylinder, although a tetrarch structure can be observed.

The mesophyll of S. pseudocapsicum reveals dorsiventral organization and is composed of one layer of
palisade parenchyma and about four layers of parenchyma. In young stems, the epidermis consists of a single

compact layer and most of the cortex is formed by parenchyma cells which accumulate starch grains27,

In S. capsicoides, were observed amphistomatic leaves with uniseriate epidermis, with the presence, on
both sides, of uniseriate, tetra-multicellular elongate, capitate and claviform glandular trichomes and
uniseriate, bi-multicellular and hexa-multicellular elongate trichomes. The mesophyll has dorsiventral
organization with one layer of cells of palisade parenchyma and spongy parenchyma. The midrib is biconvex,
with a bicollateral vascular bundle surrounded by parenchyma, interrupted by angular collenchyma cells on

both surfaces!28l.

The above descriptions indicate that the main characteristics that vary between the Solanum species are

the type, location and quantity of trichomes, as well as the number of protoxylem poles of the root.

Regarding trichomes, in S. sisymbriifolium, S. americanum and S. paniculatum, it was observed that the
trichomes varied in type, quantity and location. These same variations were noticed in the analysis of the

species described in the literature.

The number of protoxylem poles is a characteristic that had little divergence among the analyzed species:
S. sisymbriifolium and S. americanum had two poles, and S. paniculatum had four. Among the other species

found in the literature, this characteristic was described only in S. torvum, which had four poles.

A variation in the observed in the organization of the root stele of Pyrostegia venusta (Bignoniaceae) from
triarch to heptarch(28, In turn, in Pachyrhizus ahipa (Fabaceae), it was found that the organization of the root

stele was consistently tetrarchl29,

Conclusion

The data obtained here from the anatomical analyses aimed at increasing the knowledge of Brazilian
medicinal plants and of the family Solanaceae and allowing the better use of these plants, since their

anatomical peculiarities can be used as a reference for the identification of the species.
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The different patterns found in the type, location and quantity of trichomes, based on the present and literature

data, indicate that this trait may be the most assertive for the distinction of species of the family Solanaceae.

The number of protoxylem poles also represented an important trait separating species; however, the
intraspecific variations that may occur and the lack of comprehensive information in the literature on this

aspect of the genus Solanum do not support the effective use.
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