Ciéncias Biologicas:
Campo Promissor em
Pesquisa 4

Jesus Rodrigues Lemos
(Organizador)

Editora



Ciéncias Biologicas:
Campo Promissor em
Pesquisa 4

Jesus Rodrigues Lemos
(Organizador)

“
Atena

Ano 2020



2020 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2020 Os autores
Copyright da Edicao © 2020 Atena Editora
Editora Chefe: Prof? Dr® Antonella Carvalho de Oliveira
Diagramacao: Natalia Sandrini de Azevedo
Edicdo deArte: Luiza Batista
Revisado: Os Autores

Todo o conteldo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative
BY Commons. Atribui¢ao 4.0 Internacional (CC BY 4.0).

O conteldo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade exclusiva
dos autores. Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos
autores, mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Angeli Rose do Nascimento - Universidade Federal do Estado do Rio de Janeiro
Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof? Dr? Cristina Gaio - Universidade de Lisbhoa

Prof? Dr® Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai e das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof. Dr. Gustavo Henrique Cepolini Ferreira — Universidade Estadual de Montes Claros
Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Julio Candido de Meirelles Junior — Universidade Federal Fluminense

Prof® Dr® Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Lina Maria Gongalves - Universidade Federal do Tocantins

Prof. Dr. Luis Ricardo Fernando da Costa - Universidade Estadual de Montes Claros
Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Universidade Federal do Maranhao

Prof® Dr* Miranilde Oliveira Neves - Instituto de Educacao, Ciéncia e Tecnologia do Para
Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof? Dr? Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa

Prof? Dr® Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste
Prof? Dr? Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

| Atena

LEditora
Ano 2020




Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias

Prof. Dr. Cleberton Correia Santos - Universidade Federal da Grande Dourados
Prof? Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

Prof? Dr? Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof® Dr? Girlene Santos de Souza - Universidade Federal do Reconcavo da Bahia
Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof® Dr? Lina Raquel Santos Araljo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof® Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof® Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Te6filo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biolégicas e da Salide

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof? Dr? Anelise Levay Murari — Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof? Dr? Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof® Dr? Eysler Goncalves Maia Brasil - Universidade da Integracao Internacional da Lusofonia Afro-Brasileira
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Reconcavo da Bahia

Prof. Dr. Fernando José Guedes da Silva Junior - Universidade Federal do Piaui

Prof? Dr? Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande
Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof? Dr* Magnélia de Aradjo Campos - Universidade Federal de Campina Grande
Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Recéncavo da Bahia
Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof? Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof? Dr? Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias
Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

| Atena

Editora
Ano 2020




Prof. Dr. Alexandre Leite dos Santos Silva - Universidade Federal do Piaui

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Prof? Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande
Prof® Dr* Luciana do Nascimento Mendes - Instituto Federal de Educacgao, Ciéncia e Tecnologia do Rio Grande
do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof? Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Me. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Me. Adalberto Zorzo - Centro Estadual de Educacao Tecnolégica Paula Souza

Prof. Me. Adalto Moreira Braz - Universidade Federal de Goias

Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional Paraiba
Prof. Me. André Flavio Goncalves Silva - Universidade Federal do Maranhao

Prof® Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof? Dr® Andrezza Miguel da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Antonio Hot Pereira de Faria - Policia Militar de Minas Gerais

Prof® Ma. Bianca Camargo Martins - UniCesumar

Prof? Ma. Carolina Shimomura Nanya - Universidade Federal de Sao Carlos

Prof. Me. Carlos Antonio dos Santos - Universidade Federal Rural do Rio de Janeiro

Prof. Ma. Claudia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof? Dr? Claudia Tais Siqueira Cagliari - Centro Universitario Dindmica das Cataratas
Prof. Me. Daniel da Silva Miranda - Universidade Federal do Para

Prof? Ma. Daniela da Silva Rodrigues - Universidade de Brasilia

Prof? Ma. Dayane de Melo Barros - Universidade Federal de Pernambuco

Prof. Me. Douglas Santos Mezacas - Universidade Estadual de Goias

Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Me. Eduardo Gomes de Oliveira - Faculdades Unificadas Doctum de Cataguases
Prof. Me. Eliel Constantino da Silva - Universidade Estadual Paulista Jalio de Mesquita
Prof. Me. Euvaldo de Sousa Costa Junior - Prefeitura Municipal de Sao Jodo do Piaui
Prof? Ma. Fabiana Coelho Couto Rocha Corréa - Centro Universitario Estacio Juiz de Fora
Prof. Dr. Fabiano Lemos Pereira - Prefeitura Municipal de Macaé

Prof. Me. Felipe da Costa Negrao - Universidade Federal do Amazonas

Prof? Dr® Germana Ponce de Leon Ramirez - Centro Universitario Adventista de Sao Paulo
Prof. Me. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Dr. Guilherme Renato Gomes - Universidade Norte do Parana

Prof. Me. Gustavo Krahl - Universidade do Oeste de Santa Catarina

Prof. Me. Helton Rangel Coutinho Junior - Tribunal de Justica do Estado do Rio de Janeiro
Prof® Ma. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Me. Javier Antonio Albornoz - University of Miami and Miami Dade College

Prof® Ma. Jéssica Verger Nardeli - Universidade Estadual Paulista Jilio de Mesquita Filho
Prof. Me. Jhonatan da Silva Lima - Universidade Federal do Para

Prof. Me. José Luiz Leonardo de Araujo Pimenta - Instituto Nacional de Investigacion Agropecuaria Uruguay
Prof. Me. José Messias Ribeiro Junior - Instituto Federal de Educacao Tecnolégica de Pernambuco

| Atena

LEditora
Ano 2020




Prof® Ma. Juliana Thaisa Rodrigues Pacheco - Universidade Estadual de Ponta Grossa

Prof? Dr® Kamilly Souza do Vale - Nucleo de Pesquisas Fenomenolégicas/UFPA

Prof? Dr® Karina de Aradjo Dias - Prefeitura Municipal de Florianépolis

Prof. Dr. Lazaro Castro Silva Nascimento - Laboratério de Fenomenologia & Subjetividade/UFPR
Prof. Me. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof? Ma. Lilian Coelho de Freitas - Instituto Federal do Para

Prof? Ma. Liliani Aparecida Sereno Fontes de Medeiros - Consércio CEDERJ

Prof? Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Me. Lucio Marques Vieira Souza - Secretaria de Estado da Educacao, do Esporte e da Cultura de Sergipe
Prof. Me. Luis Henrique Almeida Castro - Universidade Federal da Grande Dourados

Prof. Dr. Luan Vinicius Bernardelli - Universidade Estadual do Parana

Prof. Dr. Michel da Costa - Universidade Metropolitana de Santos

Prof. Dr. Marcelo Maximo Purificagcao - Fundacao Integrada Municipal de Ensino Superior

Prof. Me. Marcos Aurelio Alves e Silva - Instituto Federal de Educacao, Ciéncia e Tecnologia de Sao Paulo
Prof® Ma. Marileila Marques Toledo - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof. Me. Ricardo Sérgio da Silva - Universidade Federal de Pernambuco

Prof. Me. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof* Ma. Renata Luciane Polsaque Young Blood - UniSecal

Prof® Ma. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Me. Tallys Newton Fernandes de Matos - Faculdade Regjional Jaguaribana

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Dados Internacionais de Cataloga¢cao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

C569 Ciéncias biologicas [recurso eletrénico] : campo promissor em
pesquisa 4 / Organizador Jesus Rodrigues Lemos. — Ponta
Grossa, PR: Atena, 2020.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5706-140-4

DOI 10.22533/at.ed.404202406

1. Ciéncias bioldgicas — Pesquisa — Brasil. |. Lemos, Jesus
Rodrigues.
CDD 570

Elaborado por Mauricio Amormino Jinior — CRB6/2422

Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br
contato@atenaeditora.com.br

| Atena

Editora
Ano 2020




APRESENTACAO

Este volume da obra “Ciéncias Biologicas: Campo promissor em Pesquisa 4” vem
trazer ao leitor, em seus capitulos, informacdes diversas imbuidas em diferentes campos
do conhecimento de Ciéncias da Vida, como o préprio titulo do e-book sugere: uma area
extremamente promissora, dindmica e passivel de aquisicdo de novas informacgdes a todo
momento, vindo, de forma comprometida e eficaz, a atualizar o leitor interessado nesta
grande area do conhecimento.

Pesquisadores de diferentes geragdes, e diferentes regides do pais, motivados por
uma forca motriz que impulsiona a busca de respostas as suas perguntas, trazem dados
resultantes da dedicacédo a Ciéncia, ansiando responder suas inquietagcdes e compartilhar
com o leitor, de forma cristalina e didatica, seus alcances técnico-cientificos, satisfazendo a
funcéo precipua da ciéncia que é a de melhorar a qualidade de vida do homem, enquanto
executante do seu papel cidadao e ser social.

Somente por uma questdo de ordenacédo, os 28 capitulos deste volume foram
sequenciados levando-se em consideracao, primeiramente, estudos, em diferentes vertentes,
com organismos Vivos, animais e plantas, seguidos por pesquisas oriundas de aspectos
didatico-pedagogicos, aquelas relacionadas aos progressos de situagdes-problemas em
vegetais, animais e humanos e, por fim, interacées entre diferentes organismos no espaco
ambiental com um todo.

Em todas estas areas, as pesquisas conduzem o leitor a acompanhar descobertas/
avancgos que proporcionam, indubitavelmente, um quadro mais robusto, e que acresce ao
que até entao se tem conhecimento naquele campo de estudo, das diferentes subareas das
Ciéncias Biologicas, com viés também para a saude e bem estar humanos.

Neste sentido, a heterogeneidade deste volume, extremamente rico, ird contribuir
consideravelmente tanto na formacao de jovens graduandos e pés-graduandos, quanto ser
atrativo para profissionais atuantes nas areas escolar, técnica e académica aqui abordadas,
nao eximindo também o leitor “curioso” interessado nas tematicas aqui trazidas.

Portanto, aproveitem os assuntos dos seus interesses e boa leitura!

Jesus Rodrigues Lemos
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ABSTRACT: A study on the leaf anatomy of
Smilax brasiliensis was carried to contribute
towards the identification of the species. Leaves
were collected and fixed for light and electron
microscopy analyses. Results showed that
the leaves are amphistomatic leaves paracytic
stomata, dorsiventral mesophyll, and vascular
system formed by collateral bundles in an arc
arrangement in the midrib. The stomata are
sunken, a feature common in Cerrado plants,
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(SMILACACEAE)

with higher stomatal index and density on the
abaxial surface. S. brasiliensis may be identified
by the following characteristics: straight anticlinal
cell walls from the frontal view, thick cuticle,
epicuticular wax crustiform in the leaf blade
and papillose in the petiole, ‘M-shaped’ cells
in the mesophyll, vascular system with three
to five collateral bundles in the midrib, petiole
with vascular system formed by many collateral
bundles randomly arranged around its axis and
the presence of idioblasts containing clusters
of single crystals, phenolic compounds and
alkaloids in the mesophyll, midrib and petiole.

KEYWORDS:
morphology, medicinal plant.

Salsaparrilha, internal

CONTRIBUICAO AO ESTUDO DA ANATOMIA
FOLIAR DE Smilax brasiliensis Spreng.
(SMILACACEAE)

RESUMO: Um estudo sobre a anatomia foliar
de Smilax brasiliensis, uma espécie nativa
dioica do Cerrado brasileiro foi conduzido, com
0 objetivo de contribuir para a identificacao
da espécie. Folhas foram coletadas e fixadas
para analise por meio de microscopia de luz
e eletrbnica. Os resultados mostraram que
as folhas sao anfistométicas, com estématos
paraciticos, mesofilo dorsiventral e sistema
vascular formado por feixes colaterais,
organizados em arco na nervura mediana. Os
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estbmatos sao profundos, uma caracteristica comum em espécies do Cerrado, com maior
indice e densidade estomatica na superficie abaxial. S. brasiliensis pode ser identificada
pelas seguintes caracteristicas: paredes celulares anticlinais retas, em vista frontal, cuticula
espessa, cera epicuticular crustiforme na lamina foliar e papilosa no peciolo, células com
formato de “M” no mesofilo, sistema vascular com trés a cinco feixes colaterais na nervura
mediana, peciolo com sistema vascular formado por muitos feixes colaterais distribuidos
aleatoriamente ao redor de um eixo e presenca de idioblastos contendo aglomerados de
monocristais, compostos fendlicos e alcaloides no mesofilo foliar, nervura mediana e peciolo.
PALAVRAS-CHAVE: Salsaparrilha, morfologia interna, planta medicinal.

11 INTRODUCTION

The Smilacaceae family is composed of dioecious plants, vines, or rarely, subshrubs or
shrubs that exhibit great phenotypic plasticity in neotropic regions. It consists only of the Smilax
genus, with 310 species distributed worldwide in temperate, subtropical and especially tropical
regions (Andreata, 2009; Ferrufino-Acosta, 2010; Judd et al., 2009). In Brazil, the genus is
represented by 32 species distributed among various ecosystems, but principally within the
southeastern Atlantic Coast Rain Forest (Andreata, 2009). Smilax species are known in Brazil
as salsapatrrilha or japecanga and the roots and rhizomes are used in traditional medicine
as anti-syphilitic, anti-hypertensive, sudorific, rheumatic, cutaneous diseases and as a tonic,
diuretic and stimulant (Breitbach et al., 2013). The main components found in the genus are
steroidal saponins, phytosterols, triterpenoids, flavonoids and phenolic acids (Breitbach et
al., 2013).

Smilax is a taxonomically difficult genus because the plants are dioecious and show
wide phenotypic variations (Ferrufino-Acosta, 2010). Identification requires the combined
examination of foliage and flowers of both sexes and often fruits. Unfortunately, locating
populations of mature individuals in all reproductive phases is often impractical (Moore
et al., 2008; Moore et al., 2010). According to Moore et al. (2010), several investigations
have examined the diagnostic value of leaves. Although leaves are probably the most
varied anatomical organ of angiosperms, the taxonomic value of features such as stomata
structure, surface ornamentation and epidermal cell wall configuration has been repeatedly
demonstrated (Metcalf and Chalk, 1979; Moore et al., 2008).

The morphoanatomy of the vegetative organs of Smilax species that occur in Brazil
has been currently described and used as tools for the identification of Smilax campestris,
S. cissoides, S. fluminensis, S. brasiliensis, S. goyazana, S. oblongifolia and S. rufescens
(Martins et al., 2013), Smilax polyantha (Martins and Appezzato-da-Gloéria, 2006), Smilax
elastica, S. fluminensis, S. rufescens, S. spicata and S. subsessiliflora (Dias-Neto et al.,
2013), S. quinquenervia, S. stenophylla and S. subsessiliflora (Guimaraes et al., 2010),
Smilax petiolatumidus (Moore et al., 2008), Smilax syphilitica and Smilax aff. syphilitica (Silva
et al., 2012) and Smilax goyazana (Palhares et al., 2009).
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Some aspects of leaf blade anatomy of Smilax brasiliensis were described by Martins et
al. (2013). However, due to the great phenotypic plasticity attributed to Smilax species, many
of these features may vary according to their specific habitat. Moreover, size and density of
the stomata, petiole anatomy, calcium oxalate crystals type and certain metabolites, such as
starch and phenolic compounds in leaves, are valuable for the identification (diagnosis) of
different species (Metcalfe and Chalk, 1979). The stomata index and density also contribute
for studies of crop production (Martins et al., 2013). Current analysis is an in-depth study on
the anatomy of Smilax genus to contribute towards the identification of S. brasiliensis and to
support the group’s taxonomy.

2| MATERIAL AND METHODS

Leaves of five adult specimens of Smilax brasiliensis Sprengel (Smilacaceae) were
collected in the municipality of ljaci, southern region of the Minas Gerais state, Brazil
(21013'46”S and 44058’32"W, average altitude 908 m) in March, 2014. Collections were
made under a permit issued by IBAMA n. 5042260. The voucher specimen was identified
by Dr. Regina Helena Potsch Andreata and incorporated into the PAMG Herbarium (PAMG
56551), of the Empresa de Pesquisa Agropecuaria de Minas Gerais (EPAMIG).

The leaves were fixed in formalin:acetic acid:70% ethanol (FAA, 18:1:1) and stored
in 70% ethanol (Johansen, 1940). Leaf anatomy was based on handmade paradermal
and transversal sections. The cross-sections were clarified with 50% sodium hypochlorite
commercial solution, and stained with safranin and Astra-Blau (Safrablau) (Bukatsch, 1972,
modified). The paradermal sections were stained with 1% safranin and mounted in 50%
glycerin.

Quantitative studies of stomata were performed according Justo et al. (2005). Ten
leaves of five specimens were analyzed. Thirty fields of the leaf blade (including basal, middle
and distal parts) were evaluated to determine the index and density of the stomata and the
stomata diameter (polar and equatorial). Stomata diameter was calculated in one stomata per
field, with program Axio Visio Rel. 4.8. The stomata index (I) and density (D) were calculated by
the expressions: [(%)= NS/(NS+EC)x100 (Cutter, 1986) and D(stom./mm2)=NS/A (Labouriau
et al., 1961), respectively, where NS=number of stomata, EC=number of epidermal cells and
A= area (mm?). Data were analyzed by ANOVA tests and means were compared by Tukey’s
test at 5% significance. Results were given as mean =+ standard deviation. All the sections
were examined with a Zeiss Primo Star light microscope and documented by AxioVision.

A micromorphological study was carried out on 0.5 cm? fragments of the third median of
the leaf blade and on petiole fragments. Samples were SEM-observed (LEO Evo 40 XVP) by
immersion in the fixative modified Karnovsky, 2.5% glutaraldehyde, 2.0% paraformaldehyde,
0.05 M cacodylate buffer, pH 7.2, for 24h, and prepared according to protocol by Bossola and
Russell (1999). The stomata were identified according to Wilkinson classification (Wilkinson,
1979). Results were recorded on electromicrographs with the scales projected under the
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same electronic conditions.

For the recognition of cellular metabolites, the following microchemical analyses were
performed: ferric chloride for phenolic compounds (Johansen, 1940), zinc chloride-iodine
for lignified elements and starch (Jensen, 1962); Dragendorf’s reagent for alkaloids (Costa,
1982); Sudan lll (Sass, 1951) for lipids in general; Lugol for starch (Berlyn and Miksche,
1976); Hydrochloric acid 10% (Chamberlain, 1932) for identification of oxalate and calcium
carbonate crystals. Sections were examined with a Zeiss Primo Star light microscope and
documented by AxioVision.

3 | RESULTS AND DISCUSSION

The ultrastructural analysis showed that the leaf is completely covered with a dense
wax layer making visible only the stomatal pore. The epicuticular wax is crustiform in the leaf
blade, papillose in the petiole and crystalloids of wax were observed, especially granule forms
of different shapes and sizes (Figures 1A and 1B). The stomata are sunken and trichomes are
absent. Distinct types of wax deposition and ornamentation of the leaf cuticle may be found in
different Smilax species as for example scales-like in S. polyantha (Martins and Appezzato-
da-Gloria, 2006), papillose wax deposition in S. campestris and S. oblongifolia and crusty
protuberances on the adaxial side and papillose wax deposition on the abaxial surface in S.
brasiliensis leaves (Martins et al., 2013). Consequently, the cuticular deposition pattern of S.
brasiliensis differs from that reported by Martins et al. (2013) and may be due to variations in
ecological and climate conditions during leaf development. In fact, they may affect the wax
deposition and ornamentation of the leaf cuticle as well described by Moore et al. (2008) and
Moore et al. (2010). In frontal view, the epidermal cells on the adaxial and abaxial surfaces
have straight anticlinal walls and the cuticle is thick on both surfaces (Figures 1C and 1D).
The leaves are amphistomatic, with paracytic stomata, and straight anticlinal walls are also
reported for S. goyazana and S. brasiliensis (Martins et al., 2013). However, sinuous anticlinal
walls were described for other species such as S. elastica, S. rufescens, S. campestris, S.
fluminensis, S. oblongifolia, S. quinquenervia and S. syphilitica and wavy for S. fluminensis,
S. spicata and S. subsessiliflora (Dias-Neto et al., 2013; Guimaraes et al., 2010; Martins et
al., 2013; Silva et al., 2012). According to Dias-Neto et al. (2013), the above characteristic
varies among salsaparrilhas and may be useful to separate or to group the species.

Ciéncias Biologicas: Campo Promissor em Pesquisa 4 Capitulo 2




FIGURE 1: Eletromicrographs (A and B) and photomicrographs (C and D) of S. brasiliensis epidermis in
frontal view. A. Abaxial surface; B. Petiole; C. Adaxial and D. Abaxial surface (Note the crustiform-type
epicuticular in A and papillose in B; straight anticlinal walls and paracytic stomata in C and D).

The leaf is amphistomatic only in S. goyazana, S. brasiliensis (Martins et al., 2013) and
S. fluminensis (Dias-Neto et al., 2013), but hypostomatic in the other species (Dias-Neto et
al., 2013; Guimaraes et al., 2010; Martins and Appezzato-da-Gléria, 2006; Martins et al.,
2013). The stomata type may vary among Smilax species. In fact, they are paracytic in S.
goyazana, S. oblongifolia, S. brasiliensis, S. rufescens, S. polyantha and Smilax syphilitica;
anomocytic in S. cissoides and S. campestris and anisocytic, anomocytic and paracytic in S.
fluminensis (Dias-Neto et al., 2013; Martins and Appezzato-da-Gloria, 2006; Martins et al.,
2013, Silva et al., 2012).

The quantitative analysis of S. brasiliensis stomata (Table 1) showed that the abaxial
surface exhibited higher stomatal index and density, with an average of 18.30% and 227.90
stom./mm?2 on the abaxial surface and 10.60% and 131.80 stom./mm? on the adaxial surface,
respectively (p<0.05). However, the stomatal index and density did not vary between apex,
middle and base of leaf blade (p>0.05) when adaxial and abaxial surfaces were evaluated
singly. The stomata had a mean polar and equatorial diameter of 31.20 um and 24.0 um,
respectively. Variations in stomatal size in different regions and surfaces of the leaf were not
observed (p>0.05).
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ADAXIAL SURFACE

Stomatal index Stomatal density Diameters (um)
(%) (stom./ mm?) Polar Equatorial
Apex 10.93+1.19 b 13494 +11.14 b 3165+212 a 23.90+1.34 a
Middle 10.25+0.99 b 127.65+13.49 b 31.77+245 a 2412+1.12 a
Base 10.63+1.17 b 132.75+11.79 b 31.34+2.01 a 2414+125 a
ABAXIAL SURFACE
Stomatal index Stomatal density Diameters (um)
(%) (stom./ mm?) Polar Equatorial
Apex 18.61 £2.01 a 240.89 +20.23 a 30.89 +1.49a 24.07 +1.43 a
Middle 18.97 £2.24 a 214.28 +22.09 a 30.35+1.74 a 23.62+1.23a
Base 17.25+253 a 228.55 +19.34 a 31.07+198 a 23.81+1.55a

Means in the column followed by the same letter are not significantly different at p < 0.05 by the Tukey test.

TABLE 1. Quantitative analysis of stomata in Smilax brasiliensis leaves.

The stomatal density observed in abaxial surface of S. brasiliensis leaf was higher than
that reported by Dias-Neto et al. (2013) for some Brazilian species of Smilax with hypostomatic
leaves, such as S. fluminensis (198/mm?2), S. elastica (147/mmg?), S. muscosa (139/mm?), S.
rufescens (118/mm?2), S. subsessiliflora (98/mm?2) and S. spicata (66/mm?) and suggest a
greater adaptation capacity of S. brasiliensis to environments with water stress.

In the cross-section, the epidermis is one-layered and the cells are elongated, with thin
and flat periclinal walls; anticlinal walls occur on both surfaces (Figure 2A). The heterogeneous
mesophyll comprised a compact palisade parenchyma with some layers of ‘M’-shaped cells
juxtaposed to the adaxial epiderm (Figure 2A, arrow) and spongy parenchyma in an adjacent
position to abaxial epiderm, with loosely cells arranged and large intercellular spaces. The
palisade parenchyma fills almost half of the mesophyll. Sclerified cells of variable wall
thickening are associated to the vascular lateral bundles adjacent to the surfaces and the
xylem is turned to the adaxial surface (Figure 2B). The stomata were not prominent and
subsidiary cells were larger when compared to guard cells. Idioblasts with clusters of single
calcium oxalate crystals were distributed randomly in the mesophyll. Secretory structures
were not observed.
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FIGURE 2: Photomicrographs of cross-section of leaf blade (A-E) and petiole (F) of S. brasiliensis.
A. Dorsiventral mesophyll (arrow = ‘M-shaped’ cells); B. Detail of vascular bundle (note the sclerified
cells around the vascular bundle); C. Blade edge with a slight revolute and narrow contour (note
the sclerified cells); D. Midrib region showing a vascular system with three (D) and five (E) collateral
bundles in arc arrangement; F. Partial view of the petiole showing the vascular system with collateral
bundles randomly arranged, surrounded by sheath fibers. ad: adaxial surface; ab: abaxial surface; st:
stomata; sc: sclerified cells.

A thick cuticle especially on the adaxial surface is common in Smilax and has been
reported for other Smilax species by Dias-Neto et al. (2013), Guimaraes et al. (2010), Martins
etal. (2013) and Silva et al. (2012). The cuticle decreases water evaporation in the tissues and
prevents wilting caused by drought (Martins et al., 2013). The heterogeneous or dorsiventral
mesophyll has also been reported in S. auriculata, S. bona-nox, S. glauca, S. laurifolia, S.
rotundifolia, S. smallii, S. tamnoides, S. walteri (Yates and Duncan, 1970) and S. campestris
(Gattuso, 1995). However, Martins and Appezzato-da-Gléria (2006) and Martins et al. (2013)
reported that the mesophyll tends to be dorsiventral in S. polyantha, S. brasiliensis, S.
campestris, S. cissoids, S. goyazana, S. oblongifolia and S. rufescens because the palisade
parenchyma in the adult leaf presents large cells with pronounced sinuosity or ‘M-shaped’
cells. Dias-Neto et al. (2013) observed the same aspect for Smilax elastica, S. fluminensis,
S. rufescens, S. spicata and S. subsessiliflora. Sclerified cells on the mesophyll and around
the vascular system are common in the Cerrado leaves. These cells prevent cellular collapse
of the mesophyll when the leaf loses water (Bieras and Sajo, 2009).

Idioblasts containing calcium oxalate crystals such as prisms, crystal sand and raphides,
also are commonly found in the mesophyll of Smilax species (Dias-Neto et al, 2013; Guimaréaes
et al, 2010; Martins and Appezzato-da-Gléria, 2006; Martins et al, 2013). Prychid and Rudall
(1999) noted that the absence, presence and shape of calcium oxalate crystals are ‘useful
taxonomic features’ in classifying monocotyledons. In current study, only clusters of single
calcium oxalate crystals with prismatic shape were observed and raphides were not found in
the S. brasiliensis leaves, contrary to observed by Martins et al. (2013). This fact suggests
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adaptation of S. brasiliensis leaves to environment without herbivory and may be a criterion
to diagnose and recognize the species.

The blade edge is slightly revolute and the contour is narrow (Figure 2C). The cuticle
is usually thick and the epidermal cells have thick anticlinal walls. The subepidermal region
is parenchymatous, although sclerified cells have been registered. The mesophyll maintains
the leaf characteristics; however, there is a reduction in the number of parenchyma layers in
the distal portion of the edge, and fibers, with a high degree of lignification were evidenced
by the zinc chloride-iodine test, which is responsible for small cell lumen (data not shown).
Isolated idioblasts were observed in this region. The blade edge is also slightly revolute in
S. quinquenervia, S. stenophylla (Guimaréaes et al., 2010), S. elastica, S. spicata and S.
subsessiliflora and straight in S. fluminensis and S. rufescens (Dias-Neto et al., 2013). The
sclerenchyma reinforcement pattern was also mentioned by Marquette and Pontes (1994) for
S. fluminensis, S. spicata and S. rufescens.

The midrib has a concave adaxial region whereas the vascular system is dislocated to
the abaxial region originating a prominent vein (Figure 2D). Three to five collateral bundles
form the vascular system in arc arrangement, surrounded by fibers, which generally form a
thick sheath. The vascular system is usually composed of three large bundles in the middle
region, but close to the petiole are found five bundles (three major and two minor) (Figures
2D and 2E). Clusters of single calcium oxalate crystals with different sizes and shapes are
common in cells of the cortical and medullary parenchyma. The midrib is concave-convex in
S. spicata, S. subsessiliflora and S. quinquenervia; plane-convex in S. elastic, S. fluminensis,
S. stenophylla and S. subsessiliflora and slightly prominent on the abaxial surface of S.
rufescens (Dias-Neto et al., 2013; Guimaraes et al., 2010).

Collateral bundles, surrounded by expressive sheaths of sclerenchymatic fibers, are
a very common feature in the Smilax species (Silva et al., 2012). In S. polyantha, Martins
and Appezzato-da-Gloria (2006) described the presence of five major vascular bundles and
five smaller vascular bundles, distributed in an arc design and surrounded by the sclerified
pericycle. According to Martins et al. (2013), S. brasiliensis, S. cissoides and S. fluminensis
have three similarly sized central vascular bundles that are individually wrapped by lignified
cells. They are surrounded by a single continuous sheath in S. campestris, S. oblongifolia,
S. goyazana and S. rufescens. However, in current analysis, the number of vascular bundles
in S. brasiliensis varies according to the position on the midrib and suggests that the three
bundles described by Martins et al. (2013) just occur in the distal region of the midrib.

The petiole’s outline is plane-convex when it is near the leaf blade and circular when it
is close to the stem, in cross-section (data not shown). The surface is usually covered by a
thick cuticle. The epidermis is one-layered and the periclinal and anticlinal walls are thick. The
petiole cortex is parenchymatous and the cells show thick walls. Further, one type of vascular
patterns was identified. The vascular system is formed by many collateral bundles randomly
arranged around the axis and surrounded by sheath fibers suggesting an atactostele structure
(Figure 2F). Sclerified cells evidenced by zinc chloride-iodine are common in the cortical
parenchyma. Clusters of single calcium oxalate crystals have been observed in cortical and
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medullary parenchyma. According to Dias-Neto et al. (2013), the vascular system of the
midrib and the petiole in Smilax elastica, S. fluminensis, S. rufescens, S. spicata and S.
subsessiliflora, do not have the atactostele structure common to other monocotyledons, but
are organized in arc or around an axis, respectively. Martins et al. (2013) described vascular
bundles surrounded by sclereids and fibers in different Smilax species. Sclereids types
vary among the species and the following may be found: fibriform and columnar sclereids
in S. brasiliensis, S. campestris, S. cissoides and S. rufescens, columnar sclereids in S.
oblongifolia, astrosclereids in S. goyazana and astrosclereids, and columnar sclereids in S.
fluminensis.

Starch was detected in the mesophyll (epidermal and parenchyma cells), in the midrib
and especially in the cortical and medullar parenchyma and around the vascular bundles
in the petiole (Figure 3A). Phenolic compounds detected by ferric chloride were found in
epidermal and parenchyma cells close to vascular bundles in the midrib (Figure 3B), in the
mesophyll and in the petiole. Lipid substances were observed in epidermal cells in the leaf
blade and petiole (Figure 3C).

FIGURE 3: Microchemistry of S. brasiliensis leaves. A. Zinc chloride-lodine test showing starch grains
(sch) and lignin (arrow); B: Ferric chloride test showing phenolic compounds; C. Sudan evidencing
lipids in cuticle (arrow = calcium oxalate crystals); D. Detail of lignin presence around vascular bundle;
E. Clusters of single calcium oxalate crystals (arrows); F. Alkaloids identified by Dragendorf’s reagent.

Lignin was detected in the subepidermal region, parenchyma and around the vascular
bundles in the midrib and petiole (Figure 3D). Idioblasts bearing calcium oxalate crystals
(clusters of single crystals) were observed in the leaf mesophyll, midrib and petiole (cortical and
medullary parenchyma) (Figure 3C and 3E, arrow). Alkaloids were detected in all mesophylls,
in the midribs and in the petioles, especially in cortical and medullar parenchyma (Figure 3F).

Several substances have been detected in leaves of Smilax species and they have a
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diagnosis value. Phenolic compounds and starch were also registered by Dias-Neto et al.
(2013) in parenchyma cells of the midrib located between the vascular bundles in Smilax
elastica, S. fluminensis, S. rufescens and S. spicata. Silva et al. (2012) described the presence
of phenolic, protein, and starch grain (the latter two are only observed in the midrib) in leaf
blade cells of S. syphilitica. Idioblasts containing phenolic compounds and raphides were
found in the mesophyll of S. campestris, Smilax brasiliensis, S. cissoides, S. fluminensis,
S. goyazana, S. oblongifolia, and S. rufescens by Martins et al. (2013) and S. polyantha by
Martins and Appezzato-da-Gléria (2006). Although alkaloids are unusual in anatomical studies
of Smilax leaves, the results of current study are related to the previous work carried out by
Rondina and Coussio (1981) and Caceres (1998) who reported the presence of alkaloids
in extracts of S. campestris and S. regelii leaves. This is the first report of the presence of
alkaloids in Smilax leaves evidenced by microchemical tests and may have a diagnosis value.
However, more studies are required to confirm these compounds in the leaves of Smilax
species and verify that their presence may be affected by soil and/or climatic conditions. In
addition, phytochemical studies will be necessary to determine the chemical structures of the
compounds.

In conclusion, the information obtained in this work expand knowledge on the leaf
anatomy of S. brasiliensis and the presence of clusters of single calcium oxalate crystals and
alkaloids may be of taxonomic relevance for the specie. Cuticle ornamentation, epicuticular
wax type, the pattern of anticlinal cell walls, ‘M-shaped’ cells in the mesophyll, arrangement
of collateral bundles in the midrib, the type and localization of crystals and idioblasts with
phenolic compounds may be used to identify S. brasilienis. However, these characteristics
should be considered together since, when taken singly, they have a low specific diagnosis
value due to their occurrence in different species of Smilax genus.
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