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Psychotria carthagenensis (Rubiaceae), popularly known as “erva-de-rato”, is known as poisonous, and its leaves are
used as a constituent of “ayahuasca”. An anatomical study of its leaves was carried out to define parameters to support its
taxonomy and quality control of ethnodrugs. Transverse and paradermic sections of petioles and leaf blades were made
following the usual techniques of botanical anatomy. All semi-permanent laminas were then analyzed and photographed by
light microscopy. Leaf blades were also studied with the support of the scanning electron microscope. Psychotria
carthagenensis has hypostomatic epidermis, 1-2-stratified, in cross section, with three types of stomata (paracytic, anisocytic
and anomocytic), and predominantly straight anticlinal cell walls, in frontal view, and glandular-peltate trichomes on both
surfaces, the cuticle is smooth and thickened. The leaf edges are acute, mesophyll dorsiventral with the palisade parenchyma
1-seriate, and spongy parenchyma 4-seriate. The midrib is flat-convex with 4 bundles; petiole is semicircular with lateral
projections with 9 vascular bundles. Midrib and petiole have collateral vascular system. Anisocytic and anomocytic stomata,
glandular-peltate trichomes, petiole with the central bundle invaginate at the end, the syntopism of epicuticular waxes are
distinctive parameters for P. carthagenensis, which support the standardization of its leaves used as medicines, in addition to

contributing to the systematic of the Psychotria genus.
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Rubiaceae Juss. belongs to the order Gentianales
and comprises approximately 630 genera and
13,000 species subordinated to three subfamilies:
Cinchonoideae, Ixoroideae, and Rubioideae'. It is one
of largest group of angiosperms, which occurs around
the world, mainly in the Neotropical regions. The
main centers of diversity are Central and South
America, in different biomes. In Brazil, species of
Rubiaceae occur in different phytogeographic
domains: Amazon Rainforest, Caatinga, Central
Brazilian Savanna, Atlantic Rainforest, Pampa, and
Pantanal’. Rubiaceae comprises some economically
very important species, including Coffea arabica, and
numerous species of Rubiaceae are used as medicinal,
ornamental, and food resources’.

The genus Psychotria L. belongs to the tribe
Psycotrieae Chamisso & Schlechtendal and shows the
greatest diversity and taxonomic complexity among
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angiosperm species”®. The genus has traditionally
been divided into three subgenera', based on
morphological ~ characters and  geographical
distributions. About 236 species are found in Brazil,
of these 137 are endemic’.

Recent studies (supported by molecular analyses)
have modified the infra-generic positions of several
species of the genus, transferring them from the

subgenus  Heteropsychotria to the subgenus
Palicourea Aublet’. Species of Psychotria and
Palicourea  show  significant  morphological

affinities and can be easily confused when in their
vegetative stages’, so that characteristics of their
inflorescences (such as color and flower shape), as
well as elements associated with their reproduction
(such as pollinator types) are essential to
distinguishing them. The molecular phylogenies
indicate that Psychotria comprises at least 1600
species, and many others surely have yet to be
described’.
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Psychotria species are popularly used as medicines
against several diseases. Different parts of the
plant are used as infusion or decoction, like flowers
and fruits, as was recorded for Psychotria colorata
(Willd. ex Schult) Mill. Arg™. Many species
of the genus are toxic and poisonous already
reported for Psychotria bracteocardia (DC.) Mill.
Arg. and Psychotria rigida Kunth (= Palicourea
rigida Kunth subsp. rigida)’. In addition, other
ethnomedicinal uses, as depurative and against
rheumatism, were referred by Sanz-Biset'® to four
species of Psychotria (P. alba Ruiz & Pav.
P. carthagenensis Jacq., P. ernestii K. Krause and
P. viridis Ruiz & Pav.), and also used in the treatment
of inflammations, respiratory diseases, and for
treating hallucinations'',

Secondary metabolites compounds of Psychotria
species have Dbeen widely studied, mainly
alkaloids™®'>. A complete review of the chemical
constituents of Psychotria was performed by Yang®,
which reported 159 compounds isolated from 41
species of Psychotria. The compounds found in
Psychotria species showed potent bioactivities,
such as bioactive on the cardiovascular system
as well as antitumor", antioxidant'*'’, and against
neurodegenerative diseases that affect the central
nervous system', anti-mutagenic property'!, as
analgesic”, anti-inﬂammatorylg, antimicrobial ",
antiviral”’, and as antiparasitic”'® among other
activities. A study performed with some species of
Psychotria showed the highest antioxidant activity
(79.1%+3.70%) by P carthagenensis", which also
showed flavonoids, condensed tannins, and flavonol.

Psychotria carthagenensis Jacq. is a Neotropical
species widely distributed in Brazil, and occurs in all
of the phytogeographic domains of that country®'. It is
popularly known as “cafeeiro-do-mato", "erva-de-
rato-branca", and "carne-de-vaca", and its leaves are
used for medicinal purposes in the Amazon and as a
component of “ayahuasca” — a hallucinogenic
beverage used in rituals®. Psychotria carthagenensis
is popularly known as "Yaku-bushiklla" and
"Chakruna" in Peru, and its leaf decoction is used as
depurative (purifying blood) and also against
rheumatism'?. In addition, the authors refer to the uses
of leaf decoction always associated with parts of other
plant species from different families.

According to Dickison”, anatomical characters
have systematic importance in different taxa, as well
as epidermal characters and related structures (such as

cuticle, epicuticular waxes, trichomes and stomata),
the mesophyll (types, cell shapes, number of layers),
the presence of secretory structures and crystals,
venation patterns, and the arrangements of vascular
strands in the leaves and petioles. Micro-
morphological studies have been performed as an
efficient device for plant systematics**. Anatomical
characters can contribute to hypotheses of
phylogenetic relationships, especially those observed
in vegetative organs such as leaves (which are
anatomically variable, but may show specific patterns
in sections, genera or even families)”.

Anatomical studies were performed to support

the quality control of species of ethnomedicinal uses,
as already demonstrated for Solanum species®,
Cissampelos™, for distinguish species of medicinal
uses of the genera Psychotria®, Bauhinia and
Schnella®, Byrsonima sericea™, among others.
Moreover, these studies have been shown to have
great taxonomic value in many families®, and can
provide useful characters for both infra-generic
and interspecific  delimitations, as seen in
Solanum®='.
Due to the ethnomedicinal importance of P.
carthagenensis, a leaf anatomical characterization
was carried out in order to find parameters that can
contribute to testing samples of its ethnodrugs to
distinguish P. carthagenensis from other species of
Psychotria with similar features, since Psychotria is a
taxonomically complex genus.

Materials and Methods

Psychotria  carthagenensis  specimens  were
obtained from Mata do Pau-Ferro Ecological
Reserve, located in an altitudinal forest, at

municipality of Areia, Paraiba State, Brazil (6° 58'12'
S; 35°42'15 ' W), at elevations of 400 to 600 m. The
regional landscape consists of valleys, hills and
slopes, and the mean rainfall rate of 1400 mm.

The collected material was treated according
to the usual taxonomic procedures, and a voucher
specimen (Agra et al. 7899) was deposited in the
Prof. Jayme Coelho de Moraes Herbarium (EAN),
with duplicates in the Prof. Lauro Pires Xavier
Herbarium (JPB). Material was identified based on
the specific literature, and with specimens of the
herbaria (EAN and JPB).

Adult leaves were collected from the third to
fifth node, and were fixed for 48 h in a solution of
FAA (formaldehyde: ethanol:acetic acid), and was
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sustained in alcohol (70%). Sections of leaf blades
were performed by paradermal cuts on the both
epidermal surfaces. Petiole, mesophyll, midrib, and
edges were cross-sectioned by freechand. The
sectioned samples were discolored by sodium
hypochlorite (2%), and subsequently washed in
distilled water, and neutralized in acetic acid (1%).
Paradermal sections were colored by safranin, and
cross-sectioned samples were stained with Astra blue.
They were studied and micrographed by a
Qwinsystem.

Leaf fragments of t of ~1 cm’ that have been
previously dried were placed on aluminum stubs with
double-sided adhesive tape, metalized by gold, and
analyzed by scanning electron microscopy (SEM),
JEOL JSM-5600, on a 15 KV voltage accelerator. The
terminology of wax morphology followed Barthlott™*.

Results

Psychotria carthagenensis showed the leaf blade
epidermis, in frontal view, with cells of anticlinal
walls straight to slightly curved on both surfaces
(Fig. lab, Fig. 2a-e), and strongly thickened on the
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adaxial surface (Fig. la, Fig. 2a-e). The leaf is
sparsely lepidote on the both surfaces, with glandular-
peltate trichomes (Fig. 1c, Fig. 2bc). In cross-section,
the epidermis  varies from  Il-seriate to
2-seriate (Fig. 1cf), with tabular cells whose outer
periclinal walls are covered by a smooth, thickened
cuticle on the upper face and a thinner cuticle on the
lower face (Fig. 1c). Epidermis is hypostomatic, with
different types of stomata: anisocytic, anomocytic,
and mainly paracytic (Fig. 1b, Fig. 2f), which are
positioned just above the level of the cells of the
epidermis when opened (Fig. 1cf).

In transverse section, leaf blades showed sharp
edges (Fig. 1f) and a dorsiventral mesophyll (Fig. 1c),
with the palisade parenchyma 1-seriate and the
spongy parenchyma 4-6-seriate. Circular vascular
bundles occur within the mesophyll near the leaf edge
(Fig. 11).

The midrib has a plano-convex contour (Fig. 1f),
broader and more prominent on the abaxial face; the
epidermis is 1-stratified, and the outer periclinal cell
walls are coated with a thin cuticle. The collenchyma
is angular, with 6-7 layers of cells, which is continued
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2

Fig. 1 — Psychotria carthagenensis Jacq. (from Agra et al. 7899) a-j: A) Epidermis on the upper face with straight and thickened
anticlinical cell walls, B) Lower face of epidermis - hypostomatic - with paracytic (Par), anomocytic (Ano), and anisocytic stomata (Ani),
C) Detail of the epidermis, showing glandular-peltate trichomes (blue arrows), D) Leaf blade margin, E) Dorsi-ventral mesophyll
showing 1-seriate palisade parenchyma (pp), and 4-seriate spongy parenchyma (sp), F) Midrib, G) Detail of the midrib inner vascular
system, H) Petiole, 1. Detail of the angular collenchyma (Col) and the petiole parenchyma; J. Vascular system with invaginated

extremities.
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Fig. 2 — Psychotria carthagenensis Jacq. viewed by scanning electron microscopy (from Agra et al. 7899). a-f: A) Epidermis, with
smooth cuticle and glandular-peltate trichomes, B) Detail of the epidermis, with glandular (blue arrow) and glandular-peltate trichomes
(orange arrows), 10 pm, C) Glandular-peltate trichomes (orange arrows), epicuticular waxes as platelets (yellow arrows), and coiled
rodlets (pink arrow), 2 pm, D) Epicuticular waxes as threads (green arrow), irregular platelets (yellow arrow), and glandular trichome
(blue arrow), 2 um, E) Epicuticular waxes as threads (green arrow) and platelets (yellow arrows) on the abaxial surface, 10 pm, F) Detail
of a stoma (red arrow), and epicuticular waxes as threads (green arrow) and platelets (yellow arrow), 2 um.

by the parenchyma with rounded cells of irregular
sizes with thin walls. The vascular system is
composed of four collateral bundles, one large and
triangular, and three accessory bundles, with one
medullary and two facing the adaxial surface
(Fig. 1dg). An undeveloped sclerenchymal sheath
surrounds the phloem (Fig. 1g).

The petiole has a semicircular outline, winged
laterally towards the upper face (Fig. 1h). Its
epidermal tissue is 1-stratified and coated by a thin
cuticle (Fig. 1i). Underlying the epidermis is the
collenchyma (angular type) and the fundamental
parenchyma, both with 5-7 cell layers (Fig. 1i).
The wvascular system is collateral and consists
of nine bundles, one large, central, and V-shaped,
with strongly invaginated extremities and eight
smaller accessory bundles, two of which are
medullary (near the invaginated extremities), and six
facing the adaxial surface (Fig lh). Discontinuous
sclerenchymal bundles surround the wvascular
system (Fig. 1j) of the central vein and petiole,
as well as the vascular system (Fig. 1h-j) of the
midrib and petiole.

The occurrence of a smooth cuticle and more than
one type of epicuticular wax (designated syntopism
by Barthlott 1998) was covering the epidermal cells,
trichomes, and stomata of observed on the both
surfaces of P. carthagenensis. Those observations
were confirmed by SEM, with the deposition of
waxes as films, smooth layers, threads, irregular
platelets, coiled rodlets, and granules (Fig. 2a-f).

Discussion

Psychotria carthagenensis showed the epidermis
on the upper face with anticlinal walls forthright, to
arched and thickened — similar to those observed in
various species of the genus35, like P. velloziana
Benth.*, P. viridis Ruiz & Pav.”’, and P.
schlechtendaliana ~ (Mull.  Arg) Mill.  Arg.™,
constituting a common character in all species of the
genus. That configuration was also described for other
genera of Rubiaceae, including Tocoyena®, and
Palicourea™.

In relation to the leaf indument, studies considering
the leaf anatomy of Rubiaceae species have reported
the presence of simple trichomes*'. Those reports
differ from our observations of P. carthagenensis,
which showed only glandular-peltate trichomes on
both surfaces of the leaf epidermis.

In terms epidermal appendages, hypostomatic
pattern observed in P. carthagnensis is seen in several
other genera of Rubiaceae, such as Palicourea™,
Tocoyena 3 Cordiera®, and Posoqueria43, inter alia.
Paracytic and parallelocytic stomata are inherent
characteristics of Rubiaceae species™.

Dorsiventral mesophyll with 1-seriate palisade
parenchyma observed in P. carthagnensis differed
from that observed for the same species* (described as
dorsiventral with 2-3-seriate palisade parenchyma).
That difference can probably be explained by mesophyll
plasticity in response to different environmental
factors (such as different levels of luminosity) that can

have direct effects on leaf anatomy™**.
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The midrib contour of P. carthagnensis was
quite distinct, differentiating it from other species
of Psychotria® and other studied genera of
Rubiaceae® 2. Angular collenchyma support tissues
are common characters in Rubiaceae. The presence
of sclerenchyma bundles was also mentioned for
P. carthagenensis*, and for genera of Rubiaceae,
corroborating Metcalfe & Chalk™ who considered it
to be a common character in Rubiaceae.

The semicircular petiole type with two lateral
projections (wings) observed here in Psychotria
carthagenensis, corroborates with a report for this
species and for P. velloziana, differing from the
circular pattern common to other species of
Psychotria®. Those lateral projections on the petiole
of P. carthagenensis represent a common character in
other species of that genus — so that the petiole
contour in the genus Psychotria does not demonstrate
a consistent pattern. The vascular system is a
distinctive character for P. carthagenensis, mainly in
relation to the number of bundles of the main vein and
petiole, however, differing from the pattern cited for
the family Rubiaceae (having only two lateral
bundles)™.

It was possible to observe similarities in the smooth
cuticle epidermis on both faces of P. carthagenensis
leaves with the abaxial surfaces of P. leicocarpa
Cham. & Schltdl. and P. tenuinervis Mill. Arg., as
well as the adaxial surfaces of P. nuda (Cham. &
Schitdl.) Wawra and P. stenocalyx Miill. Arg.*”>. Some
species of the genus, such as P. velloziana Benth.*®,
showed an epidermis with a smooth cuticle, or with
striated ornamentations, recorded to the upper surface
of P. schlechtendaliana Miill. Arg.*®. Great variations
of cuticle and epicuticular ornamentations were
already recorded in Psychotria’’, and micro-
morphological characters like ornaments are a support
for taxonomic analyses’.

Conclusions

The leaf anatomy characters of Psychotria
carthagenensis, such as hypostomatic leaves, a
dorsiventral mesophyll, a collateral vascular system,
and paracytic stomata correspond to the general
characteristics ascribed to Rubiaceae. However,
leaf blade anatomy and its epidermal attachments
(such as anisocytic and anomocytic stomata and
glandular-peltate trichomes), the vascular system
of the main vein and petiole, as well different types
of epicuticular waxes, are diagnostic features
among Psychotria species, and provide parameters

for the leaf based ethnodrugs, and the systematic of
the genus.

Acknowledgements

We are very grateful to the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior
(CAPES) for the scholarship to E. A.V. Santos, R. F.
Lopes-Silva and A. L. Silva; Conselho Nacional de
Desenvolvimento Cientifico ¢ Tecnologico (CNPq),
for the granting to M. F. Agra; and Roy Funch for the
English revision of manuscript.

Author’s Contributions

EAVS was the main author and contributed to the
preparation of the article, with practical aspects in the
laboratory, and the analysis, interpretation, and
description of the data obtained. RFLS contributed to
the practical aspects of laboratory work. ALS
contributed to the practical aspects of the work, in
addition to image editing. MFA contributed to the
interpretation and description of the data, and to the
critical review, adding intellectual content to the
manuscript, in addition contributed to the specimen
collections, identification of the species. All authors
provided critical feedback and assisted in the
preparation of the manuscript.

Competing interests
The authors declare there are no competing interests.

References

1 Bremer B & Eriksson O, Time tree of Rubiaceae: phylogeny
and dating the family, subfamily, and tribes, Int J Plant Sci,
170 (6) (2009) 766-793, Available from: https://doi.org/
10.1086/599077.

2 Rubiaceac in Flora do Brasil 2020, under construction,
Jardim Botéanico do Rio de Janeiro, 2020 Available from:
<http://floradobrasil.jbrj.gov.br/reflora/floradobrasil/FB14153>.
Accessed on: 17 Apr 2023.

3 Andersson L & Rova J H E, The rps 16 intron and the
phylogeny of the Rubioideae (Rubiaceae), Plant Syst Evol,
214 (1-2) (1999) 161-186, Available from: https://doi.org/
10.1007/BF00985737.

4 Andersson L, Relationships and generic circumscriptions in
the Psychotria complex (Rubiaceae, Psychotrieae), Syst
Geogr Pl 72 (1/2) (2002) 167-202, Available from:
https://www jstor.org/stable/3668767.

5  Delprete P G & Jardim J G, Systematics, taxonomy and
floristics of Brazilian Rubiaceae: an overview about the
current status and future challenges, Rodriguésia, 63 (1)
(2012) 101-128, Available from: https://doi.org/10.1590/
S2175-78602012000100009.

6  Nepokroeff M, Bremer B & Sytsma, K J (1999),
Reorganization of the genus Psychotria and tribe
Psychotriecae (Rubiaceae) inferred from ITS and rbcL



10

11

12

13

14

15

16

17

18

VITAL DOS SANTOS ET AL.: PHARMACOBOTANICAL STUDY OF PSYCHOTRIA CARTHAGENENSIS

sequence data, Syst Bot, 24 (1) (1999) 5-27, Available from:
http://www jstor.org/stable/2419383.

Carvalho A R, Carvalho M G, Braz-Filho R & Vieiral J C,
Psychotria  Genus: Chemical Constituents, Biological
Activities, and Synthetic Studies, In: Stud Nat Prod Chem,
edited by Atta-ur-Rahman (Elsevier B.V), 48, (2016) 231-
261, https://doi.org/10.1016/B978-0-444-63602-7.00007-2.
Yang H, Zhang H, Yang C & Chen I, Chemical Constituents
of Plants from the Genus Psychotria, Chem Biodiversity, 13
(2016) 1-14, Available from: doi: 10.1002/cbdv.201500259.
Souza R K D, Alcantara M M A C & Pessoa D M A,
Aspectos etnobotanicos, fitoquimicos y farmacoldgicos de
Espécies de Rubiaceae en Brasil, Rev Cubana Plant Med,
18 (1) (2013) 140-156,. Available from: https://www.
medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=
41050.

Sanz-Biset J, Campos-de-la-Cruz J, Epiquién-Rivera M A &
Canigueral, S, A first survey on the medicinal plants of
the Chazuta valley (Peruvian Amazon), J Ethnopharmacol,
122 (2) (2009) 333-362, Available from: Doi:10.1016/
j-jep.2008.12.009.

Formagio A S N, Volobuff C R F, Kassuya C A L, Cardoso
C A L, Vieira M C, et al, Psychotria leiocarpa extract and
vincosamide reduce chemically-induced inflammation in
mice and inhibit the acetylcholinesterase activity.
Inflammation, 42 (5) (2019) 1561-1574, Available from:
DOI: 10.1007/s10753-019-01018-w.

Calixto N O, Pinto M E F, Ramalho S D, Burguer M C M,
Bobey A F, et al, The Genus Psychotria: phytochemistry,
chemotaxonomy, ethnopharmacology and  biological
properties, J Brazil Chem Soc, 27 (8) (2016) 1355-1378,
Available from: ttps://doi.org/10.5935/0103-5053.20160149.
Gerlach S L, Rathinakumar R, Chakravarty G, Goransson U,
Wimley W C, et al, Anticancer and chemosensitizing
abilities of cycloviolacin O, from Viola odorata and
psylecyclotides from Psychotria leptothyrsa, Biopolymers,
94 (5) (2010) 617-625, Available from:
https://doi.org/10.1002/bip.21435.

Fragoso V, Nascimento N C, Moura D J, Silva A C R,
Richter M F, et al, Antioxidant and antimutagenic properties
of the monoterpene indole alkaloid psychollatine and the
crude foliar extract of Psychotria umbellata Vell, Toxicol in
Vitro, 22 (3) (2008) 559-566, Available from:
doi:10.1016/j.tiv.2007.11.010.

Formagio A S N, Volobuff C, Santiago M, Cardoso C A L,
Vieira M C, et al, Evaluation of antioxidant activity, total
flavonoids, tannins and phenolic compounds in Psychotria
leaf extracts, Antioxidants, 3 (4) (2014) 745-757, Available
from: doi:10.3390/antiox3040745.

Passos C S, Simoes-Pires C A, Nurisso A, Soldi T C, Kato L,
et al, Indole alkaloids of Psychotria as multifunctional
cholinesterases and monoamine oxidases inhibitors,
Phytochemistry, 86 (1) (2013) 8-20, Available from:
http://dx.doi.org/10.1016/j.phytochem.2012.11.015.
Elisabetsky E, Amador T A, Leal M, Nunes D S,
Carvalho A C T, et al, Merging ethnopharmacology with
chemotaxonomy: an approach to unveil bioactive natural
products, the case of Psychotria alkaloids as potential
analgesics, Cienc Cult, 49 (5-6) (1997) 79-385.

Moraes T M S, Aratjo M H, Bernardes N R, Oliveira D B,
Lasunskaia E B, et al, Antimycobacterial activity and

19

20

21

22

23

24

25

26

27

28

29

30

31

32

165

alkaloid prospection of Psychotria species (Rubiaceae) from
the Brazilian Atlantic Rainforest, Planta Med, 77 (9) (2011)
964-970, Available from: Doi: 10.1055/s-0030-1250656.
Khan M R, Kihara M & Omoloso A D, Antimicrobial
activity of Psychotria microlabastra, Fitoterapia, 72 (7)
(2001) 818-821, Available from: doi.org/10.1016/S0367-
326X(01)00312-4.

Valadao A L C, Abreu C M, Dias J C, Arantes P, Verli, et al,
Natural plant alkaloid (emetine) inhibits hiv-1 replication by
interfering with reverse transcriptase activity, Molecules, 20
(6) (2015) 11474-11489, Available from:
doi.org/10.3390/molecules200611474.

Taylor C M & Zappi D, Psychotria in Lista de Espécies da
Flora do Brasil, 2015, Available from: http://floradobrasil.
jbrj.gov.br/jabot/floradobrasil/FB14167.

McKenna D J, Towers G N T & Abbot F, Monoamine
oxidase inhibitors in South American hallucinogenic plants:
Trypatamine and p-carboline constituents of Ayahusca,
J Ethnopharmacol, 12 (2) (1984) 195-223. Available from:
https://doi.org/10.1016/0378-8741(84)90048-5.

Dickison W C, Integrative plant anatomy (Academic Press,
San Diego, USA) 2000, 1-533.

Metcalfe C R & Chalk L, Anatomy of the Dicotyledons:
Wood Structure and Conclusion of the General Introduction,
Vol 2, (Oxford University Press, Great Britain), 1983, 333.
Araujo N D, Coelho V P M & Agra M F, The
pharmacobotanical comparative study of leaves of Solanum
crinitum Lam., Solanum gomphodes Dunal and Solanum
lycocarpum A. St-Hil, (Solanaceae), Rev Bras Farmacogn,
20 (5) 2010 666-674, Available from: https://doi.org/
10.1590/S0102-695X2010005000016

Porto N M, Barros Y L, Basilio I ] D & Agra M F,
Microscopic and UV/Vis-spectrophotometric characterization
of Cissampelos pareira of Brazil and Africa, Rev Bras
Farmacog, 26 (2) (2016) 135-146, Available from:
https://doi.org/10.1016/j.bjp.2015.10.006.

Moraes T M D S, Rabelo G R, Alexandrino C R, Silva-Neto
S J D & Cunha M, Comparative leaf anatomy and
micromorphology of Psychotria species (Rubiaceae) from
the Atlantic Rainforest, Acta Bot Bras, 25 (1) (2011) 178-
190, Available from: https://doi.org/10.1590/S0102-
33062011000100021

Pereira L B S, Costa-Silva R, Félix L P & Agra M F, Leaf
morphoanatomy of “morordé” (Bauhinia and Schnella,
Fabaceae), Rev Bras Farmacog, 28 (4) (2018) 383-392,
Available from: https://doi.org/10.1016/j.bjp.2018.04.012.
Silva A L, Lima-Terceiro L E, Lima M F, Costa-Silva R,
Santos E A V, et al, Leaf and stem micromorphology of
Byrsonima sericea DC. by light and scanning electron
microscopy, Microsc Res Tech, 83 (3) (2020) 287-296,
Available from: https://doi.org/10.1002/jemt.23412.

Metcalfe C R & Chalk L, Anatomy of Dicotyledons,
Systematic Anatomy of Leaf and Stem, with a Brief History of
the Subject, Volume I. Second Edition, (Oxford University
Press, Great Britains) 1979, 806.

Nurit-Silva K & Agra M F, Leaf epidermal characters of
Solanum sect. Polytrichum (Solanaceae) as taxonomic
evidence, Micros Res Tech, 74 (12) (2011) 1186-1191,
Available from: https://doi.org/10.1002/jemt.21013.
Nurit-Silva K, Costa-Silva R, Basilio I J & Agra M F, Leaf
epidermal characters of Brazilian species of Solanum sect.



166

33

34

35

36

37

38

39

INDIAN J TRADIT KNOW, JANUARY 2023

Torva as taxonomic evidence, Botany, 90 (2012) 806-814,
Available from: https://doi.org/10.1139/b2012-046.

Sampaio V S, Aratjo N D & Agra M F, Characters of leaf
epidermis in (clade Brevantherum) species from Atlantic
Forest of Northeastern Brazil, S Afr J Bot, 94 (2014)
108-113, Available from: https://doi.org/10.1016/j.sajb.
2014.06.004.

Barthlott W, Neinhuis C, Cutler D, Ditsch F, Meusel 1, et al.,
Classification and terminology of plant epicuticular waxes,
Bot J Linn Soc, 126 (3) (2008) 237-260, Available from:
https://doi.org/10.1111/j.1095-8339.1998.tb02529.x.

Vieira R C & Gomes D M S, Superficie da lamina foliar de
Psychotria nuda (Cham. & Schltdl.) Wawra, P. leiocarpa cham.
& schltdl., P. stenocalyx Miill. Arg. e P. tenuinervis Miill. Arg.
(Rubiaceae), Act Bot Bras, 9 (2) (1995) 263-270. Available
from: https://doi.org/10.1590/S0102-33061995000200006.
Cunha M D & Vieira R, Anatomia foliar de Psychotria
velloziana Benth. (Rubiaceae), Rodriguésia, 45-49 (71-75)
(1993) 39-50, Available from: https://doi.org/10.1590/2175-
7860199319974549717504.

Quinteiro M D C, Teixeira D C, Moraes M D & Silva J D,
Anatomia foliar de Psychotria viridis Ruiz & Pav. (Rubiaceae),
Rev Univ Rural, Sér Ci Vida, 26 (2) (2006) 30-41.

Campbell G, Mielke M S, Rabelo G R & Cunha M, Key
anatomical attributes for occurrence of Psychotria
schlechtendaliana (Miill.Arg.) Mill. Arg. (Rubiaceae) in
different successional stages of a tropical moist forest,
Flora, 246-247 (2018) 33-41, Available from:
https://doi.org/10.1016/j.flora.2018.07.004.

Coelho V P D M, Agra M F & Barbosa M R V, Estudo
farmacobotanico das folhas de Tocoyena formosa (Cham. &

40

41

42

43

44

45

Schitdl.) K. Schum. (Rubiaceae), Rev Bras Farmacog, 16 (2)
(2006) 170-177, Available from: https://doi.org/10.1590/
S0102-695X2006000200007.

Gavilanes M L, Castro E M, Ferreira-Pires M, Pereira F ] &
Pereira M P, Micromorfometria foliar de Palicourea rigida
Kunth (Rubiaceae) em ambiente de Cerrado e Campo
Rupestre, Cerne, 22 (2) (2016) 163-170, Available from:
https://doi.org/10.1590/01047760201622022070

Zini A S, Martins S, Tordeke M L & Godinho L T, Anatomia
foliar de Rubiaceae ocorrentes em fragmento florestal urbano
de Mata Atlantica, PR, Brasil, Hoehnea, 43 (2) (2016)
173-182, Available from: https://doi.org/10.1590/2236-8906-
59/2015.

Teixeira T R, Padua M S & Castro A H F, Leaf anatomy of
Cordiera sessilis (Vell.) Kuntze (Rubiaceae), Acta Sci Biol
Sci, 38 (3) (2016) 355-364, Available from:
Doi:10.4025/actascibiolsci.v38i3.29902.

Arruda R C O, Gomes D M, Azevedo A C D, Magalhdes M
L & Gomes M, Leaf anatomy and micromorphology of six
Posoqueria Aublet species (Rubiaceae), Rodriguésia, 61 (3)
(2010) 505-518, Available from: https://doi.org/10.1590/
2175-7860201061311.

Cutler D F, Botha T & Stevenson D W, Plant Anatomy: An
Applied Approach (Blackwell Publishing, Oxfod, Great
Britain), 2008, 313.

Rodriguez-Calcerrada J, Reich P B, Rosenqvist E,
Pardos J A, Cano F J, et al, Leaf physiological
versus morphological acclimation to high-light exposure
at different stages of foliar development in oak,
Tree Physiol, 28 (5) 2008) 761-771, Available from:
https://doi.org/10.1093/treephys/28.5.761.



