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Piper  caldense  C.  DC.,  Piperaceae,  commonly  known  as “pimenta-d’água”,  “pimenta-darda”  or
“paguarandy”  in Brazil,  is a  shrub  that  grows  mainly  in  humid  and  shaded  habitats.  The  present  study
investigates  the  anatomy  of  the  leaves  and stems  of P.  caldense  by light  and  scanning  electron  microscopy
in  order  to provide  supporting  data  for correct  identification  of  the species.  The  leaves  are  hypostomatic,
eywords:
natomy
imenta-d’água
iperaceae
ight and scanning electron microscopy

have  a 2-layered  hypodermis,  and  posses  pearl  glands.  The  midrib  shows  a  ‘U’-shaped  stele  comprised
of  about  ten  collateral  vascular  bundles.  The  main  anatomical  marker  of  the  stem  is  the  presence  of a
continuous  sclerenchymatous  sheath  in  the pith.  Two  forms  of  calcium  oxalate  crystals,  namely  crystal
sand and  raphides,  are  observed  in this  species.

©  2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

Piper L. is the largest and the most representative genus of the
amily Piperaceae with about 290 species and 45 varieties occur-
ing in Brazil (Guimarães et al., 2015). Several species of Piper are
olatile oil producers and many of them are used in folk medicine.
iological activities have been reported for many species (Marques
t al., 2010; Carrara et al., 2012; Marques and Kaplan, 2015; Santos
t al., 2016; Silva et al., 2016). The taxonomy and delimitation of the
enus are problematic because different species have very similar
orphologies, making their morphological identification difficult.

n that sense, anatomical studies are essential to provide additional
ata for solving taxonomic problems (Gogosz et al., 2012).

Piper caldense C. DC., commonly called “pimenta-d’água”,
pimenta- darda” and “paguarandy” in Brazil, is found in humid and

haded environments. It is a shrub, reaching up to 3 m high, with
mooth and glabrous stems. The leaves are alternate, petiolate, nar-
owly elliptic or oblong in shape, acuminate to cuspidate at apex,

∗ Corresponding author.
E-mail: jane@uepg.br (J.M. Budel).

https://doi.org/10.1016/j.bjp.2017.11.004
102-695X/© 2017 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora
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unequal to cordate at base, and entire along margins. The veins
are pinnate, sulcate above and raised beneath. The inflorescences
are spikes, solitary, borne opposite to the leaves, and pendulous
(Sarnaglia-Junior et al., 2014).

In Brazil, P. caldense is used in folk medicine as a sedative, anti-
dote for snake bites and for relieving toothaches (Cardozo Júnior
and Chaves, 2003). The plants have been reported to exhibit anti-
fungal (Cardozo Júnior and Chaves, 2003), antimicrobial (Alves
et al., 2016; Freitas et al., 2016), acaricidal (Araújo et al., 2012) and
molluscicidal (Takahashi et al., 2013) activities. Besides that, the
hydroalcoholic extract of leaves have decreased alcohol consump-
tion in rats (Pereira et al., 2015).

The essential oils have shown �-cardinal, �-muurolol, tujopsan-
2-�-ol and �-cadiene from the leaves, terpine-4-ol, �-terpineol,
�-cadinol 2-�-ol from the stems, and valencene, pentadecane,
elina-3,7-11-die-no �-terpineol from the roots as the majority
compounds (Rocha et al., 2016).

Considering the morphological similarities among different

species of Piper, and the fact that no previous work has studied
the anatomy of P. caldense, the present study aims to investigate
the anatomical features of the leaf and stem of the species in order
to assist in the identification of the plant materials.
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aterials and methods

lant material

Fresh samples of aerial vegetative parts of Piper caldense C. DC.,
iperaceae, were collected from plants growing in open and sunny
reas in Paranaguá, Paraná, Brazil (54 m,  25◦38′38′′ S and 48◦36′17′′

)  in July 2014. The voucher specimen (# MBM  385665) was iden-
ified by a taxonomist [Juarez Cordeiro] and was deposited in the
erbarium of Museu Botânico Municipal de Curitiba, Paraná, Brazil.

icroscopic procedure

Freshly collected leaves and stems of P. caldense were fixed in
ormalin-acetic acid-alcohol (FAA) solution (Johansen, 1940) for
ve days and then stored in 70% ethanol (v/v) (Berlyn and Miksche,
976). Transverse and longitudinal sections of the samples were
repared freehand using razor blades. The sections were placed on
lass slides, hydrated and double-stained with basic fuchsin and
stra blue stains (Roeser, 1962).

For histological analysis, the following standard solutions were
ested: phloroglucinol/HCl for lignin (Sass, 1951), Sudan III for
ipophilic compounds (Foster, 1949), and 1% iodine solution for
tarch (Berlyn and Miksche, 1976). Photomicrographs were pre-
ared using digital camera (C7070) attached to a light microscope
Olympus CX 31).

For field emission scanning electron microscopy (FESEM), the
amples fixed in FAA were dehydrated using increasing concen-
rations of ethanol. These samples were then critical point dried
Balzers CPD-030) using liquid CO2. The completely dried samples
ere mounted on aluminum stubs using glued carbon tapes and

hen coated with gold using a Quorum SC7620 sputter coater. Pho-
omicrographs were generated and analyzed using a Mira 3 Tescan
ESEM.

An X-ray energy dispersive system (EDS), attached to the FESEM,
as used for elemental analysis of calcium oxalate crystals present

n the preparations of stems and leaves. This elemental microanal-
sis was randomly performed for the crystals as well as cells devoid
f crystals (control). The morphotypes of the crystals were deter-
ined based on the work by Silva et al. (2014).

esults and discussion

As per the results obtained in this study, P. caldense (Fig. 1A),
rom the surface view of the leaf, shows straight and thin anticli-
al walls on both adaxial and abaxial epidermises (Fig. 1B–E). The

eaves are hypostomatic as also reported for several other Piper
pecies (Gogosz et al., 2012; Raman et al., 2012; Machado et al.,
015; Santos et al., 2015; Bertocco et al., 2017; Silva et al., 2017).
owever, amphi-hypostomatic leaves were met  in P. sarmentosum
oxb. (Raman et al., 2012) and amphistomatic in P. hispidinervum
. DC. (Gogosz et al., 2012).

Two types of stomata, namely anomocytic and tetracytic, were
resent with the latter type being more abundant (Fig. 1B). Tetra-
ytic stomata were reported to be common in Piper species (Santos
t al., 2015; Machado et al., 2015; Bertocco et al., 2017; Silva et al.,
017). However, several other types of stomata were also reported
rom the species of Piper. They are staurocytic (Souza et al., 2009),
mphicyclic, anisocytic, anomocytic, polycytic, paracytic (Raman
t al., 2012), cyclocytic (Silva et al., 2017) and actinocytic types
Bertocco et al., 2017). Due to the presence of multiple types of

tomata, this feature may  not be helpful in the delimitation of
pecies.

During the present study, crystal sand showing bipyramidal
hapes were observed externally on the adaxial leaf surface (Fig. 1F
Farmacognosia 28 (2018) 9–15

and G). This feature was not previously reported for Piper species.
Horner et al. (2012) studied the leaves of 63 species of Piper and
recognized crystal sand, styloids, raphides and druses. But, they
have reported that these crystal types were typically confined to
the palisade and spongy parenchyma tissues of the mesophyll.

In transverse section of the leaf, the epidermis is uniseriate
(Fig. 2A) and is covered by a thin and smooth cuticle. A 2-layered
hypodermis is found on both sides (Fig. 2A and B). In Piper, the num-
ber of hypodermis layers is variable. The hypodermis is uni-layered
on both sides in P. amalago L. (Santos et al., 2015), P. callosum Ruiz
& Pav. (Silva et al., 2017), P. lepturum C. DC. (Machado et al., 2015),
and P. solmsianum C. DC. (Bertocco et al., 2017); 1–2 layered on the
adaxial side in P. sarmentosum (Raman et al., 2012); 1–3 layered
on the adaxial side in P. betle L. (Raman et al., 2012); 1–3 layered
on the adaxial and 1–2 layered on the abaxial side in P. aduncum
L. (Nakamura et al., 2015); 3–4 layered on the abaxial side in P.
hispidum Sw. (Albiero et al., 2006); and 2–4 layered on both sides
of the leaf in P. arboreum Aubl. (Souza et al., 2009).

Nakamura et al. (2015) observed that the origin of the sub-
epidermal layers in Piper leaves comes from the ground meristem
and, consequently, should be considered a hypodermis. They sug-
gested that the hypodermis would have the function of regulating
the intensity of light reaching the chlorenchyma. The number of
hypodermal layers is considered by many authors as a taxonomic
feature to identify Piper species (Gogosz et al., 2012; Raman et al.,
2012; Santos et al., 2015; Machado et al., 2015; Bertocco et al.,
2017).

Piper caldense shows pearl glands present on both the adaxial
and abaxial leaf surfaces. These trichomes consist of a short stalk
and an ovoid body cell measuring up to 40 �m long and 15 �m in
diameter (Fig. 1D). These glandular trichomes were also found in P.
mikanianum (Kunth) Steud (Duarte and Siebenrock, 2010), P. betle
(Raman et al., 2012), P. lepturum (Machado et al., 2015), P. amalago
(Santos et al., 2015), P. solmsianum (Bertocco et al., 2017), and P.
callosum (Silva et al., 2017).

Non-glandular trichomes, multicellular and uniseriate, have
been reported in many Piper species (Duarte and Siebenrock, 2010;
Gogosz et al., 2012; Raman et al., 2014; Santos et al., 2015; Machado
et al., 2015). However, this type of trichome was not observed in
the present study. Considering the significant variations in the mor-
phology of trichomes in Piper species, especially by the presence or
absence of trichomes on the stems and leaves, as well as in terms of
their shapes and sizes, this feature can be helpful in species iden-
tification in Piper (Monteiro and Guimarães, 2009; Gogosz et al.,
2012).

The leaf is dorsiventral and is formed by two layers of palisade
and 5–6 layers of spongy parenchyma (Fig. 2A and B). This feature
is common in Piper, however, the number of layers of palisade and
spongy parenchyma may  vary in different species (Gogosz et al.,
2012; Raman et al., 2012; Santos et al., 2015; Silva et al., 2017).
The veinlets traversing the mesophyll region are represented by
small collateral vascular bundles surrounded by endodermis. Secre-
tory idioblasts with yellow lipophilic content (Fig. 2A), reacted
with Sudan III in the histochemical test, are occasionally found
in the lamina as well as midrib regions. Dorsiventral mesophyll
and secretory idioblasts were also reported for many other Piper
species (Gogosz et al., 2012; Raman et al., 2012; Santos et al., 2015;
Machado et al., 2015; Nakamura et al., 2015; Silva et al., 2016;
Bertocco et al., 2017).

In transverse section, the midrib is flat-convex in outline and is
slightly angular on its abaxial side (Fig. 2C and D). This characteristic
was evident in P. betle (Raman et al., 2012) and in P. amalago (Santos

et al., 2015). Concave–convex (Gogosz et al., 2012) and biconvex
shapes of midrib have also been found in Piper species (Duarte and
Siebenrock, 2010; Gogosz et al., 2012; Bertocco et al., 2017; Silva
et al., 2017).
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ig. 1. Morpho-anatomy of Piper caldense [B, C: light microscopy; D–G: FESEM]. (A)
t,  stomata]. Scale bar: A = 5 cm;  B, C, E = 50 �m;  D = 25 �m;  F = 5 �m; G = 2 �m.

A slightly thickened and smooth cuticle covers the single-
ayered epidermis. Up to 3 hypodermal layers are present in the
daxial epidermis, however, are replaced in the ridge by 1–2
atches of angular collenchyma. The palisade parenchyma cells
ecome gradually shorter toward the middle region (Fig. 2C and
). The ground parenchyma contains secretory idioblasts (Fig. 2E)
ith the same characteristics previously described, and several

tarch grains (Fig. 2F). In the abaxial side 3–5 patches of angular
ollenchyma are seen (Fig. 2E).

The vascular system of the midrib is represented by up to 10
ree collateral vascular bundles (Fig. 2E) arranged in U-shape in
he ground parenchyma (Fig. 2C and D). Similar pattern has been
escribed for some species, such as P. diospyrifolium Kunth (Souza
t al., 2004), P. lepturum Kunth (Machado et al., 2015), P. lindbergii

. DC. (Gogosz et al., 2012), and P. mikanianum (Duarte and Sieben-
ock, 2010). However, the number of vascular bundles in these
pecies is variable. Piper callosum showed collateral vascular bun-
les in a more or less straight line, centrally located in the ground
 in habit. (B–G). Leaf in surface view [bc, base cell; cs, crystal sand; pg, pearl gland;

parenchyma; and a solitary bundle was found in P. sarmentosum
(Raman et al., 2012), P. glabratum Kunth (Gogosz et al., 2012) and P.
solmsianum (Bertocco et al., 2017). Midrib shape and vascular pat-
tern are useful markers to differentiate and identify Piper species.

The petiole, in cross-section (Fig. 3A), is slightly concave–convex
in shape with two  ribs on the adaxial side. The epidermis has
the same features as described for the leaf blade. In the cor-
tex, about 12 layers of angular collenchyma (Fig. 3C) are found
as interrupted patches all around the petiole. The stele is repre-
sented by about 12 free collateral vascular bundles of varying sizes
arranged in U-shape (Fig. 3A). Every bundle is positioned opposite
to a collenchyma patch. Many secretory idioblasts are distributed
in the petiole (Fig. 3C). Several starch grains that reacted posi-
tively with iodine solution (Fig. 3B), and calcium oxalate crystals

are seen.

The shape of the petiole is variable in Piper, such as irregular
in P. amalago (Santos et al., 2015) and heart-shaped in P. betle
(Raman et al., 2014) and P. callosum (Silva et al., 2017). The vascular
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attern observed in this study was also found in other species of
iper (Raman et al., 2014; Machado et al., 2015; Silva et al., 2017).

In an incipient secondary structure, the stem is circular in shape
Fig. 3D). The epidermis is uniseriate and covered by a thin cuticle.
eneath the epidermis, cortical parenchyma presents 9–10 layers
Fig. 3D). In the cortex, patches of 5–8 layered angular collenchyma
ccur as an interrupted ring. Solitary or groups of fibers are dis-
ributed mainly in the lower parts of the collenchyma patches
Fig. 3D and E). Secretory idioblasts are also present in the cor-
ex (Fig. 3D). The vascular system is represented by two whorls of
ortical and medullary bundles. There are about 18 cortical and 12
edullary bundles separated by a continuous sclerenchymatous

ing. The vascular bundles have phloem toward the periphery, and
ylem facing the pith, separated by intrafascicular cambia (Fig. 3F).

erivascular fiber caps are adjoined to the phloem (Fig. 3D and F).
erivascular fiber caps, xylem and sclerenchymatous ring reacted
ith phloroglucinol/HCl and stained deep pink, evidencing lignifi-

ation in the walls (Fig. 3D–F).
, vascular bundle; xy, xylem]. Scale bar: A, E, F = 50 �m; B, C, D = 200 �m.

Considering Piperaceae family, Trueba et al. (2015) have
affirmed that vascular bundles are arranged in two or more
concentric rings in Piper, Manekia Trel., and Zippelia Blume. How-
ever, the number of cortical and medullary vascular bundles is
variable among species. According to the pattern, Piper species
showed this characteristic, such as about 15–23 cortical vascular
bundles in P. kadsura (Choisy) Ohwi, 34–41 in P. kwashoense Hay-
ata, around 4–7 medullary vascular bundles in P. sintenense,  and
12–19 bundles in P. betle (Yang and Chen, 2017).

In Piper stems, the cortical vascular bundles are usually
separated from the medullary bundles by a continuous sclerenchy-
matous ring (Duarte and Siebenrock, 2010; Santos et al., 2015; Silva
et al., 2017; Yang and Chen, 2017). However, P. betle has showed
discontinuous sclerenchymatous ring (Yang and Chen, 2017).
The pith occupies a large portion of the stem and is made up of
thin-walled parenchymatous cells. Starch grains (Fig. 3E, F and I),
secretory idioblasts (Fig. 3D) and crystals of calcium oxalate are
found (Fig. 3G and H) in the pith region. In Piper, the secretory
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dioblasts, crystals and starch grains are commonly found in the
eaf mesophyll, ground parenchyma of the midrib and petiole as

ell as in the stem (Gogosz et al., 2012; Silva et al., 2014; Santos
t al., 2015; Machado et al., 2015; Bertocco et al., 2017).

In the present study, P. caldense presents raphides (Fig. 3G and
) in the leaf midrib, petiole and stem. The raphide needles are
f Psychotria type or Type I (Horner and Wagner, 1995; Raman
t al., 2014) – four-sided and have pointed ends, measuring 7–9 �m
ong. In cross-section, the needles are rectangular (Fig. 3H) in shape.
aphides are common in Piper, but other morphotypes of crystals,
uch as crystal sand, cuneiform, tabular, tabular crystal rosette, sty-

oids, styloids crystal rosette, crystal concretions, elongated square
ipyramid, and very elongated square dipyramid are also found
Silva et al., 2014; Horner et al., 2015; Bertocco et al., 2017). Horner
t al. (2015), combining microscopic and phylogenetic information,
have identified druses and crystal sand as the two  major crystals
types in the order Piperales, being the other crystal types (prisms,
raphides and styloids) derived from these.

The EDS spectra of the crystal sand from the leaf surface (Fig. 4A)
and the raphides in the stems (Fig. 4B) of P. caldense show large
peaks of calcium, carbon and oxygen. These results confirm that
the chemical composition of these crystals is calcium oxalate as
also reported by previous workers (Horner et al., 2012, 2015;
Bertocco et al., 2017). However, Silva et al. (2014) have chem-
ically analyzed the crystals from P. arboreum Aubl., P. callosum,
and P. tuberculatum Jacq. and found pure calcium oxalate, mix-

tures of oxalates and sulfates, and mixtures of oxalates, sulfates
and silica. The unlabeled peaks in the spectra (Fig. 4A and B) rep-
resent conductive metal used for coating the samples for SEM
analysis.
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onclusion

The present study revealed the following anatomical features
hat can be used for the identification of P. caldense. The leaves
re hypostomatic and possess a 2-layered hypodermis. Unicellular
earl glands are found on the leaf surfaces. The midrib is flat-
onvex, with ten vascular bundles arranged in U-shape. The petiole
s slightly concave–convex with two ribs on the adaxial side, and
as a U-shaped stele consisting of twelve vascular bundles. The
tem is circular and has a continuous ring of sclerenchymatous
heath in the pith. Calcium oxalate sand crystals are observed on
he adaxial leaf surface, and raphides are found in the leaf midrib,
etiole and stem.
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