
O

C

V
B
J
a

b

c

d

e

a

A
R
A
A

K
A
A
D
H
P
Q

I

E
f
f
a
M
w
d
t
t
r
2
2

o
s

0
c

Revista Brasileira de Farmacognosia 27 (2017) 9–19

ww w.elsev ier .com/ locate /b jp

riginal  Article

omparative  morphoanatomical  analysis  of  Mikania  species

alter  Paes  de  Almeidaa,  Adriana  Araci  Hirtb, Paola  Aparecida  Raeskia, Beatriz  Eloise  Mikaa,
árbara  Justusa, Vera  Lucia  Pereira  dos  Santosc, Célia  Regina  Cavichiolo  Francod,

osiane  Padilha  de  Paulae, Paulo  Vitor  Faragoe,  Jane  Manfron  Budele,∗

Curso de Ciências Farmacêuticas, Universidade Estadual de Ponta Grossa, Ponta Grossa, PR, Brazil
Curso de Farmácia, Faculdades Integradas do Vale do Iguaç u, União da Vitória, PR, Brazil
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a  b  s  t  r  a  c  t

Mikania  belongs  to the  Asteraceae  family  and  includes  a  wide  range  of promising  pharmacological  activ-
ities.  Several  species  of  Mikania,  which  is  popularly  known  in Brazil  as  “guaco”,  occur  in Southern  Brazil
and  their  external  morphology  is similar.  The  aim of this  study  was  to  investigate  the morpho-anatomical
characteristics  of  the  leaf  and  stem  of  Mikania  campanulata, Mikania  cordifolia,  Mikania  glomerata,  Mikania
hastato-cordata, Mikania  microptera  and  Mikania  sessilifolia  as  a means  of  providing  additional  support
for  differentiating  these  taxa.  The  leaves  and  stems  were  investigated  by  employing  scanning  electron
microscopy  and  light  microscopy  techniques.  The  morphological  features  of  Mikania  spp.  leaves  make
ifferentiation
erbal drug
harmacobotany
uality control

it  possible  to  differentiate  between  the species;  nevertheless,  when  the  plants  were  fragmented  or  pul-
verized  the  anatomical  features  of the  leaves  and  stems  supplied  additional  helpful  data  in  this  regard.
The  main  anatomical  characteristics  were  presence  of hypodermis  and  lens  shaped  epidermal  cells,  set
of trichomes;  midrib,  petiole  and  stem  shape  and  vascular  pattern;  sclerenchymatous  ring in  the cortex,
sclerenchymatous  cells  and secretory  ducts  in the  pith.

rasil
he  CC
©  2016  Sociedade  B
access  article  under  t

ntroduction

Mikania Willd. belongs to the Asteraceae family and the
upatorieae tribe. It comprises 198 species in Brazil, ranging
rom the North to the South of the country, and is mainly
ound in the states of São Paulo, Rio de Janeiro, Minas Gerais,
nd Rio Grande do Sul (King and Robinson, 1978; Ritter and
iotto, 2005; The Plant List, 2015). Mikania spp. has provided a
ide range of promising phamacological activities and it can be
escribed as having expectorant, anti-inflammatory, bronchodila-
or, anti-hemorrhagic, antiasthmatic, analgesic, anti-mutagenic,
rypanocidal, antimicrobial, antifungal, antiulcerogenic, muscle
elaxant, and antirheumatic properties (Muelas-Serrano et al.,
000; Paul et al., 2000; Gasparetto et al., 2010; Pérez-Amador et al.,
010; Mourão et al., 2014; Ríos et al., 2014).
The inappropriate use of popular names can result in seri-
us mistakes in relation to the identification of herbal drugs. The
ame plant often has several common names and furthermore,
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eira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

different species may  be known by the same folk name (American
Herbal Pharmacopeia, 2011). Morpho-anatomical data are used
to mitigate this problem. This technique uses morphological
and anatomical features to characterize and differentiate simi-
lar species (Luz et al., 2015; Wosch et al., 2015; Porto et al.,
2016), especially when the botanicals are marketed in a frag-
mented or powdered form (American Herbal Pharmacopeia,
2011).

Mikania campanulata Gardner, Mikania cordifolia (L.f.) Willd.,
Mikania glomerata Spreng., Mikania hastato-cordata Malme, Mika-
nia microptera DC., and Mikania sessilifolia DC., which are popularly
known as “guaco”, occur in Southern Brazil and their external mor-
phology is similar. Hence, some confusion and/or mistakes can
result in popular usage.

Previous data have revealed that M.  cordifolia has anti-
inflammatory (Peluso et al., 1995), insecticidal, trypanocidal (Arias
et al., 1995; Muelas-Serrano et al., 2000), genotoxic and antipro-
liferative (Dias et al., 2014) activities. M.  glomerata is the most

common among the genus and it has many properties such
as anti-inflammatory, antitussive and bronchodilatadory agents
(Gasparetto et al., 2010). M. sessilifolia is used in folk medicine
to treat colds and flu. There is no pharmacological or chemical

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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haracterization available for M.  microptera,  M.  hastato-cordata and
. campanulata.

In view of the similar external morphology of M. campanu-
ata, M.  cordifolia, M.  glomerata,  M.  hastato-cordata, M.  microptera
nd M.  sessilifolia,  the intention of this paper was  to study the
orpho-anatomical data of the leaves and stems of these six

pecies as a means of providing additional support for differen-
iating these taxa and identifying features of them which can be
sed as potential contaminants or substitutes for others of the
enus.

aterials and methods

lant materials

The aerial parts of at least five specimens of Mikania campanulata
ardner, M.  cordifolia (L.f.) Willd., M.  microptera DC. and M.  hastato-
ordata Malme, Asteraceae, were collected from São Maximiano
arm, which is located in the region of Serra do Sudoeste, in the
ity of Guaíba, state of Rio Grande do Sul, South Brazil (coordinates
0◦10′ S and 51◦20′ W,  and 27 m altitude). M.  campanulata, M.  cordi-

olia and M.  hastato-cordata were collected in September 2012 and
. microptera in December 2003. M.  glomerata Spreng. and M. ses-

ilifolia were collected in September 2014 from the Campos Gerais
egion, in the city of Ponta Grossa, state of Paraná, South Brazil
25◦5′ S and 50◦6′ W,  and 900 m altitude). The botanical materi-
ls were identified and the representative samples were registered
t the Rio Grande do Sul Federal University under numbers ICN
75.095 (M.  campanulata), ICN 116.543 (M.  cordifolia), ICN 187.121
M.  glomerata),  ICN 129.447 (M.  microptera), and ICN 159.629 (M.
astato-cordata). M.  sessilifolia was identified and the voucher was
egistered at the Herbarium of the State University of Ponta Grossa
nder number HUPG 10.208.

natomical analysis

The leaves and stems of M.  campanulata, M.  cordifolia, M.  glom-
rata, M.  hastato-cordata, M.  microptera and M. sessilifolia were
ut about 10 cm from the apex. They were then put in contain-
rs containing FAA 70 solution (Johansen, 1940), and stored in 70%
thanol (Berlyn and Miksche, 1976). The plants were segmented
y hand. Transverse and longitudinal sections were stained using
stra blue and/or basic fuchsine (Roeser, 1972). The leaves were

larified in frontal view of the epidermis, using Kraus and Arduin
1997) techniques. The photomicrographs were captured by an
lympus CX 31 light microscope equipped with a C 7070 control
nit.

Box 1: Morphological characteristics of Mikania spp.
Leaf blade M. campanulata M.  cordifolia M. glomerata 

Color Green on the
adaxial side and
purplish on the
abaxial side

Green on both
sides

Green on both
sides

Size:
Length (cm) 5–10 4–8 10–15 

Width (cm) 4–8 4–8 5–9 

Shape Deltate to hastate Deltate to hastate Lanceolate–has

Apex Acuminate Acuminate Acuminate 

Margin Paucidentate Paucidentate Entire 

Base  Hastate Hastate to cordate Cordate to hast
Venation 3 5 3–5 

Form  of petiole. Straight Straight Curved 

Size  (cm) 5–6 1.5–2 2–2.5 
e Farmacognosia 27 (2017) 9–19

Histochemical analysis

The cell content and cell wall impregnation were exposed by
adopting the following standard solutions in the microchemical
tests: hydrochloric phloroglucin to reveal traces of lignin (Sass,
1951); Sudan III for testing lipophilic compounds (Foster, 1949);
ferric chloride to test for phenolic substances (Johansen, 1940);
and iodine-iodide to test for starch (Berlyn and Miksche, 1976).
The semi-permanent slides were then analyzed in the Laboratory
of Pharmacognosy at the State University of Ponta Grossa to allow
a detailed description of the leaf and stem tissues.

Scanning electron microscopy and energy-dispersive X-ray
spectroscopy (EDS)

The scanning electron microscopy (SEM) of the leaf and stem
surface was  performed in high vacuum and with high accelerating
voltage (15 kV). This procedure required the samples to be pre-
viously dehydrated using increasing amounts of ethanol and the
critical point of CO2. After this, they were submitted to metalliza-
tion with gold (Souza, 1998).

The EDS chemical microanalysis was randomly performed in
crystals and cells without crystals (control), with an X-ray detector
coupled to SEM and under the same SEM operating conditions that
were used to take the electron micrographs. This procedure was
carried out at the multi-user laboratory of the State University of
Ponta Grossa and the Electron Microscopy Center at the Federal
University of Paraná.

Results and discussion

The morphology of M.  campanulata, M. cordifolia, M.  glomerata,
M. hastato-cordata, M. microptera and M. sessilifolia was similar and
the main differences can be seen in Box 1 and Fig. 1. The leaves were
simple (Fig. 1) and the phyllotaxy had an opposite arrangement for
all the species.

M. campanulata (Fig. 1A) had leaves that were 5–10 cm long and
4–8 cm wide. The leaves were membranous and slightly purplish on
the abaxial side. They were deltate to hastate in form, with acumi-
nate apex, hastate base, paucidentate margins, and three visible
veins. They had a straight petiole that measured 5–6 cm in length.

M. cordifolia (Fig. 1B) had leaves that were 4–8 cm long and
4–8 cm wide. The studied leaves were deltoid to hastate in form,

with acuminate apex, hastate to cordate base, paucidentate mar-
gin and five visible veins. The petiole was straight and 1.5–2 cm
in length. The leaves of M. glomerata (Fig. 1C) were 10–15 cm long
and 5–9 cm wide. They were lanceolate–hastate in shape and had

M. hastato-cordata M. microptera M.  sessilifolia

Green on both
sides

Green on both
sides

Green on both
sides

4–6 6.5–13 3.5–8
4–4.5 5.5–13 3–6

tate Triangular to
deltate

Triangular Widely ovate

Acute Acute Acute to obtuse
Entire Paucidentate Crenate to serrate

ate Cordate to hastate Hastate Slightly cordate
3 5 3
Curved Straight Very short
2–2.5 2–2.5 0.1–0.3
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ig. 1. Mikania spp. – Morphological appearance of leaves – A. Mikania campanulata
.  M. microptera DC., and F. M. sessilifolia DC. Scale bar = 2 cm.

n acuminate apex, cordate to hastate base, entire margins, and
–5 visible veins. The petiole had a curving shape and measured
–2.5 cm in length.

M.  hastato-cordata (Fig. 1D) had leaves that were 4–6 cm long
nd 4–4.5 cm wide. The leaves were triangular to deltate in form
ith acute apex, cordate to hastate base, entire margins, and three

isible veins. They had a straight petiole that measured 2–2.5 cm
n length. The leaves of M.  microptera (Fig. 1E) were 6.5–13 cm
ong and 5.5–13 cm wide. They were triangular in shape with acute
pex, hastate base, paucidentate margins and five visible veins. The
etiole was 2–2.5 cm in length.

M.  sessilifolia (Fig. 1F) had leaves that were 3.5–8 cm long and
–6 cm wide. The leaves were widely ovate in form, with acute to
btuse apex, slightly cordate at the base, crenate to serrate margins
nd three visible veins. They had a very short petiole that measured
.1–0.3 cm in length.

In botanical products, substitution, impurities and contami-
ants are types of adulteration. Adulteration can consist of the
artial or complete replacement of one species for a different
pecies, excessive quantity of impurities, deteriorated or poor qual-
ty material, as well as contaminants or any condition that would
therwise reduce the quality of the product (American Herbal
harmacopeia, 2011).

There have been many well-publicized accounts of the unin-
entional and intentional contamination of botanicals by incorrect
egetable species. The problems of accidental contamination and
conomically-motivated tampering are questions that must be
ddressed when dealing with herbal drugs that have been got-
en from traders or when the origin of the botanicals is inexact
Reynertson and Mahmood, 2015). Morpho-anatomical features

ave been used to vouch for the quality and authenticity of herbal
rugs (Wosch et al., 2015; Araújo et al., 2015; Guerreiro et al., 2015).

The botanical analysis of medicinal species is the first test
onducted by the herbal industry and it is designed to identify
er, B. M.  cordifolia (L.f.) Willd, C. M.  glomerata Spreng., D. M.  hastato-cordata Malme,

the species of plant. Its morphological features are important in
terms of authenticity. However, anatomical profiles have been
used to classify and differentiate species, especially when they
are in fragmented or powdery form. The identification of Mika-
nia genus is complex because of its morphological similarities and
this has resulted in the indiscriminate use of different plants for
the same therapeutic purposes (Amorin et al., 2014; Araújo et al.,
2015).

Several Mikania have a similar morphology, and these include
M. glomerata Spreng. and M. laevigata Sch. Bip. ex Baker (Budel et al.,
2009), M.  lanuginosa DC. and M. hirsutissima DC. (Amorin et al.,
2014), M. confertissima Sch. Bip. ex Baker, M. hatschbachii G.M. Bar-
roso and M. glomerata,  and Mikania hirsutissima and M. microlepsis
Baker (Oliveira et al., 1994).

The anatomical characteristics of the leaves shown in Box 2
and the stem anatomical features shown in Box 3 can be used to
differentiate the Mikania species.

Anatomically, from a frontal view of the foliar blade, the anti-
clinal epidermal cell walls were thin and sinuous (Fig. 2B, G, H, I)
and slightly wavy (Fig. 2A, C) on the abaxial side and slightly wavy
on the adaxial side (Fig. 2D–F, J–L) for all the species. In addition,
the epidermis was  covered by a smooth cuticle, but was slightly
striated near the stomata (Fig. 3K, N, O).

Depending on the occurrence of the stomata M.  campanulata,
M. cordifolia, M. glomerata and M. hastato-cordata had hypostom-
atic leaves and M. microptera and M. sessilifolia had amphistomatic
leaves and anomocytic and anisocytic types of stomata were
encountered (Fig. 2A–C, G–I, K, L).

Hypostomatic leaves are frequent in Mikania (Neves and Sá,
1991; Oliveira et al., 1994; Budel et al., 2009). However, amphis-

tomatic leaves have also been found (Oliveira et al., 1994; Amorin
et al., 2014; Araújo et al., 2015). Anomocytic stomata are common
in Mikania (Rodrigues et al., 1996; Oliveira et al., 1999; Budel et al.,
2009; Gasparetto et al., 2010; Amorin et al., 2014; Araújo et al.,
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Box 2: Anatomical features showing differentiation between the leaves of Mikania spp.
M.  campanulata M. cordifolia M. glomerata M. hastato-cordata M.  microptera M.  sessilifolia

Hypoder-mis Absent Absent Present Absent Absent Absent
Lens-shaped epidermal cells

(adaxial)
Present Absent Absent Absent Absent Absent

Presence of stomata Hypostomatic Hypostomatic Hypostomatic Hypostoma-tic Amphistoma-tic Amphistoma-tic
Capitate glandular trichome Present Present (rare) Present Present Present Present
Uniseriate glandular trichome Absent Present Present Present Present Present
Uniseriate glandular trichome

with broad -based cell
Present Absent Absent Absent Absent Absent

Conical glandular trichome Present Present Absent Present Present Present
Midrib shape in cross-section Biconvex shape

with obtuse
projection on the
adaxial side
(prominent and
rounded convexity
on the abaxial side)

Biconvex shape,
slightly convex
on the adaxial
side (rounded on
the abaxial side)

Biconvex shape,
slightly convex
on the adaxial
side (rounded on
the abaxial side)

Slightly flat, convex
shape

Biconvex shape
with obtuse
projection on the
adaxial side
(prominent and
angular convexity
on the abaxial side)

Slightly flat,
convex shape

Midrib vascular patterns 3–5 free collateral
vascular bundles in
an open arc

3–5 free collateral
vascular bundles
in an open arc

3–5 free collateral
vascular bundles
in an open arc

3–5 free collateral
vascular bundles in
an open arc

3–5 free collateral
vascular bundles in
an open arc

One vascular
bundle in the
center

Petiole  shape in cross-section Flat-convex shape
with two ribs on the
adaxial side

Concave-convex
shape in
tranverse section
(rounded on the
abaxial side)

Concave-convex
shape in
transection
(rounded on the
abaxial side)

Concave-convex
shape in
transection
(rounded on the
abaxial side)

Concave-convex
shape in
transection
(rounded on the
abaxial side)

Flat-convex
shape with two
ribs on the
adaxial side and
three ribs on the
abaxial side

Petiole vascular pattern 5–11 free collateral
vascular
bundles/U-shaped

About 10 free
collateral
vascular bundles
in an open arc

5–11 free
collateral
vascular
bundles/U-
shaped

5–11 free collateral
vascular
bundles/U-shaped

5–11 free collateral
vascular
bundles/U-shaped

About 10 free
collateral
vascular bundles
in an open arc

Box 3: Anatomical features showing differentiation between the stems of Mikania spp.
M.  campanulata M. cordifolia M. glomerata M. hastato-cordata M.  microptera M.  sessilifolia

Cross-sectional stem shape Circular Hexagonal Circular Circular with 2
valecules at
opposite sides

Hexagonal with
6 acute wings

Hexagonal with
6 rounded
wings

Sclerenchymatous ring Absent Present Absent Absent Absent Absent
Secretory ducts in the pith Absent Present Present Absent Absent Absent
Sclerenchymatous cells in the pith Absent Absent Absent Present Absent Absent
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Prismatic crystals Absent Present 

015). However, anisocytic (Budel et al., 2009) and actinocytic types
Neves and Sá, 1991) have been described for Mikania species.

In the present study, two types of glandular trichomes and
ne type of non-glandular trichome were found in the leaves of
ll the studied species. With regard to the glandular trichomes,
he first type was capitate uniseriate or biseriate and secretion
ccurred within the subcuticular space (Fig. 3A, G–I, K, M,  O and
ig. 4A, C, F, G). They were frequently positioned in a depres-
ion caused by invaginations of the adjacent epidermal cells
Figs. 3K, M,  O and 4A, C, F, G). This trichome was encountered in
ll the species; however, it is more abundant in M. microptera and
.  sessilifolia,  and is rare in M.  cordifolia.

The other glandular trichome encountered in the studied species
as multicellular, uniseriate and filamentous, and formed about

ix cells. They were either straight or curved and had a terminal
ell that varied from a spherical (Fig. 3D, H–J, M)  to a spatulate
hape (Fig. 3C). They often appeared in the epidermis depression
Figs. 3J, M and 4E). In M.  campanulata, this kind of trichome had
road-based cell (Fig. 3H).

The non-glandular trichome was conical and was long or short

nd straight or curved (Figs. 3B, F, I, L and 4B, F). It had a stri-
ted cuticle that could be clearly observed in M.  sessilifolia (Fig. 3L).
n the present study, only M.  glomerata did not have this type of
richome.
sent Absent Absent Absent

Glandular and non-glandular trichomes are often found in Mika-
nia (Milan et al., 2006; Gasparetto et al., 2010; Appezzato-da-Glória
et al., 2012; Amorin et al., 2014; Araújo et al., 2015). In the present
study was observed that the set of trichomes can help to differen-
tiate de species.

In the present study the leaf blade in cross-section had a unis-
eriate epidermis in M. campanulata (Fig. 5A), M.  cordifolia (Fig. 5B),
M. hastato-cordata (Fig. 5D), M. microptera (Fig. 5E), and M.  sessili-
folia (Fig. 5F). The hypodermis was  only observed in M.  glomerata
(Fig. 5C, C′). Additionally, it was only in M. campanulata that the
upper epidermis cells had a very conspicuous lenticular shape
(Figs. 3A, E, H, 4A and 5A). In all the studied species, the epider-
mis  was  covered by a thin cuticle and the stomata were located at
the same level as the other epidermal cells.

In Mikania, the epidermal system is often formed by a single
epidermal layer, although the hypodermis appears in a few species
such as M.  confertissima, M. glomerata,  M. hatschbachii, M.  hooke-
riana (Oliveira et al., 1994), and M. laevigata (Budel et al., 2009).
Oliveira et al. (1994) reported that the presence of this stratum can
be used to classify the Mikania species into two groups.
The leaves of the analyzed species were of a dorsiventral meso-
phyll type. The palisade parenchyma consisted of 1–2 layers and the
spongy parenchyma displayed several strata and some small inter-
cellular spaces. Minor collateral vascular bundles were detected
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ig. 2. Mikania spp. View of the leaf surface, showing stomata (st) and uniseriate gl
.  M.  hastato-cordata, H. M.  microptera, I. M. sessilifolia.  Adaxial side – D. M.  campanu
cale  bar = 20 �m.

mmersed in the mesophyll and surrounded by the parenchymatic
heath (Fig. 5B–F). Secretory ducts were observed near the vascular
undles.

This arrangement of the chlorenchyma was  also confirmed
n several Mikania (Rodrigues et al., 1996; Budel et al., 2009;
morin et al., 2014; Araújo et al., 2015). However, Milan et al.

2006) found that the arrangement of the mesophyll of M. glom-
rata varied in accordance with the different regions of the leaf

lade.

Some anatomical differences were observed in the shape of the
idrib. M.  campanulata had a biconvex shape with a obtuse pro-

ection on the adaxial side and prominent and rounded convexity
ar trichome (ut) – Abaxial side – A. M.  campanulata, B. M.  cordifolia, C. M.  glomerata,
. M. cordifolia, F. M. glomerata,  J. M.  hastato-cordata, K. M.  microptera, L. M.  sessilifolia.

on the abaxial side (Fig. 6A). M. cordifolia (Fig. 6B) and M.  glomer-
ata (Fig. 6C) had a biconvex shape and were slightly convex on the
adaxial side and rounded on the abaxial side. M. hastato-cordata
(Fig. 6D) and M. sessilifolia (Fig. 6F) had a slightly flat convex shape
and M. microptera had a biconvex shape with an obtuse projection
on the adaxial side and prominent and angular convexity on the
abaxial side (Fig. 6E).

The uniseriate epidermis of all the taxa was covered by a smooth

cuticle and the stoma were positioned at the same level as the
other epidermal cells, except in M. cordifolia, where the stomata
were located above the other epidermal cells. Oliveira et al. (2000)
described this stomata complex as looking like a tower. A variable
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ig. 3. Mikania spp. View of the leaf surface – scanning electron microscopy (SEM) sh
richome (nt), uniseriate glandular trichome (ut). A, E, H. Adaxial side of M.  campan
ide  of M.  glomerata;  J. Abaxial and M.  Adaxial side of M. hastato-cordata; I, K, N. Ab

umber of angular collenchyma on both sides was observed in all
he species (Fig. 6A–F).

With regard to the vascular pattern, only M.  sessilifolia had a col-
ateral vascular bundle at the center of the midrib (Fig. 6F). The other
tudied species showed 3–5 free vascular bundles in an open arc
Fig. 6A–E). These vascular bundles were surrounded by an endo-
ermis which had starch grains. Secretory ducts were located near

r between the vascular bundles and were formed of 4–12 cells
ith a uniseriate epithelium in all the species.

In the present study, the petiole of M.  cordifolia, M. glomerata,
. hastato-cordata and M. sessilifolia had a concave-convex shape in
 striated cuticle (cu), capitate glandular trichome (ct), stomatum (st), non-glandular
 B. Abaxial and F. Adaxial side of M.  cordifolia; C and D. Adaxial side and G. Abaxial
ide of M. microptera, L. Adaxial side and O. Abaxial side of M.  sessilifolia.

transverse section and were rounded on the abaxial side (Fig. 7B–D,
F). M. campanulata had a flat-convex shape with two ribs on the
adaxial side (Fig. 7A). M. microptera had a flat-convex shape with
two ribs on the adaxial side and three ribs on the abaxial side
(Fig. 7E).

M. campanulata (Fig. 7A), M.  glomerata (Fig. 7C), M.  hastato-
cordata (Fig. 7D) and M. microptera (Fig. 7E) had 5–11 free

collateral vascular bundles that were U-shaped, and M. cordi-
folia (Fig. 7B) and M. sessilifolia (Fig. 7F) had about ten free
collateral vascular bundles in open arc. The epidermis had
the same previously-described characteristics for the leaf blade.
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Fig. 4. Mikania spp. A–C, E, E, G. Trichomes in cross-section and D, F. Trichomes in frontal view. A. Capitate glandular trichome (ct) in M.  campanulata, B. Non-glandular
trichome (nt) in M. cordifolia, C. Capitate glandular trichome (ct) in M. glomerata,  D. Uniseriate glandular trichome (ut) in M.  microptera, E. Uniseriate glandular trichome (ut)
in  M.  hastato-cordata, F. Capitate glandular trichome (ct) and stomatum (st) in M. sessilifolia,  F. Non-glandular trichome (nt) in M.  sessilifolia,  G.  Capitate glandular trichome
(ct)  in M.  sessilifolia. Scale bar = 20 �m.

Fig. 5. Mikania spp. Leaf blade in cross-section, showing epidermis (ep), hypodermis (hy), palisade parenchyma (pp), spongy parenchyma (sp), vascular bundle (vb). A. M.
campanulata,  B. M.  cordifolia, C. M. glomerata,  D. M. hastato-cordata, E. M. microptera, F. M. sessilifolia.  Scale bar = 200 �m.
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ig. 6. Mikania spp. Midrib in cross-section, showing collenchyma (co) epidermis (ep
undle (vb). A. M.  campanulata, B. M.  cordifolia, C. M.  glomerata,  D. M. hastato-cordat

ariable strata of angular collenchyma appeared under the
pidermis.

The shape and the vascular pattern of the midrib and peti-

le help to differentiate taxa into genus as reported by Wosch
t al. (2015) and Porto et al. (2016). In the present study, these
haracteristics were one of the most relevant in the anatomical
tudy.

ig. 7. Mikania spp. Petiole in cross-section, showing collenchyma (co), ground parenchym
.  M. hastato-cordata, E. M.  microptera, F. M.  sessilifolia.  Scale bar = 200 �m (A–E), 50 �m (
und parenchyma (gp), palisade parenchyma (pp), spongy parenchyma (sp), vascular
. microptera, F. M. sessilifolia.  Scale bar = 200 �m.

In the present study, the cross-sectional stem shape was  hexago-
nal in M.  cordifolia (Fig. 8B), M. microptera (Fig. 8E) and M.  sessilifolia
(Fig. 8F), but had six acute wings in M. microptera (Figs. 8E, K) and six

rounded wings in M. sessilifolia (Figs. 8F and 9I). On  the other hand,
a circular stem shape was  observed in M. campanulata (Fig. 8A), M.
glomerata (Fig. 8C) and M. hastato-cordata (Fig. 8D). In addition, M.
campanulata had two valecules on opposite sides (Fig. 8A).

a (gp) and vascular bundle (vb). A. M.  campanulata, B. M.  cordifolia, C. M.  glomerata,
F).
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ig. 8. Mikania spp. General appearance of stem in cross-section, showing the epide
.  M. glomerata,  D. M.  hastato-cordata, E. M. microptera, F. M. sessilifolia. Scale bar = 2

A circular stem shape seems to be the pattern in Mikania (Ritter
nd Mioto, 2005), although M.  malacolepsis (Rodrigues et al., 1996)
nd M.  micrantha (Araújo et al., 2015) had a hexagonal shape.

The stem epidermis was uniseriate and possessed anomocytic
tomata, as well as a thin and slightly striated cuticle (Fig. 9A–C,
, I) which reacted positively with Sudan III in the histochemi-
al tests (Fig. 9C). However, the stomata were located above the
ther epidermal cells in M.  cordifolia (as previous described for the
idrib). Glandular and non-glandular trichomes (as described in

he leaves) were also encountered in the stem. Additionally, the
tem of M.  sessilifolia showed several capitate glandular trichomes
Fig. 9I, L). Under the epidermis there were 1–3 continuous lay-
rs of angular collenchyma in all the studied species (Fig. 9A–C,
, K).

In the present study it was observed that the stem shape, the
resence of a sclerenchymatous ring in the cortex, and the presence
f secretory ducts, sclerenchymatous cells, and calcium oxalate
rystals in the pith were very important means of differentiating
ikania spp. as seen in Box 3.

In the present study, only M.  cordifolia had a sclerenchyma-
ous ring in the cortex (Figs. 8B and 9B) and this reacted with
ydrochloric phloroglucin in the histochemical tests (Fig. 9B). The
clerenchymatous ring in the cortex was mentioned in M.  hirsutis-
ima (Oliveira and Akisue, 2005) and M.  malacolepsis (Rodrigues
t al., 1996).

In all the Mikania species, the endodermis bound the cortex
nternally (Fig. 9A, B, E, G) and contained starch grains, which
eacted with iodine-iodide (Fig. 10E). Perivascular fiber caps could
e observed next to the phloem (Fig. 9A, B, E, G, K) and these reacted

ith hydrochloric phloroglucin (Fig. 9B). A cambial zone was  evi-
ent and formed more xylem than phloem (Fig. 9G, K).

In the present study, these secretory ducts were observed in the
ith of M.  cordifolia (Fig. 8B) and M.  glomerata (Figs. 8C and 9F).
ep), pith (pi), ribs (ri), sclerenchymatous ring (sr). A. M.  campanulata, B. M.  cordifolia,
.

Secretory ducts in the pith were observed in M.  conferta (Oliveira
et al., 1999), M. glomerata (Neves and Sá, 1991) and in M.  laevigata
(Budel et al., 2009).

In all the species, the pith was well-developed and comprised
isodiametric thin-walled parenchymatic cells (Figs. 8A–F and 9J),
but M. campanulata showed sclerenchymatous cells in the pith
(Fig. 8A) that reacted with hydrochloric phloroglucin in the his-
tochemical tests (Fig. 9D).

Prismatic crystals were only observed in the medullary region of
M. cordifolia (Fig. 9H). The presence or absence of crystals, and their
type, can be characterized as taxonomic features (Meric, 2009) and
crystals have not been cited in the Mikania genus (Oliveira et al.,
1994, 1999, 2000; Rodrigues et al., 1996; Budel et al., 2009; Amorin
et al., 2014; Araújo et al., 2015).

In the present study, the crystals were analyzed for their ele-
mental composition and the spectra showed prominent peaks for
calcium (26.9%), carbon, (31.4%), oxygen (25.6%) and sulfur (16.1%),
as can be seen in Fig. 10, indicating these crystals were possible
complex compounds of which calcium oxalate was the main com-
pound and calcium sulfate was the minor component.

The occurrence of crystals is common in plants, even though
their size and number are responsive to changes in the concentra-
tion of calcium in the environment (Nakata, 2003). Excess calcium
is frequently precipitated in calcium salts such as oxalate, carbon-
ate, silicate, sulfate, phosphate, citrate and malate (Weiner and
Dove, 2003). Crystals have been identified in several studies as cal-
cium oxalate by using EDS (Lersten and Horner, 2011; He et al.,
2012; Raman et al., 2014). However, a small number of studies have
indicated crystals formed by calcium sulfate (Storey and Thomson,

1994; He et al., 2012).

The morphological features of Mikania spp. leaves supported
the differentiation of the species. However, when the plants were
fragmented or pulverized, the anatomical features of the leaves and
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Fig. 9. Mikania spp. A, D. M.  campanulata, B, E, H. M.  cordifolia, C, F. M. glomerata,  G, J. M
stem,  showing ca, cambia; ct, capitate glandular tricome; co, collenchyma; cu, cuticle; cx
phloem; sc, sclerenchymatous sheath; scc, sclerenchymatous cells; sd, secretory ducts; sg

F
i

s
t

n

ig. 10. EDS (energy-dispersive X-ray spectroscopy) spectra of crystals of M. corid-
folia.
tems supplied additional helpful data for differentiating between
hem.

The way in which the tissues, elements and cells are orga-
ized within a plant organ allows the diagnostic fingerprint for
. hastato-cordata, K. M.  microptera, I, L. M.  campanulata. Details of the parts of the
, cortex; cr, crystals of calcium oxalate; en, endodermis; ep, epidermis; pi, pith; ph,
, starch grain; and xy, xylem. Scale bar = 50 �m (D, E, G, I, J, L), 100 �m (A–C, F, K).

purposes of identification (American Herbal Pharmacopeia, 2011).
In the present study, the most important features were occurrence
of hypodermis and lens shaped epidermal cells, set of trichomes;
midrib, petiole and stem shape and vascular pattern; sclerenchy-
matous ring in the cortex, sclerenchymatous cells and secretory
ducts in the pith.
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