
O

C
p

L
J
a

b

c

a

A
R
A
A

K
P
M
P
P
Q

I

g
d
d
s
C
c
d

e
1
i
e

0

Revista Brasileira de Farmacognosia 25 (2015) 328–343

www . sb fgnos ia .org .br / rev is ta

riginal  Article

omparative  study  of  Passiflora  taxa  leaves:  I.  A  morpho-anatomic
rofile

uma  Woscha,  Daniela  Cristina  Imigb,  Armando  Carlos  Cervib,1,  Bárbara  Baêsso  Mourab,
ane  Manfron  Budelc,  Cid  Aimbiré  de  Moraes  Santosa,∗
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a  b  s  t  r  a  c  t

Determining  the  authenticity  and quality  of  plant  raw materials  used  in the  formulation  of herbal
medicines,  teas  and  cosmetics  is essential  to  ensure  their  safety  and  efficacy  for clinical  use.  Some  Pas-
siflora  species  are  officially  recognized  in  the  pharmaceutical  compendia  of various  countries  and  have
therapeutic  uses,  particularly  as sedatives  and  anxiolytics.  However,  the  large  number  of Passiflora  species,
coupled  with  the fact  that  most  species  are  popularly  known  as  passion  fruit,  increases  the misidenti-
fication  problem.  The  purpose  of  this  study  is  to make  a pharmacognostic  comparison  between  various
Passiflora  species  to  establish  a morpho-anatomical  profile  that  could  contribute  to  the quality  control
of  herbal  drug  products  that  contain  passion  fruit.  This  was  conducted  by collecting  samples  of  leaves
from  twelve  Passiflora  taxa (ten  species  and  two forms  of  P.  edulis):  P. actinia,  P.  alata,  P. amethystina,
P.  capsularis,  P. cincinnata,  P.  edulis  f.  flavicarpa,  P. edulis  f. edulis,  P.  incarnata,  P. morifolia,  P.  urnifolia,  P.
coccinea  and  P.  setacea,  from  different  locations  and  their  morpho-anatomical  features  were  analyzed
using  optical  microscopy  and  scanning  electron  microscopy.  Microscopic  analysis  allowed  to  indicate  a

set of  characters  that  can  help  to differentiate  species.  These  include  midrib  and  petiole  shape,  midrib  and
petiole  vascular  pattern,  medium  vein  shape,  presence  of  trichomes,  presence  of  blade  epidermal  papillae
and sclerenchymatic  cells  adjoining  the vascular  bundles.  These  characters  could  be  used  to assist  in  the
determination  of herbal  drug  quality  and  authenticity  derived  from  a species  of  Passiflora.

ileira
©  2015  Sociedade  Bras

ntroduction

The origin of the term pharmacognosy (pharmakon: drug and
nosis: knowledge) clarifies the discipline of knowledge about
rugs. According to the World Health Organization (WHO, 2000), a
rug is a medicinal plant, or parts thereof, after collection processes,
tabilization and drying, in its full form, fragmented or powdered.
onsidering that medicinal plants are chemically and microbiologi-
ally stable, they are acquired by phytotherapic industries as herbal
rugs, which make their authentication difficult.

The use of Passiflora species as medicinal plants began in the sev-
nteenth century in Europe due to their sedative property (Hoehne,

939). Currently, Passiflora species are widely used in folk medicine

n many countries, largely as sedatives and anxiolytics (Conrado
t al., 2003).

∗ Corresponding author.
E-mail: cid@ufpr.br (C.A.M. Santos).
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P. incarnata L. is included in the official pharmaceutical codes
of several countries (Gosmann et al., 2011) and is the most
widely studied in this aspect. Consequently, in Brazil, most herbal
medicines were prepared from this species. However, P. incarnata
is native to the North America and cannot adapt to the Brazilian
climate. For this reason, the Brazilian Pharmacopoeia 5th edition
(Farmacopeia, 2010) chose to make P. alata Curtis and P. edulis Sims.
the constituents of herbal medicines, with one of either species in
its constitution.

These data, coupled with the large number of Passiflora species
(approximately 600) and the same common name (passion fruit)
given to several species, have increased the probability of mistakes
in species identification, or even in the adulteration of herbal drugs.
In order to minimize these problems, pharmacobotanical analysis
can be used. This technique is used to identify morphological and
anatomical characters for differentiation between similar species.

Freitas (1985) employed pharmacobotanical analyses on a compar-
ative study of four Passiflora species: P. alata, P. edulis, P. incarnata
and P. quadrangularis, and identified some distinguishing features
such as the presence, location and type of trichomes.

 Ltda. All rights reserved.
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Considering the morphological similarities between different
assiflora species, the aim of this research was to examine, morpho-
natomically, the leaves from twelve Passiflora taxa. The revealed
harmacobotanical features can be used to identify these medicinal
lants, as well as differentiate between Passiflora species, contribut-

ng to the quality control of herbal products containing passion
ruit.

aterial and methods

otanical materials

Plant material (32 samples from twelve taxa) was  collected from
ifferent areas of Brazil, specifically from the South (Paraná, Santa
atarina and Rio Grande do Sul), Distrito Federal and Rio Grande
o Norte, in 2013 and 2014. The plant material was  used to make
oucher specimens that were identified by the taxonomist Daniela
ristina Imig, and a representative sample was stored in the Herbar-

um listed in Box 1.

orpho-anatomical study

Passiflora taxa plant material was collected 15 cm from the apex

f the plant. The leaves were fixed in FAA 70 solution (Johansen,
940) and stored in 70% ethanol (Berlyn and Miksche, 1976). The
emaining leaves were dried at 50 ◦C and ground in an analyt-
cal mill (Quimis® G298A21). The dried, ground samples were

ox 1
ata collection, vouchers and Herbarium of deposited Passiflora species.

Sample Species Locality of collection 

1.1
P. actinia Hook.

C. Politécnico, UFPR, Curitiba-PR 

1.2  C. Politécnico, UFPR, Curitiba-PR 

1.3  C. Botânico, UFPR, Curitiba-PR 

2.1

P.  alata Curtis

Planaltina-DF 

2.2  Ipira-SC 

2.3  Piratuba-SC 

2.4  Foz do Iguaç u-PR 

2.5  Largo da Ordem, Curitiba-PR 

3.1
P.  amethystina J.C. Mikan

Ipira-SC 

3.2  Piratuba-SC 

3.3  Ipira-SC 

4.1

P.  capsularis L.

Ipira-SC 

4.2  Ipira-SC 

4.3  Ipira-SC 

4.4  Serra do mar  – PR 

5  P. cincinnata Mast. Natal-RN 

6.1

P.  edulis f. flavicarpa O. Deg.

C. Politécnico, UFPR, Curitiba-PR 

6.2  Foz do Iguaç u-PR 

6.3  Foz do Iguaç u-PR 

6.4  Foz do Iguaç u-PR 

7.1
P.  edulis Sims f. edulis

Serra do mar  – PR 

7.2  Capinzal – SC 

8.1
P.  incarnata L.

Vera Cruz do Oeste-PR 

8.2  Vera Cruz do Oeste-PR 

9.1
P.  morifolia Mast.

Ipira-SC 

9.2  Peritiba-SC 

9.3  Ipira-SC 

10.1
P.  urnifolia Rusby

Irani-SC 

10.2  Concórdia-SC 

10.3  Peritiba-SC 

11  P. coccinea Aubl. Planaltina-DF 

12  P. setacea DC. Planaltina-DF 

ACC, Armando Carlos Cervi Herbarium; UPCB, Herbarium of Botany Department of Fede
macognosia 25 (2015) 328–343 329

standardized by size to ≤300 �m.  The obtained powder was  ana-
lyzed by light microscopy.

For permanent slides, samples were taken from the middle
region of the third leaf from the apex. Technical embedding in
historesin (Leica Microsystems®) was used by employing the pre-
viously determined materials. The material was  trans-sectioned in
the transverse plane in a rotary microtome, which produced 5 �m
sections. Toluidine blue was  used for staining (Feder and O’Brien,
1968).

For the frontal view of the epidermis, the leaves were subjected
to clearing technique (Kraus and Arduin, 1997). The samples were
stained with safranin and the slides were set with glycerinated gela-
tine (Kaiser, 1880). Semi-permanent slides were also prepared for
drug characterization in powder using chloral hydrate.

For the analysis of scanning electron microscopy (SEM), the
samples were fixed in FAA 70, dehydrated in a graded ethanol
series and CO2 critical point drying apparatus (Bal-Tec CPD-030),
coated with gold (Balzers SCD-030) and examined using a Jeol JSM-
6360LV microscope. This procedure was performed at the Electron
Microscopy Center at the Federal University of Paraná (UFPR). For
the morpho-anatomical description, we followed the procedure of
Radford et al. (1974).

Results
Morphological analysis

Morphological analysis of Passiflora leaves shows important
characteristics for differentiating between the taxa (Fig. 1 and

Collection date Voucher Herbarium

30/08/2013 L. Wosch 01 HACC, UPCB
06/05/2014 D. C. Imig 332 HACC, MBM,  UPCB
06/05/2014 L. Wosch 03 HACC, UPCB

15/08/2013 D. C. Imig 52 UPCB, MBM
05/04/2014 D. C. Imig 336 HACC, UPCB
05/04/2014 D. C. Imig 347 HACC, MBM
24/04/2014 C. L. Reichert 04 HACC
07/05/2014 L. Wosch 04 HACC

05/04/2014 D. C. Imig 334 HACC, MBM
05/04/2014 D. C. Imig 348 HACC, MBM
05/04/2014 D. C. Imig 335 HACC, MBM

05/04/2014 D. C. Imig 337 HACC, MBM
05/04/2014 D. C. Imig 319 HACC, MBM
05/04/2014 D. C. Imig 320 HACC, MBM
29/05/2014 D. C. Imig et al., s.n. HACC

07/2014 L. Wosch 05 HACC, MBM

30/08/2013 L. Wosch 02 HACC, UPCB
24/04/2014 C. L. Reichert 02 HACC
24/04/2014 C. L. Reichert 03 HACC
24/04/2014 C. L. Reichert 05 HACC
29/05/2014 M.  E. Engels et al., 2490 MBM
21/07/2014 D.C. Imig 346 HACC, MBM

25/04/2014 C. L. Reichert 06 HACC
02/06/2014 C. L. Reichert 06 HACC

04/04/2014 D. C. Imig 338 HACC, UPCB, MBM
04/04/2014 D. C. Imig 339 HACC, UPCB
04/04/2014 D. C. Imig 340 HACC, UPCB, MBM

04/04/2014 D. C. Imig 343 HACC, UPCB
04/04/2014 D. C. Imig 342 HACC, MBM
04/04/2014 D. C. Imig 341 HACC, MBM

15/08/2013 D. C. Imig et al. 293 MBM

15/08/2013 D. C. Imig et al. 284 HACC, UPCB, MBM

ral University of Paraná; MBM, Municipal Botanical Museum, Curitiba, PR, Brasil.
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Fig. 1. Passiflora spp. – Morphological aspect of leaves – Adaxial side. a. P. actinia; b. P. alata; c. P. amethystina; d. P. capsularis;  e. P. cincinnata; f. P. edulis f. flavicarpa; g. P.
edulis  f. edulis; h. P. incarnata; i. P. morifolia; j. P. urnifolia; k. P. coccinea; l. P. setacea. Ps.: the images were obtained after fixation with FAA. Bars = 2 cm.
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ox 2). The leaves are simple and the blade shape ranges
rom entire to 2-, 3-, 5-lobed or 5-partite. The leaf margin
haracteristics may  be serrate or crenulate. The apex ranges
rom acute, obtuse, to acuminate. The bases are rounded, cor-

ate, subcordate or attenuate. The dimensions of the leaf blade
nd petiole vary significantly between the taxa. The presence
nd number of glands on the petiole also vary consider-
bly.
Anatomical analysis

Epidermis
The surface view of the blade shows different epidermal cell
anticlinal walls as observed in Box 3 and in Figs. 2 and 3 for the
adaxial and abaxial side, respectively.

Regarding the presence of stomata, only P. alata and P. incar-
nata have amphistomatic leaves, although a few stomata can be
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Box  2
Morphological characteristics of Passiflora species leaves.

P. actinia P. alata P. amethystina P. capsularis P. cincinnata P. edulis f. flavicarpa

Leaf blade
Shape Ovate Ovate to elliptical 3-Oblong lobs 2–3 Ovate lobs 5-Lobed to

5-partite
3-Oblong lobs

Size
Width  (cm) 4–7 7–15 6–10 6–8.5 9 11–22.5
Length (cm) 5–9 9.5–17.5 5–8 7–9.5 6–7 9–17

Apex  Obtuse to acute Acuminate Obtuse Acute Acute to obtuse Acute to acuminate
Base  Rounded Rounded to

subcordate
Cordate to
subcordate

Cordate to
subcordate

Truncate Subcordate

Margin Entire Entire to sparsely
glandular serrate

Entire with glands
in the sinus

Entire Glandular serrate Serrate

Color Light green and
glossy on both
sides

Light green on both
sides

Dark green,
glaucous on abaxial
side

Dark green,
glaucous on abaxial
side

Dark green on both
sides, slightly
opaque on abaxial
side

Dark green on both
sides, glossy on the
adaxial side and
opaque on abaxial
side

Color after drying Clearer on abaxial
side

Slightly clearer on
abaxial side

Darkened, clearer
on abaxial side

Clearer and gray on
abaxial side

Clearer and
uniform on abaxial
side

Clearer and opaque
on abaxial side

Venation Pinnate Pinnate Palmate Palmate Palmate Palmate
Petiole
Size  (cm) 2.5–3.5 3.5–5 2–4.5 2.5–4 3 2–6

Glands
Frequency ∼6 2–4 5–7 Absent 2 2
Location Scattered Above the median

region
Scattered, near the
leaf blade

– About 1 cm from
the base

Next to the leaf
blade

P.  edulis f. edulis P. incarnata P. morifolia P. urnifolia P. coccinea P. setacea

Leaf blade
Shape 3-Oblong to

lanceolate lobs
3-Oblong to
lanceolate lobs

3-Lobed at the apex 2-Lanceolate lobs Oblong to elliptical 3-Oblong lobs

Size
Width  (cm) 4.5–6 4.5–6 5.5–10.5 5.5–6 4–5 9.5
Length (cm) 4–6 4–6 5–9.5 7–8 11 10.5

Apex  Acuminate Acute to acuminate Acute to obtuse Acute to obtuse Acute Acuminate to acute
Base  Subcordate to

attenuate
Cordate to
subcordate

Cordate Attenuate Rounded to
subcordate

Cordate to
subcordate

Margin Serrate Serrate Serrate to crenulate Entire Serrate Serrate
Color Dark green on both

sides, glossy on
adaxial side and
opaque on abaxial
side

Green on both
sides and glaucous
on abaxial side

Light green and
opaque on both
sides

Green, sometimes
variegated and
opaque on abaxial
side

Green on both
sides

Green to light
green on both sides
and opaque on
abaxial side

Color  after drying Clearer on abaxial
face

Clearer in the
abaxial face

Clearer in the
abaxial face

Clearer in the
abaxial face

Similar on both
sides

Clearer in the
abaxial face

Venation Palmate Palmate Palmate Palmate Pinnate Palmate
Petiole
Size  (cm) 5–6 1.5 2–4 2–2.5 2 4–5

Glands
Frequency 2 2 2 Absent Absent 4
Location Next to the blade Next to the blade At the median

region
– – At the median

region

Box 3
Epidermal cell anticlinal walls on adaxial (AD) and abaxial (AB) sides of Passiflora species.

Epidermal cell
anticlinal walls

P.
actinia

P.
alata

P.
amethystina

P.
capsularis

P.
cincinnata

P. edulis f.
flavicarpa

P. edulis f. edulis P.
incarnata

P.
morifolia

P.
urnifolia

P.
coccinea

P.
setacea

7.1 7.2

Straight to
slightly wavy

AD AD AD AD AD

Slightly wavy
to wavy

AB AB AD AB AD

Wavy  to
slightly
sinuous

AD AB

Slightly
sinuous to
sinuous

AB AD/AB AD/AB AB AD/AB AD/AB AD/AB AB AB
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ig. 2. Passiflora spp. – View of the leaf surface (epidermis) – Adaxial side. a. P. actin
.  edulis f. edulis sample 7. 1; g2. P. edulis f. edulis sample 7.2; h. P. incarnata; i. P. mo

bserved on the adaxial side (Figs. 2b and 2h). All other taxa have
ypostomatic leaves (Figs. 2 and 3). The stomata are located at the
ame level of other epidermal cells in P. actinia,  P. alata, P. cincin-
ata and P. coccinea; at the same level or in a slight depression in P.
methystina, P. morifolia and P. urnifolia; at the same level or slightly
bove in P. capsularis,  P. edulis f. flavicarpa,  P. edulis f. edulis and P.

etacea, and slightly above in P. incarnata.

P. actinia shows anomocytic stomata (Fig. 3a). P. alata, P.
methystina, P. capsularis,  P. cincinnata,  P. edulis f. flavicarpa,  P. edulis
. edulis and on the abaxial side of P. incarnata shows anomocytic
P. alata; c. P. amethystina; d. P. capsularis;  e. P. cincinnata; f. P. edulis f. flavicarpa;  g1.
; j. P. urnifolia; k. P. coccinea; l. P. setacea. st: stomata. Bars = 20 �m.

stomata (Fig. 3h), anisocytic stomata (Fig. 3c) and paracytic stomata
(Fig. 3f). Anisocytic stomata can be observed on the adaxial side of
P. incarnata. Although P. morifolia and P. urnifolia show anomocytic
stomata (Fig. 3i, j), a few anisocytic stomata can also be observed. In
P. coccinea, anomocytic (Fig. 3k), anisocytic and paracytic stomata
are observed but anisocytic stomata are rare. In P. setacea (Fig. 3l),

all three types are observed but paracytic stomata are uncommon.

P. actinia (Fig. 4a, b), P. alata (Fig. 4c, d) and P. amethystina
(Fig. 4e, f) are glabrous on both sides of the blade. Other taxa
show non-glandular trichomes (Fig. 5). P. cincinnata has evidence of
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ig. 3. Passiflora spp. – View of the leaf surface (epidermis) – Abaxial side. a. P. act
1.  P. edulis f. edulis sample 7.1; g2. P. edulis f. edulis sample 7.2; h. P. incarnata; i. P
ars  = 20 �m.

on-glandular trichomes (Fig. 5b) only on the adaxial side. P. capsu-
aris (Fig. 5a), P. edulis f. flavicarpa (Fig. 5c), P. edulis f. edulis (Fig. 5d,
), P. incarnata (Fig. 5f), P. morifolia (Fig. 5g), P. urnifolia (Fig. 5h), P.
occinea (Fig. 5i) and P. setacea (Figs. 4g, h and 5j) are pubescent on
oth sides.
P. capsularis presents two types of non-glandular trichomes
istributed throughout the leaf blade; however, there are more tri-
homes on the abaxial side. The first type is conical, straight (Fig. 5a,
ight side) and commonly bicellular, but it can be unicellular or
. P. alata; c. P. amethystina; d. P. capsularis; e. P. cincinnata; f. P. edulis f. flavicarpa;
olia; j. P. urnifolia; k. P. coccinea; l. P. setacea. st: stomata; arrows indicate papillae.

multicellular; the base cell is wider and shows a region in half
sphere; the cuticle is striate. The second type is cylindrical (Fig. 5a,
left side) and unicellular; the cell wall is thin and the apex is
rounded; the width is constant and covered by a striate cuticle;
they are smaller than the other trichome previously described.
P. cincinnata shows conical, slightly curved (Fig. 5b) and uni-
cellular non-glandular trichomes. They are short, the cell wall is
thickened and the cuticle is striate. These trichomes are located
only on the larger veins of the adaxial side (Fig. 5b).
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ig. 4. Passiflora spp. Cross-sections of midrib and petiole of glabrous species P. ac
�m)  = 100 (a), 200 (b, c, e–g), 500 (d, h).

In P. edulis f. flavicarpa,  a few non-glandular trichomes can be
een on both sides of the midrib. They are conical and straight
Fig. 5c), short or medium in length and the cuticle is striate.

P. edulis f. edulis (sample 7.1) has cylindrical (Fig. 5d) and unicel-
ular or bicellular non-glandular trichomes with a acute apex. These

richomes are encountered on both sides, particularly only on the
arger vein on the adaxial side and more uniformly scattered on
he abaxial surface. In sample 7.2, conical non-glandular trichomes
Fig. 5e) were encountered, positioned on the veins on both sides.
a–b; P. alata, c–d; P. amethystina, e–f; and densely pubescent P. setacea, g–h. Bars

P. incarnata presents cylindrical, slightly curved, non-glandular
trichomes (Fig. 5f) on both leaf sides. On the adaxial face they are
unicellular or bicellular, wide and with a thick cell wall. They have
different lengths and a tapering apical cell. Similar trichomes can be
observed on the abaxial side, but they are multicellular and longer.

On both leaf sides, these trichomes are observed mainly on the
larger vein.

P. morifolia presents two types of non-glandular trichomes
spread uniformly on the leaf blade. The first is unicellular and
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Fig. 5. Passiflora spp. – Non-glandular trichomes. a. P. capsularis; b. P. cincinnata;  c. P. edulis f. flavicarpa; d. P. edulis f. edulis sample 7.1; e. P. edulis f. edulis sample 7.2; f. P.
i  1; t2:
5

u
T
(
n
o

(
c
f

l
a
T
f

T
s
s

ncarnata;  g. P. morifolia; h. P. urnifolia; i. P. coccinea; j. P. setacea. t1: trichome type
0  (a, b, d, e, g, i), 100 (f), 200 (j).

ncinated (Fig. 5g). It has a thick cell wall and a striate cuticle.
he second type is unicellular and cylindrical with a rounded apex
Fig. 5g). It has a thin cell wall and a striate cuticle. The uncinated,
on-glandular trichome is longer than the cylindrical trichome and
n the abaxial side, the cylindrical type is less common.

P. urnifolia presents cylindrical, non-glandular trichomes
Fig. 5h) with a rounded apex, thick cell wall and a striate cuti-
le. They are distributed throughout the leaf blade although more
requent on the larger vein.

P. coccinea presents cylindrical (Fig. 5i) and unicellular, bicellu-
ar or multicellular non-glandular trichomes. They show a tapering
pex, wide cell wall and the base cell has a region in half sphere.
hese trichomes are distributed uniformly on the leaf blade, more
requently on the abaxial side.
P. setacea presents uniserate, filiform, non-glandular trichomes.
hey are bicellular, formed by a base cell with a region in half
phere, or multicellular, formed by ten or more cells. On the adaxial
ide, these trichomes are only dispersed on the larger vein. On the
 trichome type 2; arrow indicate cells organized in a rosette. Bars (�m) = 20 (c, h),

abaxial side, they are more homogeneously distributed on the leaf
blade (Fig. 5j).

The adjacent epidermal cells of the trichomes may be simi-
lar to other cells or grouped in a rosette. They vary according to
taxa, trichome type or blade side. In P. capsularis,  the basal portion
of the trichome is surrounded by cells organized in a rosette or
arranged slightly above the other epidermal cells (Fig. 5a). In P.
incarnata, P. morifolia, P. urnifolia (Fig. 5h) and P. coccinea, the
basal portion of the trichome is surrounded by cells organized
in a rosette on both sides. In P. setacea, the adjacent cells are
arranged slightly above the other epidermal cells surrounding the
trichomes on the adaxial side. In P. edulis f. edulis (sample 7.1), the
adjacent epidermal cells of the trichomes are similar to the other
cells.
Cross section of leaf blade
In cross-section, all taxa show a uniserate epidermis covered

with a thin, smooth cuticle (Fig. 6). P. actinia shows papillae
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ig. 6. Passiflora spp. – Leaf blade in cross-section at medium vein. a. P. actinia; b. P. 

dulis;  h. P. incarnata; i. P. morifolia; j. P. urnifolia; k. P. coccinea; l. P. setacea. ep: epide
heath; ec: sclerenchyma; dr: druse; pa: papillae. Bars (�m) = 50 (a, c, d–l), 100 (b).

istributed on the abaxial side (Fig. 6a) and P. coccinea and P. setacea
how some papillae on a minor vein on the abaxial side (Fig. 6k and
).

The mesophyll is dorsiventral and a stratum of palisade
arenchyma appears in all taxa (Fig. 6). The layers of spongy
arenchyma vary by species; 3–6 for P. amethystina (Fig. 6c), 3–4
or P. capsularis (Fig. 6d), 3–5 for P. morifolia (Fig. 6i) and P. setacea
Fig. 6l), and 7–10 for P. alata (Fig. 6b), for example. The samples

f P. capsularis differed in leaf blade thickness. The sample 4.4 pre-
ented palisade parenchyma narrower than the rest of the samples
f this species (Fig. 7).
c. P. amethystina; d. P. capsularis;  e. P. cincinnata; f. P. edulis f. flavicarpa;  g. P. edulis f.
 pp: palisade parenchyma; sp: spongy parenchyma; st: stomata; ps: parenchymatic

Small and medium collateral vascular bundles can be detected
immersed in the mesophyll and surrounded by the parenchymatic
sheath (Fig. 6). P. actinia,  P. alata, P. amethystina, P. capsularis,
P. cincinnata,  P. edulis f. flavicarpa,  P. edulis f. edulis,  P. incar-
nata, P. urnifolia and P. setacea show druses in the parenchymatic
sheath, however, P. coccinea presents druses only in the palisade
parenchyma. No druses appeared in the leaf blade of P. morifolia.

In P. actinia sclerenchymatic fibers caps are adjoined to the

phloem and xylem (Fig. 6a), however, they do not occur in all bun-
dles. P. alata (Fig. 6b) and P. coccinea (Fig. 6k) showed fiber caps
adjoined only to the phloem, but they are not found in all bundles.
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Box  4
Midrib shape in cross-section of Passiflora species.

Species Midrib shape

P. actinia Biconvex with prominent and rounded convexity on the abaxial side.
P.  alata Biconvex with slight convexity on the adaxial side and prominent and angular convexity on the abaxial side.
P.  amethystina Biconvex with prominent and rounded convexity on the abaxial side.
P.  capsularis Biconvex with prominent and truncate convexity on the abaxial side, irregular projections on both sides.
P.  cincinnata Biconvex, with an acute projection to the adaxial side and prominent and rounded convexity on the abaxial side.
P.  edulis f. flavicarpa Biconvex with cylindrical projection on the adaxial side and prominent and rounded convexity on the abaxial side, forming an ovate shape.
P.  edulis f. edulis Biconvex with cylindrical projection on the adaxial side and prominent and rounded convexity on the abaxial side, ovate in outline.
P.  incarnata Biconvex with acute projection on the adaxial side and prominent and truncate convexity on the abaxial side, triangular in outline.
P.  morifolia Biconvex with acute projection on the adaxial side and prominent convexity with small projections on the abaxial side.
P.  urnifolia Flat-convex shape, with a minor projection on the adaxial side and prominent convexity on the abaxial side.
P.  coccinea Biconvex with prominent and rounded convexity on the abaxial side.
P.  setacea Biconvex with acute projection on the adaxial side and prominent and rounded convexity on the abaxial side, with small projections.

Fig. 7. Passiflora capsularis.  Leaf blade in cross-section - Thickness differences of the
leaf blade. a. sample 4.2 (similar as all other samples of this species); b. sample 4.4.
ep:  epidermis; pp: palisade parenchyma; sp: spongy parenchyma; dr: druse; vb:
vascular bundle. Bars = 50 �m.

Box 5
Midrib vascular patterns of Passiflora species.

Species Midrib vascular pattern

P. actinia Three free traces in a flat arc and one dorsal trace.
P.  alata One flat arc with one dorsal trace.
P.  amethystina Three free traces in a flat arc and one dorsal trace,

organizing in a central ring.
P.  capsularis One flat arc with one minor dorsal trace, organizing in

a central ring with a medullar region.
P.  cincinnata Three free traces in flat arc, one dorsal and one lateral

trace.
P.  edulis f. flavicarpa Four traces in a central ring.
P.  edulis f. edulis Four traces in a central ring.
P.  incarnata Three free traces in a flat arc and one dorsal trace.
P.  morifolia One flat arc with one dorsal trace, organizing in a

central ring with a small medullar region.
P.  urnifolia Medullated cylinder.

Box 6
Petiole shape of Passiflora species.

Species Shape Description

P. actinia Flat-convex to
concave-convex

Flat or slightly concave on the adaxial s

P.  alata Concave-convex Adaxial side with two ribs at the end an
P.  amethystina Flat-convex Almost circular, but truncate on the ada
P.  capsularis Flat-convex Almost circular, but truncate on the ada
P.  cincinnata Concave-convex Adaxial side with two small ribs at the e
P.  edulis f. flavicarpa Concave-convex Adaxial side with two conspicuous ribs 

side.
P.  edulis f. edulis Concave-convex Adaxial side with two conspicuous ribs 

surface.
P.  incarnata Concave-convex Adaxial side with two conspicuous ribs 

P.  morifolia Flat-convex Almost circular, but truncate on the ada
P.  urnifolia Flat-convex to

concave-convex
Flat or slightly concave on the adaxial s

P.  coccinea Concave-convex Adaxial side with two conspicuous ribs 

P.  setacea Flat-convex Narrow and truncate adaxial side and ro
P. coccinea Five free traces in a flat arc and one dorsal trace.
P. setacea Four free traces in ring.

P. urnifolia showed sclerenchymatic cells at different stages of lig-
nification located in the center of the vascular bundle (Fig. 6j). No
sclerenchyma appeared in the rest of the taxa.

In some taxa, the medium vein makes projections or depres-
sions on both sides of the leaf blades. A convexity is observed on
the abaxial side of P. capsularis (Fig. 6d), P. cincinnata (Fig. 6e), P.
incarnata (Fig. 6h), P. morifolia (Fig. 6i), P. urnifolia (Fig. 6j), P. coc-
cinea (Fig. 6k), and on both sides of P. edulis f. edulis (Fig. 6g). Only
P. setacea presents a convexity on the abaxial side and a concavity
on the adaxial side on the medium vein (Fig. 6l).
Cross section of midrib
In the cross-section, the midrib shape shows a different standard

for Passiflora taxa as observed in Fig. 8 and summarized in Box 4.

ide and rounded convexity on the abaxial side.

d acute and prominent on the abaxial side.
xial side.
xial side.
nd and acute and prominent on the abaxial side, pentagonal in outline.
at the end and prominent convexity sharper in the central region on the abaxial

at the end and prominent convexity sharper in the central region on the abaxial

at the end and rounded and prominent convexity on the abaxial surface.
xial side.
ide and rounded convexity on the abaxial side.

at the end and rounded and prominent convexity on the abaxial side.
unded and prominent convexity on the abaxial side, oval in outline.
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ig. 8. Midrib in cross-section. a. P. actinia; b. P. alata; c. P. amethystina; d. P. capsular
.  P. urnifolia; k. P. coccinea; l. P. setacea. ep: epidermis; co: chollenchyma; ec: sclere

Beneath the epidermis of the adaxial side, the number of angular
ollenchyma strata vary from 7 to 8 in P. morifolia (Fig. 8i), 7 to 9 in
. cincinnata (Fig. 8e) and P. edulis f. flavicarpa (Fig. 8f), 7 to 14 in P.
dulis f. edulis (Fig. 8g) and P. incarnata (Fig. 8h). On the abaxial side,
–5 angular collenchyma strata are present in all the taxa. Druses
re dispersed in the ground parenchyma in all taxa (Fig. 8).
Sclerenchymatic tissue is represented by cells or caps. Perivas-
ular caps adjoin the phloem and free cells near the xylem in P.
ctinia (Fig. 8a). P. alata shows sclerenchymatic cells adjoining the
hloem (Fig. 8b). P. urnifolia shows perivascular caps adjoining the
. cincinnata; f. P. edulis f. flavicarpa; g. P. edulis f. edulis; h. P. incarnata; i. P. morifolia;
a; tr: non-glandular trichome. Bars (�m) = 200 (a, c, d, e, h, i, j), 500 (b, f, g, k, l).

phloem (Fig. 8j). P. coccinea shows perivascular caps adjacent to the
phloem of the dorsal sheath bundle (Fig. 8k).

The vascular system is represented by collateral vascular bun-
dles; midrib vascular patterns are summarized in Box 5.
Cross section of petiole
The petiole of the Passiflora taxa has different shapes in cross-

section. They vary from flat-convex to concave-convex, as observed
in Fig. 9 and summarized in Box 6.
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Fig. 9. Petiole in cross-section. a. P. actinia; b. P. alata; c. P. amethystina; d. P. capsularis; e. P. cincinnata; f. P. edulis f. flavicarpa; g. P. edulis f. edulis; h. P. incarnata; i. P. morifolia;
j.  P. urnifolia; k. P. coccinea; l. P. setacea. ep: epidermis; co: chollenchyma; ph: phloem; xy: xylem; tr: trichome. Bars (�m) = 200 (a, c), 500 (b, d–l).

t
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d
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The epidermis shows the same characteristics as described for
he leaf blade. Trichomes can be observed in all taxa, except in P.
ctinia, P. alata and P. amethystina.

The vascular system is represented by collateral vascular bun-
les and the petiole vascular patterns are summarized in Box

. Beneath the epidermis, 2–4 continuous angular collenchyma
trata and druses are present scattered in the ground parenchyma
Fig. 9).

The main anatomical characteristics are summarized in Box 8.
Microscopic analysis of powder
The microscopic analysis of powder identified some character-

istics previously described in the anatomical analyses (Fig. 10).
Passiflora taxa powder show druses, leaf blade fragments of the

uniserate epidermis on both sides, a palisade parenchyma stratum,

some strata of spongy parenchyma, collenchyma (Fig. 10c), epi-
dermal cell walls as described for each species (Fig. 10b and g),
non-glandular trichomes (Fig. 10d–f and h–i), stomata (Fig. 10b)
and vascular tissue fragments.
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Box  7
Petiole vascular patterns of Passiflora species.

Species Petiole vascular pattern

P. actinia Five free traces in a flat arc, a larger dorsal trace and two  lateral rib traces.
P.  alata Eight free traces forming a central ring with a medullar trace and two lateral rib traces.
P.  amethystina Five free traces in a flat arc, a larger dorsal trace and two  lateral rib traces.
P.  capsularis Three free traces in a flat arc, a larger dorsal trace and two lateral rib traces.
P.  cincinnata Seven free traces in a flat arc, a larger dorsal trace and two rib traces.
P.  edulis f. flavicarpa Seven free traces in a flat arc, a dorsal trace and two  rib traces.
P.  edulis f. edulis Nine free traces in a flat arc and one or two dorsal traces and two rib traces.
P.  incarnata Five u-shaped free bundles and a dorsal trace.
P.  morifolia Three free traces in a flat arc, a dorsal trace and two  lateral rib traces.
P.  urnifolia Three free traces in a flat arc, a dorsal trace and two  lateral rib traces.
P.  coccinea Six u-shaped free bundles, a dorsal trace and two rib traces.
P.  setacea Six free traces forming a central ring with two  or three traces in the middle and two lateral rib traces.

Fig. 10. Microscopic analysis of powder. a. P. actinia,  papillae in frontal view of epidermis abaxial side; b. P. amethystina, sinuous anticlinal epidermal cell wall; c. P. edulis
f.  edulis, epidermis and angular chollenchyma; d. P. morifolia, uncinate non-glandular trichome; e. P. morifolia, cylindrical non-glandular trichome with rounded apex; f. P.
u tly wa
t dermi
(

e
P
a

rnifolia,  cylindrical non-glandular trichome with rounded apex; g. P. setacea, sligh
he  vein; i. P. incarnata, cylindrical non-glandular trichome with acute apex. ep: epi
�m)  = 20 (a, b, e), 50 (c), 100 (d, f, g, i), 200 (h).
In non-glabrous taxa, non-glandular trichomes are observed,
xcept for P. edulis f. flavicarpa that has few trichomes. In addition,
. actinia show not only stomata but also numerous papillae on the
baxial side (Fig. 10a).
vy anticlinal epidermal cell wall; h. P. setacea, filiform non-glandular trichome on
s; st: stomata; co: chollenchyma; tr: non-glandular trichome; arrow: papillae. Bars
Discussion

Determining the authenticity and quality of plant raw
materials used in the formulation of herbal medicines, teas
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Box 8
Anatomical features of differentiation between Passiflora species.

P. actinia P. alata P. amethystina P. capsularis P. cincinnata P. edulis f. flavicarpa

Epidermal cell anticlinal walls
Adaxial Wavy to slightly sinuous Straight to slightly wavy Slightly sinuous to sinuous Slightly sinuous to sinuous Straight to slightly wavy Slightly wavy to wavy
Abaxial  Slightly sinuous to sinuous Slightly wavy to wavy Slightly sinuous to sinuous Slightly sinuous to sinuous Slightly wavy to wavy Slightly sinuous to sinuous
Non-glandular trichomes
Adaxial Glabrous Glabrous Glabrous (1) Conical (2) cylindrical

(rounded apex)
Glabrous

Abaxial Conical Conical
Stomata location Hypo Amphi Hypo Hypo Hypo Hypo
Presence of papillae Internerval region on

abaxial face
– – – – –

Sclerenchymatic cells Caps adjoin to phloem and
xylem

Cells adjoin to phloem – – – –

Medium vein shape Flat/flat Flat/flat Flat/flat Flat/convex Flat/slightly convex Flat/flat

Midrib  shape
Midrib vascularization
pattern

3 Free traces in flat arc and
1 dorsal trace

1 Flat arc with 1 dorsal
trace

3 Free traces in flat arc and
1 dorsal trace, organizing
in a central ring

1 Flat arc with one minor
dorsal trace, organizing in a
central ring with a
medullar region

3 Free traces in flat arc, 1
dorsal and 1 lateral trace

4 Traces in a central ring

Petiole  shape Flat/convex to
concave-convex

Concave/convex Flat/convex Flat/convex Concave/convex Concave/convex

Petiole  vascularization
pattern

5 Free traces in flat arc, a
larger dorsal trace and 2
lateral rib traces

8 Free traces forming a
central ring with a
medullar trace and 2
lateral rib traces

5 Free traces in flat arc, a
larger dorsal trace and 2
lateral rib traces

3 Free traces in flat arc, a
larger dorsal trace and 2
lateral rib traces

7 Free traces in flat arc, a
larger dorsal trace and 2 rib
traces

7 Free traces in flat arc, a
dorsal trace and 2 rib traces

P.  edulis f. edulis P. incarnata P. morifolia P. urnifolia P. coccinea P. setacea

7.1 7.2

Epidermal cell anticlinal walls
Adaxial Straight to slightly wavy Slightly sinuous to

sinuous
Slightly sinuous to
sinuous

Slightly sinuous to sinuous Slightly wavy to wavy Straight to slightly
wavy

Straight to slightly wavy

Abaxial  Slightly wavy to wavy Slightly sinuous to
sinuous

Slightly sinuous to
sinuous

Slightly sinuous to sinuous Slightly sinuous to
sinuous

Wavy to slightly
sinuous

Slightly sinuous to
sinuous

Non-glandular trichomes
Adaxial Cylindrical (pointed

apex)
Conical Cylindrical (pointed

apex)
(1) Uncinate (2) cylindrical
(rounded apex)

Cylindrical (rounded
apex)

Cylindrical (pointed
apex)

Filiform
Abaxial

Stomata location Hypo Amphi Hypo Hypo Hypo Hypo
Presence of papillae – – – – Medium venation Medium venation
Sclerenchymatic cells – – – Cells in the center of

the vascular bundle
Cells adjoined to
phloem

–

Medium vein shape Slightly convex/slightly convex Flat/slightly convex Flat/slightly convex Flat/slightly convex Flat/slightly convex Concave/convex

Midrib  shape
Midrib vascularization
pattern

4 Traces in a central ring 3 Free traces in flat arc
and 1 dorsal trace

1 Flat arc with 1 dorsal
trace, organizing in a
central ring with a small
medullar region

Medullated cylinder 5 Free traces in flat arc
and 1 dorsal trace

4 Free traces in ring

Petiole  shape Concave/convex Concave/convex Flat/convex Flat/convex to
concave/convex

Concave/convex Flat/convex

Petiole  vascularization
pattern

9 Free traces in flat arc and 1 or 2 dorsal
traces and 2 rib traces

U-shaped 5 free
bundles and a dorsal
trace

3 Free traces in flat arc a
dorsal trace and 2 lateral
rib traces

About 3 free traces in
flat arc, a dorsal trace
and 2 lateral rib traces

U-shaped 6 free
bundles, a dorsal trace
and 2 rib traces

About 6 free traces
forming a central ring
with 2 or 3 traces in the
middle and 2 lateral rib
traces

Amphi, amphistomatic, Hypo, hypostomatic.
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pecíolo e sua aplicaç ão taxonômica em Passiflora (Passifloraceae). Congresso
Nacional de Botânica. Belo Horizonte, Brasil, 64 pp.
42 L. Wosch et al. / Revista Brasileira

nd cosmetics are essential to ensure its security and effi-
acy for clinical use. Misidentification and tampering increases
he probability of adverse events, such as the hepatotoxic-
ty cases reported by Pittler and Ernst (2003). Several raw

aterials are intentionally adulterated by other species that
re morphologically similar, cheaper in price, or more read-
ly available (Ma  et al., 2002; Zhao et al., 2006; Zhang et al.,
007).

P. edulis has been widely cultivated in Brazil and Moraes et al.
1997) reported that leaves and stems have been used as an adul-
erant for P. alata, which was included in the first three editions
f the Brazilian Pharmacopoeia and was official in the country at
hat time. Moreover, in Brazil, several Passiflora species are pop-
larly known as ‘maracujá’, which reinforces the importance of

dentification and differentiating between them (Beraldo and Kato,
010).

Morphological characteristics are very important for correct
pecies identification. However, several medicinal species are sold
ragmented or powdered. Thus, the anatomical features can greatly
ontribute, plus to morphology, by indicating the characteristics for
otanical identification.

In this research, similar morpho-anatomical characteristics
ere encountered in all Passiflora taxa, such as dorsiventral
esophyll, collateral vascular bundles and the presence of

ruses. However, the following structures might be emphasized
s useful to distinguish species: midrib and petiole shape in
ross-section, midrib and petiole vascular patterns, outline of
edium veins in cross-section, sclerenchymatic cells adjoining

he vascular bundle, presence and type of non-glandular tri-
homes and presence of papillae in the epidermis of the leaf
lade.

The importance of standardizing medicinal plant cultivation is
ighlighted by a difference found between the samples of P. capsu-

aris. The mesophyll thickness of sample 4.4 was narrower than the
ne of other samples, due to environmental influences. The sam-
le 4.4 was collected from an Atlantic Forest where it had grown

n the shadow of trees. The other samples were collected from
n open space with direct sun exposure. Pires (2008) studied the
ehavior of some Passiflora species in relation to shading and found
hat P. morifolia, growing in full sun with 25% of shade, showed a
hicker mesophyll formed by longer palisade cells and bigger inter-
ellular spaces when compared with others growing in 50–75% of
hade.

Crochemore et al. (2003) studied the diversity of Passiflora
pecies in relation to morphological characteristics. They reported

 great variability between the analyzed samples of P. edulis
. edulis in coincidence with the morpho-anatomical variability
ound in this study for the same form. Amorim et al. (2014)
nterpreted that the intra and interspecific variability within the
assiflora genus was associated with an ability to adapt to dif-
erent environments. In addition, Viana et al. (2003) suggested
hat another reason was the easiness of Passiflora species sexual
eproduction.

It is important to highlight the variability found in this study in
. edulis f. flavicarpa and P. edulis f. edulis,  especially regarding to the
resence and type of trichomes. However, the literature discusses
his topic only at the species level and not at the form level. Besides,
he reports are inconsistents (Pereira et al., 2009; Beraldo and Kato,
010; Farmacopeia, 2010; Barbosa et al., 2013; Leite et al., 2013;
arias, 2014; Cervi, 1997).

In this study, only P. alata and P. incarnata showed amphis-
omatic leaves. However, they are considered as hypostomatic
y Farmacopeia (2010), Pereira et al. (2009), Farias (2014)
nd WHO  (2007). This probably happened because of the

ow density of stomata present on the adaxial side for both
pecies.
rmacognosia 25 (2015) 328–343

Conclusion

The morphological characteristics of Passiflora spp. leaves sup-
port the differentiation of species; however, when used in herbal
drugs, fragmented or powdered, anatomical characteristics provide
additional useful data for differentiating them.
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fológica do maracujazeiro (Passiflora spp). Rev. Bras. Frutic. 25, 5–10.
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