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ABSTRACT

Justicia has been recognized as one of the largest genera in the Acanthaceae family with 600 species have been
identified. Most researchers have problems identifying Justicia species especially if the samples are incomplete.
Other than that, there is no comprehensive study on Justicia species, especially in Peninsular Malaysia. Therefore,
a comprehensive study of leaf anatomy and micromorphology of three selected Justicia species which are Justicia
adathoda, Justicia gendarussa and Justicia procumbens were conducted in order to assess the leaf anatomical and
micromorphological variations that would be useful to identify the plant species. The methods used in this study
involved several methods such as cross-section using a sliding microtome and observation under the scanning
electron microscope (SEM) for the epidermis of abaxial and adaxial surfaces. Collenchyma, sclerenchyma and
mucilage cells can be found either in the petiole or the midrib in all species studied. Amphistomatic stomata have
also been recorded in all species examined. Meanwhile, several differences were discovered in this study, including
the type of trichomes, the pattern of vascular bundles, the type of epicuticular wax structures, cuticle ornamentation
and the presence of cystolith cells. In conclusion, the characteristics of some Justicia species in Peninsular Malaysia
can be identified using leaf anatomy and micromorphology.
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magnifying lens as rod-shaped, especially in the epidermis
surfaces of the leaves except in subfamily Nelsonioideae,
Thunbergiodeae and also in the tribe of Acanthaceae. Other
than that, the presence of a distinct fruit type with seed borne
on retinacula, also can be used to identify Acanthaceae
species.

Acanthaceae species are widely recognized as
potential medicinal plants and also useful as a traditional
therapeutic remedy. According to Burkill (1985), even though
the Acanthaceae family is not designated for economic
purposes, 103 species from West Tropical Africa are
considered valuable plants. The previous study reveals the
medicinal, socio-cultural and other important uses of the
Acanthaceae species such as Acanthus montanus (Nes.) T.
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Anders in Mount Cameroon Region (Fongod et al.,
2013). In terms of medicinal value perception, for
example, in Ayurveda, J. gendarussa is used to
treat inflammation, bronchitis, vaginal discharges,
eye problems, heartburn, and fever (Kavitha K. et
al., 2014).

Previous research by Nurul-Aini et al. (2018)
found that identifying and classifying Acanthaceae
species is difficult because of morphological
resemblances with other species, especially
those in the same genus. According to Alamgir
(2017), while several plant species’ external
appearances are identical, morphological data is
usually necessary to be supported by anatomical
characteristics, especially when specimens are
insufficient. Therefore, the leaf anatomy and
micromorphology data of the three species
studied can be used as research data to support
the identification process and to assist taxonomic
research, especially for incomplete samples
(Khatijah & Ruzi, 2006). It is very important to
ensure the correct specimen, especially that
have been used as raw materials for medicinal
purposes. As a result, this study was carried out
to investigate the interspecific variations of leaf
anatomy and micromorphological characteristics
of three Justicia species from Peninsular Malaysia,
which can be used to supplement taxonomic
classification.

MATERIALS AND METHODS

The three selected species which are J. adathoda,
J. gendarussa and J. procumbens were collected
at Sungai Besar, Kedah and Bangi, Selangor
respectively. Three to five replicates were used
throughout this research. These plant specimens
have been mounted on a sheet of high-quality
paper, a label has been affixed to the lower right
corner of the sheet, and the samples have been
pressed with a wooden presser and appropriately
tied. Then, the plant specimens were labeled and
placed into an oven for two weeks duration at 55
°C. The finished voucher specimens were stored in
the Herbarium IIlUM Kuantan. The leaf anatomical
study involved cross sectioning with a sliding
microtome, the dehydration process involving a
series of alcohol, the staining process by Safranin
and Alcian Blue and lastly drying process in the
oven fortwo weeks ataround 55 °C. The anatomical
characters were acquired using Leica LAS EZ
software. The histology method in terms of fixation
and embedding was modified based on Johansen
(1940). For the scanning electron microscope
method, the herbarium samples were taken. Then,
the lamina area in 1 cm? measurement was cut
and mounted on a mounting stud. The samples
were sputtered with gold before being examined
under a Zeiss Model Evo 50 scanning electron
microscope. Under magnifications of 100x, 500x,
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1000x, and 2000x, micromorphological features
such as wax structure, cuticular sculpturing,
trichomes, and stomata were observed.

RESULTS

Findings of this study including the leaf anatomical
and micromorphological features for the three
species were described below:

A. Justicia adathoda

Vascular tissue of petiole cross section (Figure
1a): Type 1. Cystolith: Present at the collenchyma
cells and parenchyma cortex of petiole. Trichome
(Figure 1f): Simple multicellular trichomes with
pointed ends. Vascular tissue of midrib cross
section (Figure 1b): Type 2. Cystolith (Figure 1e):
Present at the collenchyma cell and parenchyma
cortex of midrib. Cuticular layer: relatively thin.
Chlorenchyma cells: mesophyll palisade in one
layer filling 1/3 part of the leaf thickness of lamina.
Spongy mesophyll in four to five layers of spongy
mesophyll filling 2/3 part of the leaf thickness of
lamina. Outline of leaf margin (Figure 1d):
rounded, 15° recurved downwards towards the
abaxial epidermis, the size uniform towards the
edge of the margin. Parenchyma cell: cluster
of parenchyma cells present at the end of the leaf
margin. Wax: Film-like layer and granules found on
adaxial and abaxial surfaces. Adaxial cuticular
sculpturing (Figure 1g): Epidermal cells outline
is distinguishable, periclinal wall raised into ridges
and anticlinal wall sunken. Abaxial cuticular
sculpturing (Figure 1h): Epidermal cells outline
is distinguishable, anticlinal wall sunken and
periclinal wall raised into ridges. Stomata: Elliptic
shaped stomata, amphistomatic. Trichome:
Peltate trichome found on adaxial surface. Simple
multicellular trichome (long with blunt end) and
glandular peltate trichome are found on abaxial
surface.

B. Justicia gendarussa

Vascular tissue petiole cross section (Figure
2a): Type 1. Cystolith (Figure 2e): Present at the
epidermis of the cell. Trichome: Glandular peltate
trichome. Vascular tissue midrib cross section
(Figure 2b): Type 1. Outline of leaf margin
(Figure 2d): Rounded with U-shaped outline, 30-
45° recurved downwards to the abaxial epidermis,
the size decreases gradually towards margin.
Cuticular layer: relatively thin. Chlorenchyma
cells: mesophyll palisade in one to three layers
occupying 1/3 part of the leaf thickness of lamina.
Spongy mesophyll in five to six layers of spongy
mesophyll filling 2/3-part of the leaf thickness of
lamina. Wax: Film-layer, crust of wax and granules
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Fig. 1. Justicia adathoda: a) Petiole cross section. b) Midrib cross section. c-d) Lamina and margin cross section. e)
Cystolith. f) Simple multicellular trichome. g) Adaxial surface. h) Abaxial surface.
Scale: a) 500 ym. b) 200 ym. c-f) 50 ym. g-h) 20 pm.
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Fig. 2. Justicia gendarussa: a) Petiole cross section. b) Midrib cross section. c-d) Lamina and margin cross section.
e) Cystolith f) Glandular trichome. g) Adaxial surface. h) Abaxial surface.
Scale: a) 500 ym. b) 200 ym. c-f) 50 ym. g-h) 20 pm.
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present on adaxial and abaxial surfaces. Adaxial
cuticular sculpturing (Figure 2g): Epidermal
cells outline is distinguishable, anticlinal wall
raised into ridges and periclinal wall sunken.
Abaxial cuticular sculpturing (Figure 2h):
Epidermal cells outline is distinguishable, anticlinal
wall sunken and periclinal wall raised into ridges.
Stomata: Elliptic shaped stomata, amphistomatic.
Trichome: Glandular peltate trichome found on
adaxial surface. Simple multicellular trichome (long
with point end, echinate ornamentation) found on
abaxial surface.
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C. Justicia procumbens

Vascular tissue of petiole cross section (Figure
3a): Type 1. Cystolith (Figure 3e): Present at
the epidermis of the cell and parenchyma cortex.
Trichome (Figure 3f): Simple multicellular
trichomes with point end and simple unicellular
trichome with blunt end. Vascular tissue of midrib
cross section (Figure 3b): Type 1. Trichome:
Simple unicellular trichome with blunt end.
Outline of leaf margin (Figure 3d): Rounded with
U-shaped outline, 30-45° recurved downwards to

Fig. 3. Justicia procumbens: a) Petiole cross section. b) Midrib cross section. c-d) Lamina and margin cross section.
e) Cystolith. f) Simple multicellular trichome. g) Adaxial surface. h) Abaxial surface.
Scale: a & b) 500 ym. c¢) 50 ym. d) 200 ym. e-f) 50 ym. g-h) 20 pm.
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the abaxial epidermis, and the size decreases
gradually towards margin. Cuticular layer:
relatively thin. Chlorenchyma cells: mesophyll
palisade in one to two layers occupying 1/2 part of
the leaf thickness of lamina. Spongy mesophyll in
five to six layers of spongy mesophyll occupying
1/2 part of the height of leaf thickness of lamina.
Wax: Film-like layer, crust of wax and granules
found on adaxial and abaxial surfaces. Adaxial
cuticular sculpturing (Figure 3g): Anticlinal
wall and periclinal wall cannot be distinguishable.
Abaxial cuticular sculpturing (Figure 3h):
Epidermal cells outline is distinguishable, periclinal
wall raised into ridges and anticlinal wall sunken.
Stomata: Elliptic shaped stomata, amphistomatic.
Trichome: Glandular peltate trichome found on
adaxial and abaxial surface. Simple multicellular
trichome with blunt end on abaxial surface.

DISCUSSION

This study reported on the importance of leaf
anatomical and micromorphological characteristics
in identifying the three selected species which are
J. adathoda, J. gendarussa, and J. procumbens.
The different shapes and types of cystolith cells
can be useful in the identification of selected
family and plant species (Maisarah et al. 2020).
Cystolith cells can be found in many parts of the
plant, particularly the leaves, which also include
xylem and phloem rays (Mauseth 1988). Nurul-
Aini et al. (2018) and Maisarah et al. (2020)
reported that the variation of cystolith cells can
be used in differentiating species in Acanthaceae.
Results showed the presence of solitary cystoliths
rounded-shaped in all species studied either in the
epidermis layer, collenchyma cells, or parenchyma
cortex. Hence, this research is supported by
Pierantoni et al. (2018) who mentioned that
cystolith deposition can occur either in the abaxial
or adaxial epidermis, but in some circumstances, it
may extend into the mesophyll area.

The results of this study revealed variations in
the pattern of the vascular bundle in the petiole
and midrib that can be used for the identification
of species studied. Ghazalli et al. (2021) explained
the taxonomic importance of midrib and petiole
vascular bundle in species identification of
Mitragyna speciosa with supported by previous
research on Rubiaceae family by Metcalfe and
Chalk (1950). The pattern of vascular bundles that
have been successfully identified in the petiole of
each species studied is characterised as Type 1
with opened system in U shape (continuous ring
of a vascular bundle) with the presence of two
additional vascular bundles located at the right
and the left wing of the petiole. In addition, this
study also observed the midrib of vascular bundle
arrangements in J. gendarussa and J. procumbens
which are identified as the main vascular bundle
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with an opened system (continuous ring of a
vascular bundle) and also with the presence of
two additional vascular bundles that located at
the right and left wing of the midrib. Meanwhile,
Type 2 with the main vascular bundle (an opened
system in a U-shape with a non-continuous ring
of the vascular bundle) and the occurrence of two
additional vascular bundles located at the right
and the left wing of the midrib can be found in J.
adathoda. In his description of the fundamental
principles of petiole anatomy, Candolle (1879)
distinguished two vascular bundle systems known
as the open system and the close system.

Dickison (2000) stated that sclerenchyma
cells comprise various cell types with thickened
secondary walls lignified when  mature.
Sclerenchyma cells mature with the surrounding
tissues and also give more stable support when
compared to collenchyma cells (Lopez and Barclay,
2017). Rojo (1987) pointed out that some leaf
anatomical characters such as the petiole vascular
patterns can be used in the classification and
identification of selected Philippine dipterocarps
when associated with other characters, such as
the presence of sclerenchyma cells around the
vascular bundle and also the number of resins.
All the species examined showed the presence of
sclerenchyma cells surrounding the phloem tissue
of the main vascular bundle and two additional
vascular bundles in the petiole and midrib. Noraini
and Cutler (2009) also reported that the presence
of sclerenchyma cells surrounding the primary and
secondary vascular bundles in lamina can be used
to identify selected Parashorea species.

Singh and Jain (1975) recorded 40 types of
trichomes with 19 types of glandular trichomes and
21 types of simple non-glandular trichomes in 41
taxa of the Acanthaceae family. Meanwhile, Nurul-
Aini et al. (2018) revealed 12 types of trichomes
in selected Staurogyne species of Acanthaceae.
The results of this study showed that the presence
of trichomes can be used to differentiate Justicia
species. There are five types of trichomes that have
been recorded in this study which are; glandular
peltate trichomes, simple unicellular trichomes
with a blunt end, simple multicellular trichomes
with a point end, simple multicellular trichomes
with a blunt end and simple multicellular trichomes
with point end (echinate ornamentation). Previous
research by Verdam et al. (2012) proposed that
trichomes can be useful in the identification of
Justicia species even either in microscopic view or
in powder form.

The present study also managed to record
the occurrence of stomata on both adaxial and
abaxial surfaces (amphistomatic) with type of
diacytic stomata in three species examined.
Thus, it can be useful as common characters to
identify Justicia species. Besides, the findings of
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the present research have been also supported
by Nurul-Aini et al. (2014) and Noor-syaheera
(2015) on the presence of amphistomatic leaves
among selected Justicia species of Acanthaceae
in Peninsular Malaysia. Whang et al. (2004)
discovered the taxonomic importance of epidermal
surface analysis in terms of species identification
for Pinaceae species. All species studied recorded
two types of waxes which are film like layer and
granules while crust of wax was only reported
in J. gendarussa and J. procumbens. Variation
between species can be observed through several
characters such as type of wax and trichome,
cuticular ornamentation pattern and can be used
as an alternative feature as a tool to differentiate
species in Pentace genus as mentioned by Noraini
et al. (2022). Therefore, this character is important
and might be a good criterion for delineating plant
taxa, and also to classify plants up until the genus
level.

CONCLUSION
In conclusion, the findings of this research
demonstrated that leaf anatomical and

micromorphological characteristics are important
tools and also additional data to differentiate plant
species in the Acanthaceae family. Three common
characteristics were identified in this study which
are the presence of mucilage cells, sclerenchyma
and collenchyma cells in all species examined.
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A number of diagnostic characters are also
reported in this study. Besides that, the species
studied showed several types of trichomes but
only J. procumbens possessed simple unicellular
trichome, blunt end that are found on abaxial
surface. Furthermore, the vascular bundle system
also plays an important role in the identification of
species, especially in the midrib vascular bundle
arrangements of species studied. In conclusion,
leaf anatomy and micromorphology characteristics
of selected Justicia species are useful for the
identification of species in Peninsular Malaysia.
This may provide additional information for species
classification.
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