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ABSTRACT

The foliar anatomical studies of 41 species of Acanthaceae from Peninsular Malaysia had been carried out. This study aims
to identify the morphology and distributions of cystoliths in leaf anatomy and their taxonomic values in species studied of
Acanthaceae. The foliar anatomical study involved procedures such as cross-section by using sliding microtomes on the
petiole, lamina, and midrib, epidermal peel, leaf clearing, and observation under a light microscope. The finding in this study
showed four types of cystoliths present in all species studied except in Acanthus, Staurogyne, Thunbergia, and Avicennia.
Generally, they are present in lamina, petiole, and midrib but differ in shapes and sizes. Four types of cystolith cells are
either solitary with round cystoliths, solitary with elongated cystoliths with blunt extremities, solitary with elongated cystoliths
with one end pointed, or solitary with a point at both ends. However, this type of cystoliths is varied even within the same
species either in petiole, midrib, or lamina. In conclusion, results showed that the occurrence and variation of cystolith cells
have a taxonomic significance which can be used in identification and classification either at genus or species level in
Acanthaceae.
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INTRODUCTION

The Acanthaceae family, which is known as a large
pan-tropical family is mainly herbaceous and shrubs
but some of the members are climbers or liana
as in Thunbergia and Mendoncia, whilst a few
species are woody plants as in Gratophyllum and
Sanchezia (Metcalfe & Chalk, 1965; Carlquist,
1988; Scotland et al., 1995; Scotland & Vollesen,
2000). Acanthaceae family belongs to order
Lamiales with at least 3000 species in some 250
genera with the center of distributions in Indo-
Malaysia, Africa (including Madagascar), Northern
South America, Central America, and Mexico; with
35 genera are native or naturalized in Peninsular

Malaysia (Keng, 2003). Previous research that
has been done by Bremekamp (1965) divided
Acanthaceae into two groups based on the
presence and absence of cystoliths, monothecate
anthers, and colpate pollen. Mc Dade et al. (2008)
later divided Acanthaceae into four families;
Acanthoideae, Andrographideae, Nelsonioideae,
and Thunbergioideae. Whislt Vollesen (2008)
then elevated the Tribe Ruellieae to subfamily
Ruellioideae. However, new findings by Schwarzbach
and Mc Dade (2002) and Borg (2008) have
suggested that Avicennia has a sister relationship
with Acanthaceae based on the floral characters
shared between Avicennia and Thunbergioideae but
it is still questionable and unclear in Acanthaceae
lineages. Borg and Schonenberger (2011) also
opined that possible floral or developmental
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apomorphies of Thunbergioideae and Avicennioideae.
Surprisingly, Stevens (2016) in Angiosperm
Phylogeny Website (APweb) later divided
Acanthaceae into 4 subfamilies which are;
Nelsonioideae, Acanthoideae, Thunbergioideae, and
Avicennioideae.

It has been noticed that one of the major
characteristics of Acanthaceae is the presence of
cystoliths that are visible with the magnifying lens
as rod-shaped especially in the epidermis surfaces
of the leaves. Ajello (1941) has explained that
cystoliths originated from Greek by which cyst is
“cavity” whereby lith is “stone”. In other words,
cystoliths are calcium carbonate deposited in an
organic matrix in specialized cells especially in
roots, stems, or leaves of certain plant families.
Cystoliths are also defined as a form of silicified
bodies with a cellulose skeleton or occasionally not
encrusted, they occur in both axis and leaf of
numerous species (Metcalfe & Chalk, 1965). It was
first discovered the occurrence of cystoliths in
Ficus by Meyen in 1827 and since then another
number of plant families including Acanthaceae and
Urticaceae been noticed to have cystoliths (Record,
1927).

The function of cystoliths was a matter of
speculation as reported by Watt et al. (1987).
However, he accepted that under certain conditions,
cystolith like calcium oxalate crystals can function
as repositories of calcium for metabolic and growth
requirements. Apart, this cystolith can serve as
temporary storage for calcium which later on will
be remobilized during calcium starvation in plants
(Smith, 1982). Apart, Bauer et al. (2011) also opined
that the occurrence of minerals in plants may
increase their tolerance to stresses of biotic and
abiotic origin. To be surprised, the occurrence and
distribution of cystoliths are valuable for the
recognition of genera and species in selected
families such as in Acanthaceae, Moraceae, and
Urticaceae. Therefore, it was a great interest to
understand and study the occurrence of minerals
liked cystoliths cells.

Generally, cystoliths are found in selected
vegetative parts and vary in size, shape, and color
throughout the Acanthaceae family (Patil & Patil,
2011). To be noticed, the cystoliths consisting of
calcium carbonate can be found in the lithocysts.
According to Mauseth (1988), the lithocysts present
in the form of papillate or hair-like lithocysts and
occur mostly in the epidermal layer of the leaves.
Previous studies of the occurrence and distribution
of cystoliths have been carried out by many
taxonomists but it is still limited especially in
Peninsular Malaysia. Therefore, the aim of this study
to investigate the occurrence and distribution of
cystoliths in all species studied so that it can be used

in the classification of Acanthaceae in Peninsular
Malaysia.

MATERIALS AND METHODS

This study was conducted on 41 taxa of Acanthaceae,
a list of species studied is given in Table 1. Fresh
specimens were collected from several forest reserve
and mangrove areas in Peninsular Malaysia such as
in Larut Matang, Perak, and Mersing, Johor. Three
replicates of each plant species were used throughout
this research. However, the replication of each plant
species depends on the accessibility of that plant.
Voucher specimens were deposited at Universiti
Kebangsaan Malaysia Herbarium (UKMB). Fresh
specimens were fixed in 3:1 AA Solutions (70%
Alcohol: 30% Acetic Acid). Part of petioles, midribs,
leaf lamina, and marginal was sectioned in a various
range of thickness (15 – 40 µm) using sliding
microtomes and stained using Safranin and Alcian
blue. Epidermal peels were prepared using Jeffery
solution. The underside of leaf surfaces was first
scraped off with a razor blade and soaked in Jeffery
solution for few hours. The cleared leaf was washed
and stained with Safranin. The specimens obtained
from sliding microtome and epidermal peeling
methods were undergone a dehydration process in
a series of alcohol and mounted in Euparal. For the
leaf clearing part, leaf lamina and margin were cut
and soaked in Basic Fuchsin solution before been
placed in an oven that set up at 60°C for a few days.
The cleared leaf was undergone a dehydration
process in a series of alcohol and mounted in Canada
balsam. All slides were covered with coverslips and
kept in the oven for two weeks at about 60°C for
drying purposes. Anatomical images were captured
using a video (3CCD) camera attached to a Leitz
Diaplan microscope using Cell^B software. Suitable
modifications in terms of fixation and embedding
followed the method by Johansen (1940) and Saas
(1958).

RESULTS AND DISCUSSION

For convenience purposes, the following structures
of cystoliths have been divided into recognizable
types in Table 2, which are illustrated by drawings
to avoid lengthy and complex descriptions.
Variations in cystolith cell shapes are characters that
can be used as an additional feature in the
classification of plants, either at the genus or species
level of Acanthaceae. Besides, the following Table
3 is a summary of the distribution of cystolith in
species studied based upon their types.
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Species / type of cystolith cells
Type of cystolith cells

Type 1 Type 2 Type 3 Type 4
Andrographis paniculata + + – –
Asystasia gangetica + + – –
Asystasia gangetica subsp. micrantha + – – –
Barleria prionitis + – – –
Blechum pyramidatum + – + –
Chroesthes longifolia + – + –
Filetia bracteosa + – + –
Filetia scortechinii + – + –
Hemigraphis alternata + – – +
Hemigraphis reptans + + + –
Hemigraphis glaucescens + – – +
Hygrophila pusilla + – – –
Justicia betonica + – – –
Justicia carnea + – – –
Justicia comata + – – –
Justicia gendarussa + + – –
Justicia procumbens + – – +
Justicia ptychostoma + – + –
Peristrophe acuminata var. acuminata + – – +
Peristrophe bivalvis + + – +
Pseuderanthemum carruthersii + + – +
Pseuderanthemum crenulatum + + – –
Rhinacanthus nasutus + – – –
Ruellia repens + – – –
Ruellia simplex + – – –
Ruellia tuberosa + – + –
Sanchezia speciosa + – – +
Strobilanthes crispa + – – –

Table 3. Distribution of cystolith cells in species studied based upon their types
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The occurrence of cystoliths can be observed by
their various shapes and types. According to
Balkwill and Norris (1985), four main cystolith
shapes have been recognized based upon six
taxa studied belongs to the genus Hypoestes of
Acanthaceae by which ‘boomerang-shaped’ being
the most common shape. The present study hence
provided four main types of cystoliths cells based
upon 41 taxa studied in Acanthaceae. Four types of
cystoliths as shown in Table 2 including Type 1
(solitary cystolith with rounded-shaped), Type 2
(solitary cystolith with blunt-end), Type 3 (solitary
cystolith elongated with one end pointed), and Type
4 (solitary cystolith elongated with end pointed
both).  It was discovered that the most common type
that occurred was Type 1 cystolith cells. Besides, it
was noticed that three types of cystoliths cells
occurred only in three species which are H. reptans
(Type 1, 2 & 3), P. bivalvis (Type 1, 2 & 4), and
P. carruthersii (Type 1, 2 & 4) whereby only
Type 1 cystolith occurred in A. gangetica subsp.
micrantha, B. prionitis, H. pusilla, J. betonica, J.
carnea, J. comata, R. nasutus, R. repens, R. simplex,
and S. crispa. The results hence prove that various

types of cystolith themselves can be considered as
an additional feature in the taxonomic study.
Mauseth (1988) reported that the occurrence of
cystolith can be found in various parts of plants
especially in the leaves which also including xylem
and phloem rays. The nature and distribution of
cystolith are valuable and useful to delimit plant
taxa (Metcalfe & Chalk, 1950). This present study
therefore provided data on the distribution of
cystolith in 41 taxa of Acanthaceae in Peninsular
Malaysia based upon their occurrence in epidermal
cells and parenchyma cortex of leaf which is shown
in Table 4 below.

A previous study by Ummu-Hani and Noraini
(2013) has reported the classification of 15 taxa in
Ficus according to the position of their cystoliths.
Generally, cystoliths in Ficus occurred in the cells
of multiple epidermises (Foster, 1949; Esau, 1965).
From the study, three groups of cystoliths were
categorized accordingly which Group 1 with
cystoliths adjacent to the adaxial epidermis layer,
Group 2 with cystoliths adjacent to the abaxial
epidermis layer, and Group 3 with cystoliths present
in both adaxial and abaxial epidermis layer. The

Table 4. Distribution of cystoliths in species studied based upon their position

Species / distribution of cystolith
Epidermis Parenchyma cortex

Petiole Midrib Lamina Petiole Midrib Lamina
Andrographis paniculata + + – – – –
Asystasia gangetica + + – – – –
Asystasia gangetica subsp. micrantha – + – – – –
Barleria prionitis + + – – – –
Blechum pyramidatum + + – + + –
Chroesthes longifolia + + – – – –
Filetia bracteosa + + – + + –
Filetia scortechinii + + – + + –
Hemigraphis alternata + + – + + –
Hemigraphis reptans + + – + + –
Hemigraphis glaucescens + + + – – –
Hygrophila pusilla + + – – – –
Justicia betonica + + – – – –
Justicia carnea + + – – – –
Justicia comata + + – – – –
Justicia gendarussa + + – – – –
Justicia procumbens + + + – – –
Justicia ptychostoma + + + – – –
Peristrophe acuminata var. acuminata + + – – – –
Peristrophe bivalvis – + + – + –
Pseuderanthemum carruthersii + + + + – +
Pseuderanthemum crenulatum + + + – – +
Rhinacanthus nasutus + + + – – –
Ruellia repens + + + – – –
Ruellia simplex + + + – – –
Ruellia tuberosa + + – – – –
Sanchezia speciosa + + + – – –
Strobilanthes crispa + + + – – –
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present study thereby reported on the occurrence of
cystoliths based upon their position in epidermal
cells and parenchyma cortex. From the observation,
P. carruthersii showed the most abundance
occurrence of cystoliths either in the epidermis or
parenchyma cortex whereby A. gangetica subsp.
micrantha had the least occurrence of cystoliths by
which cystoliths can only be found in the epidermis
of the midrib part. Furthermore, the existence of
cystoliths in the parenchyma cortex of lamina parts
can be only observed on both species from
Pseuderanthemum thus might give a systematic
value for them. Pierantoni et al. (2018) even
mentioned that deposition of cystoliths can be in
the upper and lower epidermis but some cases might
extend into the mesophyll part hence supported the
occurrence of cystoliths in the parenchyma cortex
of some Acanthaceae species. It was also observed
that the absence of cystoliths occurred in 13 taxa
out of 41 taxa in Acanthaceae from genera of
Acanthus, Avicennia, Staurogyne, and Thunbergia,
thus recognized the significance of cystoliths in the
identification and classification of Acanthaceae
species. This present study is well supported by
Heywood et al. (2007) which also mentioned the
cystoliths absent in the vegetative parts of
subfamilies Nelsonioideae and Thunbergioideae as
well as in the tribe of Acanthae. Moreover, findings
by Noor-Syaheera et al. (2015) have also revealed
the absence of cystolith in the genus Avicennia.

CONCLUSION

Results of the foliar study revealed several
interesting features with some characters con-
siderable to have taxonomic significance. Finding
from this study showed four types of cystoliths
present in all species studied except in Acanthus,
Avicennia, Staurogyne, and Thunbergia. The
presence of only Type 1 cystolith in A. gangetica
subsp. micrantha, B. prionitis, H. pusilla, J.
betonica, J. carnea, J. comata, R. nasutus, R. repens,
R. simplex, and S. crispa may be characteristics of
them. Furthermore, three species were noticed to
have the most various cystoliths types which referred
to H. reptans (Type 1, 2 & 3), P. bivalvis (Type 1, 2
& 4), and P. carruthersii (Type 1, 2 & 4). Besides,
the most abundance occurrence of cystoliths can be
seen in P. carruthersii by which occurred in all
epidermis parts and two out of three parts in the
parenchyma cortex, so that it may characterize the
taxa. Also, A. gangetica subsp. micrantha had the
least occurrence of cystoliths by which the only
Type 1 cystoliths can be found in the epidermis of
the midrib part. The occurrence of cystoliths in the
parenchyma cortex of the lamina part can be only
seen in genus Pseuderanthemum; P. carruthersii and

P. crenulatum, so that it might serve as a systematic 
character for them. However, it is suggested that 
future investigations may be focused on the 
anatomical location and distribution of cystolith 
cells. In conclusion, results from the present study 
showed that the occurrence and variation of 
cystolith cells have a taxonomic significance which 
can be used in classification and identification 
either at genus or species level of Acanthaceae.
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