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Abstract There are a number of underexplored plant species from the family of Rutaceae
despite their economic importance, including Glycosmis perakensis V.Naray. Therefore, the main
purpose of this study is to enhance its taxonomic characterization and identification of this plant
species by examining the morphology and anatomy of selected parts. The histological procedure
for G. perakensis stems and leaves were optimized by increasing the incubation time for the
fixation, clearing, and infiltration steps of the standard paraffin embedding method. Different types
of stains were also used to identify and differentiate the plant tissues. The anatomy of plant parts
such as stem, leaf, and petiole were studied using light microscopy. Pellucid dots and stomata
exist on both abaxial and adaxial leaf surfaces. Statistical analysis on stomatal index and stomatal
density showed a significant difference between abaxial and adaxial surfaces. Histological
analyses showed the presence of sclerenchyma, collenchyma, and parenchyma cells, vascular
bundle, prismatic crystals of calcium oxalate, and secretory cavities in the plant leaf and stem
transverse sections. This is the first study reporting on the histological morphology of stem,
petiole, and leaf of G. perakensis. The findings of this study will be a valuable tool for the
identification of this plant.

Keywords: light microscopy, prismatic crystal, secretory cavities, histology, stomata.

Introduction

The family Rutaceae placed in the order Sapindales comprises more than 2000 species across 160
genera, most of which are woody shrubs and trees [20]. Several plants from this family are from the
genus Citrus. In Peninsular Malaysia, there are 19 genera and about 60 species, and they are found in
most forest types [4]. However, they are most common in dry regions, and a few species can be found
in coastal areas, including mangrove forests, and there are several species that grow on limestone hills.
The presence of secretory cavities (schizogenous, lysigenous, schizolysigenouos) in almost all the
organs is a notable feature in the Rutaceae family [22, 10,16]. The secretory cavity is where the synthesis
and/or accumulation of biological substances takes place, such as the essential oil [29].

Glycosmis, a genus from the Rutaceae family, is of evergreen glabrous shrub, distributed in warm and
temperate regions of the world such as the Southeast Asia and Australia [2008]. The genus Glycosmis
is a rich source of secondary metabolites such as alkaloids, flavonoids, phenolic glycosides, quinones,
terpenoids, and glycerides isolated from different parts of the Glycosmis plant. A review on
phytochemical and pharmacological perspectives of plant extracts of Glycosmis genus revealed that
roughly 233 phytoconstituents were isolated from the genus [1,6,37]. Plant species from the genus
Glycosmis have been reported to have several potent bioactivities. For example, G. pentaphylla leaf
powder has been reported to have properties that may reduce or prevent arsenic toxicity in humans [7].
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Also, the methanolic extract from stem and leaves of G. pentaphylla has been reported to possess
antioxidant activity as well as highly potent cytotoxic activity [12]. Other than that, G. arborea leaf extracts
showed significant wound healing properties when tested against rats, further supporting the folk
medicinal use of this plant [31]. Alkaloids from G. cochinchinensis twigs were reported to have
antibacterial activity [33]. With some of the species showing good medicinal properties, it is perhaps
worthwhile studying their morphological features in detail, which will enhance scientific literacy in this
genus.

Glycosmis perakensis V.Naray is native to Malaysia [14]. In this study, the anatomy and morphological
features of G. perakensis plant parts such as the leaf, petiole, and stem were investigated. With no such
studies reported so far on G. perakensis, the findings would directly improve the understanding of the
cell structure buildup of this species. Such study may also indirectly add conservation value to the
species as according to the IUCN red list of threatened species, G. perakensis is listed as vulnerable [5].
G. perakensis was also included in ‘The World List of Threatened Trees’ [30]. With more scientific studies
reported of such rare species, the location of its existence may be more protected in time to come. The
species’ current conservation status is unknown and may be worse than “vulnerable”, given the extensive
destruction of tropical rain forests.

Materials and Methods

Plant material

G. perakensis leaf, stem, and fruit samples were collected from Rimba limu Botanic Garden, University
of Malaya, Kuala Lumpur. Identification of the species was made by a taxonomist, and an herbarium
voucher material with the number KLU 49657 was deposited in the Kuala Lumpur Herbarium (KLU)
located at Rimba limu Botanic Garden, Institute of Biological Sciences, Faculty of Science, University of
Malaya.

Plant morphological study
The leaf architecture was classified according to [2]. Scientific photography of the respective plant parts
was captured using Canon EOS 700D DSLR camera.

Light microscopy

Leaf imprint method

The epidermal and stomatal cell was analyzed according to [27], by making impressions of the leaf
surface according to [9]. Slides were viewed under a light microscope coupled with a camera (Dino
Capture 2.0). Four replicates were done. The leaf was first divided equally into four sections for each
replicate, including apical, middle, distal, and basal. A thin layer of clear nail varnish was applied onto
the section. Clear cellophane tape was adhered firmly onto the completely dried nail varnish. The
cellophane with leaf imprint was removed slowly from the leaf and was adhered onto the slide (sticky
side facing down). Five unit areas (area =46.007 mmz2, radius= 3.827mm) were chosen from different
portions of the slide. These steps were carried out for each section of the leaf to calculate the stomatal
density and stomatal index. The unit area used was the microscopic field of view at x10 magnification.

Statistical analysis on the stomatal density and index

The stomatal index and stomatal density were calculated and validated statistically, according to [27].
Stomatal index was determined using the formula, stomatal index (%) = (S/S+E) x 100 where, S and E
are the number of stomata and epidermal cells respectively in a microscopic view field. Data was then
analyzed using the IBM SPSS Statistics 26 software.

Histology studies

The anatomical features of G. perakensis were studied using fresh materials. Plant parts were processed
using the paraffin embedding method according to [15] with minor modifications. Briefly, plant parts,
including leaf blade (apical, basal, middle, and distal parts), petiole, and stem, were fixed in FAA (37%
formaldehyde /glacial acetic acid/ 95% ethanol/ distilled water: 2:1:10:7), two days for leaves, three days
for petiole and stem. After rinsing with 50% ethanol, samples were then dehydrated in tertiary butyl
alcohol series (50, 70, 85, 95, and 100% (v/v)) followed by immersing the samples in pure tertiary butanol
overnight. As for clearing, samples were passed through a graded series of histoclear: tertiary butanol
from 1:3,1:1 to 3:1 and then 100% (v/v) histoclear. Leaves were immersed for 1 hour, whereas petiole
and stem were immersed for two hours during each step dehydration and clearing. Leaf samples were
then infiltrated for four days, petiole, and stem samples were infiltrated for six days in paraffin wax. The
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specimens were then embedded in Paraffin Plus and cut to 9-10um obtain sections using the rotary
microtome (LEICA RM2235). Sections were then stained with basic Fuchsin and Astra blue according
to [18], Toluidine Blue or Safranin and Fast green FCF according to [15]. Slides were then mounted in
DPX medium (Merck) and viewed under the light microscope (Leica Microscope DM1000).

Results and Discussion

Macroscopic evaluation

G. perakensis leaf attachment is alternate, and they are pinnately compound with 7-9 foliate as shown
in Figure 1a and 1b. The leaf laminar has a symmetrical elliptic shape. The laminar also has a reticulate
venation pattern. The base shape is cunate, and the apex shape is straight. The position of the petiolar
attachment is marginal. Leaf margins are entire and unlobed. Glycosmis perakensis is very similar and
could be regarded as a variety of Glycosmis gracilis but differs mainly in its elliptic leaflets [34]. According
to [24], Glycosmis longipetala has simple, unifoliate, and Glycosmis cochinchinensis has simple leaf,
unlike Glycosmis perakensis. However, another species from the same genus, Glycosmis pentaphylla
has almost similar features with Glycosmis perakensis as it has leaves that are pinnately compound,
entire, acute to round at the apex, and attenuate at the base. Their leaves also have a similar venation
pattern, reticulate [28].

The G. perakensis plant has an ellipsoid fruit with an average length of 1.5 cm and 1.2 cm width (Figure
1c and 1d). It also has dicotyledonous seed, as shown in Figure 1d. Plants from the genus Glycosmis
have either globose or ellipsoid fruit, and this characteristic can be used to distinguish between its
species easily. For instance, a plant from the same genus, G. erythrocarpa was reported to have ellipsoid
fruits, while G. parviflora has globose fruits [34].

Figure 1. Morphological feature of Glycosmis perakensis plant leaf, leaflet and fruit. a: Pinnately compound leaf with leaflets arranged
along the stem b: Leaf with 8 leaflets along the rachis. c: Mature ellipsoid fruit. d: Mature fruit with dicotyledonous seed.
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Figure 2. Glycosmis perakensis leaf imprint of both abaxial and adaxial surfaces. a, c: Leaf abaxial surface. b, d: Leaf adaxial surface.
a, b: Pellucid dots on leaf surfaces. c, d: Leaf epidermal surfaces (arrow; stomata). d: Striated cuticle on the adaxial surface. Bars: 1.0mm.

Table 1. Significant difference in stomatal density and stomatal index between abaxial and adaxial surfaces.

Parameters Values*+SEM

Stomatal density:

Abaxial 8.090  0.134a

Adaxial 2.220 £ 0.187b
Stomatal index:

Abaxial 4.608 + 0.078a

Adaxial 1.885 + 0.135b

Note. * Values expressed as mean of three reading; SEM: Standard Error Mean
#®values marked with different letters are significantly different between the leaf surfaces (abaxial and adaxial) (P < 0.005)

Microscopic evaluation

Leaf abaxial and adaxial surfaces

The microscopic features of the leaf surfaces are shown in Figure 2, where the pellucid dots were visible
on both abaxial (Figure 2a) and adaxial (Figure 2b) surfaces which corresponds to the presence of
secretory cavities on both surfaces (Figure 3a, d and e). These secretory cavities are potential sites for
essential oil production, which contributes to the aroma of this plant. This is a notable feature in the
Rutaceae family [22]. Besides that, species from the Rutaceae family mostly have stomata that are
confined to the abaxial side [23]. For example, the epidermal peel of Zanthoxylum macrophylla (a species
in the Rutaceae family) leaf revealed that stomata were present only on the abaxial surface
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(hypostomatic) [13]. In contrast, G. perakensis leaves are amphystomatic since stomata were observed
on both abaxial and adaxial surfaces (Figure 2c and 2d). From the frontal view, the stomata were slightly
embedded in the epidermal cells. The epidermal cells were polygonal, rectangular, or isodiametric with
straight to curved anticlinal wall pattern on both surfaces. The stomata on both the abaxial and adaxial
surface were identified as paracytic or anomocytic. The stomata type on a leaf of a closely related plant
species, G. pentaphylla showed anomocytic on the abaxial surface, whereas no data was provided for
the stomata type on the adaxial surface [28]. The average stomatal index is shown in Table 1. Stomatal
density and stomatal index on the abaxial surface were significantly higher (p<0.005) than on the adaxial
surface of the leaves. In addition, striated cuticle was observed on the adaxial surface of the leaf imprint
(Figure 2d). The cuticle is the hydrophobic layer covering the epidermis that acts as a protective barrier
[38]. According to [11], wax deposition in plants increases under stress conditions.

Anatomy of leaf blade

The transversal sections of the leaves of Glycosmis perakensis revealed unilayered epidermis on both
abaxial (lower) and adaxial(upper) surfaces covered externally by a layer of lignified cuticle (Figure 3a-
c). The stomata are located at the same level as the epidermal cells and were more evident on the
abaxial surface of the leaf transverse section (Figure 3a). This is due to the significant abundance of
stomatal density on the abaxial leaf surface compared to the adaxial side, as demonstrated in Table 1.
The mesophyll cells were dorsiventrally formed as a layer of compactly arranged palisade parenchyma,
and up to nine layers of spongy parenchyma were arranged with minimal airspaces (Figure 3h and i).
Schizogenous secretory cavities were identified along the epidermis on both surfaces of the leaf
transverse section (Figure 3a, d, and e). Secretory cavities can be formed by the disintegration of cells
(lysigenous spaces), separation of cells (schizogenous spaces), or a combination of both processes
(schizo-lysigenous spaces) [17]. The presence of secretory structures is one of the characteristics of
Myrtaceae and Rutaceae [23] as they are commonly found in these families. These structures are also
the primary sites for the synthesis and collection of essential oils [8].

Plants from the Rutaceae family were generally described to have abundant crystals of calcium oxalate
that may be solitary or clustered or a mixture of both [23,32]. Prismatic crystals of calcium oxalate were
found in the mesophyll, mainly around the vascular bundles of the G. perakensis leaf transverse section
(Figure 3k). The type of crystals present in the tissues can be used as a diagnostic feature at the genus
level. For example, different types of crystals were found present in different species. A study on 14
neotropical Rutaceae species by [25] revealed that in all species of the genus Pilocarpus (from the
Rutaceae family), calcium oxalate druses were observed, whereas rod-shaped crystals were observed
in other genera. Prismatic crystals around the secretory cavity were found on the Citrus medica leaf
transverse section [26].

In the description of the anatomy of numerous plant families, including Rutaceae, by [23], reported that
plants in the Rutaceae family possesses both glandular and non-glandular trichomes. However, a study
done on the Zanthoxylum armatum (a species in the Rutaceae) by [3] on the leaf, stem bark, and fruit
anatomy reported that neither trichomes nor any other appendages were present. On the other hand,
according to a study on plant species from the Rutaceae family by [25], there were two types of glandular
trichomes present, capitate and peltate trichome. Unicellular trichomes were also reported to be present
on Glycosmis pentaphylla leaves (observed with transverse sections) [28]. Current anatomical study on
transverse sections of G. perakensis leaves did not indicate the presence of trichomes on either leaf
surface. Therefore, it is evident that trichomes are not necessarily present in all species of the Rutaceae
family, as reported by [23].

The cross-section of the midrib showed a convex contour (Figure 3g). The epidermis was unilayered and
was externally covered by a thin layer of cuticle. The midrib was mostly made up of ground tissue, mainly
parenchyma with clusters of collenchyma along the epidermis on both the upper and lower sides of the
midrib. Collateral vascular bundle in the midrib (Figure 3g and j) was lined by lignified pericyclic fibre.
The bundle sheath or endodermis were more visible in the smaller veins compared to the lateral vein
and midrib (Figure 3f). The occasional presence of secretory cavity at the midrib was observed on the
leaf transverse section (Figure 39g).

477



MJ FAS Sundrarajoo et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 18 (2022) 473-482

Figure 3. Leaf anatomy of Glycosmis perakensis [a, b, c, d, f, g, i, j, k: stained in astra blue/basic fuchsin; e, h: stained in toluidine blue;
i stained in Safranin/Fast green fast FCF]. a: thin lignified cuticle stained red by basic fuchsin on both abaxial and adaxial surface; a:
stomata more evident on the abaxial surface; b: stomata on the abaxial surface; c: stomata on the adaxial surface; d: schizogenous
secretory cavity; e: schizogenous secretory cavity along the epidermis of adaxial surface; f: bundle sheath is present in smaller veins
and is absent in the lateral vein; g: transverse section of the blade; h, i: leaf blade showing palisade mesophyll on the adaxial surface; j:
Leaf midrib; k: leaf blade cross-section showing prismatic crystal around the vascular bundle. Abbreviations: stomata(st), abaxial
epidermis (abe), adaxial epidermis (ade), secretory cavity (sc), cuticle (cu), air space (as), stomata chamber (stc), vascular bundle (vs),
bundle sheath (bs), xylem (xy), phloem (ph), pericyclic fibre (pf), palisade mesophyll (pm), prismatic crystal (pc). Bars: a, b, c, d, e, f, g,
h, j=1.0mm; i=0.1mm.
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Anatomy of petiole

The petiole outline in the transverse section was circular (Figure 4a). The epidermis had a quadrangular
to rectangular aspect (Figure 4b and d). Internal to the epidermis, secretory cavity of both schizogenous
and lysigenous was observed on both the abaxial and adaxial surfaces of the petiole transverse section
(Figure 4a). The secretory cavities were present mainly in the large cortex region (Figure 4b-d).
According to [23], species from Rutaceae generally has secretory cavity that is either schizogenous or
lysigenous almost always present in the mesophyll. However, [36] reported that exposure to common
fixative solutions causes destructive swelling in the epithelial cells that gives the false impression that
the glands are developed lysigenously and could be responsible for the lysigeny reports in the literature,
conversely [19] consider that the gland is formed schizolysigenously.

The vascular system was organized with open free vascular bundle (Figure 4a). Pericyclic fibres were
observed on the cross-sections (Figure 4a). Diamond-shaped solitary crystals were present in the cortex
region (Figure 4b). No idioblasts were observed. It was reported that crystals are commonly present in
the mesophyll cells of the Rutaceae plants [23].

Since there are no reported studies on the petiolar features of other species in the genus Glycosmis, G.
perakensis petiole transverse sections were compared within the species’ at the familial level, i.e.,
Rutaceae. Clausena excavata, a plant species in the Rutaceae, has almost similar petiolar features
except for the petiole outline that had irregular shape of the adaxial surface and circular abaxial surface.
It also has trichomes that were unicellular and multiseptate around the petiole, especially on the abaxial
epidermis. Moreover, it has large secretory cavity present in the ground tissue near the epidermis [39].
Petiolar features can be used to differentiate plant species from the Rutaceae family as different plant
species have different features. This is evident in the genus Pilocarpus from where species displayed
variation in the organisation of the vascular system in petioles. They were organised in closed cylinder,
open with a single cylinder, or with free vascular bundles [25,21].

Figure 4. Transverse section of the Glycosmis perakensis petiole [a, b, c, d: stained by astra blue/basic
fuchsin]. a: Overview of the petiole showing both schizogenous and lysigenous secretory cavity at the
cortex region; b: prismatic crystal at cortex and lysigenous cavity; c: schizogenous cavity d: cross section
showing large cortex region. Abbreviations: phloem (ph), xylem (xy), cortex (co), pericyclic fibre (pf), pith
(pt), secretory cavity (sc), prismatic crystal (pc), epidermal cell (ep). Bars: 0.1mm.
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Anatomy of stem

Transverse section of the stem is shown in (Figure 5). The epidermis had a quadrangular to rectangular
aspect with a thin cuticle layer on the outer layer of the cell wall (Figure 5b). Just beneath the uniseriate
layer of the epidermis, the cortex region consists of 15-24 cell layers, with a few layers (2 to 3) of
collenchyma cells and 11-22 layers of parenchymal cells (Figure 5a and b). Cortex cells are hexagonal
and orbicular shaped. Stomata were inserted on the same level of the epidermal cells (Figure 5c).
Secretory cavities (schizogenous gland) were present at the cortex region below the epidermis layer
(Figure 5b). Prismatic crystals were present at the cortex region, mainly in the parenchyma cell layers.
The vascular bundle was arranged in an amphicribal arrangement where the xylem was surrounded by
a ring of phloem (Figure 5a). Isolated patches of pericyclic fibre were present, with 2-6 cell layers
between the inner cortex region and the phloem. The stem cross-section has phloem that consists of 5-
7 layers of cell and distinct cambium with 2-3 layers of cell. The large central portion of the stem was
occupied by pith, where it comprises hexagonal or orbicular parenchymatous cells, which also contain
prismatic crystals (Figure 5a).

There are no reported studies on the stem anatomy for the genus Glycosmis. Most plant species from
Rutaceae generally have all the features that are present in the cross-section of the stem of G.
perakensis, such as pericycle that contains isolated strands or bands of sclerenchyma, phloem, and
xylem constituting closed cylinder traversed by narrow rays, large secretory cavities that are commonly
present in the parenchymatous tissue and they also have abundant crystals in the cortex or phloem [23].
The features that could be used to distinguish between genus are the number of cortex layer and
sclerenchyma cell layers on phloem, which was used in a study to differentiate between three different
species from the genus Haplophyllum [35].

Figure 5. Cross section of Glycosmis perakensis stem. [a, b, c: stained by astra blue/basic fuchsin]. a:
shows a large cortex region, pericyclic fibres, phloem, cambium, xylem and pith; b: shows a thin layer of
cuticle, secretory cavity on the cortex region, uniseriate epidermal layer and calcium oxalate crystals
(arrow); c: Stomata in between epidermal cells. Abbreviation: xylem (xy), phloem (ph), cambium (ca),
pericyclic fibre (pf), pith (pt), secretory cavity (sc), epidermis (ep), cuticle (cu), stomata (st). Bars: 0.1mm.
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Conclusions

In conclusion, this is the first study on the anatomy and morphology on Glycosmis perakensis leaf, stem,
and fruit. There are very few reported studies on the species from the genus Glycosmis. The findings of
this study were compared to the findings of other Glycosmis species in the literature records, and the
differences and similarities between them were stated in detaill. The leaf morphology, presence of
calcium oxalate, secretory cavity, stomatal density and the absence of trichomes could be an important
diagnostic character at the genus level. G. perakenesis stems, leaves, and petioles contain secretory
cavities, which are notable features in the Rutaceae family that could contain essential oil. Essential oil
could be useful economically and medicinally. Therefore, further studies on its bioactivities should be
carried out. The results from this study can be used for future identification and standardization purposes.
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