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Abstract:- Many species in the family Capparaceae are
economically important as wild vegetables with medicinal
and nutritive values. Among the species is Cleome
gynandra commonly known as spider plant. Several
medicinal uses of the species have been ascribed to its
aerial parts. This study investigated the micro
morphological features and quantified the elemental
composition of the aerial parts of C. gynandra. Fresh
leaves, stems and roots of the plant were examined for
their anatomy and micromorphological characteristics
with the use of light scanning electron microscope. The
chemical constituent of the aerial parts was also done using
X- ray spectroscopy dispersing energy. It was observed the
asymmetrically shaped epidermal cells having cell wall
undulating with four subsidiary cells around the stomata.
The leaves have anomocyctic stomata which are more
distributed in the abaxial surface than the adaxial surface.
The average guard cells’ length and width in the abaxial
surface are 0.09 + 0.01 mm and 0.08 = 0.01 mm
respectively while that of adaxial surface are 0.1+ 0.01 mm
and 0.07 + 0.01 mm respectively. The EDXS microanalysis
of the leaf revealed the presence of phosphorus,
manganese, iron, calcium, sodium, magnesium, potassium
and zinc as the main composition of the crystals in the
stomata pores and the mesophyll. The knowledge of the
plant’s ultra-morphological characteristics and elemental
composition can further help in proper identification to
ascertain its use for herbal remedy and consumption.
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I.  INTRODUCTION

The resurgence of interest in wild vegetable species,
especially in their ethnopharmacological potentials has
become noteworthy. Wild vegetables serve as essential
constituents of diets, enriching the body with minerals,
essential fatty acids and vitamins. In addition, they have
medicinal values such as antibacterial, hepatoprotective and
anticarcinogenic properties [1]. Based on these, people are
becoming aware of the inherent nutritional and medicinal
status of wild vegetables, thus, the exploitation of these
potentials has increased greatly.

Several studies have reported the significance of foliar
micromorphological features for taxonomical delimitations of
many plants [2], [3], [4] and [5]. Ultramicromorphological
features of plants have become essential tools in correct
identification and authentication of several plant species.
These features are also useful for herbal products
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standardization in various indigenous medicinal plants [6].
Micromorphological characters of the leaves that have been
used in some studies include epidermal cell types, stomata,
trichomes, vascular bundle patterns and arrangements [7] [8]

[9].

Many species in the family Capparaceae are
economically important as wild vegetables with medicinal and
nutritive values. One important species in this family is
Cleome gynandra L. commonly known as spider plant.
Cleome gynandra is multi-branched herbs which can growth
up to 1.5 meter in height with long tap roots and a few
secondary roots. Its stems are densely glandular. The leaves
are palmately compound with 3-5 leaflets. This plant is
endemic to Africa and commonly found in South Africa
extending to the Limpopo, the North-West, Gauteng,
Mpumalanga, KwaZulu-Natal, Free State and the Northern
Cape Provinces [10]. In addition to its edibility as wild
vegetable, the species is used for the treatment of sexual
impotence, epileptic fits, gastro intestinal disorders and
inflammatory conditions [11] [12]. These pharmacological
values have been ascribed to the property of its leaves, roots
and flowers. C. gynandra occurs 2400 m above sea level and
requires warm conditions that are not below 15°C. It thrives
well on a wide range of soils from sandy loam to loamy clayed
soil especially if the soil is deep and well drained having pH
range 5.5-7.0 [13].

According to Bunanwan et al., [14], the morphology and
anatomy of the leaf is the most variable plant organ and
micromorphological characters such as the trichomes are
occasionally specific for species, genera or even families.
Today, there is no published literature on the
micromorphology of the aerial parts of C. gynandra,
especially the variety growing in the Eastern Cape Province of
South Africa. The study was carried out to examine the micro
morphological features of the aerial parts of C. gynandra in
light scanning electron microscopes. In addition, the chemical
constituent of various parts of the species was estimated using
Energy Dispersive X-ray (EDX) analysis. EDX is slowly
becoming an essential and strong tool in drug and other plant
products standardization.

Il. MATERIALS AND METHODS

> Plant material

The leaves, stems and roots of C. gynandra were
collected from the Research Farm, University of Fort Hare,
Alice with latitudes of 32° 47' 0" S and longitudes of 26° 50'
0" E. The identification of plant was done at the Department of
Botany; University of Fort Hare and deposited a voucher
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specimen (LinMed 2013/01) in Giffen’s herbarium of the
University.

» Leaf epidermal studies (Light microscopy)

Leaf, stem and root samples of 1- 3 cm were sectioned
using a razor blade and observation were made under motic
light microscope. The microphotographs were taken with the
aids of digital camera mounted on the microscope.

»SEM and Energy Dispersive X-ray Spectroscopy (SEM-
EDXS)

Fresh roots, stems and leaves were segmented into 4- 6
mm in length and placed in 6% glutaraldehyde of pH 7.3 for
12h. Following this, 0.05M sodium cacodylate buffer (pH 7.5)
was used to rinse the sections. Each sample was rinsed with
dehydrated in a graded series of ethanol 10-100% for 20 min
per rinse. Then sections were then dried in a Hitachi HCP-2
critical point dryer and mounted on stubs coated with double-
sided carbon coated sputter aluminum and gold palladium
(Elko 1B-3 lon Coater). The aerial parts of the plant were
sectioned and examined at varying magnifications with the use
of JEOL (JSM-6390LV) scanning electron microscope (SEM)
ran at 10 — 15 kV accelerated voltage.

The chemical analysis was done by energy dispersive x-
ray analyzer coupled to scanning electron microscope (SEM),
of Thermo Electron Corporation, 6733B-ITUUSN, USA
manufacturer. The imaging was done with the use of Noran
system six software.

I1l.  RESULTS AND DISCUSSION

» Light and scanning electron microscopy

Different features were seen in the plant. These include
type of stomata, stomata density and crystal deposits. These
are significant characters in differentiating the species. Other
characters like mean length of guard cell and width of guard
cell, number of subsidiary cells, number of epidermal cells per
unit area and guard cell index in both abaxial and adaxial
surfaces were also captured. The leaves of C. gynandra have
high distribution of stomata on both sides of the leaf (Fig. 1A
& B).

surfacé (10X); (B) Shows epidermal cells and stomata
distribution on adaxial surface (10X); (C) Shows guard cells
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and sunken stomata (arrow) in abaxial surface (40X); (D)
Shows epidermal cells (arrow) in adaxial surface (40X).

The average stomata densities on the abaxial and adaxial
surfaces were 68.14 = 0.34 and 43.68 + 0.21 per mm?
respectively. The amphistomatic features reveal guard cells
surrounding sunken stomata. The epidermal cells are
assymetrically shaped having cell walls undulating on both
surfaces (Fig 1C & D). The epidermal cells density were
163.1+ 0.26 and 124.6 + 0.32 per mm? respectively in lower
and upper surfaces. The stomata apertures are elliptical (Fig.
2A). The stomas are anomocytic, surrounded by the epidermal
layer having four subsidiary cells surrounding each stoma
(Fig. 1C & D). The epidermal cells and stomata are more in
number at the abaxial surface than the adaxial surface.

The guard cells are seen as banana shaped cells having a
thick inner and thin outer wall which are vertically embedded
to the subsidiary cells (Fig. 2B). The guard cell index was
5653.7um? and 5496.7um? respectively in the abaxial and
adaxial surfaces. The average length and width of the guard
cells were 0.09 £ 0.01 mm and 0.08 + 0.01 mm respectively on
the abaxial surface, and 0.1+ 0.01 mm and 0.07 +0.01mm
respectively on the adaxial surface.
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Fig 2:- (A) shows distribution of stomata on the abaxial
surface (100X); (B) shows distribution of stomata on the
adaxial surface (100X); (C) shows epidermal cells on the
adaxial surface (100X); (D) epidermal cells on abaxial surface
(100X).

The micromorphology of C. gynandra leaves as
observed under SEM is presented in Figures 3 A- D, showing
the distinguished sunken stomata in the presence of mineral
crystals positioned in the stomata pores and in the intercellular
spaces on the plant surface.
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Fig 3:- (A) shows deposit of crystals on the adaxial surface of
C. gynandra leaves (B) shows sunken stomata having crystal
deposits on the abaxial leaf surface (C) shows crystals
concentrated in the stomata of the abaxial surface (D) shows

fragmented crystals scattered on the abaxial surface.

UFH-SEM

The micro morphology of C. gynandra root is presented
in Figure 4A showing the cross section of the xylem tissue
vascular bundle in ringed shape. The vessel that transports
water, dissolved minerals and fibres that supports the plant is
called xylem tissue. The shoot structures showed droplets of
mineral sediments on the phloem tissue which are translocated
to all parts of the plant (Fig. 4B).

50 X100 foum

Fig 4:- (A) Cross sections of C. gynandra root showing the
xylem tissue’s inner ring and (B) shoot with mineral deposits
on the phleom tissue.

15V X260 100ym UFH-SEM UFH-SEM

The C. gynandra leaf X-ray microanalysis generated a
spectra of micro and macro mineral elements such as carbon
(C), oxygen (O), nitrogen (N), iron (Fe), sodium (Na),
magnesium (Mg), phosphorus (P), calcium (Ca), potassium
(K), manganese (Mn), zinc (Zn), silicon (Si), sulphur (S) and
aluminium (Al) (Fig. 5). Gold (Au) likely come from the spur
coater. The mineral composition of this species informed its
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nutritional and ethnopharmacological importance. For
instance, the high carbon, oxygen, nitrogen, phosphorus,
manganese, iron and calcium show the abundance amount of
these elements while sodium, magnesium, potassium and zinc
were in moderate amounts. Aluminium, silicon and sulphur
were found in trace amounts. These mineral elements are of
great importance in metabolic activities in human
development. For example, calcium reduces the risk of
contacting  various non-communicable  diseases and
maintenance strength of bones, teeth and muscles in the body
[15] [16]. Potassium regulates blood pressure and acid —base
balance [17]. Magnesium acts as enzymes co factor involved
in energy metabolism; protein production and maintaining the
electrical potential of nervous tissues and cell membranes [18].
Iron prevents anemia, increases packed cell volume and boosts
the immune system [19]. Also, sulphur is of a vital important
in synthesis of protein, regeneration of cells and cleansing of
blood [20]. The availability of these elements in plants informs
the therapeutic uses of C. gynandra in gastro-intestinal
disorders, anthelmintic, inflammatory, epileptic fits, aches and
pruritis [10].
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Fig 5:- Showing crystal deposits energy dispersive X-ray
analysis in the stomata pore of C. gynandra; micrograph
shows the peak of the electron beam.
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Element Amount (%)
Carbon 21.36 £ 0.49
Nitrogen 8.01+1.71
Oxygen 50.08 £ 0.93
Sodium 3.69+0.11
Magnesium 1.89+0.08
Calcium 14.98 +0.25
Phosphorus 13.53+0.23
Potassium 2.36 £0.10
Aluminium 0.49+0.12
Silicon 0.47 £0.07
Sulphur 0.49+0.12
Zinc 3.33+£0.11
Manganese 11.24 £0.17
Iron 15.78 £ 0.21

Table 1:- showing crystal deposits’ percentage elemental
composition on C. gynandra leaf

IV. CONCLUSION

This study examined the micromorphological characters
of the aerial parts of C. gynandra which includes anomocytic
stomata, amphistomatic epidermal surfaces, asymmetric
epidermal cells, crystal deposits and the subsidiary cells
surrounding the stomata. It found out the availability of micro
and macro mineral elements likely informs its high nutritional
value and ethnopharmacological importance. The knowledge
of this micromorpholgical characters and elemental
compositions will help in proper identification of this plant in
order to ascertain its uses for herbal remedy and consumption.

V. ACKNOWLEDGMENTS

Appreciation goes to Govan Mbeki Research and
Development Centre, University of Fort Hare, South Africa
for the support to this research work. Also thanks to Ms R.
Famewo, Electron Microscope Unit, for her technical
assistance that enhance this study.

REFERENCES

[1]. Adedapo, A., Jimoh, F., and Afolayan, A.J. (2011).
Comparison of the nutritive value and biological activities
of the acetone, methanol and water extracts of the leaves of
Bidens pilosa and Chenopodium album. Acta Poloniae
Pharmaceutica- Drug Research., 68 (1): 83-92.

Dickison, W.C. (2000). Integrative Plant Anatomy.
Academic Press, San Diego, CA

Sonibare, M.A., Jayeola, A.A., and Egunyomi, A. (2005).
A survey of epidermal morphology in Fiscus Linn Species
(Moraceae) of Nigeria. Botanical Bulletin of Academia
Sinica 46: 231-238.

Sonibare, M.A., Jayeola, A A., and Egunyomi, A. (2006).
Comparative leaf anatomy of Ficus Linn species
(Moraceae) of Nigeria. Journal of Applied Science 6 (15):
3016-3025.

Gostin, I.N. (2011). Anatomical and Micromorphological
Pecularities of Adonis Vernalis (Ranunculacea). Pakistan
Journal of Botany 43(2): 811-820.

Sonibare, M.A., and Osiyemi, O.A. (2012). Morphological
and anatomical studies of two medicinal plants: harrisonia
abyssinica Oliv.  (Simaroubaceae) and Spathodae

2.
(3]

[4]

[5].

[6].

IJISRT18SP146

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

WWW.ijisrt.com

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

campanulata P. Beauv. (Bignoniaceae) and their systematic
significance. Journal of Chemical and Pharmaceutical
Research 4(1): 800-807.

Bhatt, A., Naidoo, Y., and Nicholas, A. (2010). The foliar
trichomes of Hypoestes aristata (Vahl) Sol: ex Roem. and
Schult var aristata (Acanthaceae) a wide spread medicinal
plant species in tropical sub-Sahara Africa: with comments
on its possible phylogenetic significance. Biological
Research 43 (4): 403-4009.

Yasmin, G., Khan, M.A., Shaheen, N., and Hayat, M.Q.
(2010). Taxonomic significance of leaf epidermal anatomy
of selected Persicaria Mill. Species of family Polygonaceae
from Pakistan. African Journal of Biotechnology 9(25):
3759-3768.

Senthamari, R., Kirubha, T.S.V., and Gayathri, S. (2011).
Pharmacognotiscal and Phytochemical Studies on fruits of
Catunaregam spinosa Linn. Journal of Chemical and
Pharmaceutical Research 3(6): 829-838.

Mishra, S.S., Moharana, S.K., and Dash, M.R. (2011). A
review on Cleome gynandra. International Journal of
Research in Pharmacy and Chemistry 1(3): 681-689.
Kamatenesi-Mugisha, M. (2004). Medicinal Plants used in
Reproductive  Health Care in Western Uganda:
Documentation, Phytochemical and Bioactivity Evaluation.
Ph.D. Thesis in Botany, Makerere University, Kampala,
Uganda.

Kamatenesi-Mugisha, M., and Oryem-Origa, H. (2005).
Traditional Herbal Remedies used in the management of
sexual impotence and erectile dysfunction in western
Uganda. African Health Sciences 1(5): 40-49.

Chweya, J.A., and Mnzava, N.A. (1997). Cat’s whiskers,
Cleome gynandra L: Promoting the conservation and use of
underutilized and neglected crops. Institute of Plant
Genetics and Crop Plant Research, Gatersleben/IPGRI,
Rome, Italy.

Bunawan, H., Talip, N., and Noor, N.M. (2011). Molecular
systematic Polygonum minus Huds. Based on ITS
sequences. Australia Journal of Crop Science 5(2): 123-
127.

Vaskonen, T. (2003). Dietary minerals and modification of
cardiovascular risk factors. Journal of Nutrition and
Biochemistry 14: 492-506.

Nieves, JW. (2005). Osteoporosis: the role of
micronutrients. American Journal of Clinical Nutrition 81:
1232-1239.

He, F.J., and MacGregor, G.A. (2008). Beneficial effects of
potassium on human health. Physiologia Plantarum., 133:
725-735.

Mohammed, M.l,, and Sharif, N. (2011). Mineral
Composition of some leafy vegetables consumed in Kano.
Nigeria. Nigerian Journal of basic and Applied Sciences
19: 208-212.

Agunbiade, O.S., Ojezele, O.M., Ojezele, J.0., and Ajayi,
A.Y.(2012).Hypoglycaemic activity of Commelina africana
and Ageratum conyzoides in relation to their mineral
composition. African Health Sciences 12 (2): 198 — 203.
Afolayan, A.J., and Otunola, G.A. (2014). Ultrastructure
and elemental analysis of Hypoxis Hemerocallidea: A
multipurpose  medicinal plant. African Journal of
Traditional and Complementary Medicines 11(4): 39-43.

591


http://www.ijisrt.com/

