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Abstract.

The foliar epidermal and phytochemical characteristics of Clitoria ternatea and Centrosema pubescens are

studied in this work. Results have revealed minor differences between the examined species. A microscopic
study has shown that both species are hypoamphistomatic, have irregular cells and simple trichomes on their
abaxial and adaxial surfaces. C. pubescens has more stomata, trichomes and epidermal cells than C. ternatea,
but its stomata and epidermal cells are smaller in size. The stomata index ranges between 5.1-21.0%. On
the other hand, a phytochemical analysis has shown little difference in the amount of bioactive compounds
present in both species, except for in the flavonoid content which was significantly different between the two.
Although phytosteroidal content in the two species is also not very significant, its presence may be linked to

the species medicinal value as an aphrodisiac.
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Introduction

Papilionoideae is a large, homogenous and easi-
ly recognized leguminous group comprising trees,
shrubs, climbers, or herbs; with generally com-
pound leaves, often imparipinnate or tri-foliate, or
simple, usually stipulate, and leaflets occasionally
stipulate (Hepper 1958). The members of this group
have very distinct flowers (zygomorphic, mostly
hermaphrodite), and most of them obviously hav-
ing in general the same form as the bean flower
(Hepper 1958, Keay 1989). Hepper (1958) recorded
nine tribes and 80 genera in the West Tropical Af-

rica, but recently Soladoye & Lewis (2003) report-
ed 15 tribes and 83 genera, each genus represented
by at least one collection in Nigeria deposited at the
Forest Herbarium, Ibadan (FHI).

As described by Hepper (1958), Clitoria ternatea
is a perennial herbaceous climber with pinnate
leaves; leaflets 5-7, elliptic and rounded at the tip;
vivid deep-blue solitary flowers, occasionally pure
white. This plant is native to many African countries,
including Nigeria. It has been used for centuries in
the traditional ayurvedic medicine as memory en-
hancer, antidepressant, anticonvulsant, tranquiliz-
ing and sedative agent (Mukherjee & al. 2008). Ac-
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cording to Ravishankar & al. (2012), its roots have
ophthalmic, laxative and aphrodisiac medicinal val-
ue, and also it is used as tonic for weakened bodi-
ly conditions.

Centrosema pubescens Benth. is described as a
perennial creeper, with slender pubescent stems.
Leaves pinnately 3-foliolate; stipules ovate to ovate-
lanceolate, 2-3 mm, elliptical, rounded at the base,
rounded to acuminate at the apex, dark-green,
slightly hairy, especially on the lower surface; peti-
ole up to 5.5 cm long, stipules 2-4 mm long; flowers
pink-mauve or white with purple markings (Hep-
per 1958, Burkill 1995). Both species belong to the
tribe Phaseoleae (Soladoye & Lewis 2003) of the
Papilionoideae, and phylogenetically are positioned
very close to each other.

Metcalfe & Chalk (1972) had pointed out that the
historical development of botany has been such that
physiological and anatomical investigations of plants
have been unnecessarily separated from the studies
of their systematic arrangement. Although C. terna-
tea and C. pubescens are easily recognized by their
external morphology when in flowering, the two
species may look confusingly similar, while in their
sterile condition. Owing to this morphological sim-
ilarity, it is important to provide alternative charac-
ters for their delimitation. Therefore this work, while
examining the resemblance between the aforemen-
tioned legumes, also takes into consideration their
foliar epidermal and phytochemical properties, with
a view of finding additional diagnostic characters
that may be used to distinguish the taxa.

Material and methods

Plant material

Fresh specimens of C. ternatea and C. pubescens
were collected from the arboretum of the Forest-
ry Research Institute of Nigeria, Ibadan and were
carefully identified by comparing with the exist-
ing collections deposited at the Forest Herbarium
Ibadan (FHI) of the same Institute. Voucher spec-
imens for the two species were prepared and de-
posited at the same Herbarium: Centrosema pube-
scens Benth. — FHI 1096454 and Clitoria ternatea
L. — FHI 109645. The Forest Herbarium, Ibadan
(FHI) is an International Herbarium listed in Hol-
mgren et al. (1990).

Leaf epidermal preparations

Pieces of 1-5 cm?2 of the leaves of each specimen
were cut and soaked in concentrated trioxonitrate
(v) acid (HNO3) in well covered Petri dishes for
about two to four hours to macerate the mesophyll
Tissue disintegration was indicated by bubbles and
the epidermises were transferred into clean Petri
dishes and adequately rinsed with distilled water,
before the abaxial and adaxial layers were separated
with forceps. Tissue debris was carefully cleared off
the epidermises with fine Carmel hair brush, and
the isolated epidermal layers were adequately rinsed
in water. The epidermises were then transferred in-
to another Petri dish containing 50 % ethanol for
1-2 minutes, thereby allowing hardening of cells.
Afterwards, tissues were transferred unto a clear-
glass microscopic slide and stained with Safranin O
for five minutes and then rinsed again in distilled
water to remove excess staining. They were mount-
ed thereafter in 25% glycerol on a microscopic
slide, covered with cover-slips and the edges of the
cover slip were ringed with nail varnish to prevent
dehydration and thus the slips were sealed to the
slides. Five slides were prepared for each epidermis
of the two species. Methods followed those of Rad-
ford & al. (1974), Khatijah & Zaharina (1998), Ad-
edeji (2004), and Metcalfe & Chalk (2004) for leaf
epidermal descriptions.

All slides were labeled appropriately and exam-
ined under Fisher light microscope with x40 objec-
tive. Photomicrographic images of each specimen
were taken with an Olympus digital camera mount-
ed on Olympus photomicroscope at the Department
of Botany, University of Ibadan, Ibadan, Nigeria. Mi-
croscope observations and measurements were made
with a micrometer eyepiece. For each micro-mor-
phological character, measurements were random-
ly taken from all slides prepared for each specimen.
The mean value and standard error for all micro-
scopic parameters were also calculated on the basis
of occurrence of each examined character in a total
of 20 fields of view, as mentioned above. The stoma-
ta index (SI) for the epidermises was calculated using
the formula reported by Salisbury (1927):

Stomatal Index (SI) = S
E+S

%100 %,

where S = number of stomata per unit area, and
E = number of epidermal cells on the same area.
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Phytochemical screening

Fresh specimens were collected and dried for about 15
days, until they were completely void of moisture. The
dried specimens were ground into fine powder and
then subjected to phytochemical screening conduct-
ed at the National Horticultural Research Institute (NI-
HORT), Ibadan, Nigeria. This screening was done to
determine the biologically active compounds present
in the plant parts and procedures were adapted from
earlier works on plant analysis as outlined by Sofowo-
ra (1993), Rahila & al. (1994), Trease and Evans (2005),
Adaramola & al. (2012), and Soladoye & Chukwuma
(2012). The detailed method of extraction and purifi-
cation techniques for active plant constituents followed
Harborne (1973) so as to yield accurate result.

Results and discussion

The micro-morphological characteristics of the spe-
cies are summarized in Tables 1 and 2 and illustrated
in Plates 1 and 2. Phytochemical examination results
are presented in Table 3 and Fig. 1 respectively. The fo-
liar epidermal cells were generally irregular, with a few

linear to polygonal ones on both surfaces of the exam-
ined species. The anticlinal walls were undulate to cu-
neate and the stomata were rather anomocytic than
paracytic and anisocytic (Table 1). The species were
hypostomatic, but considering the number of stoma-
ta on the adaxial epidermises, the leaves were hypo-
amphistomatic, with C. pubescens having the highest
number of stomata. Interestingly, the stomata index
was the lowest and the highest in C. pubescens (5.1 % -
adaxial; 21.0 % abaxial).

Trichomes were simple, unicellular, short and long,
and located on coastal and intercoastal surfaces on the
abaxial and adaxial sides of both species. It was also
evident that trichomes prevailed on both surfaces of
C. pubescens rather than in C. ternatea. The glandu-
lar trichomes observed on the abaxial surface of C. pu-
bescence were short, sessile and unicellular. Metcalfe &
Chalk (1965) reported earlier that in the genera Clito-
ria and Centrosema the non-glandular trichomes type
had “hooked hairs with short basal cells and a larg-
er bent terminal cell”. The simple unicellular, short or
long trichomes evidenced in this work could be re-
garded as some extra trichome types exhibited by the
studied taxa.

Table 1. Qualitative leaf micro-morphological characteristics of the studied species.

Clitoria ternatea Centrosema pubescens
Characters Abaxial Adaxial Abaxial Adaxial
Cell shape Irregular, rectangular Irregular, rectangular Irregular, rectangular Irregular, rectangular
Anticlinal wall ~ Undulate-cuneate, straight, curve ~ Undulate, straight-curve Undulate, straight Undulate-cuneate
Stomata type Paracytic, anomocytic Paracytic, anomocytic, anisocytic ~ Paracytic, anomocytic Paracytic, anomocytic
Trichome Simple Simple Simple Simple
Micro-crystal Present Present Present Present
Table 2. Quantitative leaf micro-morphological characteristics of the studied species.
Clitoria ternatea Centrosema pubescens
Characters Abaxial Adaxial Abaxial Adaxial
Stomata index 12.7% 10.3% 21.0% 5.1%
Cell (per mm2) 172(211.37.5)241 98(139.7+8.5)186 243(302.0+£10.9)350 242(279.5+7.3)309
Cell length (um) 40.5(53.7+3.7)85.0 40.0(58.2+2.8)75.0 24.3(33.0+2.3)48.6 37.8(47.7+2.0)62.1
Cell width (um) 16.2(25.7+1.8)35.0 20.0(26.0+1.6)35.0 10.0(17.9+1.2)25.0 17.5(25.1£1.2)32.4
Cell wall thickness (um) 2.7(3.0£0.3)5.4 2.7(3.1+0.3)5.4 1.4(1.0+0.0)1.4 2.7(3.1£0.3)5.4
Stomata (per mm2) 14(30.7£3.3)51 11(16.1£0.8)21 40(80.1+8.9)130 5(15.1+1.5)24
Stomata length (um) 17.5(22.5+0.9)27.0 13.5(18.2£0.9)24.3 12.5(16.6+1.0)21.6 13.5(18.7+1.3)24.3
Stomata width (um) 10.0(12.3+0.7)18.9 5.4(9.24£0.9)16.2 5.0(8.8+0.6)10.8 7.5(8.8+0.4)10.8
No. of trichomes (per mm?2) 1(1.84£0.2)4 1(2.2+£0.9)4 1(4.1£0.7)10 3(5.5+£0.9)12

All data are arranged as follows: minimum (mean+standard error 5 maximum).
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Plate 1. Photomicrographs of the epidermal layers of Clitoria
ternatea x400. (A - abaxial; B, C - adaxial). A - trichomes on inter-
coastal surface; B - trichomes on coastal surface; and C - trichomes
on intercoastal surface. ec = epidermal cell; ngt = non-glandular
trichome; s = stoma; ¢ = crystals; cs = coastal cells.

Table 3. Quantitative phytochemical content of the examined
species.

Phytochemicals Clitoria ternatea  Centrosema pubescens
Phenol 5.58+0.09 5.33+£0.07
Flavonoid 1.02+0.13 1.47+0.09
Anthraquinone 0.53+0.02 0.42+0.02
Saponin 0.34+0.02 0.21£0.01
Phytosteroid 0.43+0.05 0.35+0.04
Cardiac glycosides 0.01+0.00 0.01+0.00
Cyanogenic glycosides 0.12+0.01 0.10+0.01
Alkaloids 0.22+0.02 0.13+0.02
Tannins 2.81+0.10 2.60+0.03

All measurements are in mg/g and are expressesed as folows:
meantstandard error.

Further epidermal studies have also shown that the
average number of epidermal cells ranged from 98 on
the adaxial surface of C. ternatea to 350 on the abaxial
surface of C. pubescens. In contrast, the stomata length
and width ranged from 12.5pm and 5.0um on the
abaxial surface of C. pubescens to 27.0 um and 18.9 um
respectively also on the abaxial surface of C. ternatea.
The smallest in size cells occurred on the abaxial sur-
face of C. pubescens (length: 24.3 pm; width: 10.0 um)
and the largest on the abaxial surface of C. ternatea
(length: 85.0 um; width: 35.0 um). It can therefore be
assumed that the higher the number of epidermal cells
and stomata, the smaller is their respective length and
width. In other words, the cell length and width are
inversely proportional to the frequency of cells, and
the same applies to the stomata length, width and fre-
quency (Table 2).

This work supports the fact that the number of sto-
mata is higher, when the size of epidermal cells is low
and the number of stomata is lower, when the size of
the cells is large, as emphasized already by Salisbury
(1927).

A phytochemical analysis has shown that the two
examined species are very rich in phenol and tan-
nin content. While the content of phenol was great-
er (>50 %), tannin was also on the high side (>20 %)
in each species. However, only traces of cardi-
ac glycosides and cyanogenic glycosides were no-
ticed (Fig. 1). Although the presence of phytoster-
oids in the examined plants was not very significant,
it suggested their importance in drug production
as sex hormones (Okwu 2001) in support of Ravis-
hankar & al. (2012), who earlier reported that the
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Plate 2. Photomicrographs of the epidermal layers of Centrosema pubescens x400. (A, B - abaxial; C, D- adaxial). A - trichomes on
coastal surface; B - trichomes on intercoastal surface; and C - irregular cells, stomata and trichomes, D - trichomes on coastal surface.
ec = epidermal cell; gt = glandular trichome; ngt = non-glandular trichome; s = stoma; ¢ = crystals; cs = coastal cells.

root of C. ternatea is medicinally important as an

s aphrodisiac. Alan & Miller (1996) have also report-
S0.00% ed earlier that flavonoids have antiviral, antiallergic,
sa0x antithrombotic, antibacterial, antimultagic, and anti-

P — inflammatory properties. The large amounts of this
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essential compound (1.02+0.13mg/g in C. ternatea

o and 1.47+0.09 mg/g in C. pubescens) observed in this

1w ' study (Table 3) could also lead to the assumption that

wson o —_—-— the examined species may have potent anti-oxidant
& f & properties.

f ‘ /ﬁ;‘j f Generally, the phytochemical contents of C. terna-

tea exceeded those of C. pubescens, except for flavo-

Fig. 1. Comparative graphical illustration of phytochemical noids, which exceeded in amount the latter. The large
contents (%) of the examined species. amount of tannin compounds also indicated the spe-
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cies importance in bacterial and viral drugs produc-
tion (Soladoye & Chukwuma 2012). An earlier study
(Ekpo & al. 2011) has also shown the presence of
such bioactive compounds as saponin and tannins in
C. pubescens and has reported the antimicrobial and
wound healing properties of the plant. Although leaf
micro-morphological and phytochemical characteris-
tics have contributed immensely to the taxonomy of
angiosperms, much is needed still to be done on this
subject matter. However, findings in the present work
have shown the need in constant incorporation of mi-
cro-morphology and phytochemical screenings into
plant taxonomic studies.

Conclusion

The present study has shown that the examined plant
species are very similar in their phytochemical and leaf
epidermal features. Nonetheless, the presence of glan-
dular trichomes on the abaxial surface of C. pubescens
can serve as a diagnostic character in distinguishing
this species from C. ternatea. While this work supports
the earlier studies and reports of amphistomatic leaf
epidermises exhibited by members of the Papilionoide-
ae, is has also contributed to the existing taxonomic in-
formation about C. ternatea and C. pubescens and may
be used in distinguishing the species in the absence of
their inflorescences or in fragmentary state, as well as
in their taxonomic description. Hopefully, the results of
the phytochemical analysis will form a basis for carry-
ing out further tests to ascertain the potencies of the
bio-active compounds present in the species.
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