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ABSTRACT
Background: Glyphaea brevis has been used traditionally to treat a variety of ailments, 
some of which are linked to oxidative stress. Despite the numerous studies on the biological 
activities of G. brevis, no literature was found on the microscopic study of this plant, which 
is essential for preparation of its monograph. As a result, the antioxidant activity of G. brevis 
and its qualitative microscopic characteristics were investigated in this study. Methods: The 
adaxial and abaxial epidermal layers of the G. brevis leaf, as well as transverse sections of 
the midrib and petiole, were obtained, cleared, and examined under a light microscope at 
X100 and X400 magnifications. The antioxidant activity of the crude methanol extract and 
fractions of G. brevis was evaluated via bioautographic method using 1,1-diphenyl-2-picryl-
hydrazyl-hydrate (DPPH) free radical scavenging activity (FRSA), total phenolic content (TPC) 
and the total flavonoid content (TFC). Results: Microscopic examination of the leaf revealed 
the presence of straight and few wavy thin-walled polygonal epidermal cells in the adaxial and 
abaxial layers, numerous stomata cells ranging from anisocytic, anomocytic, to paracytic in 
the abaxial layer, and various types of trichomes in both adaxial and abaxial layers. The FRSA 
and TFC were highest in the crude extract. The ethyl acetate fraction of G. brevis had highest 
FRSA, whereas the hexane fraction had the least. Conclusion: The microscopic study revealed 
characters that can be used to identify Glyphaea brevis, while the free radical scavenging 
activity supports its use in the treatment of many oxidative stress related diseases.
Keywords: Glyphaea brevis, Microscopy, Antioxidants, DPPH.
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INTRODUCTION
Microscopic analysis of crude drugs involves the 
examination of the size, shape, relative position of 
different cells and tissues, the form and nature of 
cell contents as well as the chemical nature of the 
cell walls. In Pharmacognosy, the authenticity and 
quality of medicinal plants can be assessed using 
microscopy.1 The first step towards establishing the 
purity and identity of plant materials is to carry out 
the microscopic evaluation.2 Microscopic analysis 
of medicinal drugs involves the evaluation of both 
qualitative and quantitative properties. In qualitative 
microscopic analysis, the transverse sections of leaf, 
root bark and the longitudinal section of root bark are 
studied under photomicrograph. Parameters such as 
the stomata, trichomes, starch grains, calcium oxalate 
crystals and xylem vessels are the microscopic features 
usually examined under qualitative microscopy.1

Oxidative stress has been considered to be the primary 
cause of many diseases such as cardiovascular 
diseases, cancer, atherosclerosis, hypertension, 
ischemia, neurogenerative diseases such as  
Alzeimer’s and Parkinson’s, diabetes mellitus, 
rheumatoid arthritis and ageing.3-6 Antioxidants 
break radical chain reactions, preventing oxidative 

stress-related damage.7 They prevent and destroy 
the presence of reactive oxygen species, which at 
high concentrations generate oxidative stress that 
can damage many cellular components and cause 
diseases in living cells.8-9 Plant polyphenols have been 
considered to have potent antioxidant properties and 
a marked effect in the prevention of various oxidative 
stress related diseases such as cardiovascular diseases, 
neurodegenerative diseases, diabetes and cancer.10-11 
Flavonoids, phenolic acids, tannins (hydrolysable 
and condensed), lignans and stilbenes are the main 
groups of polyphenol.12

Glyphaea brevis (Spreng.) Monach. family Tiliaceae, 
is either a spreading shrub, tree up to 8 m high or 
rarely a herb. It is widely spread in tropical Africa and 
South America.13 When fully grown, it is a small tree 
and it is majorly present in forest regrowth, swampy 
places, rocky savanna, forest galleries and fallow 
land.14-17 The leaf decoction of the plant is used for 
the treatment of sexually transmitted infections, as an 
abortifacient, antiemetic, eye treatment, pain killers, 
treatment of pulmonary disorders and gout.13 In vivo 
biological investigations revealed the antimicrobial 
and antioxidant effects of the leaves of G. brevis. 
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Despite so many researches on the biological activities of Glyphaea 
brevis, no literature search was found on the microscopic study of this 
plant. Hence, for proper identification and monograph preparation 
of this plant, an evaluation of its microscopic characters is required. 
Furthermore, phyto-oxidants have been found to be beneficial in the 
prevention and control of diseases related to oxidative stress. Therefore, 
this study was designed to investigate the qualitative microscopic 
characters of Glyphaea brevis and to assess its antioxidant activity using 
2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent.

MATERIALS AND METHODS
Plant Material
The leaves of G. brevis were collected from the wild in Gbandu area, 
Oluponna, Osun State (7⁰35’34.7’’N4⁰11’27.5”E) on 13th October, 2019. 
The leaves were identified and authenticated at the Forest Herbarium, 
Ibadan (FHI) by Mr. K. A. Adeniyi, Dr O. A. Ugbogu and Mr A.J 
Egunjobi with a voucher specimen number of FHI: 110067.

Epidermal Layer Preparation for Microscopy
The epidermal layer of the abaxial and adaxial layer of the leaf of  
G. brevis was obtained through hand scrapping method. The epidermal 
layers obtained were cleared in 2% sodium hypochlorate and stained 
in safranin O, counter stained in Toluidine blue and passed through 
graded ethanol (50%, 70% and 100%) after which they were mounted 
on a glass microscope slide with dilute glycerol and observed under a 
light microscope at different magnifications. Photomicrographs of the 
epidermal layers were taken with a digital microscope camera and a 
smart phone camera.

Transverse Section Preparation
The transverse sections of the leaves were obtained by free hand 
sectioning using a scalpel, while the leaf midrib (1 cm x 1 cm) was cut. 
The transverse sections were cleared in 2% sodium hypochlorate for 
2-5 min, rinsed severally in water, stained in Safranin O and counter-
stained in methylene blue. Each section was passed through graded 
ethanol (50%, 70% and 100%) for effective clearing and mounted on 
a glass microscope slide with dilute glycerol. The distribution of tissue 
through the mid rib was observed under the light microscope at different 
magnifications.

Qualitative Phytochemical Screening
Alkaloids, saponin, tannin, flavonoids, sugar and anthraquinone were 
screened qualitatively using the standard procedures.18

Preparation of plant extracts
The leaves were dried using the air-drying method, pulverized into 
powder, weighed and stored in a dry, clean, sterile plastic container 
ready for extraction. The dried pulverized plant material was extracted 
with methanol at room temperature for 72 hr with occasional stirring. 
The extract was filtered and the filtrate concentrated in vacuo using 
rotary evaporator (Bibby Sterlin Ltd, London). The extract obtained was 
refrigerated for subsequent use. Using a separating funnel, the extract 
(35g) was re-constituted in methanol: water (3:l) and mixed with aliquots 
(50 mL per aliquot) of n-hexane, dichloromethane (DCM), ethyl acetate 
and n-butanol successively. Each aliquots of n-hexane, DCM, ethyl 
acetate and n-butanol fractions was pooled and evaporated in vacuo 
to give residues, which were kept in air tight containers for subsequent 
preliminary assays. The weights of the partitioned extracts were recorded 
and used to calculate the percentage yield for each fraction.

Qualitative Phytochemical Screening
Determination of Total Phenols
Following the method described by Nabavi et al., total phenolic content 
(TPC) was measured using Folin–Ciocalteu.19 Folin–Ciocalteu reagent 
(2.5 mL) was introduced into 0.5mL each aliquots of the extracts  
(100 μg/mL) and was allowed to stand for 3 min after which 2 mL of 7.5% 
Na2CO3 solution in distilled water was added to the mixture. Experiment 
was prepared in triplicates. Content of the mixture was thoroughly mixed 
and incubated at room temperature for 30 min. Blank was set up with 
0.5mL methanol, 2.5 mL of Folin Ciocalteu reagent and 2mL of 7.5% 
Na2CO3. After 30 min of incubation, absorbance of mixture was read at 
765 nm using UV–VIS spectrophotometer (Spectrumlab 752S). Using 
absorbance reading of gallic acid (12.5– 0.39 μg/mL) at wavelength of 
765 nm, a linear dose response regression curve was generated. Result of 
TPC was expressed as mg of Gallic Acid Equivalent (GAE) per gram of 
dry weight of extracts. 
The TPC in the plant extract was calculated using the formula below:

CV
TPC

M
=

TPC is the total phenolic contents in mg of GAE per gram of dry 
weight of extracts, where C is the concentration of equivalent gallic acid 
established from calibration curve μg/mL, V is the volume of extract 
(mL) and M is the weight of plant extract (0.03 g).

Determination of total Flavonoids
The aluminum chloride colorimetric method used in the study was 
adopted from the method described by Ebrahimzadeh et al.20 The test 
sample (1mL, 200µg/mL) in methanol was mixed with 1mL methanol, 
0.1mL 1% aluminium chloride, 0.1mL 1M potassium acetate and 2.8mL 
of distilled water. The extract remained at room temperature (28°C – 
30°C) for 30 min. The absorbance of the reaction mixture was measured 
at 415 nm with a 752s spectrum lab UV/Visible spectrophotometer. 
Quercetin was used as standard for the calibration curve. Quercetin 
solution was prepared at concentrations 12.5 to 0.39 µg/mL in methanol. 
All determinations were performed in triplicates. A yellow colour 
indicated the presence of flavonoids. Based on the measured absorbance, 
the concentration of flavonoids was read from the calibration curve; 
then the content of the flavonoid in extract was expressed in terms of 
quercetin (mg/quercetin).

Antioxidant Activity
Thin Layer Chromatography – Bioautography Technique

Analytical thin layer chromatography for the crude extract and the 
partitioned fractions of G. brevis was carried out using Kieselgel  
60 F254 according to the method described by Wang et al.21 with slight 
modifications. Small quantity of each of the fractions and the crude 
extract (about 0.2g) was re-dissolved in distilled methanol. A capillary 
tube was used to spot the extracts carefully on a pre-coated plate and 
allowed to dry. The plate was then carefully developed in a glass tank 
containing Methanol: Hexane: Dichloromethane: Ethylacetate (0.5: 2.0: 
1.0: 0.5) after allowing the solvent to saturate the tank. The developed 
plate was allowed to dry and visualized in daylight and under the UV 
lamp. The developed plate was then sprayed with a solution of DPPH. 
The same procedure was repeated for the standard (Gallic acid) using 
the solvent system; Methanol: Ethylacetate (2.5: 2.5) with a drop of acetic 
acid.
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In vitro Antioxidant Activity
The free radical scavenging activity of the fractions (Crude, n-hexane, 
dichloromethane, ethylacetate, n-butanol and aqueous) of the methanol 
extracts of G. brevis was evaluated according to the methods described 
by Sonibare and Adeniran22 with slight modifications. One mL 
methanol solution of test samples and standard (gallic acid) at different 
concentrations (200, 100, 50, 25, 12.5, 6.25 and 3.125μg/mL) were 
mixed separately with 3 mL (0.004%) of freshly prepared 1,1-diphenyl-
2-picryl-hydrazyl-hydrate (DPPH-Sigma Aldrich). In the control, 1 mL 
methanol replaced the test sample. The reaction mixtures were incubated 
at room temperature and allowed to react for 30 min in the dark. 
After 30 min, the absorbance was measured at 517 nm using UV–VIS 
spectrophotometer (Spectrumlabm752S) and converted to percentage 
free radical scavenging activity (%FRSA). The results were recorded in 
triplicate. 

RESULTS
Microscopic Investigation of Glyphaea brevis Leaf
The adaxial layers are characterised with absence of stomata cells, 
numerous glandular trichomes with multicellular head and unicellular 
stalk and uniserate glandular trichome (Figure 1). The abaxial layers 
are characterised with coastal cells, numerous stomata cells (anisocytic, 
anomocytic and paracytic), uniserate glandular trichomes, glandular 
trichomes with multicellular head and unicellular stalk and stellate 
trichomes (Figure 2). The epidermal layer also shows the vein islet and 
the vein islet termination (Figure 3). The leaf midrib of G. brevis revealed 
bicollateral vascular bundles, a thin cuticle, collenchyma cells, secretory 
gland, unicerate glandular trichome, stellate trichome and sclerenchyma 
sheath (Figure 4). The transverse section of the petioles is circular in 
outline and revealed a thick cuticle, uniserate glandular trichome and 
bicollateral vascular bundles (Figure 5).

Phytochemical Screening
The phytochemical studies carried out on the powdered leaf sample of 
G. brevis revealed the presence of anthraquinones, flavonoids, cardiac 
glycosides, saponins and tannins (Table 1). 
From the results of the total phenolic content and total flavonoid contents 
(Figures 6 and 7) obtained from this investigation, there is no linear 
correlation between the antioxidant activity of the fractions of G. brevis 

Figure 1: Adaxial layer of Glyphaea brevis stained with Safranin O and counter 
stained with toluidine blue; (A) x100; (B) x400. 
ep: epidermal cells; gt: uniserate glandular trichome; gmt:glandular trichome 
with multicellular head and unicellular stalk.

Figure 2: Abaxial layer of Glyphaea brevis stained with Safranin O; (A) x100, 
(B) x400. 
cc: coastal cells; ep: epidermal cells; gt: uniserate glandular trichome; st: 
stellate trichome; sm: stomata cells; gmt:glandular trichome with multicellular 
head and unicellular stalk.

Figure 3: Photomicrograph of the venation pattern of Glyphaea brevis stained 
with Safranin O; x40.
vi: vein-islet, vt: vein termination

investigated in terms of IC50 and their total phenolic and total flavonoid 
results. Dichloromethane fraction had total flavonoid (17.23 mg/GAE) 
and total phenolic (51.34 mg/QE) contents, while ethyl acetate showed 
insignificant total flavonoid content (2.62 mg/GAE).

Bioautographic Assessment for Evaluation of 
Antioxidant Activity 
The result obtained from the bioautographic assessment of the crude 
and partitioned fractions using the DPPH reagent for the evaluation of 
antioxidant activity showed yellow spots against a purple background of 
DPPH reagent (Figure 8).

In vitro Antioxidant Activity
The crude and other partitioned fractions (n-hexane, aqueous and 
n-butanol) also showed significant free radical scavenging activity at 
various concentrations as shown in Figure 9. Ethyl acetate fraction had 
the highest %FRSA.
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Table 1: Phytochemical screening results of Glyphaea brevis.

Tests Glyphaea brevis leaf powder sample

1. Alkaloids

a) Dragendoff -

b) Mayer -

c) Wagner -

2. Anthraquinones 

a) Borntrager test +

3. Flavonoids ++

4. Glycosides

a) Keddes test +

b) Keller Killiani test ++

5. Saponin

a) Foam test +

6) Tannins

a) Ferric chloride test -

Keys: ++ = Moderately present; + = detected; - =Absent

Figure 4: Photomicrograph of Transverse section (TS) of Glyphaea brevis 
stained with Safranin O and counter stained with toluidine blue; A x100,  
B x400. 
co: collenchyma; cu: cuticle; gt: unicellular glandular trichome; la: lamina; 
lp: lower epidermis; sc: sclerenchyma sheath; sg: secretory gland; st: stellate 
trichome; up; upper epidermis; ph: phloem; st: stellate trichome; xy: xylem

Figure 5: Photomicrograph of the petiole transverse section of Glyphaea bre-
vis stained with Safranin O and counter stained with Toludine blue; x100.
cu: cuticle; gt: unicellular glandular trichome; ph: phloem; xy: xylem.

DISCUSSION
Straight and few wavy thin-walled polygonal epidermal cells were found 
in the adaxial and abaxial layers of Glyphaea brevis epidermal cells. The 
abaxial layer’s coastal cells are similar to those found in the adaxial and 
abaxial epidermal layers of Alstonia boonei and Alstonia congensis, 
respectively (Apocyanaceae).23 As a result, the epidermal cell differences 
in G. brevis (Tiliaceae) are distinctive and can be used to distinguish 
between species in this family.24-25 In the abaxial layer, stomata types 
ranged from anisocytic to anomocytic to paracytic. In a study conducted 
by Chung, he reported that majority of the stomata found on some 
species of Grewia L. (Tiliaceae) and Microcos L. (Tiliaceae) were the 
anomocytic, anisocytic and paracytic stomata.26 The leaf of G. brevis 

Figure 6: Total Phenolic Content values for antioxidant activity of Glyphaea 
brevis.
CRU: Crude; Hex: Hexane; DCM: Dichloromethane; ETA: Ethyl acetate; BUT: 
Butanol; AQE: Aqueous; Gallic acid: Standard

can be said to be hypostomatic due to the presence of stomata cells 
on the abaxial layer only. This can be a distinguishing factor between  
G. brevis and some species of the Grewia L., such as G. occidentalis 
and G. polygama which are amphistomatic. The adaxial layer has more 
glandular trichomes with multicellular head and unicellular stalk than 
the abaxial. Chung reported the presence of non-glandular trichomes on 
the abaxial and adaxial leaf surfaces of G. huluperakensis, G. laevigata, 
G. multiflora and G. polygama.26 The absence of glandular trichomes in 
some of the species of Grewia can be a distinguishing factor between  
G. brevis and other members of this genus.26

The phloem is situated on the peripheral and inner side of the xylem 
and the vascular bundle has a humpy shape at the upper part. In a study 
carried out by Shokefun et al. on some species of Microcos L. Section 
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Chromatographic (TLC) plate, antioxidant compounds were seen as 
white or yellow spots on a purple background. This was in line with the 
results previously obtained from bioautographs of medicinal plants.29-31

The highest free radical scavenging activity was exerted by the ethyl 
acetate fraction of the plant extract, followed closely by dichloromethane 
fraction. The effect of antioxidants on DPPH is due to their hydrogen 
donating ability.32 The reduction of the purple colour of DPPH to light 
yellow by the extracts indicates the capacity of the extracts to scavenge 
free radicals.33 Phenolic acids and flavonoids, which are widely found 
in plants, possess significant antioxidant activities that could decrease 
the incidence of certain human disease.20,34 Compounds such as 
flavonoids which contain hydroxyl functional groups are responsible 
for antioxidant effect in plants.35 The results obtained showed that there 
is a significant difference in the antioxidant properties of the various 
fractions of G. brevis investigated due to the differences in their %FRSA 
values. Furthermore, the extracts showed dose-dependent DPPH radical 
scavenging activity.
Different literature reported a linear correlation of total phenolic and 
flavonoid contents with antioxidant capacity.36 The maximum amount 
of total phenolic content and total flavonoid content obtained from  
n hexane does not correlate with its %FRSA obtained for this fraction. 
The highest antioxidant activity, expressed in %FRSA, was recorded in 
ethyl acetate despite the highest TPC and TFC in n hexane fraction. 
Ethyl acetate fraction exerted the highest antioxidant activity, hence 
its antioxidant activity cannot be related to its flavonoid content. The 
presence of some phenolic compounds rather than flavonoids in ethyl 
acetate may be responsible for its antioxidant activity. It could also 
be because of reducing power of phenolic hydroxyl groups in which 
different phenolic compounds respond differently to the Folin–Ciocalteu 
reagent.37 Since cinnamic acid derivatives are more effective antioxidants 
than benzoic acid derivatives mostly in n hexane, higher concentration 
of benzoic acid derived phenolics in n hexane fraction of G. brevis could 
have contributed to its low free radical scavenging activity.38

CONCLUSION
The anatomical characters such as the shape of the epidermal 
cells, stomata arrangement, type of trichomes and vascular bundle 
arrangement obtained from the qualitative microscopic investigation 
of the leaves of Glyphaea brevis in this study in this study are useful in 
identifying and distinguishing G. brevis from the other members of the 
Tiliaceae family. The crude extract and partitioned fractions of Glyphaea 
brevis leaf exhibited antioxidant activities in vitro, with the ethyl acetate 
fraction of the extract exerting the best antioxidant activity as compared 
to the other fractions.

Figure 7: Total Flavonoid Content values for antioxidant activity of Glyphaea 
brevis.
CRU: Crude; Hex: Hexane; DCM: Dichloromethane; ETA: Ethyl acetate; BUT: 
Butanol; AQE: Aqueous; Gallic acid: Standard

Figure 8: (A): Thin Layer Chromatography (TLC) plate of the crude extract 
and partitioned fractions of Glyphaea brevis using MeOH: Hexane: Ethyl-
acetate: Dichloromethane (0.5: 2.0: 0.5: 1.0). (B): Bioautographic detection 
of the crude and partitioned fractions of Glyphaea brevis using DPPH spray.  
Key: C: Crude extract; H: n hexane fraction; D: Dichloromethane;  
E: Ethyl acetate; B: n butanol, A: Gallic acid (Standard)

Eumicrocos in Nigeria, he reported the presence of a large u-shaped 
incurved vascular bundle in M. oligoneura.27 The sclerenchyma sheath 
surrounds the vascular bundle and it located directly on top of the 
phloem. This observation is in accordance with parameters reported 
for some plants in Tiliaceae family.24-25 Furthermore, the presence of 
stellate trichomes in the leaf mid rib of G. brevis and circular petiole 
with trichomes emerging from all over the surface can be another factors 
which differentiate this plant in the family Tiliaceae.24-25

Bioautography is a useful method for separation and detection of the 
active antioxidants in a mixture of compounds.28 On the Thin Layer 

Figure 9: Antioxidant Activity of crude and solvents fractions of the  
G. brevis leaf.
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