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Antioxidants, as natural compounds have been documented to possessscavenging abilities which
helps in fighting body infections.Therefore, the aim of this study was to analyse the phytochemical
constituents and antioxidant potentialof some medicinal plants reported to possess anti-viral activity
in Malawi. The antioxidant potentials ofAeschynomene nyassana, Phyllanthus amarus, Euphorbia
whyteana, Rhus acuminatissima and Ericae milanjiensisplants were evaluated using DPPH, FRAP,
Reducing power, Nitric oxide scavenging activity and HPTLC while phytochemical analysis was done
using spectrophotometric techniques.The phytochemical analysis showedthe presence of saponins,
flavonoids, alkaloids,phenolic in the plant extracts. The results showed that ascorbic acid had
significantly higher DPPH scavenging activity as compared to the plant extracts at all levels.NO
scavenging activity demonstrated a significant dose dependent decreaseexcept forR.
acuminatissinia.A. nyassanarevealed reducing power ability that was significantly greater as
compared to Ascorbic acid. In HPTLC analysis, DPPH pale-yellow coloured spots were
observedwhile the phenolic active blue colour spots were observed only in A. nyassana,P. amarus,R.
acuminatissiniaand E. milanjiensis. Therefore,this study recommends further research on the 5
plants should be undertaken in order to inform science of traditional use in Malawi.
Keywords: Antioxidant, phytochemical compounds, reactive oxygen species, medicinal plants, High
performance thin-layer chromatography, viral infections.
1. INTRODUCTION
The World Health Organisation (WHO)
estimates that about 80% of the population living in the
developing countries especially in Asia and Africa rely
almost exclusively on traditional medicine for their
primary healthcare needs due to limited availability of
health facilities. In almost all the traditional medical

systems in these countries, the medicinal plants play a
major role and constitute their backbone [1].
Viral infections are a major cause of high
morbidity and mortality rates in most of these developing
countries. The emergence of viral resistance to
drugs, as well as the serious adverse effects
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induced by antiviral drugs, has caused serious
medical problems in many countries, particularly when
administered
in
combination
over
prolonged
treatment periods [2].Traditionally, medicinal herbs are
known to relieve the symptoms of different human
diseases, including infectious diseases, and they are
acknowledged to have been used for over thousands of
years [3].
Many plants contains large amount of
antioxidants which plays an important role in absorbing
and neutralizing free radicals, quenching singlets and
triplets oxygen or decomposing peroxidase. Antioxidant
substances block the action of free radicals which have
been implicated on the pathogenesis of many infectious
diseases. Radical scavenging antioxidants are
particularly important in anti-oxidative defense in
protecting cells from injury of free radicals especially
common in immunosuppressed individuals[4].
Therefore, the aim of this study was to analyse
the phytochemical constituents and antioxidant
potentialof some medicinal plants reported to possess
anti-viral activity in Malawi. Aeschynomene nyassanais a
shrub that can grow up to 120cm, has reddish-brown
viscid stem that arises from woody rootstock and it
belongs to the family, Fabaceae. Leaves are 2.5cm
long,pinnate in shape with 15-20 pairs of oblong and
obtuse leaflets [5]. Phyllanthus amarusis an annual herb
found in shady places among other common weeds and
it belongs to the family, Euphorbiaceae. It can grow up to
30-60 cm in height and blooms with yellow flowers. All
parts of the plant are used as medicines because of their
medicinal properties [6]. Euphorbia whyteanais a
hairless perennial herb with annual stems that can grow
up to 30 cm high from a woody rootstock and it belongs
to the family Euphorbiaceaewhich have over 2000
species. Leaves are normally 30 mm long, rounded and
apiculate at the apex, they are numerous, sessile,
spreading to reflexed and linear-lanceolated.Rhus
acuminatissimais a small tree often straggling and can
grow up to 9metres in length and it belongs to the family,
Anacardiaceae. The leaves are 3-foliolate while the
leaflets are broadly elliptic, obtuse. The flowers are in
loose panicle and small yellowish green in colour.While
Ericae milanjiensisbelongs to the family,Ericaceae which
have over 3000 species consists mainly of shrubs or
climbers. It can grow up to 6metresin length and has
greyish brown bark. Leaves are crowded linear, small
and dark green in colour [7].
2. MATERIALS AND METHODS
2.1

Chemicals

Trichloroacetic acid (TCA), 1,1-diphenyl-2-picryl
hydrazyl (DPPH), Diethyl ether, Ammonium hydroxide,
Acetic acid, Ethanol, Methanol, Sodium nitroprusside,
Sodium bicarbonate, Potassium ferricyanide,Aluminium
chloride, Gallic acid, Quercetin,Griess reagent,

Phosphate buffered saline, Folin-Ciocalteu reagent and
n-butanol were purchased from Sigma Chemicals Co.
(USA). N-(1-naphthyl) ethylenediamine dihydrochloride,
EDTA, Ferric chlorideand Ascorbic acid were purchased
from Merck (Germany). All other chemicals were of
analytical grade.
2.2

Preparation of plant materials and extraction

Aeschynomene nyassana,Phyllanthus amarus,
Euphorbia whyteana, Rhus acuminatissima and Ericae
milanjiensismedicinal plants were collected and
identified by Mr. Edwin Kathumba from Herbarium and
Botanical Gardens of Malawi and voucher specimens
deposited in the same herbarium.The plants were airdried at room temperature and then grounded into fine
powder. The powdered material was further dissolved
twice in methanol for 48hours. Filtration was conducted
using a vacuum system and the filtrates concentrated
using Rota vapour (Buchi B-100) to evaporate the
solvents from the plant material. The extracts wereairdried at room temperature, weighed and stored for
further use.
2.3 Phytochemical analysis
2.3.1

Determination of flavonoids contents

Aluminium chloride method was used to
determine flavonoid contents according to standard
procedures [8]. About 0.5ml of 1mg/ml methanol extract
was mixed with 0.5ml of 2% aluminium chloride,then it
was allowed to stand at room temperature for 60
minutes. Absorbance was then measured at 420nm
using the PerkinElmer Victor X3 Multimode plate
reader.The total flavonoid content were evaluated as
quercetin equivalents (mg/g) using the following
equation based on the calibration curve y = 0.3812x +
0.1257, R2 =0.9583, where y was the absorbance and x
was the concentration.
2.3.2

Determination of total phenolics

Total phenolic contents was evaluated with
Folin-Ciocalteu's phenol reagentaccording to standard
procedures [9]. Five millilitres of the extract solution was
mixed with 5 ml Folin-Ciocalteu reagent previously
diluted with water (1:9 v/v). The mixture was allowed to
stand for 5 minutes, then 4 ml of 7% Na2CO3 solution
was added. The tubes were vortexed for 15 seconds and
allowed to stand for 30 min at 40°C for the development
of color. Absorbance was then measured at 765 nm
using the PerkinElmer Victor X3 Multimode plate reader.
The extracts were evaluated at a final concentration of
0.1 mg/ml. Total phenolic content was expressed as
mg/g gallic acid equivalent (GAE) using the following
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equation based on the calibration curve: y = 0.3947x 2
0.0423, R = 0.981, where y was the absorbance x was
the concentration.
2.3.3

Saponins determination

The saponins content in the plant extracts was
determined according to standard procedures [10].Ten
grams of the powdered plant sample was placed in 200
ml of 20% ethanol. The suspension collected was
heated for 4 hours in a water bath at 55°C while
continuously being stirred. The mixture was filtered and
the residue was re-extracted twice as above. The
resultant combined extracts were reduced in a water
bath at 90°C to about 40 ml. The final concentrate was
added to 20 ml diethyl ether in a 250 ml separator funnel
and shaken vigorously. The layer of ether solution was
discarded, while the purification process was repeated.
60 ml of n-butanol was added and the combined nbutanol extracts was washed twice with 10ml of 5%
aqueous sodium chloride. The solution that remained
was heated in a water bath to evaporate the solvents
and then the sample was dried in the oven to a constant
weight. The saponins content was determine according
to the equation:
Amount of saponins (mg/g) = weight of residue/weight of
sample.

2.3.4

Alkaloids determination

The alkaloids content in the plant extracts was
determined according to standard procedures[11]. Five
grams of the powdered plant sample was weighed into
200 ml of 20% acetic acid in ethanol and allowed to
stand for 5 hours. The extracts were filtered and
concentrated using a water bath at 55°C to
approximately one-quarter of the original volume. Then
dropwise, concentrated ammonium hydroxide solution
was addedinto the resultant extract until precipitation
was complete. The precipitate collected after allowing
the solution to settle was washed with dilute ammonium
hydroxide solution and then filtered. The residue of the
crude alkaloid was weighed and calculated according to
the equation:
Amount of alkaloid (mg/g) = weight of precipitate/weight
ofsample.
2.4

Antioxidant assays

2.4.1

Assay of DPPH scavenging activity

The DPPH radical-scavenging activity of the
methanol extracts was determined according to standard
procedures [12].DPPH free radical scavenging assay
was performed using 96-micro-well flat plates. Stock

solutions of the extracts was prepared as 1 mg/ml in
methanol. Each well was filled in with 200 µl extract of
different concentrations (3.13 - 25.0 μg/ml). Then, 5 µl of
the DPPH solution (2.5 mg/ml in methanol) was added to
each well. Ascorbic acid was used as standard control
while a blank was prepared by mixing DPPH and
methanol. Three replicates were made for each test
sample. After 30 minutes of incubation at room
temperature in the dark, the optical density of each well
was read using PerkinElmer Victor X3 Multimode plate
reader at wavelength 517 nm, and results were
expressed as percentage antioxidant activity using the
following equation:
100 – [(Sample Optical density (OD) – Sample
background OD)/ (DPPH only OD) × 100].
The IC50 values were calculated by plotting a linear
regression, where the abscissa represented the
concentration of the tested plant extracts and the
ordinate represented the average percent of scavenging
capacity from three replicates.
2.4.2

Assay of nitric oxide-scavenging activity

The nitric oxide radical scavenging assaywas
determined according to standard procedures [13]. The
extracts were prepared from a 1 mg/mL stock solution of
methanol and serial diluted to make concentrations
(1.56−50 μg/mL). Griess reagent was prepared by
mixing equal amounts of 1% sulphanilamide in 2.5%
phosphoric acid and 0.1% naphthylethylene diamine
dihydrochloride in 2.5% phosphoric acid immediately
before use. A volume of 0.5 mL of 10 mM sodium
nitroprusside in phosphate buffered saline was mixed
with 1 mL of the different concentrations of the methanol
extracts (1.56−50 μg/mL) and incubated at 25°C for
180 mins. The freshly prepared Griess reagent was
mixed with equal volume of the plant extracts. Control
samples were prepared by mixing equal volume of
bufferprepared in a similar manner to the test samples
but without the extracts. The colour tubes containing
methanol extracts at the same concentrations with no
sodium nitroprusside was also prepared. Then, 150 μL of
the reaction mixture was transferred to a 96-well plate
and absorbance was measured at 546 nm using a
PerkinElmer Victor X3 Multimode plate reader. Ascorbic
acid was used as the positive control. The percentage
nitric oxidescavenging activity of the methanol extracts
and ascorbic acid were calculated using the following
formula:
Nitric Oxide Scavenging activity (%) = A control - A
test/A control x 100.

2.4.3

Reducing power assay

The reducing power of the plant extracts was
determined according to standard procedures [14].
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Different amounts of plant extracts (3.125 - 50 μg/ml) in
methanol were prepared and mixed with 2.5 ml of 0.2 M
phosphate buffer (pH 6.6) and 2.5 ml potassium
ferricyanide (1% w/v). The mixture was incubated at
50°C for 20 minutes, followed by the addition of 2.5 ml of
trichloroacetic acid (10% w/v) andthe mixture centrifuged
at 3000 rpm for 10 minutes. About 2.5 ml of the
supernatant was mixed with an equal volume of distilled
water and 0.5 ml of FeCl3 (0.1% w/v) and the
absorbance was measured at 700 nm. Ascorbic acid
was used as positive controls.
2.4.4 Ferric-Reducing Antioxidant Power Assay
(FRAP)
The FRAP assay was evaluated according to
standard procedures [15]. The FRAP reagent was
prepared by mixing acetate buffer (25 mL, 300 mmol/L,
pH 3.6), TPTZ solution (2.5 mL, 10 mmol/L) in 40
mmol/L HCl and FeCl3 solution (2.5 mL, 20 mmol/L) in
proportions of 10:1:1 (v/v), respectively. The freshly
prepared FRAP reagent was warmed at 37oC in a water
bath prior to use. Then 150μlof the sample was added to
the 4.5 mL of FRAP reagent. The absorbance of the
reaction mixture was measured at 595nm. The standard
curve for analysis was constructed using FeSO4 solution
(0.5-10 mg/mL). The results obtained were expressed as
μmol Fe (II)/g dry weight of plant material. Ascorbic acid
was used as a control.
2.4.5 High
Performance
Thin
Layer
Chromatography (HPTLC) study of Phenol and
DPPH
High performance thin-layer chromatography
(HPTLC) was performedon a silica gel glass plate (20 ×
20 cm, Silica gel 60 F254, Merck) according to standard
procedures [16]. The extracts were dissolved in ethyl
acetate and were directly deposited on glass silica gel.
TLC plates were developed in a sandwich TLC chamber
with Ethyl acetate/Methanol/Water (10:1.35:1) solvent
mixture as mobile solvent. The profiles of the separated
spots were sprayed with 90:10 methanol/sulphuric acid
reagent after visualization under UV (366 nm) and visible
light respectively. The plates were further examined for
DPPH active spots. After 25 min, the pale-yellow spots
on purple background indicated spots antioxidant
activity. A separate run of the plates were stained with
o
Folin-Ciocalteu’s reagent and heated at 80 C/10min.
The plates were further examined for phenolic active
spots. After 25 min, the blue colour spots indicated
presence of phenolic compounds.
2.5

Statistical Analysis

All experiments analysis were done in triplicates
and where applicable, the data were subjected to one

way analysis of variance (ANOVA). P Values < 0.05
were regarded as significant.
3

RESULTS AND DISCUSSIONS

As shown in Figure 1, significant amounts of
saponins(P < 0.05)were quantitatively indicated fromP.
amarus(514.24mg/g)and R.
acuminatissinia(509.90
mg/g) as compared to 209.9, 370.82 and 167.60 mg/g
indicatedfrom A. nyassana. E. whyteana and E.
milanjiensisrespectively.Saponins are known to have
characteristics that includes bitterness, formation of
foams in aqueous solutions, hemolytic activity, antifungal
and cholesterol binding properties [19].Significant
amounts of flavonoids(P < 0.05)were also indicated
fromE. whyteana (579.46 mg/g) as compared
to127.51mg/gindicated from A. nyassana.Literature
indicates that flavonoids decrease free radicals by
chelating radical intermediate compounds and through
quenching, up-regulating or protecting antioxidant
defences[17]. There were more alkaloids compounds (P
< 0.05)indicated from E. whyteana(766.90mg/g)and E.
milanjiensis (698.48 mg/g)respectively as compared to
the other plants.Alkaloids have been shown to exhibit
marked physiological activity when administered to
animals and also they are reported to have analgesic
activities
[18].
Significant
amounts
of
phenoliccompounds (P < 0.05) were quantitatively
indicated from all the 5 plants understudy.Literature
indicates that phenolic compounds can readily donate
hydrogen atom to the radical and this could be
responsible for the DPPH radical scavenging activity
reported in the study [13].
In Figure 2A, the results of DPPH scavenging
activity demonstrated an inhibition percent of above 80
(87.7, 99.6, 95.7, 81.1, and 94.3)at a higher
concentration of 500ug/ml, and also showed
considerably higher inhibition percentof above 50 (70.5,
65.8, 58.3, 62.6 and 67.0) at lower concentration of
7.8ug/mlfor A. nyassana, E. whyteana, E. milanjeinsis,
R. acuminatissinia and P. amarusrespectively.However,
it can be observed that Ascorbic acid had stronger
activity as compared to the plants understudy and this
might be attributed to the additive or synergistic effects
of polyphenols making the antioxidant activity of the
extracts weaker than that of the isolated bioactive
compounds [21].
In Figure 2B,the results of FRAP scavenging
activity showed increased absorbancewith increased
concentration trend for all the plants. The absorbance
increased from 0.1 to 0.8, 0.1 to 0.3, 0.2 to 0.5,-0.03 to
0.4, 0.07 to 0.8 and 0.2 to 1.9 for A. nyassana, E.
whyteana, E. milanjeinsis, R. acuminatissinia, P. amarus
and Ascorbic acid respectivelyat a concentration range
of 0.16-0.5ug/ml. Literature indicates that compounds
with iron chelating ability can act as powerful
antioxidants in most of the times. The iron ions are
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Figure.1: Phytochemical contents for the five medicinal plants were evaluated. Aluminium chloride method was used
to assess the flavonoids contents, Folin-Ciocalteu reagents method was used to evaluate the total phenolic contents,
Harborne method was used to measure the alkaloids content and also saponins contents were also evaluated. The
samples were analysed in triplicate presented as mean ± standard deviation (SD)

Figure 2: The analysis of 1,1-diphenyl-2-picryl hydrazyl (DPPH) free radical scavenging, the ferric ion reducing capacity
(FRAP), Nitric oxide scavenging and Reducing power activities are shown in Figure 2 A, B, C, and D respectively. The
results showed that the five plants extracts had moderate scavenging activity as compared to ascorbic acid at all

concentration in all the experiments. Results are means of 3 replicates
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known to catalyse the conversion of less reactive
species such as lipid peroxides to more reactive species
such as hydroxyl, peroxyl/alkoxyl radicals. And release
of iron by cellular damage can accelerate oxidative
damage to tissues[23].
In Figure 2C, the nitric oxide scavenging activity
for theplant extracts and ascorbic acid demonstrated the
scavenging activity of less than 50% inhibition for all the
plants understudy. P. amarus, R. acuminatissinia, E.
whyteana, and Ascorbic acid showed lower percentage
inhibition of 29.8, 29.4, 29.2 and 28.9 respectively at a
concentration of 50 μg/ml. A dose-dependent decrease
in NO scavenging activity was observed for all the
extracts except R. acuminatissinia at all the tested
concentrations.In the human body, nitric oxideis
generated from the amino acid, L-arginine, by vascular
endothelial cells, phagocytes and certain cells of the
brain.Nitric acid is classified as free radical, because of
its unpaired electron and normally displays important
reactivity with certain types of proteins and other free
radicals.It becomes adverse when it reacts with
superoxide radical, forming a highly reactive
peroxynitrite anion hence being toxic [20].

In Figure 2D, the results for reducing power
activity displayed an inverse relationship between
concentration and percentage inhibition of the plant
extracts.A. nyassana, E. milanjiensis, E. whyteana, and
ascorbic acid showed reducing power of 78.0, 58.8, 56.5
and 50.8% respectively at 50ug/ml concentration.
Increased absorbance of the reaction mixture indicates
an increased reducing power of the plant extracts. The
reducing properties of plant extracts has been shown in
literature to exert antioxidant action that breaks the free
radical chain through donation of a hydrogen atom to the
compound [22],
In Table 1, the results showed that the IC50
values for DPPH free radical scavenging activity were
within the range of 0.64–3.11 μg/ml, with Ascorbic acid,
E. milanjiensis, and E. whyteanashowing a significantly
marked IC50 values of 0.64, 1.89 and 1.99 μg/mL
respectively. The IC50 values of the DPPH tested
samples were in the order: Ascorbic acid<E.
milanjiensis< E. whyteana< P. amarus< A. nyassana< R.
acuminatissinia

Table 1: The IC50 values for DPPH, Nitric Oxide and Reducing Power of plant extracts
Sample
A. nyassana
E. whyteana
P. amarus
R. acuminatissinia
E. milanjiensis
Ascorbic acid

DPPH
IC50
2.32
1.99
2.26
3.11
1.89
0.64

R2
0.52
0.69
0.51
0.59
0.75
0.39

Nitric Oxide
IC50
R2
7.47
0.97
5.45
0.87
4.27
0.89
8.90
0.92
9.74
0.85
11.47
0.94

Reducing Power
IC50
R2
9.56
0.94
2.43
0.77
0.43
0.29
0.17
0.94
2.42
0.77
1,82
0.52

IC50 values are half maximal inhibitory concentration which is a measure of the potency of a substance in inhibiting a specific
2
biological or biochemical function while R is a statistical measure of how close the data are to the fitted regression line. The IC50
values and R2 were calculated for DPPH, Nitric oxide and Reducing power assays for all the plants understand

For nitric oxidescavenging activity, the IC50
values were within the range of 5.45 –11.47 μg/mL with
R. acuminatissinia and E. milanjiensissignificantly
showingthe IC50 values of 8.90 and 9.74 μg/mL
respectively as compared to 11.47 for Ascorbic acid. The
IC50 values of the nitric oxidescavenging activity tested
samples were in the order: P. amarus<E. whyteana< A.
nyassana< R.
acuminatissinia< E.
milanjiensis< Ascorbic acid
For the reducing power assay,the IC50 values
were within the range of 0.43 –9.56 μg/mL with A.
nyassana, E. whyteana, and E. milanjiensis showing IC50
values of 9.56, 2.43 and 2.4 respectively above the
reference ascorbic acid.The IC50 values of the reducing
power assaytested samples were in the order: R.
acuminatissinia<P.
amarus< Ascorbic
acid< E.
milanjiensis< E. whyteana< A. nyassana.

As shown in Table 2, the presence of antioxidant
substances were demonstrated by a change in colour to
pale-yellow colour spots on purple background and
these changes were observed in A. nyassana, E.
whyteana, P. amarus, R. acuminatissima and E.
milanjiensisplants. While in a separate HPTLC run of
plates stained with Folin-Ciocalteu reagent, the presence
of phenolic compounds were demonstrated by change to
blue colour of spots with yellow background. The
changes were observed in E. milanjiensis(0.69, 0.75,
0.88, 0.94, 0.97), E. whyteana (0.75, 0.88, 0.94, 0.97),P.
amarus (0.56, 0.67, 0.97),R. acuminatissima(0.38, 0.94,
0.97)and A. nyassana(0.97).
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Table 2: High-Performance Thin-Layer Chromatography(HPTLC) separation of the extracts
Plant

Rf value

Number of
spots

A. nyassana
E. whyteana
P. amarus
R. acuminatissinia
E. milanjiensis

0.97
0.75, 0.88, 0.94, 0.97
0.56, 0.67, 0.97
0.38, 0.94, 0.97
0.69, 0.75, 0.88, 0.94, 0.97

1
4
3
3
5

Colour Observation
methanol/
Folinsulphuric acid
Ciocalteu
Pale-yellow
Blue colour
Pale-yellow
Pale-yellow
Blue colour
Yellow
Blue colour
Pale-yellow
Blue colour

Chromatographic separation of the extracts was developed using ethyl acetate/methanol/water (10:1.35:1), the profiles
of separated spots sprayed with 90:10 methanol/sulphuric acid reagent after visualization under UV (366 nm) and visible
light respectively. For phenolic compounds, a separate HPTLC run was done in which plates were stained with FolinCiocalteu reagent to assess the phenolic compounds.

4

CONCLUSIONS

The presence of phytochemicalcompounds such
as phenolic, alkaloids, flavonoids, saponins and the
inhibitory effect of A. nyassana, E. milanjiensis, E.
whyteana, P. amarusand R. acuminatissinia extracts on
the free radicalsprovides some scientific evidence on the
traditional usage inthe management of opportunistic
infections. These phytochemical compounds provides
scavenging abilities which assist the body to fight
infections. However, further studieson these plants are
recommended to be undertaken in order to inform
science.
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