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ABSTRACT

Background: Antimicrobial resistanceis a serious threat to global public health and requires actions like
the development of new antimicrobial with significant activities over existing drugs.

Objectives: This study aims at investigating the phytochemical, antioxidant and antimicrobial
potentials of partitioned fractions of Lannea kerstingii.

Methods: A quantitative phytochemistry of chloroform, ethyl acetate, acetone and methanol fractions
of L. kerstingii for total flavonoid, phenol and alkaloid were done using standard method; antioxidant
and antimicrobial activity were determined using 1,1-Diphenyl-2-picrylhydrazyl and agar diffusion
method respectively.

Results: The chloroform fraction contained only alkaloid (11%) and steroids while all the other fractions
contained phenolic compounds in the range 0.43 to 0.67 mg/g garlic acid. The total flavonoid content
ranged from 0.43 to 0.67 mg/g of quercetin. The total flavonoid in the ethyl acetate was significantly
different from that of the methanol fraction but not with the acetone fraction. The acetone fraction
showed highest antioxidant activity (60.4%) at 0.05 mg/mL though not as comparable to vitamin C. The
ethyl acetate showed high antimicrobial activity as it was active against most of the organisms tested
upon and zone of inhibition ranged from 13+0.02 to 2940.1 mm. The acetone fraction was active only
against T. mentagrophytes while the methanol fraction showed no activity.

Conclusion: The antioxidant and antimicrobial activities may be due to the presence of flavonoids, as
well as the presence of tannins and terpenoids present in the different fractions. This makes the ethyl

acetate fraction a good source of antioxidant and antimicrobial agent.
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RESUME

Contexte : La résistance aux antimicrobiens est une menace sérieuse pour la santé publique mondiale et nécessite
des mesures comme la mise au point de nouveaux antimicrobiens avec des activités significatives sur les
médicaments existants.

Objectifs : Cette étude vise a étudier les potentiels phyto-chimiques, antioxydants et antimicrobiens des fractions
cloisonnées de Lannea kerstingii.

Méthodes : Une phyto-chimie quantitative de fractions de chloroforme, d'acétate d'éthylique, d'acétone et de
méthanol de L. kerstingii pour le flavonoide total, le phénol et I'alcaloide ont été faites utilisant la méthode
standard ; L'activité anti-oxydante et antimicrobienne a été déterminée a l'aide de la méthode de diffusion de 1,1-
Diphényl-2-picrylhydrazyle et d'agar respectivement.

Résultats : La fraction chloroforme ne contenait que des alcaloides (11%) et les stéroides tandis que toutes les
autres fractions contenaient des composés phénoliques dans la gamme 0,43 3 0,67 mg/g d'acide d'ail. La teneur
totale en flavonoides variait de 0,43 a 0,67 mg/g de quercétine. Le flavonoide total dans |'acétate d'éthyle était
significativement différent de celui de la fraction de méthanol mais pas avec la fraction d'acétone. La fraction
d'acétone a montré I'activité anti-oxydante la plus élevée (60.4%) a 0,05 mg/mL mais pas aussi comparable a la
vitamine C. L'acétate d'éthyle a montré une activité antimicrobienne élevée car il était actif contre la plupart des
organismes testés et la zone d'inhibition de 13+0,02 a 29+0,1 mm. La fraction d'acétone était active seulement
contre T. mentagrophytes tandis que la fraction de méthanol n'a montré aucune activité.

Conclusion : Cette activité peut étre due a la présence de flavonoides, ainsi qu'a la présence de tanins et de
terpénoides présents dans les différentes fractions. Cela fait de la fraction d'acétate d'éthylique une bonne source

d'antioxydants et d'agents antimicrobiens.

Mots-clés : phyto-chimie quantitative, test antimicrobien, test antioxydant, Lannea kerstingii
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INTRODUCTION

From time immemorial, medicinal plants have been arich
source of antimicrobial agent.! In recent vyears,
antimicrobial resistance to modern pharmaceuticals
have become a major public health concern globally with
over 70% of pathogens found in hospitals acquired
resistance for at least one antibiotic.? Infectious diseases
is associated with oxidative stress in a number of ways
e.g. organ damage combined with altered metabolism,
inflammation and other factors are responsible for the
development of oxidative stress in infected patients.?
Under aerobic conditions, antibiotics that are
bactericidal with specific targets in bacterial cells
stimulate production of harmful reactive oxygen species
(ROS), which contribute to killing of the cells.*>

Medicinal plants have been investigated for their
antioxidant properties since natural antioxidants are very
effective in preventing the destructive processes of
oxidants.® Reactive oxygen species (ROS) and other
oxidants play key roles in causing numerous disorders
and diseases, thus making scientists to appreciate
antioxidants for prevention and treatment of diseases
and maintenance of human health.” Many of the
biological responses such as the anti-carcinogenic, anti-
aging, and anti-mutagenic responses originate from the
inherent antioxidative mechanism in the human body.?
Antioxidants stabilize or deactivate ROS and other
oxidants, often before they attack targets in biological
cells.® This has made the interest in naturally occurring
antioxidants to increase considerably for use in food,
cosmeticand pharmaceutical products.®

The tendency that medicines derived from plant
products could be safer than their synthetic counterparts
are being explored.'*? The discovery and development
of new antioxidant and antimicrobial agents from natural
resources may therefore offer an alternative to currently
available products.

Lannea kerstingii Engl. and K. Krause (Anacardiaceae) is a
widely used plant in traditional medicine. The bark of the
plant has been reported to treat a lot of ailments like
swellings and anaemia and malaria.*>** Previous studies
showed that the plant contains tannins, flavonoids,
alkaloids, steroids and triterpenes.'>® Phytochemicals
isolated from the stem bark of this plant include ?-
sitosterol-3-O-glucoside!’, catechin-3-O-rhamnoside®
with both compounds having significant antioxidant and
antimicrobial activity against Methicillin Resistant
Staphylococcus aureus (MRSA), S. aureus, B. subtilis, E.
coli, K. pneumoniae, S. typhi, S. dysentariae, C. albicans
and C. tropicalis. This study is aimed at determining the
guantitative Phytochemical, antioxidant, antimicrobial
properties of partitioned fractions of L. kerstingii.

MATERIALS AND METHODS

Plant collection and identification

The plant L. kerstingii was collected in May, 2011 in Zaria,
Kaduna State in the Northern part of Nigeria where it was
identified by a botanist Mallam Umar Galla. A voucher
specimen (1832) was deposited in the herbarium for
future references. After identification, the stem bark was
dried under shade for two weeks, after which the size was
reduced using mortar and pestle, sieved for homogeneity
and kept away from light until further use.

Extraction

The stem bark (30g) was extracted using maceration
method with petroleum ether (3x300mL) at room
temperature. The marc was sequentially extracted with
chloroform (3 x 300mL), ethyl acetate (EtOAc) (3 x
300mL), acetone (3 x 300mL) and methanol (3 x 300mL)
at room temperature. All extracts were concentrated
under reduced pressure using rotary evaporator and
their percentage yield calculated using the formula

Weight of extract

Percentage Yield =

X 100

Weight of powdered drug

Phytochemical analysis

Qualitative phytochemical analysis of fractions of L.
Kerstingii

The chloroform, ethyl acetate, acetone and methanol
extracts were subjected to preliminary phytochemical
screening to identify the chemical constituents using the
standard procedures!®2%2! with some modifications.

Determination of total phenolics

Total phenolic contents of the methanolic extracts were
evaluated on each extract with Folin-Ciocalteu's phenol
reagent.?> To 2.0 mg/mL of the extract solution in
methanol was mixed with 2.0 mL Folin-Ciocalteu reagent
previously diluted with water (1:9 v/v). After 5 minutes,
1.6 mLof 7% Na, CO, solution was added with mixing. The
tubes were shaken for 5 seconds and allowed to stand for
30 min at 40°C in an oven for color development.
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Absorbance was then measured at 765 nm using UV-Vis
spectrophotometer. Samples of extract were evaluated
at a final concentration of 0.01 mg/mL. Gallic acid at
different concentrations of 0.01 to 0.07 mg/mL was used
as standard. All tests were performed in triplicates.

Total phenolic content was expressed as mg/g Gallic acid
equivalent using the following equation based on the
calibration curve: y = 1.6232x, R2 = 0.6658, where y was
the absorbance and x was the concentration.

Total flavonoids determination

Colorimetric aluminum chloride method was used for
flavonoid determination.?>?3 A 3.0 mL solution of each
extract dissolved in methanol was separately mixed with
3.0 mL of 2.0% aluminum chloride. After one hour at
room temperature, the absorbance was measured at 420
nm. Extracts were evaluated at a final concentration of
0.1 mg/ml. Quercetin was used as standard. All tests

% amount of alkaloid (mg/g) =

Antioxidant assay

Different concentrations (0.03 - 0.1 mg/ml) of each
extract were separately added, to an equal volume of
methanolic solution of 100mM 1,1-diphenyl-2-
picrylhydrazyl (DPPH). The mixture was allowed to react
at room temperature in the dark for 30 minutes. Vitamin

were performed in triplicates. Total flavonoid content
were calculated as quercetin equivalents (mg/g) using the
following equation based on the calibration curve: y =
0.0.23x, R? = 0.9424, where y was the absorbance and x
was the concentration.

Alkaloids determination

Three gram of the powdered sample was weighed into
150 mL of 20% acetic acid in ethanol and allowed for 4 h.
The mixture was filtered and the filtrate concentrated
using a water bath at 55°C to one-quarter of its original
volume. Concentrated NH,OH was added drop wise into
the extract until precipitation was complete. The whole
solution was allowed to settle and then filtered. The
precipitate which is the crude alkaloid was washed with
dilute NH40H solution.?* The crude alkaloid was weighed
and calculated according to the equation:

weight of precipitate

- 100
weight of sample

C was used as standard control while a mixture without
the extract was taken as blank. After 30 minutes, the
absorbance (A) was measured at 518 nm.?® Each test was
carried out in duplicates converted into the percentage
antioxidant activity using the following equation:

Absorbance (DPPH) — Absorbance (Extract)

% scavenged =

X 100

Absorbance (DPPH)

The EC50 values of each fractions were calculated by
nonlinear regression using graph pad prism. Where the
abscissa represented the concentration of fractionated
extract and the ordinate represented the average
percent of scavenging capacity from the triplicates.

Bacterial and fungal strains

The clinical isolates Tricophyton mentagrophytes,
Tricophyton rubrum, Shigella species, Salmonella species,
Candida albicans, Pseudomonas aeruginosa,
Staphyloccocus aureus, Citrobacter freundii, Citrobacter
diversus, Escherichia coli, Enterobacter cloacae, Serratia
marcescens, Yersinia enterocolitica, Pseudomonas
aeruginosa, Salmonella arizonae, Klebsiella oxytoca,
Klebsiella pneumoniae, and two typed strains
Escherichia Coli 25218 and Staphylococcus aureus ATCC
25913, were collected from the Department of

Pharmaceutical microbiology and Biotechnology, Faculty
of Pharmaceutical Sciences, University of llorin, Nigeria.
Antimicrobial assay

Overnight cultures of the test organisms were
standardized to 0.5 McFarland turbidity, and 0.2 ml of
each inoculum was spread on sterile Mueller Hinton agar
and saboraud dextrose agar in petri plates with the
excesses drained off. Plates were made to stand for about
20minutes for proper diffusion. A sterile cork borer was
then used to make wells of 6 mm diameter on each of the
plates containing cultures of the different test organisms
and each base was sealed with molten agar. A stock
concentration of each of the fractionated extract (50
pg/mL) in DMSO was prepared and 0.1 ml was introduced
into the wells using sterile Pasteur pipettes. To serve as
negative control, 0.1 ml of DMSO was introduced in
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another well. Standard antibiotics ciprofloxacin (5 pg/ml)
and an antifungal agent fluconazole (5 pg/ml) were
included as positive control. The culture plates were
allowed to stand for 30 min and were then incubated at
37°c for 24 h (bacteria) and 28°c for 48 h (fungi)
respectively. After incubation, the diameter (mm) of the
zones of inhibition were measured to determine the
activity against the test organisms.!”?® The zones of
inhibition were measured in triplicates.

Statistical analysis
The data were analyzed using Graph Pad prism 6 (Graph

Pad prism 6 software, Inc, USA), and the results were
expressed as mean * standard deviation. Analysis of
variance (ANOVA) was used in which differences of
P<0.05 was taken as statistically significant.

RESULTS

Percentage yield of fractions of L. kerstingii

The percentage yield for the ethyl acetate fraction was
5.84 % w/w followed by methanol extract (1.74%). The
chloroform fraction showed the lowest percentage
extractive value (0.57 % w/w) asshownin table 1.

Table 1. Percentage extractive values of the different fractions of the stem bark of L. kerstingii

Extract Color of fraction Weight of fractions (g) % yield
Chloroform Green 0.17 0.57
Ethyl acetate Brown 1.75 5.84
Acetone Dark brown 0.27 0.89
Methanol Dark brown 0.52 1.74

contains steroids cardiac glycosides tannins and
terpenoids. The acetone and methanol fractions both
contains cardiac glycoside, flavonoids and tannins as
shownintable 2.

Qualitative phytochemistry

The chloroform fraction contained carbohydrates and
steroids only. The upper part of the ethyl acetate contains
only carbohydrates and flavonoids while the lower part

Table 2. Phytochemical constituents present in sequential partitioned fractions of the stem-bark of L. kerstingii

Phytochemical Test Fractions
constituent CHCl; Ethyl acetate Ethyl Acetone CH30H
(upper part) acetate

(lower part)
Carbohydrates Molish test - + + + -
Reducing sugars Fehling’s Test - - - - -
Alkaloids Wagners’ Test + - - - -
Cardiac Keller-kilaniTest - - + + +
glycosides
Flavonoids NaOH, Shinoda - + - + +
Saponins Frothing Test - - - + -
Steroids Acetic anhydride + - - - -

+ Conc. H, S04

Tannins Fecls - - + + +
Terpenoids CHCl3+ H,S04 - - + + -

Key: + = positive, - = absent
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Quantitative phytochemistry

Total phenols and flavonoid

The level of these phenolic compounds in the ethyl
acetate, acetone and methanol fractions of the stem bark
of L. kerstingii were considerable as shown in Table 3. The
total phenolic content of the stem bark extract of L.
kerstingii bark ranged from 0.43 to 0.67 mg/g garlic acid

(Table 3). The total flavonoid content of ethyl acetate was
higher than that of the other fractions while the methanol
fraction showed the least. The upper ethyl acetate
fraction contained more flavonoid than the lower part as
shown in Table 3. Quantitative estimation indicated that
the alkaloid content in the chloroform fraction of L.
kerstingii was 11 % while the other fractions did not
contain alkaloids (Table 3).

Table 3: Total phenolic, total flavonoid, and total alkaloid constituents identified in the different fractions

of L. kerstingii

Fraction of extract Phenol (mg/g Flavonoid (mg/g Alkaloids
garlic acid) quercetin) (% w/w)
chloroform - - 11+£0.04
Ethyl acetate (lower part) 1.61+0.01 0.43+£0.00 -
Ethyl acetate (upper part) 1.61+0.02 0.67£0.01 -
Acetone 1.40 £ 0.00 0.62 £ 0.00 -
EtOACc 1.66 £ 0.00 0.66 + 0.00 -
Methanol 1.61+0.01 0.48 £0.01
Key: - = absent

Antioxidant activity

The scavenging activity was expressed as percentage
inhibition of DPPH free radical (Figure 1). The results of
the DPPH assay also showed that the upper ethyl acetate
fraction has a stronger scavenging activity followed by the

acetone fraction with the lower part of ethyl acetate
having the lowest scavenging activity. As shown in Figure
2,the DPPH radical-scavenging activity of all the different
fractions of L. kerstingii is significantly different than of
vitamin C.
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Fig. 1. Scavenging activity of L. kerstingii at concentration of 5.0 pg/ml (Values are expressed as mean + SD (n=3) when
compared to vitamin C. (Alphabets different form that of vitamin C are significant at P<0.05).
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Antimicrobial

Figure 2 showed the antimicrobial activity of the
partitioned fractions of L. kerstingii. The upper
EtOAc fraction was the most active as it was active
against most of the gram negative bacteria as well as
the fungi tested upon. The lower EtOAc fraction was
the second most active as it was active just against all

the fungiand just two bacteria strain (Shigella sp and
Salmonella sp) while the third most active was the
acetone fraction which was active only against the
fungus T. mentagrophytes. The methanol fraction
showed no activity. Figure 6 showed the zone of the
inhibition of the microorganism against standard
antibiotics.
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Fig. 2: Zones of inhibition of extracts of different fractions (50 ug/mL) of the stem bark of L. kerstingii against micro-

organismes.

Table 4: Standard antibiotics ciprofloxacin and fluconazole against the isolates

Isolates Zones of inhibition (mm)
Ciprofloxacin fluconazole

Tricophyton mentagrophytes - 18 £ 0.02
Tricophyton rubrum - 18 £ 0.09
Shigella sp 19 £0.06 -
Salmonella sp 22+£0.12 -
Candida albican - 28 £0.13
Pseudomonas aeruginosa 20+ 0.01 -
Staphyloccus aureus 12£0.10 -
Citrobacter freundii 12 +0.12 -
Citrobacter diversus 24 +£0.11 -
Escherichia coli, 10+ 0.08 -
Enterobacter cloacae 14 £ 0.05 -
Serratia marcescens 10+0.01 -
Yersinia enterocolitica 16 £ 0.09 -
Salmonella arizonae 10+0.13 -
Klebsiella oxytoca 10+0.03 -
Klebsiella pneumoniae 14 £0.15 -
Escherichia Coli 25218 24 £0.02 -
Staphylococcus aureus ATCC 25913 10+ 0.01 -
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DISCUSSION

The results obtained in the present study revealed the
presence of mostly ethyl acetate soluble phytochemicals
as extractive values. This is in contrary to methanol
fraction being the most extractive values in L.
coromandelica reported by Kumar and Jain.?* Kumar also
reported high total flavonoid and phenolic content in the
ethyl acetate fraction. The results also revealed high total
phenolic and total flavonoid in the ethyl acetate fraction
which is consistent that reported in literature?*, though
there was no significant difference (P < 0.05) in total
phenolic content amongst the different fractions. On the
contrary, there was a significant difference (P < 0.05) in
the total flavonoid present in the ethyl acetate and the
methanol fractions but none between the extracts of the
ethyl acetate and acetone fraction. The chloroform
fraction contains mostly alkaloids which is in contrary
with that reported by Diallo et al.?®> in which they
reported the absence of alkaloid in L kerstingii.

Flavonoids have been shown to reduce free radicals by
up-regulating, quenching and chelating radical
intermediate compounds.?® Phenolic compounds of
plants fall into several categories; chief among these are
the flavonoids which have potent antioxidant activities.*

The electron donation ability of extracts can be
measured by DPPH.* The scavenging of DPPH is through
the addition of antioxidant or a radical species that
decolourizes the DPPH solution and the degree of colour
change is proportional to the potency of the
antioxidants. Decrease in the absorbance of the reaction
mixture indicates significant free radical scavenging
activity of the test drug.?®

In the present study among all the fractions tested, the
acetone fraction showed highest antioxidant activity
though not as significant as that of vitamin C. This is in
contrary with literature in which it was reported high
antioxidant activity on the ethyl acetate fraction?*. The
upper ethyl acetate fraction showed more antioxidant
activity which was significantly higher than those of the
other extracts. Polyphenols from plants act as
antioxidants by the hydrogen-donating property of their
hydroxyl groups.3° The high presence of flavonoids in the
upper ethyl acetate justifies its high antioxidant activity.

The inability of the different fractions to show activity as
strong as that of vitamin C could be attributed to the fact
that the synergistic effects or additive of polyphenols
make the antioxidant activity of the extracts weaker than

that of the isolated bioactive compounds.®! The phenolic
compounds present in all the extracts of the different
fractions could be responsible for the observed % DPPH
radical scavenging activity, since they can readily donate
hydrogen atom to the radical.3?

Studies on flavonoid and its derivatives have shown a
wide range of antibacterial, anti-fungal, antiviral, anti-
inflammatory, and anticancer activities.3*3% The upper
layer of the ethyl acetate was observed to possess the
greatest antimicrobial activity as it was active against
both gram positive (Staph. aureus) and Gram negative
bacteria strains and also against fungal strains (T.
mentagrophytes, T. rubrum) tested. The antimicrobial
activity of the partitioned fractions was closely followed
by the lower layer of the ethyl acetate fraction which was
observed to be active against all the fungi. Saponins has
been shown to be active antifungal agents®* thus,
justifying the activity of the acetone fraction against T.
mentagrophytes. The methanol fraction was inactive
though it contained flavonoid and tannins. The inactivity
might be due to antagonistic relationship between the
phytochimcals that are responsible of antimicrobial
activity. The microbial activity of this plant is in
agreement with that reported by Njinga et al.l” who
reported microbial activityes on the leaves and also in
line with other reports members of the same species.3?

The limitation of this study is the utilization of "one-
dimensional" character of methods used to evaluate
antioxidant activity. Also, the yield of the chloroform
extract was too low and prevented further investigations.

CONCLUSION

This study clearly indicates that L. kerstingii contains
flavonoids, saponins and alkaloids. Among all the
fractions, the acetone and upper ethyl acetate fraction
showed significant DPPH antioxidant activity. The ethyl
acetate fractions showed wide spectrum antimicrobial
activity as it was active against both gram positive and
gram negative isolates tested and also against the fungal
strains. This study thus provide justification for the
therapeuticuse of this plantin folkloric medicine.
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