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Abstract

Microbial resistance to currently available antimicrobial medicines continues to be a global problem. There has been a
tremendous increase in the hunt for additional antibacterial agents from nature in recent years, with plants becoming the primary
focus in most regions of the world due to the huge availability of plants that have not been screened for antimicrobial activity.
Antibacterial activities of Lannea acida extract and its primary components are thus investigated in this work. The antimicrobial
activity of L. acida and its fractions against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella pnuemoniae,
and Enterobacter aerogenes, as well as Aspergillus favus, Candida albicans, Candida tropicalis, Rhyzopus stolonifera, and
Fusarium solani, was determined using agar well diffusion methods. Phytochemical screening of L. acida showed the presence
of alkaloids, saponins, tannins, flavonoids and terpenoids. The mean zones of growth inhibition for L. acida and fractions were in
the range 0£26.33+0.19 to 11.33+0.19mm and 25.3340.50 to 10+ 0.57 while Erythromycin 15ug is 37.66+£0.50 to 9.66+0.50 mm
respectively. The antifungi activities showed the range of 28.33 + 0.19 to 9.66+0.39. MIC of both extract and its fraction ranged
from 26.3340.19 to 15.3340.19 and 22.66+0.38 to 10.33+0.19 respectively. The time-killing kinetics study showed that L. acida
and its fractions act as bacteriostatic agents. The observed antimicrobial activity of the extract and its fraction, may be due in
large proportion to its major constituent, flavonoids.
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threatening humanity's survival worldwide, with emerging
countries bearing the brunt of the threat. [4-6]. Despite enormous
improvements in our understanding of microorganisms and their
control, epidemics caused by drug-resistant microbes and the
introduction of new disease—causing microorganisms continue to
be major public health problems in developed countries. [3].
Furthermore, due to the rise of multidrug resistant bacteria,
treatment options for some illnesses have become limited. [7, 8]. In
addition to bacterial infections, fungal infections are a leading
source of morbidity and mortality, despite improvements in
medicine, and novel antifungal medicines are becoming
increasingly scarce. [9, 10].

1. Introduction

Antibacterial drugs are one of the most essential tools in the battle
against bacterial infections, and they have significantly improved
the quality of health care since their inception in the fight against
infectious disease, they have substantially enhanced the quality of
health care. However, these health benefits have been jeopardized
in recent decades since many routinely used antibacterial agents
have been less effective against known susceptible germs due to
the advent of resistance strains. [1-4]. Infectious diseases, along
with wars and famines, are among the most important elements
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The hunt for novel antimicrobial compounds from nature to
address the microbial threat has accelerated in recent years.
Plants have been demonstrated to be one of the most promising
sources of natural chemicals that can act as anti-infective agents
in various studies. [2, 11, 12]. According to WHO estimates,
more than 80 percent of the population in Africa uses traditional
medicine to address their healthcare needs. This is due to
chemical toxicity, the expensive expense of chemical
medications, and the removal or inadequacy of health facilities,
particularly in rural regions, which hinder appropriate treatment
of public health issues. Furthermore, the control of virus,
bacterial, and fungal infections has grown more difficult due to
the advent of virus, bacteria, and fungi that are resistant to many
traditional antibiotics. Many multidrug-resistant bacteria cases
have been documented in African countries. [13] Despite this,
bacterial, viral, and fungal infections are among the most
hazardous and opportunistic diseases for susceptible persons like
children, the elderly, and those who are immunocompromised.

With these public health issues, medicinal plants could
provide therapeutic responses tailored to a population's
financial means and socio-cultural setting, making them a
possible avenue for the creation of enhanced traditional
medicines. Plant extracts containing phenolic and flavonoid
chemicals have been found to have antioxidant, antibacterial,
and anti-infective properties. [14-16].

Lannea acida is a deciduous shrub or tree with a dense, rounded
crown that grows to a height of 1.5 to 10 meters, while
specimens as large as 18 meters have been documented. The
diameter of the bole can range from 50 to 70cm. A vital
multi-purpose tree that provides food, medicine, and other
necessities to the locals. When the bush is cleared for farming, it
is frequently not cut down, and it is occasionally planted, but
not farmed on a systematic basis. In Senegal, where it is sold in
local markets, it is particularly valued as a medicinal plant. [17].
It is a member of the anacardiaceae family, which is generally
known as awere kogun and is utilized ethnomedicinally in the
treatment of infectious disorders, including malaria.

L. acida is mostly used for gastrointestinal issues, injuries,
inflammation, and discomfort, Fever and malaria, gynaecological
and pregnancy issues, ethnoveterinary medicine, haemorrhoids,
skin diseases, and infections are only a few of the topics covered,
according to literature reviews. In the hot and arid savannahs of
Sub-Saharan Africa, it is one of the most extensively distributed
Lannea species. It has a long history of ethnobotanical and
ethnopharmacological use for a variety of ailments, including
malaria, rheumatism, diarrhea, and hemorrhoids. L. acida bark is
used as an anti-abortifacient, vermifuge, and to cure anal
haemorrhoids, diarrhea, dysentery, malnutrition, and debility in
Nigeria, while the leaves are used to treat theumatism. The bark
aqueous or alcoholic extract is utilized in the treatment of
numerous infectious disorders, according to an ethnomedicinal

survey conducted by a traditional healer in Akoko, Ondo state.
Despite the fact that Lannea acida has exhibited biological
activity, the mechanism of its action is yet unknown. To confirm
its ethnobotanical uses in the treatment of infections, we
investigated the antimicrobial properties of aqueous stem bark
extract of L. acida and its major constituent flavonoid [18].

2. Methodology

2.1. Experimental Plant Material

The bark of Lannea acida was collected from Ugbe town from
a location (7°15'42.9"N 5°15'01.9"E), in Ikare Akoko area of
Ondo state and was authenticated at the Plant Science
Department of Adekunle Ajasin University Botanic Garden
Herbarium, and a sample specimen deposited at the herbarium
for future reference.

2.2. Experimental Animals

Wistar albino rats of (100-130g) weight respectively were
used, bred at the animal house of the Institute of Advanced
Medical Research and Training (JAMRATS) of university
Teaching Hospital, Ibadan Oyo state Nigeria.

2.3. Extraction of Lannea acida Stem Bark
Extract

At room temperature, the back of L. acida was allowed to dry.
They were ground to a fine powder in a mechanized
laboratory grinder (Manesty, England). The 1.6 kg dried back
was steeped in 5.5 L of pure methanol. After 72 hours, the
mixture was properly mixed and filtered through a Buchner
vacuum filter. A Rotary evaporator was used to evaporate the
filtered supernatant to dryness. The extract's percentage yield
was calculated using the equation provided by [19]

Weight of extract

X100
Weight of ground plant material

Percentage yield =

2.4. Extraction of Flavonoid- Rich Fraction

In a tiny flask, a part of the methanolic extract was mixed in
100ml (1:4) of 1% H,SO,4 and hydrolysed by heating over a water
bath until the liquid was half its original volume (30minutes). To
allow flavonoids to precipitate, the mixture was placed on ice for
15 minutes. Filtration was done on the cooled solution. The
filtrate (flavonoids aglycone combination) was mixed in 50mL
warm 95 percent ethanol (50°C), filtered again, and the filtrate
condensed to dryness using a rotary evaporator. [20]

2.5. Antimicrobial Assay

2.5.1. Microorganisms and Culture
Conditions

Gram positive (Bacillus substilis and Staphylococcus aureus)
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and Gram negative (Escherichia coli, Klebsiella pneumoniae,
and Enterobacter aerogenes) bacteria were obtained from the
microbiology department of the Federal University of
Technology in Akure, Nigeria, and cultured aerobically at
37°C in nutrient agar medium. Before being used in
experiments, solid medium cultures will be sub-cultured in
liquid media, incubated for 24 hours, and used as a source of
inoculums. The agar-well diffusion method was used to
determine antimicrobial activity [21]

2.5.2. Antimicrobial Screening of the
Extracts on Selected Pathogens

The disc-diffusion method was used to investigate the
antibacterial activity of L. acida plant extracts and fractions.
The extracts' minimum inhibitory concentrations (MIC) were
determined. In this investigation, five bacterial strains were
used: Staphylococcus aureus, Bacillus substilis, Escherichia
coli, Klebsiella pneumoniae, and Enterobacter aecrogenes. The
bacteria were cultured on nutrition agar and kept on nutrient
agar slants to ensure purity. The BSAC Diffusion Method for
Antimicrobial Susceptibility Testing Version 9.1 was used to
test the susceptibility of the bacterium isolate on the extract.
[22]. The purpose of this test was to see if the plant extract has
the ability to limit the growth of the bacteria isolate. The
antibiotic sensitivity test was performed using the plate
diffusion technique of [23]. Using sterile swab sticks,
overnight cultures of the organisms were swabbed on sterile
Muller Hilton solidified Agar plates. A cork borer with an
8mm diameter was used to drill a hole on the agar surface at
equidistance, and the well was filled with diluted plant extract,
a recognized antibiotic as a positive control, and distilled
water as a negative control. All of the plates were incubated
for 24 hours at 37°C. The drugs' inhibition zones were
measured to the closest millimeters (mm) and classified as
sensitive (S), intermediate (I), or resistant (R). According to
[24], The zones of inhibition were measured and interpreted
according to [24]. The zone of inhibition was compared with
that of Ciprofloxacin.

2.5.3. Determination of the Minimum
Inhibitory Concentration (MIC)

The extracts' minimum inhibitory concentrations were
generated using four concentrations of each extract (10, 20, 30,
and 50 mg/ml). Each concentration's antibacterial properties
were assessed. The varied concentrations were put onto 6 mm
disks, which were subsequently pressed onto Mueller-Hinton
agar plates and SDA plates that had already been prepared.
The inoculation plates were incubated for 48 hours at 37°C. At
the end of the incubation period, zones of inhibition were
measured and MICs were determined for the bacteria after 24
hours and for the extracts after 48 hours. The MICs were
calculated as the lowest concentrations of extracts that

prevented each organism from growing visible on the agar
plate. [21]

2.5.4. Acute Toxicity Study (LD50)

To calculate the lethal dose, the [25] approach was used (LDs).
The experiment was split into two parts:

Stage I: Nine rats were employed in this stage. They were
placed into three groups, each with three rodents. The rats in
group A were given a 10 mg/kg body weight dosage of
methanolic extract of Lannea acida. Group B was given 100
milligrams per kilogram of body weight. Group C was given
1000 mg per kilogram of body weight. For 24 hours, the
animals were observed and monitored. The number of people
who died in each category was recorded.

Stage II: The outcomes of the prior stage were used to guide
this stage. Another three groups of one rat each were
employed in this experiment. The extract was given to Group
A animals at a dose of 1600 mg/kg body weight. The extract
was given to the animals in Groups B and C at doses of 2900
mg/kg body weight and 5000 mg/kg body weight, respectively.
The animals were kept under observation for another 24 hours,
during which time the number of deaths and odd
reactions/behaviour were recorded.

2.5.5. Bactericidal Activities Against
Bacterial Organism Exposed to Rats
Following Treatment with the Extracts

Methanolic extract and flavonoid-rich fraction were tested in
vivo to examine if they could protect rats from Gram positive
(Staphylococcus aureus and Bacillus substilis) and Gram
negative bacteria (Escherichia coli, Klebsiella pneumoniae,
Enterobacter aerogenes). The animals were given 400mg/kg
bwt of methanolic and flavonoid-rich fraction orally once
daily for three days. Another group of animals was given
gentamicin at a dose of 5 mg/kg orally. The rats were given a
bacterial organism orally on the third day, and the rate of
mortality was observed for a month. [26].

2.5.6. Statistical Analysis

Statistical analysis of the data was performed using Graph Pad
Prism Software version 7. The one - way ANOVA follow by
Tukey’s test was used to analyze and compare the results at a
95% confidence level. Differences between means of treated
and control group Values of p<0.05 were considered
significant. Results were expressed as mean =+ standard error
of mean (SEM).

3. Results

3.1. Preliminary Extraction

The percentage yields from the methanolic extracts was 18.26 %
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dry weight. The yield (% w/w) was calculated with respect to
the dry weight of the starting material.

3.2. Preliminary Phytochemical Screening

Alkaloids, terpenoids (triterpenoids), flavonoids, tannins, and

quinone were found in the crude aqueous methanolic extract
during phytochemical screening. Terpenoids, Tannin, Phenol,
Vitamin A, and Vitamin C were found in moderate and low
concentrations, but Flavonoid, Quinone, alkaloids, and
saponin were found in significant numbers. (Table 1).

Table 1. Qualitative and Quantitative of phytoconstituents in Lannea acida extracts.

Samples Saponin Flavonoid Alkaloid

Tannin

Terpenoids Phenol Quinone

Qualitative Analysis +++ +++ +++

+ + -

3.3. Acute Toxicity Study

Using Lorke's modified approach, acute toxicity studies of the
crude aqueous extract following oral
administration were performed, the LDs, was calculated to be
5000 mg/kg (5 g/kg). The apparently high LDs, obtained from
this study implies that the extracts are very safe in mice and
rats when administered orally.

methanolic

The results of the antimicrobial effects of the methanolic extract

and flavonoid-rich fraction against the five microorganisms
tested are shown in table 2. All microbial strains tested were
found to be affected by the extracts as assessed by inhibition
zones that ranged from 26.33 mm to 9.66 mm. The extracts
showed antibacterial activity against both Gram positive and
Grams negative bacteria. According to the data presented in
table 2, all the tested microbial strains were found to be
sensitive by the tested antibiotics. (Erythromycin).

Table 2. Antimicrobial sensitivity activities of the methanolic extract and flavonoid-rich fraction of L acida. All values are expressed as mean inhibition zones
(mm) + SEM of three replicates. (mm)

Bacterial Strain Methanolic Methanolic Methanolic Flavonoid Rich  Flavonoid Rich Flavonoid Rich  Erythromyci
extract 20mg/ml  extract 30mg/ml _ extract S0mg/ml  20mg/ml 30mg/ml 50mg/ml n 15pg

Gram positive

Bacillus subtilis 0.00 £0.00 17.334£0.19 17.33£0.19 0.00 +£0.00 16.66+0.19 18.66+0.50 26.66+0.50

Staphylococcus aureus 10.66+0.19 22 4+0.33 26.33+0.19 12.3340.19 20.33 £0.50 22.33+0.69 37.66+0.50

Gram negative

Escherichia coil 0.00+0.00 16 £0.33 16.66 +0.38 0.00+0.00 15.66 +0.50 23.0+0.33 36.66+0.88

Klebsiella pneumoniae 11.33+0.19 19.33+£0.50 23.66+0.19 13 +0.57 22.66+ 0.69 25.33+0.50 29.66+1.01

Enterobacter aerogenes  0.00+0.00 9.66+ 0.50 13.3340.19 0.00+0.00 10+ 0.57 22+0.33 9.66:+0.50

Sensitive (S) > 21, Intermediate (I) 20< 15 and resistant (R) < 14

The results of the antifungi effects of the methanolic extract
against the five fungi organisms tested are shown in table 3.
All fungi strains tested were found to be affected by the
extracts as assessed by inhibition zones that ranged from 26.33

mm to 9.66 mm. The extracts showed antifungi activity
against the five fungi organism. According to the data
presented in table 3, all the tested fungi strains were found to
be sensitive by the tested Nystatin.

Table 3. Antifungi sensitivity activities of the methanolic extract and flavonoid-rich fraction of L acida. All values are expressed as mean inhibition zones (mm)
+ SEM of three replicates. (mm)

Fungi organism L. acida 20mg (mm)

L. acida 30mg (mm)

L. acida 50mg (mm) Nystatin (mm)

Aspergillus favus 00.0+0.00 0.00+ 0.00
Candida tropicalis 00.0 +0.00 9.66+0.39

Candida albicans 00.0 £0.00 16.33£0.19
Rhyzopus stolonifera 00.0 £0.00 0.00 £0.00
Fusarium solani 00.0 £0.00 10.33+0.69

17.66+0.19 24.0 £0.33
18.66 £ 0.19 26.33+£0.19
20.33+0.50 24.33 £0.19
24.33+0.19 28.33+£0.19
17 £0.33 23.0 £0.33

Sensitive (S) > 21, Intermediate (I) 20< 15 and resistant (R) < 14

3.4. Minimum Inhibitory Concentration of
Methanolic Extract and Flavonoid-Rich
of L. acida Against Test Microbes

The minimum inhibitory concentration (MIC) was defined as
the lowest concentration of extracts that completely stopped the
bacterium from growing. Mean inhibition zones (mm) SEM of
triplicates are presented. The crude extract's Minimum
Inhibitory Concentration (MIC), followed by flavonoid-rich

extracts, was determined to be the most effective against the
selected organism. The zones of inhibition induced by the
antibiotic were measured to the nearest millimeters (mm) and
interpreted as sensitive (S), intermediate (I), and resistant (R) to
understand the antibacterial effect (R). According to [24], the
zones of inhibition were measured and evaluated. The crude
methanolic extracts had MICs ranging from 20 to 50 mg/ml,
with MICs of 20 mg/ml for S. aureus and K. pneumoniae,
according to table 4. For B. subtilis, S. aureus, E. coli, K.
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pneumoniae, and E. coli, 30 and 50 mg/ml were used. Only the
highest concentration (50 mg/ml) of the extract was effective

against all of the species tested. For the flavonoid-rich extract of

L. acida, the MIC ranged from 20 to 50 mg/ml. For all of the

microorganisms tested, the extract had MICs ranging from 20 to
50 mg/ml. The extract was only active against all the tested
organisms at the highest concentration tested (50 mg/ml).

Table 4. Minimum Inhibitory concentration (MIC) of methanolic extract, Flavonoid-Rich extract and Alkaloid- rich extract of L. acida against test microbes.

The survival rate of the tested rats was dramatically improved after

[
o
1

(mm)
Plant Extracts Conc mg/ml B.subtilis S. aureus E.coli K.pnuemoniae E.aerogenes
Methanolic Extract 50 25.33+0.19 26.33+0.19 25+0.33 20.66+0.19 26.33+0.19
30 23.33+0.19 24.66+0.19 24.33+0.19 19.66+0.19 25.66+0.38
20 0.00+0.00 15.33+0.19 0.00+0.00 18.66+0.19 0.00+0.00
10 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Flavonoid Rich Extract 50 17.33+0.19 15.33£0.19 23.33+0.19 21.66+0.19 22.66+0.38
30 13.33+0.19 1340.33 16.33+0.19 18.33+0.19 20+0.33
20 10.33+0.19 10.33+0.19 1240.33 11.33+0.19 12.33+0.50
10 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Sensitive (S) > 21, Intermediate (I) 20< 15 and resistant (R) < 14
3.5. Effect of Methanolic Extract and 1501 - Gentamicin
Flavonoid-Rich of L. acida on the B -+ methanolic Extract
Survival of Rats Exposed to Organisms = 21001 -e- Flavonoid Fraction
g =
> E’ -e- Negative Control
3
»g
R

treatment with aqueous methanolic extract and flavonoid-rich
extracts. At a dosage of 400mg/kg, the aqueous methanolic extract
and flavonoid-rich extracts of L. acida were efficient in extending
the survival rate of the tested mice. The rats given the extracts lived
for up to 4 weeks, with survival rates ranging from 100% by the
end of week 1 to 50% by week 4, before declining until week 4. Up
until the end of week 4, the positive control (gentamicin-treated
group) had a percent survival rate of over 80%. The negative
control group, which was not given extracts, only made it to week
two, with a survival rate of 20%. (Figure 1-5).
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Figure 1. Survival of rats treated with 400mg/kg methanolic extracts of
Lannea acida extracts and its flavonoid fraction exposed to B. subtillis.
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Figure 2. Survival of rats treated with 400mg/kg crude methanolic extracts of
Lannea acida extracts and its flavonoid fraction exposed to S. aureus.
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Figure 3. Survival of rats treated with 400mg/kg methanolic extracts of
Lannea acida extracts and its flavonoid fraction exposed to E. coli.
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Figure 4. Survival of rats treated with 400mg/kg methanolic extracts of
Lannea acida extracts and its flavonoid fraction exposed to K. pneumonia.
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Figure 5. Survival of rats treated with 400mg/kg methanolic extracts of
Lannea acida extracts and its flavonoid fraction exposed to E. aerogenes.
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4. Discussion

Alkaloids, flavonoids, tannins, glycosides, terpenoids, and
steroids are secondary metabolites found in plants that act
individually or synergistically to trigger biological action [27-29].
Alkaloids, glycosides, saponins, tannins, flavonoids, and
terpenoids were found in aqueous stem bark extract of L. acida
during phytochemical screening for secondary metabolites
(Table 1). The agar diffusion method has been widely used and is
recommended as a useful way to determine the relative strength
of complex extracts and their antibacterial spectrum [30, 31]. L.
acida and its constituents had antibacterial and antifungal action
against Gram—positive and Gram-—negative bacteria (Tables 2).
The existence of broad-spectrum antimicrobial agent(s) or
compound(s) may be indicated by antibacterial activity against
Gram—positive and Gram—negative bacteria [32]. Many microbes,
insects, and herbivores use phytochemical elements such tannins,
flavonoids, alkaloids, and glycosides as defensive mechanisms
against predation. One or more phytochemical compounds
present in L. acida may be responsible for the plant's antibacterial
action [33, 34].

Recent research has found that tannins [35], alkaloids [36],
saponins [37], glycosides [38], flavonoids [39], and terpenoids
[40] have antibacterial action and that their effects are mediated
through the bacteria's cell membrane integrity [41].
Antimicrobial action has also been discovered for polyphenolic
chemicals, which could be owing to their propensity to form
complexes with bacterial cell walls, inhibiting microbial growth
[42]. Plant extracts with MIC values between 2.5 and 8 mg/mL
have been demonstrated to lead to the identification of strong
antibacterial chemicals in studies [43-46]. This therefore suggests
that L. acida can be a source of potentially active antimicrobial
compound. Table 2 shows the antibacterial properties of the
various L. acida extracts against the five microorganisms that
were tested. Methanolic extract and flavonoid-rich extracts of L.
acida stem bark were shown to be sensitive to all microbial
strains tested, as measured by inhibition zones ranging from
9.660.50 to 26.33 0.19) mm and (10.00 0.57 to 37.66 0.50) mm,
respectively. The extract showed antibacterial activity against
both Gram-positive and negative bacteria. Amongst all the
organism tested in this study for both ME and FR of L. acida
stem bark extracts demonstrated the highest antibacterial activity
with an inhibition zone of (26.33+0.19 and 37.66+0.50) mm
against Staphylococcus aureus respectively, while the lowest
inhibition zone was (9.60+0.50 and 10+£0.57) mm against
Enterobacter aerogenes. The antimicrobial sensitivities of
standard antibiotic drug according to the data presented in table 2,
most of the tested microbial strains was sensitive to the effect of
Erythromycin was observed to be active against all the tested
microbes [26]. Antifungal activity of L. acida extract was
assayed by agar well diffusion method. The result revealed that

the extract of the medicinal plants showed significant reduction
in growth of Aspergillus favus, Candida tropicalis, Candida
albicans, Rhyzopus stolonifera and Fusarium solani. [47]

Furthermore, plant constituents or agents are frequently
identified as possible antimicrobials based on susceptibility
testing with MICs ranging from 100 to 1000 g/mL [20]. This
could indicate that flavonoids could be used as an antibacterial
agent. Antimicrobials are considered bactericidal if the MIC
ratio is less than 4, and bacteriostatic if the ratio is greater than 4
[48]. Methanolic extracts were found to be the most effective
against the results of the Minimum Inhibitory Concentration
(MIC), followed by flavonoid-rich extracts (table 4). The zones
of inhibition induced by the antibiotics were measured to the
nearest millimeters (mm) and interpreted as sensitive (S),
intermediate (I), and resistant (R) to understand the antibacterial
impact (R). According to [24], the zones of inhibition were
measured and evaluated. The MIC of the methanolic crude
extract ranged from 20 to 50 mg/ml, with a MIC of 20 mg/ml
for S. aureus and K. pneumoniae, according to the data in table
2. For B. subtilis, S. aureus, E. coli, K. pnuemoniae, and E. coli,
30 and 50 mg/ml were used. Only the highest concentration (50
mg/ml) of the extract was effective against all of the
microorganisms tested. For the flavonoid-rich extract of L.
acida, the MIC ranged from 20 to 50 mg/ml. The extract's MIC
ranged from 20 to 50 mg/ml for all of the microorganisms tested,
and it was only active against all of them at the highest
concentration tested (50 mg/ml).

The ratios obtained for all of the test organisms were greater
than 4, indicating that L. acida and Flavonoid were both
bacteriostatic and fungistatic against the test organisms
(Tables 2 & 3). Preliminary acute toxicity studies established
Lannea acida extracts and fractions from the different areas as
safe judging from the calculated LDs,. From the acute toxicity
tests of the extracts following oral administration using [25]
modified method, the LDs, was generally higher than 5000
mg/kg. The apparently high LDs, implies that the extracts are
very safe in mice and rats when administered orally. There
was no death of the mice or rats used in the first stage and the
death pattern in the second stage was used to calculate the
LDs, values. These findings are in agreement with previous
reports on the acute toxicities of these species of Lannea acida
[49]. Time-kill kinetic experiments validated the bacteriostatic
activity of L. acida and flavonoid (Figures 1-5). Antimicrobial
drugs that are bacteriostatic or fungistatic only limit the
growth or multiplication of bacteria, giving the host's immune
system time to eliminate the microbes from the system [50].
After treatment with aqueous methanolic extract and
flavonoid-rich extracts of L. acida extract, the survival rate of
the treated rat was significantly improved. At a dosage of
400mg/kg, the aqueous methanolic extract and flavonoid-rich
extracts of L. acida were efficient in prolonging the survival of
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rats exposed to S. aureus. The rats subjected to the extracts
lived for up to four (4) weeks, with survival rates ranging from
100 percent at the end of week one to 80 percent at the end of
week two, 80 percent at the end of week three, and 60% at the
end of week four. Up until the end of week 4, the positive
control (gentamicin-treated group) had a percent survival rate
of over 80%. The negative control group, which was not given
any treatment, only made it to week two, with a survival rate
of 20%. (Figure 1). At 400 mg/kg, the aqueous methanolic
extract and flavonoid-rich extracts of L. acida were efficient in
prolonging the survival of Bacillus subtillis-exposed rats. The
rats subjected to the extracts lived for up to four weeks, with
survival rates ranging from 100 percent by the end of week
two to 80 percent to 60 percent by week three, and 60 percent
by week four. The positive control (gentamicin-treated group)
had a percent survival rate of over 80% until the end of week 4,
but the negative control (non-treated group) only lasted until
week 2 with a percentage survival rate of 40%. (Figure 2). [26]

At a dose of 400mg/kg, the aqueous methanolic extract and
flavonoid-rich extracts of L. acida were efficient in prolonging
the survival of rats infected with Klebsiella pnuemoniae.
Animals given extracts of both the crude and flavonoid-rich
extracts survived for up to 4 weeks, with survival rates ranging
from 80 percent to 100 percent by week 2, 50 percent to 60
percent by week 4, and 80 percent to 100 percent by week 4.
The positive control (gentamicin-treated group) had a percent
survival rate of over 80% until the end of week 4, but the
negative control (non-treated group) only lasted until week 2
with a percentage survival rate of 40%. (Figure 3). However,
at a dose of 400mg/kg, the aqueous methanolic extract and
flavonoid-rich extracts of L. acida were efficient in extending
the survival of rats exposed to E. coli. Animals given extracts
of both the crude and flavonoid-rich extracts lived for up to
four weeks, with survival rates ranging from 100 percent until
the end of week 2, 60 percent to 80 percent by the end of week
3, and 50 percent to 60 percent by the end of week four. The
positive control (gentamicin-treated group) had a percent
survival rate of over 60% until the end of week 4, but the
negative control (non-treated group) only lasted until week 2
with a percentage survival rate of 60%. (See Figure 4). In
addition, at a dose of 400 mg/kg, the aqueous methanolic
extract and flavonoid-rich extracts of L. acida were efficient in
prolonging the survival of rats challenged to Enterobacter
aerogenes. Animals given extracts of both the crude and
flavonoid-rich extracts lived for up to 4 weeks, with survival
rates ranging from 100% until the end of week 2, 80 percent to
90 percent by the end of week 3, and 60% by the end of week 4.
The positive control (gentamicin-treated group) had a percent
survival rate of over 80% until the end of week 4, but the
negative control (non-treated group) only lasted until week 2
with a percentage survival rate of 50%. (Figure 5) [26].

5. Conclusion

The aqueous methanolic stem bark extracts of Lannea acida
and its flavonoid-rich fractions found to possess antimicrobial
activity that may confirms its traditional use as anti-infective
agent. The antimicrobial activity of L. acida may largely be due
to its major constituents and they act by synergistic means.
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