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still a major threat to public health. Their impact is particularly large in

and the emergence of widespread drug resistance. This has lead to the

_ search of new antimicrobial agents mainly among plant extracts. As
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phytochemical screening of the extracts was carried out using standard

method. The results for the phytochemical screening showed the
presence of most of the phytochemicals tested. The results for the antibacterial activity of the
crude methanolic extract and fractions of the leaf of Acacia nilotica showed varying degree
of antibacterial activity against the bacterial isolates. However, crude methanolic extract,
ethyl acetate and butanol fractions showed relatively high zone of inhibition (mm), minimum
inhibitory concentrarion (MIC) and minimum bactericidal concentration (MBC). They were
found to inhibit the growth of most of the test bacterial isolates comprising of both Gram-

positive and Gram-negative organisms. On the other hand, hexane and aqueous fractions
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shows little or no activity against tested isolate. These findings support previous reports on
the antimicrobial activity of this plants. The result of the present study signifies the potential
of Acacia nilotica leaf as a source of therapeutic agents, which may provide leads in the
ongoing search for antimicrobial agents from plants.
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INTRODUCTION

Nigeria is well known for its rich ethno botanical wealth, particularly regarding medicinal
plants which are traditionally used in the treatment of ailments and could be a good source for
discovery of new, safe and biodegradable drugs. High population growth rate (2.8% per
annum) and poverty coupled with dwindling economic reserves in the country make
Nigerians resort to more affordable sources for their immediate health needs. As the

population increases, demand for traditional medicine will increase.™?

Plants are rich in various active compounds including antimicrobial agents.! The recent
discovery of novel drugs such as artemisinin, atropine, digitoxin, digoxin, emetine,
pilocarpine, quabain, quinidine, quinine, reserpine, vinblastine, vincristine, etc., from
medicinal plants implies that vast potential still exist for the production of numerous more
novel drugs. Consequently, the area of ethno pharmacology of medicinal plants has attracted
increasing attention in new drugs research and development.[*® It is estimated that two-thirds
of the world population depend on traditional medications due to the limited availability, the
high prices of most pharmaceutical products and the various side effects that they cause.[®
This further justifies the search for alternative products from plants used in traditional

medicine.

Acacia nilotica (L.) Willd. ex Del. also known as Gum Arabic tree, Babul, Egyptian thorn, or
prickly Acacia is multipurpose nitrogen fixing tree legume. It is a pioneer species, relatively
high in bioactive secondary compound and are important for a variety of functions. It is
economically used as a source of tannins, gums, timber, fuel and fodder. In Nigeria, the plant
is traditionally used to treat infections such as diarrhoea, dysentery, oxidative stress, intestinal

pains, ulcer, cold, haemorrhages, tuberculosis, congestion, coughs and fever.[’!

As part of our ongoing research to purify, isolate and characterized antibacterial compounds

from the extracts of some Nigerian medicinal plants, the extract and fractions of Acacia
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nilotica (Linn.) leaf was screened for its antibacterial activity.

MATERIALS AND METHODS

Materials

Solvents for extraction

The solvents used were: Butanol (BDH), Distilled water, Ethyl Acetate (BDH), Methanol
(BDH) and N-Hexane (BDH).

Materials for antimicrobial test
Microbiological media (nutrient broth): Muller Hinton agar.
Test Organisms: Staphylococcus aureus, Streptococcus pneumoniae, Salmonella typhi,

Klebsiella pneumoniae, Escherichia coli, Psedomonas aeruginosa and Proteus spp.

Petri Dishes, Sterile Pipette, 6 mm cork borer, Incubator, Autoclave, Dimethylsulphoxide
(DMSO0) 10%.

Methods

Plant Sample Collection and Identification

Fresh disease-free leaves of the plant used was separately collected from Bodinga, Sokoto
State, Nigeria and was identified and authenticated by a Botanist at the Biological Sciences
Department, Usmanu Danfodiyo University, Sokoto, Nigeria. The plant was identified as
Acacia nilotica (Linn.) with voucher number UDUH/ANS/0247. The sample was shed-dried,

ground and kept in air-tight containers till further use.

Preparation of Plant Extracts

The methanolic crude extract was prepared by soaking a sample (1000g) of powdered plant
material in 90% methanol (6.0 litres) for 72 h. At the end of the extraction, the extract was
filtered using Whatman filter paper. The filtrate was concentrated in vacuum at 30°C and

stored in sterile sample containers at 4°C until further use.

Phytochemical Screening

The extracts were screened for the presence of major phytochemicals using standard
qualitative methods as described previously.®***!J The plant extracts were screened for the
presence of saponins, tannins, alkaloids, flavonoids, terpenoids, steroids, phenols, cardiac

glycosides and anthraquinones.
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Solvent Partitioning of the Crude Methanolic Extract

About 100 grams of crude methanolic leave extract of Acacia nilotica was resolved in sterile
distilled water (500mL) in a separatory funnel and extracted with n-hexane. The resulting n-
hexane phase was concentrated to dryness and the resulting powder was kept in a freezer in
an air-tight container. The resulting aqueous phase was further extracted with ethyl acetate.
The ethyl acetate fraction obtained was concentrated to dryness and the recovered powder
was kept in freezer for further use. The n-butanol fraction was obtained using the above
procedure. The remaining aqueous fraction was dried to powder.*? This was also kept in
freezer in an air-tight container till further use. The procedure is presented in the flowchart

shown below:

Antibacterial test (1) «4——— Methanolic extract (100g)
i Resolved in sterile distilled water

Partition with n-hexane

v

Antibacterial test (2)¢——— n-hexane fraction Aqueous fraction

lPartition with ethyl acetate

Antibacterial test (3) 44— Ethyl acetate fraction Aqueous fraction
Partition with butanol

Antibacterial test (4) 44— N-butanol fraction Aqueous fraction

Figure 1: Extraction and fractionation scheme of the methanolic crude extract of A.

nilotica.

Antibacterial Screening

Preparation of inoculums of test organisms

0.5 McFarland turbidity standard was used to standardise the organisms. The scale was
prepared by adding 0.05 mL of 1% barium chloride (BaCl,) to 9.95 mL of 1% H,SO,.
Suspensions of the organisms were made in normal saline and compared with 0.5 McFarland
turbidity standard by holding the suspension and McFarland turbidity standard in front of a
light against a white background with contrasting black lines. The bacterial suspension was
diluted with normal saline when the density is higher and additional bacteria were added to
the suspension when the density is lower. This continues until the density of the bacterial
suspension matched with that of 0.5 McFarland turbidity standard which corresponds to 1.5 x
10® CFU/mL.1]
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Sensitivity test of the crude extracts

Agar well diffusion method was employed to assay for the antibacterial activity.'* The
antibacterial activity of the crude methanolic extract and fractions of A. nilotica were
determined using stock concentration of 100 mg/mL. The standardised inocula of the isolates
were uniformly streaked unto freshly prepared Mueller Hinton agar plates with the aid of a
sterile swab stick. Using a sterile cork borer (6 mm in diameter), three appropriately labelled
wells were bored into each agar plate. A 0.2 mL of the appropriate extract concentrate was
placed in each well and then allowed to diffuse into the agar. The plates were later incubated
at 37°C for 24 h after which zone of inhibition (diameter) formed was determined as an
indication of antibacterial activity. These effects were compared with that of the standard

antibiotic amoxicillin at a concentration of 1 mg/ml.

Minimum Inhibitory Concentration (MIC)

Minimum inhibitory concentration of the extract was carried out on the microorganisms that
were sensitive to the extract and was done using broth dilution method.™ Different
concentrations of the extract that exhibited antimicrobial activity against the test organisms
were prepared in the test tube containing Mueller Hinton Broth (MHB). The organisms were
inoculated into each tube containing the diluted extracts. The plates were incubated at 37°C
for 24 hours. The lowest concentrations of the extract which shows no turbidity was recorded

as the minimum inhibitory concentrations.

Minimum Bactericidal Concentration (MBC)

Minimum Bactericidal Concentrations of the extracts were carried out to check whether the
test microbes were killed or only their growth was inhibited. Mueller Hilton agars were
prepared according to the manufacturer’s instruction, boiled to dissolve and were sterilized at
121°C for 15 minutes, the media were cooled to 45°C and the medium (20 ml) was poured in
to sterile Petri dishes, the plates were covered and allowed to cool and solidify. The contents
of the MIC in the serial dilution was inoculated on to the media, the plates were incubated at
37°C for 24 hrs, after which the plate were observed for colonies growth. The MBC was the
plate with lowest concentrations of the extract without colony growth.!*®!
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RESULT AND DISCUSSION

Table 1: Phytochemical constituents present in the crude leaves extract of A. nilotica.

Keys: + = present

World Journal of Pharmaceutical Research

Phytochemical Constituent Result
Flavonoid +
Tannins +
Saponins +
Glycosides +
Alkaloids +
Cardiac glycosides +
Steroids +
Balsams N.D
Anthraquinones +
Terpenoids +

— = not detected.

Table 2: Weight (g) recovered and percentage (%) yield of the crude methanolic leaves

extract and fractions of Acacia nilotica.

Extract Weight (g) Percentage yield (%0)
Crude methanolic extract 242.81 24.28
N — Hexane 0.41 0.041
Ethyl acetate 31.67 3.17
Butanol 13.32 1.33
Aqueous 7.44 0.74

Table 3: Antibacterial activity of crude methanolic leaves extract and fractions of

Acacia nilotica.

Bacterial Zone of Inhibition (mm)*

isolates Methanol | N-Hexane | Ethylacetate | Butanol Aqgueous Amox.
E. coli 25.00£1.00 | 0x0.00 24.33+1.53 |21.33+1.53 | 7.67+0.58 | 28.67+1.15
K. pneumoniae | 23.33+2.08 | 3.33+1.15 | 24.33+0.58 | 20.00+1.00 | 0+0.00 | 26.67+0.58
Proteus spp. 17.00+£1.00 | 00.00 21.00+1.00 |18.00+1.00 | 0+0.00 |30.67+1.15
P. aeruginosa | 18.67+0.58 | 0+0.00 25.00+1.00 |20.33+0.58 | 0+0.00 |25.37+1.53
S. aureus 30.33+0.58 | 0+0.00 27.67+1.15 | 30.33+0.58 | 4.33+0.58 | 23.00+£1.00
S. typhi 21.33+2.08 | 00.00 20.00+1.00 |19.33+0.58 | 0+0.00 |28.00+£2.00
S. pneumonia | 23.67+1.15 | 0 +0.00 25.00+1.00 |23.00+1.00| 0+0.00 |21.67+1.53

*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity

Amox. = Amoxicillin as positive control
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Minimum Inhibitory Concentration (MIC)
Table 4: The minimum inhibitory concentrations (mg/ml) of the methanolic crude

extract, N-butanol and ethyl acetate fractions against bacterial isolates.

Bacterial isolates Methanol Ethyl acetate | Butanol | Amoxicillin
E. coli 3.12 3.12 3.12 0.25
K. pneumoniae 1.56 3.12 3.12 0.50
Proteus spp. 3.12 6.25 6.25 0.13
P. aeruginosa 3.12 6.25 3.12 0.13
S. aureus 1.56 3.12 3.12 0.25
S. typhi 3.12 6.25 3.12 0.50
S. pneumonia 1.56 3.12 3.12 0.50

Minimum Bactericidal Concentration (MBC)
Table 5: The minimum bactericidal concentration (mg/ml) of the methanolic crude

extract, N- butanol and ethyl acetate fractions against tested bacterial isolates.

Bacterial isolates Methanol Ethyl acetate Butanol Amoxicillin
E. coli N.D N.D N.D 0.50
K. pneumoniae 100 50 50 1.00
Proteus spp. N.D 100 100 1.00
P. aeruginosa 100 50 50 0.25
S. aureus N.D 50 100 0.50
S. typhi 50 100 N.D 1.00
S. pneumonia N.D 100 N.D 0.50

The result of the phytochemical analysis of the crude leaves extract of A. nilotica is presented
in Table 1. The result reveals the presence of flavonoids, tannins, saponins, glycosides,
alkaloids, cardiac glycosides, anthraquinones and terpenoids in the leave extract of A.
nilotica. Only steroids were not detected. Several other studies have reported similar
phytochemicals from this plant®®?%; these support the data reported in this research. These
compounds are known to be biologically active!?*?% and thus may contribute to the observed

antibacterial activities in these plants.

Sequential extraction involving solvent of varying polarity (n-hexane, ethyl acetate, butanol
and water) was used to extract varied compounds from the leaf of A. nilotica. A sequential
extraction procedure was chosen mainly because the nature and polarity and hence the
solubility of the bioactive compound in the leaves of the A. nilotica were unknown.?! In
general n-hexane was used to extract hydrophobic or non-polar compounds such as fatty
acids, waxes fatty acids some alkaloids and terpenoids.’?® Ethyl acetate is known to extract

both medium polarities and some polar compounds such as phenols, flavonoid, tannin and
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some terpenoid.'?*?4 On the other hand butanol and water are known to extract hydrophilic or

polar compounds such as carbohydrate, amino acids and their derivatives.!*!

The amount (weight in grams) and the percentage (%) yield of the four fractions (and the
crude methanolic extract) are presented on table 2. The weight and percentage yield of crude
methanolic of A. nilotica were 242.81 grams and 24.28% respectively. Of all the four solvent
fractions, ethyl acetate fraction has the highest percentage yield (3.17%), followed by butanol
fraction (1.33%), aqueous fraction (0.74%) and lastly N-hexane fraction (0.041%).

The antibacterial activities of the partitioned fractions against test isolates show different
degrees of activity. Out of the four fractions derived from the crude methanolic extract of
Acacia nilotica, only ethyl acetate and butanol fractions show strong activity, while the N-
hexane and aqueous fractions showed little or no activity against the test isolates used (Table
3). This suggests that ethyl acetate and butanol will be good solvents for the isolation and

purification of the active principles present in the leaf of Acacia nilotica.

The minimum inhibitory concentration (MIC) was determined for the crude methanolic
extract of A. nilotica, ethyl acetate and butanol fractions. The MIC results is presented in
Table 4 reflect a trend that tends to show different interactions among bioactive components
of the leaf extract of A. nilotica. The lowest MIC exhibited by the crude methanolic leaf
extract against K. pneumoniae, S. aureus and S. pneumoniae was 1.56 mg/mL; while the
highest MIC of 3.12 mg/mL was exhibited against E. coli, Proteus spp., P. aeruginosa and S.
typhi. The lowest MIC observed for the ethyl acetate fraction was 3.12 mg/mL against E.
coli, K. Pneumoniae, S. aureus and S. pneumoniae; while the highest MIC observed was 6.25
mg/mL against Proteus spp., P. aeruginosa and S. typhi. With regards to butanol fraction, the
lowest MIC exhibited against E. coli, K. Pneumoniae, P. aeruginosa, S. aureus, S. typhi and

S. pneumoniae; while the lowest MIC of 6.25 mg/mL was exhibited against Proteus spp.

Furthermore, simultaneous comparison of the MIC values exhibited by crude methanolic
extract, ethyl acetate fraction and butanol fraction against each test bacterium showed that
MIC values of crude methanolic leaf extract against test bacteria were smaller than they were
for ethyl acetate and butanol fractions. An exception was observed for E. coli which has the
same MIC values for crude extract, n-hexane fraction and aqueous fraction (Table 4). This
shows that there might be synergistic antibacterial-enhancing interactions between different

bioactive components of the leaf extract. Antibacterial-enhancing interactions among
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bioactive components of plant extracts have been reported.®™ An example of the possibility
of a synergistic interaction between the bioactive components of the leaf extract of A. nilotica
can be observed by comparing the MIC values exhibited by the crude extract, ethyl acetate
fraction and butanol fraction against K. pneumoniae. The MIC value of 1.5 mg/mL exhibited
by crude leaf extract against K. pneumoniae was half than the 3.12 mg/mL MIC value
exhibited by the ethyl acetate fraction and butanol fraction against this same test organism
(Table 4).

Table 5 shows the minimum bactericidal concentrations (MBC) exhibited by the crude
extract, ethyl acetate and butanol fractions against the susceptible test isolates. The MBC
exhibited by the crude extract against the test isolates ranged between 50 mg/mL and 100
mg/mL. Also, the ethyl acetate and butanol fractions showed a MBC ranging between 50
mg/mL and 100 mg/mL. Thus, the MBC exhibited by both extract and the two fractions

followed the same pattern.

CONCLUSION

The result of the present study signifies the potential of Acacia nilotica leaf as a source of
therapeutic agents, which may provide leads in the ongoing search for antibacterial agents
from plants. Further, the activity exhibited by the extracts against tested bacteria species that
are associated with various infectious diseases, may provide scientific justification for the

ethnomedicinal uses of the plant.
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