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Abstract

Background: Traditional medicine has employed Azadirachta indica to treat
a variety of ailments. However, there is little information on the use of this
plant in Zambia. Objective: To evaluate the phytochemicals and antibac-
terial activity of Azadirachta indica leaf extracts against Escherichia coli. Ma-
terials and Methods: This was a laboratory-based experimental study in
which ethanol and water were used for extraction by maceration. Phyto-
chemical analysis was then done on the leaf extract. Using the disc diffusion
method, varying concentrations of A. indica aqueous and ethanolic extracts
were used to test the antibacterial activity of A. indica against Escherichia
coli. The sensitivity of the tested microorganisms to aqueous and ethanolic
leaf extracts was shown by zones of inhibition after incubation. Results:
The phytochemical screening of the A. indica leaves revealed the presence of
phenolics and tannins in both the ethanol and aqueous extract. Saponins,
flavonoids and alkaloids were only present in the aqueous extract. While ste-
roids were only present in the ethanol extract. The antibacterial activity of A.
indica leaves extract was determined by zones of inhibition which showed
that both aqueous and ethanol extracts had activity against E. co/i. The Min-
imum Inhibitory Concentration was determined at 10 mg/mL for the aqueous
extract and 20 mg/mL for the ethanol extract. The zones of inhibition in-
creased with concentration. Conclusion: The extracts of A. indica displayed
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antibacterial activity against E. coli in a dose-dependent manner. Compara-
tively, the aqueous extract produced better antibacterial properties against E.
colithan the ethanolic extract.

Keywords

Phytochemicals, Antibacterial Activity, Escherichia coli, Azadirachta indica,
Neem

1. Introduction

Infectious diseases continue to be the major cause of mortality in Africa [1]. Well
known existing, emerging, and re-emerging diseases like malaria, tuberculosis,
HIV/AIDS, cholera, and others are causing suffering and mortality to a wide
population in developing countries especially Africa [2].

Escherichia coli (E. coli) is one of the most frequent causes of many common
bacterial infections [3]. However, the treatment of E. coli infections is threatened
by the emergence of antimicrobial resistance [4] [5] [6]. According to recent
studies, E. coli isolates show high rates of resistance to conventional drugs like
erythromycin, amoxicillin, and tetracycline [7] [8].

Antibiotic resistance is a severe and developing public health issue that poses a
global health concern [9]. Infectious diseases are becoming more difficult to treat
due to multi-drug resistant bacteria especially Gram-positive pathogens [10] [11].
These problems are of even greater relevance to rural areas of Zambia, where the
choice of antibacterial agents is rather limited due to limited resources. In these
areas, the most practical option remains to search for cheap alternatives like tra-
ditional medicine for their primary health care needs to manage bacterial infec-
tions [12].

Azadirachta indica plant possesses several medicinal properties which include
antibacterial activity, antioxidant effect, anti-inflammatory effect, anti-cancerous
effect, hepatoprotective, anti-malarial, anti-diabetic, anti-HIV/AIDS, and anti-
hypertensive effect activity [13] [14]. These activities are a result of the phyto-
chemicals present in the plant [15]. Therefore, this study aimed at evaluating
the phytochemicals and antibacterial activity of A. indica leaf extracts against E.

coll.

2. Materials and Methods
2.1. Collection of Plant Material

The A. indicaleaves were collected from Lusaka, Zambia in September 2021 and
the study was conducted from 15" September to 15" October 2021. A voucher
herbarium specimen was prepared and botanical identification and authentica-
tion were done at the University of Zambia (UNZA), School of Natural Sciences,

Department of Biological Sciences in the Herbarium section.
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2.2. Preparation of the Plant Extracts

The leaves of A. indica were removed loosely from the plant stem by the use of a
knife. The leaves were washed under running tap water to eliminate dust and
other foreign particles and dried under a shade for 7 days. The dried leaves were
then ground into a powder using a mortar and pestle. 50 g of the coarse powder
was extracted with 750 mL of either 95% EtOH or distilled water by intermittent
shaking for 3 days. The mixtures were filtered using Whatman® number one fil-
ter paper to obtain clear filtrates. The resulting filtrates were then dried in beak-
ers using a water bath at 60°C for approximately 12 hours to afford 4.84 g of an
ethanolic extract and 11.1 g of an aqueous extract. The extracts were then cov-

ered and stored in a refrigerator for further use [5].

2.3. Calculation of Percentage Yield

The percentage extractive yield was calculated using the formula below [5].

% Extraction yield (w/w) = weight of extraction recovered/initial weight of
powder x 100.

The retained weights were 4.84 g Ethanol extract and 11.10 g aqueous extract.

2.4. Phytochemical Analysis

2.4.1. Sodium Hydroxide Test for Flavonoids

0.5 g of the ethanolic and aqueous extract was dissolved in water and filtered; to
this, 2 ml of the 10% aqueous sodium hydroxide was later added to produce a
yellowish discolouration. A change in colour from yellow to colourless on the
addition of dilute hydrochloric acid indicated the presence of flavonoids [16].

2.4.2. Ferric Chloride Test for Phenolics

0.5 g of the ethanolic and aqueous extract was mixed with distilled water and
then filtered. To 2 ml of the filtrate, a few drops of 10% ferric chloride solution
were then added. A green-blue or violet colouration indicated the presence of a
phenolic hydroxyl group [16].

2.4.3. Test for Tannins

0.5 g of the ethanolic and aqueous extract was stirred with about 10 mL of dis-
tilled water and then filtered. A few drops of 1% ferric chloride solution were
added to 2 ml of the filtrate. The occurrence of a blue-black, green or blue-green

precipitate indicates the presence of tannins [16].

2.4.4. Test for Saponins

1 g of the ethanolic and aqueous extract was mixed with 5 mL of distilled water
then filtered. To the filtrate, about 3 mL of distilled water was further added and
shaken vigorously for about 5 minutes. Frothing which persisted on warming

was taken as evidence for the presence of saponins [17].

2.4.5. Test for Alkaloids

0.5 g of the ethanolic and aqueous extract was stirred with 5 mL of the water and
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then filtered. Of the filtrate, 3 mL was taken individually into a test tube. To the
first portion, a few drops of Wagner’s reagent were added and agitated; the oc-

currence of reddish-brown precipitate was taken as positive [17].

2.4.6. Test for Terpenoids

0.5 g of the ethanolic and aqueous extract was dissolved in ethanol. To it, 1 mL
of acetic anhydride was added followed by the addition of concentrated sul-
phuric acid. A change in colour from pink to violet showed the presence of ter-

penoids [17].

2.4.7. Liebermann-Burchard Test for Steroid

To 0.2 g of the ethanolic and aqueous extract, 2 mL of acetic acid was added; the
solution was cooled well in ice followed by the addition of concentrated sul-
phuric acid carefully. Colour development from violet to blue or bluish-green
indicated the presence of a steroidal ring 7.e. aglycone portion of cardiac glyco-
side [17].

2.5. Culturing and Collection of Bacteria

E. coli (ATCC 25922) was cultured in the microbiology laboratory, Department
of Pathology and Microbiology at the University Teaching Hospitals (UTH),

Lusaka, and collected for experimentation.

2.6. Preparation of Bacterial Isolates

The bacteria were incubated in a controlled acidic environment at 37°C with the

proper amount of food to promote bacterial growth [18].

2.7.Inoculum Preparation

This investigation used the direct state suspension method; therefore, turbidity
was contrasted using clean saline and 0.5 McFarland turbidity principles. The
turbidity was balanced with saline until it coordinates that of 0.5 McFarland
turbidity measures. This was finished by holding the suspension and the 0.5
McFarland turbidity gauges before a light source against a white foundation with
differentiating dark lines [19].

2.8. Inoculation

The Muller-Hinton agar plates were utilized for E. coli. Before inoculation, care
was taken to ensure that there was no excessive wetness on the agar surface and
that the plates were not excessively dry (wrinkled surface demonstrates excessive
dryness). A sterile cotton swab was placed into the microscopic organisms’ sus-
pension. Abundance inoculum was expelled by passing the swab inside the mi-
croscopic organisms’ suspension tube. The media was at that point inoculated by
swabbing the agar surfaces in two ways at a 90-degree edge to each surface and
the third line at a 45-degree edge and afterwards it was permitted to represent 20
minutes to encourage assimilation of abundance inoculum before use of the test
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plant removes [20].

2.9. Disc Diffusion Method

The disc diffusion method was used to test the antibacterial properties. The disc
was dipped in the extract and the extract left to diffuse in the disc and then
placed on the agar media containing the bacteria [21] [22]. Ciprofloxacin 5 ug
standard discs were used as the positive control against E. coli while dimethyl
sulphoxide (DMSO) and sterile water were used as a negative control to com-

pare the results with that of experimental ethanol and water extracts respectively.

2.10. Antimicrobial Activity Determination

The different concentrations (1 mg/mL, 10 mg/mL, 20 mg/ml, 30 mg/mL, 40
mg/ml, and 50 mg/mL) of the aqueous and ethanolic extracts of A. indica were
tested on the culture strains of E. coli on agar plates. The sensitivity of the tested
pathogenic organisms to aqueous and ethanolic extracts was shown by zones of
inhibition after incubation. The zones of inhibition were measured using a plas-
tic ruler in millimetres. For each concentration of the extract, the zone of inhibi-
tion was measured three times to minimize the error and the mean was record-
ed. The statistical analysis was then performed. The Minimum Inhibitory Con-
centration (MIC) for the crude extract was determined by the agar-disc diffusion
method. MIC was determined as the lowest concentration at which a clear zone

of microbial growth inhibition will be observed [23].

2.11. Data Analysis

Microsoft excel 2013 was used to process collected data. Descriptive statistics on
the phytochemical composition of the extract was presented in form of a table.
ANOVA was performed to compare the activity of different concentrations of
the extract and the control drug on E. coli. Results were presented in form of
tables. All statistical analyses were considered significant at a 95% confidence

level and p < 0.05.

3. Results

3.1. Percentage Extraction Value

Following aqueous and ethanolic extractions of the leaf, the percentage extrac-
tion value of Azadirachta indica extracts were 22.2% and 9.75% respectively. See
Table 1.

3.2. Phytochemical Analysis

Following phytochemical analysis of the ethanolic and aqueous extracts of A. in-
dica, phenolic compounds, tannins and steroids were present in the ethanolic
extract while, flavonoids, phenolic compounds, tannins, saponins and alkaloids

were present in the aqueous extract. See Table 2.
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Table 1. Percentage extraction yield of aqueous and ethanolic A. indica extracts.

Type of Initial Weight Extractive Percentage
solvent of the leaf in grams value extraction value
Ethanol 50 4.85 9.75%
Water 50 11.1 22.2%

Table 2. Phytochemical analysis of Azadirachta indica aqueous and ethanolic extracts.

Phytochemicals tested Aqueous extract Ethanolic extract

Flavonoids Present Absent
Phenolics Present Present
Tannins Present Present
Saponins Present Absent
Alkaloids Present Absent
Terpenoids Absent Absent
Steroids Absent Present

3.3. Antibacterial Activity of Aqueous and Ethanolic Extracts of
A. indica against E. coli

The mean zone of inhibition produced at different concentrations of both etha-
nolic and aqueous extracts of A. indica against E. coli showed that the aqueous
extract at 50 mg/ml had the highest zone of inhibition (10.67 + 0.58 mm) com-
pared to (8.7 + 0.58 mm) for the ethanolic extract (p-value = 0.072). Ciproflox-
acin’s (control) mean zone of inhibition was 34.67 + 0.58 mm (p-value = 0.025).
The minimum inhibitory concentration (MIC) against E. coli was 10 mg/ml for

the aqueous extract and 20 mg/ml for the ethanolic extract. See Table 3.

4. Discussion

The medicinal values of the secondary metabolites are because of chemical sub-
stances that produce a definite physiological action on the human body. These
chemical substances include alkaloids, glycosides, steroids, flavonoids, fatty oils,
resins, mucilage, tannins, gums, phosphorus and calcium for cell growth, re-
placement and bodybuilding [24].

In this study, the A. indica leaf extracts contained the following phytochemi-
cals; flavonoids, phenolics, tannins, saponins, alkaloids and Steroids. Phenolics
and Tannins were observed in different intensities in the aqueous and ethanolic
extracts. On the one hand, the aqueous extract showed the presence of all the
phytochemicals listed above except for steroids and terpenoids. However, the
ethanolic extract only showed the presence of tannins, phenolics and steroids.
The results observed in this study are similar to results reported by Sahrawat et
al, who reported the presence of saponins in the aqueous extract and phenolics
and tannins in the ethanol extract of A. indica growing in India [25]. Unlike in
this study where terpenoids were absent in both the aqueous and ethanolic ex-

tract, Gupta and colleagues reported the presence of terpenoids in both the
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Table 3. Mean zone of inhibition of aqueous and ethanolic extracts against £. coll.

) Aqueous extract Ethanolic extract Ciprofloxacin
Concentration
of extract Mean zone of Mean zone of (control) mean zone
X
inhibition (mm) inhibition (mm) of inhibition (mm)

1 mg/mL 0 0

10 mg/mL 2.33 £2.08* 0
20 mg/mL 5.7 £0.58 6.67 = 0.58*

34.67 £ 0.58

30 mg/mL 8.78 £ 0.58 5.67 £ 0.58
40 mg/mL 10.00 £ 1.00 7.67 £ 0.58

50 mg/mL 10.67 £ 0.58 8.7 £ 0.58

*- MIC of aqueous and ethanolic extracts against E. coli.

aqueous and ethanol extract from a plant growing in India [26]. Steroids were
only present in the A. indica ethanolic extract similar to results reported by
Susmitha et a/ who also found steroids and tannins in the ethanolic extract [27].
The observed difference in phytochemical presence can be attributed to differ-
ences in the polarities of the solvents. Furthermore, due to geographical and en-
vironmental factors that the plant is exposed to, studies in other parts of the
world may report the presence or absence of phytochemicals reported in this
study.

The highest concentration of 50 mg/ml of both aqueous and ethanolic extracts
showed an average zone of inhibition of 10.67 + 0.58 mm and 8.7 + 0.58 mm re-
spectively while ciprofloxacin 5 pg the positive control produced an average zone
of inhibition of 35 mm with p-value = 0.025. The observed statistically signifi-
cant difference among the three results is because ciprofloxacin was in its purest
antimicrobial form, containing 100% active ingredient. There was no statistically
significant difference between the aqueous and ethanolic extracts at 50 mg/ml
(p-value = 0.072). However, the aqueous extract at different concentrations
showed statistically significant superiority over the ethanolic extract (p-value =
0.004). Unlike data reported in this study, Gupta et a/reported that the ethanolic
extract at 100 mg/mL had more activity against E. coli with a zone of inhibition
of 1.2 cm compared to the aqueous extract at 100 mg/mL which reported a zone
of inhibition of 0.8 cm [26]. Similarly, Susmitha et a showed that ethanolic ex-
tract activity against £. co/f was 8 mm while the aqueous extract had no activity
[27]. However, the observed difference in inhibitory zones could be due to the
difference in phytochemical presence in the extracts since solvents of different
polarities were used. Different polarities as demonstrated in this study affected
the types of phytochemicals extracted and hence the therapeutic effects of the
plant extract. Further, observed differences among the studies reported could be
as a result of variations in geographical regions, rain patterns, and harvesting
seasons.

The minimum inhibitory concentration (MIC) of A. indica aqueous extract

was found to be 10 mg/mL while the ethanolic extract was 20 mg/mL. In a study
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conducted by Nigussie et al, that the MIC for A. indica methanolic extract
against E. coli was reported as 83.3 = 29.0 mg/ml [28]. However, a study by
Shw’aibu et al determined the MIC of the petroleum ether extract of A. indica at
100 pg/mL against E. co/i while the ethanolic and methanolic extracts had no ac-
tivity at that concentration [29]. This shows that A. indica activity is significantly

affected by the polarity of the solvent used for extraction.

5. Limitations

The antibacterial activity of A. indica against E. coli reported in this study can-
not be generalized to other microorganisms. This is because the tests were con-
ducted strictly on E. coli. Besides, other plant parts such as stems and roots may

have different antibacterial activities.

6. Conclusion

A. indica aqueous and ethanolic extract displayed antibacterial activity against £.
coli. The aqueous extract showed better antibacterial activity than the ethanolic
extract. The antibacterial activity of A. indica extracts was concentration-de-
pendent as observed from the varying zones of inhibition with change in con-

centration.

7. Recommendations

The authors recommend that a bio guided fractionation be done to determine
the phytochemicals that cause the antibacterial activity observed. Besides, future
studies should be focused on assessing the antibacterial activity of the Neem
plant on multiple microorganisms using different parts such as stems, roots and

leaves.
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