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Background: Bacterial pathogens have evolved numerous defense mechanisms against commercial antimicrobial agents, and their
resistance to most of the available antimicrobials is increasing. Medicinal plants are a potential source of antimicrobial agents during
the spread and emergence of infectious disease caused by resistant microorganisms. The aim of this study was thus to investigate the
antimicrobial activity and acute toxicity of 80% methanol extracts of leaves of Artemisia absinthium, seeds of Datura stramonium, and
fruit of Solanum anguivi.
Materials and Methods: The 80% methanol extracts were prepared by cold maceration. Antimicrobial activity was evaluated
against five bacterial species using agar-well diffusion at concentrations of 125, 250, and 500 mg/mL in the presence of positive and
negative controls. Minimum inhibitory concentration was determined by broth dilution. The acute toxicity study was done following
OECD guidelines.
Results: The 80% methanol extract of the fruit of S. anguivi exhibited better activity against most of the bacterial strains, of which
Salmonella enterica serovar Typhimurium was found to be the most susceptible, with minimum inhibitory concentration and minimum
bactericidal concentration of 1.3 mg/mL and 1.95 mg/mL, respectively, while the seed extract of D. stramonium showed the least
activity against most test organisms. The acute toxicity study showed that all three plants had an LD50 >2,000 mg/kg body weight, and
were thus safe.
Conclusion: The results of this study revealed that the methanol extracts of the three plants (A. absinthium, D. stramonium, and S.
anguivi) had different degrees of antibacterial activity against the selected pathogenic bacteria and were safe at higher doses, thus
being of great potential to be developed as antibacterial agents. The study also provided scientific evidence to support the continued
traditional use of these medicinal plants by communities in different parts of Ethiopia to treat infectious diseases.
Keywords: medicinal plants, antimicrobial activity, agar-well diffusion, Artemisia absinthium, Datura stramonium, Solanum anguivi

Introduction
Bacterial infections are responsible for considerable mortality and morbidity worldwide, especially in developing
countries, due to poor sanitation and unhygienic and overcrowded living conditions. Antibiotics are powerful medicines
that fight bacterial infections by either killing the bacteria or stopping them from reproducing, allowing the body’s natural
defenses to easily eliminate them. Drugs used for treating bacterial infections may lose their effectiveness with time
because the target organisms keep changing form or hiding themselves from attacking drugs, and hence drug resistance
occurs.1 The emergence and spread of antimicrobial resistance have been driven by complex socioeconomic and human
behavioral factors, including misuse of antibiotics, unskilled practitioners and laypersons, and use of substandard
antimicrobials, particularly in developing countries.2,3 Although antimicrobial resistance is a global threat, its burden
is higher in developing countries because of the high prevalence of bacterial diseases and the presence of risk of their
emergence and spread.4 Increased prevalence of resistant bacteria, together with lack and high cost of new-generation
drugs, has escalated infection-related morbidity and mortality, particularly in developing countries like Ethiopia.5 The
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increasing failure of chemotherapeutics and the emergence of antibiotic-resistant pathogens have led researchers to look
for alternatives in their search for effective and safe therapeutics, including medicinal plants that are used as antimicro-
bials in traditional medical systems.6

From time immemorial, different communities around the globe have been using medicinal plants to manage various
health problems. In Ethiopia, a large portion of the rural population and the poor in urban areas are known to rely on
traditional medicine to meet their primary health-care needs.7 Traditional medicine has high acceptability and is an
integral part of the local culture in Ethiopia, and people often rely on it even in the presence of demonstrably efficient and
less costly alternative health-care in their area. More than 95% of traditional Ethiopian medical preparations are of plant
origin.8 A number of ethnobotanical studies conducted on medicinal plants in Ethiopia have demonstrated the use of
medicinal plants in the treatment of different infectious diseases,9–15 which shows that plant-derived medicines continue
to occupy an important position in the country’s traditional medical practices.16

Although a range of medicinal plants with antimicrobial properties have been widely used by traditional healers, the
therapeutic potential of many of these medicinal plants has not been scientifically evaluated.17 In Ethiopia, the plants
Artemisia absinthium, Datura stramonium, and Solanum anguivi have been claimed to have antimicrobial efficacy.18–20

However, there is a lack of scientific evidence to prove such traditional claims. As such, this study aimed to investigate
antibacterial activity and acute toxicity of the three plants in view of validating the claims of traditional practitioners. In
addition, the findings of this study may lead to the discovery of new compounds for the development of novel
antimicrobial drugs.

Materials and Methods
Chemicals, Solvents, and Media
Chemicals used for extracting the plant material were distilled water, absolute methanol (Reagent Chemical), dimethyl
sulfoxide (DMSO; Loba Chemie), 0.5 McFarland equivalence/standard, and sterile physiological saline (Albert David).
All chemicals and solvents were of analytical grade. Bacteriological media used for this study were Mueller–Hinton agar,
Mueller–Hinton broth, mannitol salt agar, xylose lysine deoxycholate agar (Oxoid), nutrient agar, and nutrient broth
(HiMedia Laboratories). All media were used according to the manufacturers’ guidelines.

Reference Bacterial Test Organisms and Antibiotic Disks
Standard strains of bacteria — Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853),
Staphylococcus aureus (ATCC 25923), Shigella flexneri (ATCC 12022), and Salmonella enterica serovar
Typhimurium (S. Typhimurium; ATCC 14028) — were obtained from the Aklilu Lemma Institute of Pathobiology
(ALIPB), Addis Ababa University and the Ethiopian Public Health Institute. The bacteria were selected based on
availability and by considering the traditional use of the experimental plants. Standard antibacterial disks used for the
study were amoxicillin (30 μg/disk, Oxoid) and ciprofloxacin (5 μg/disk, Becton Dickinson).

Collection and Authentication of Plant Materials
Based on reports of traditional use,18–20 leaves of A. absinthium, seeds of D. stramonium, and fruit of S. anguivi were
collected from their natural habitats at different locales. Identification and authentication of the plant specimens were
conducted by a botanist at ALIPB, and voucher specimens were deposited for reference purposes at the Endod and Other
Medicinal Plants Research Unit of ALIPB.

Preparation and Extraction of Plant Materials
The collected plants were washed with tap water to remove any dirt and contaminants, such as insects, microbes, and
soils, which could have affected the results, and then thoroughly air-dried at room temperature, avoiding direct exposure
to sunlight. The dried plants were ground to powder using a grinding mill. The powdered samples were weighed and
stored in airtight containers until extraction commenced. Extraction was carried out using the methods described in
Ashebir and Ashenafi.21 Cold maceration was utilized, where 200 g coarsely powdered plant sample was weighed and
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soaked in 1,000 mL 80% methanol in a flask to get a crude hydroalcoholic extract. The mixture was placed in a shaker
(Thermo Forma M 420) at 160 rpm for 72 hours at room temperature and then filtered using gauze. The filtrate was then
passed through Whatman number 1 filter paper (GE Healthcare). After filtration, the remaining residue was remacerated
twice over 6 days with a fresh solvent of 80% methanol to obtain a better yield. The filtrate from each extraction was
mixed and evaporated using a rotary evaporator (Wagtech Projects) to remove the methanol. Finally, the concentrated
filtrate was placed in a freezer set at −20°C to get it solidified, then water was removed using a lyophilizer (Wagtech
Projects). The extract was kept in a tightly closed bottle under refrigeration at 4°C until required for use.

Acute Toxicity Test
Acute oral toxicity testing for each crude plant extract was carried out as per the Organization for Economic Co-operation
and Development (OECD) guidelines.22 Four female Swiss albino mice aged 10–12 weeks weighing 25–35 g were used
for each extract in a pilot study and fasted for 4 hours prior to the experiment and 2 hours after the experiment. The mice
were administered a single dose of 2,000 mg/kg leaves of A. absinthium, seeds of D. stramonium, and fruit of S. anguivi
using oral gavage. Since no death was observed within 24 hours, an additional four mice were used for each extract and
administered the same dose. The animals were observed continuously for 4 hours during the experiment and then for 14
consecutive days, with an interval of 24 hours for general toxicity signs like changes in physical appearance, behavioral
and feeding changes, hair erection, lacrimation, reduction in motor activity, and other signs of acute toxicity and
morbidity.22

Media Preparation and Inoculum Standardization
Both selective and general-purpose media were prepared following the manufacturer’s preparation protocol and placed
onto a hot plate with a stirrer until they boiled, then were sterilized in an autoclave at 121°C for 15 minutes. Then, the
media were poured into petri dishes under aseptic conditions inside a biosafety cabinet (BioAir) and allowed time to
solidify. After that, the standard strains of pathogenic bacteria were inoculated and spread on prepared agar using an
inoculating wire loop aseptically in the safety cabinet and incubated for 24 hours at 37°C. The turbidity of each bacterial
inoculum was standardized following Clinical and Laboratory Standards Institute (CLSI) guidelines.23 After preparation
of the nutrient broth, three to five well-isolated colonies of the same morphological type of each bacterium were picked
up by the wire loop from fresh agar plates of bacterial culture and aseptically transferred into test tubes containing 5 mL
nutrient broth and incubated for about 6 hours. The turbidity of each inoculum tube was adjusted to 0.5 McFarland
standard by either adding bacterial colonies or sterile normal saline solution, which was assumed to contain a bacterial
concentration of 108 CFU/mL. In order to assess the visual comparison of 0.5 McFarland standard and tube suspension of
the organism, the test and standard were compared with a white background with contrasting black lines in the presence
of adequate light. Then, the standardized suspension was used within 15 minutes of its preparation.

Antimicrobial Activity Assays
Agar-Well Diffusion
Antimicrobial susceptibility testing using agar-well diffusion was performed for all bacterial strains following the
procedures in the CLSI guidelines.23 Bacterial broth culture was prepared to a density of 108 cells/mL of 0.5
McFarland standard, as previously stated. Aliquots of bacterium inocula were streaked onto sterile Mueller–Hinton
agar plates (prepared according to the manufacturer’s guidelines) using a sterile swab to ensure thorough coverage of
the plates and a uniform thick lawn of growth following incubation. The plates were rotated approximately 60° each
time to ensure even distribution of inocula, and finally the rim of the agar was swabbed. Then, the plated media were
allowed to dry at room temperature for 30 minutes. On each plate, four equidistant 6 mm–diameter wells were made
using a sterilized cork borer and the wells labeled.24 The corresponding wells were filled with 100 μL of different
concentrations (125, 250, and 500 mg/mL) of the solutions of the crude extracts diluted in 5% DMSO using a
micropipette. Amoxicillin (30 μg) and ciprofloxacin (5 μg) disks were used as control antimicrobials and 100 μL 5%
DMSO used as a negative control. After placement of the plant extracts and negative control into prepared wells and
positive control into labeled areas of the agar plates, the plates were placed undisturbed at room temperature for 2
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hours25 to allow time for prediffusion on the inoculated agar. Finally, the plates were incubated at 37°C for 24
hours.23 The resulting diameters of zones of inhibition, including the diameter of the well, were measured using a
ruler. All tests were performed in triplicate for each bacterial species. The mean zone of inhibition and SEM were
calculated for the 80% methanol extracts of plant materials as well as for standard antibacterial disks.

Determination of Minimum Inhibitory Concentration
Extracts that showed antibacterial activity were subjected to determination of minimum inhibitory concentration (MIC).
Briefly, ten sterile test tubes were placed in a rack and labeled 1–8 with two controls. Extract (negative) control tubes
and positive-control tubes were used for quality control. Freshly prepared Mueller–Hinton broth (1 mL) was added to
each tube, sterilized, and cooled. Then, 1 mL extract solution at a concentration of 250 mg/mL was added to test tube 1
and the negative-control tube using sterile micropipette tips. Twofold serial dilutions were performed by transferring 1
mL extract into the second tube with separate sterile micropipette tips, which was then vortexed for homogenization.
After through mixing, 1 mL was transferred with another sterile micropipette from tube 2 to tube 3. These procedures
continued until the eighth tube with a dilution of 1:128 was reached, and finally 1 mL was taken and discarded from
tube 8. The extract solution (250 mg/mL) was serially diluted at 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, and 1:128 ratios for 125
mg/mL, 62.5 mg/mL, 31.25 mg/mL, 15.63 mg/mL, 7.81 mg/mL, 3.95 mg/mL, and 1.95 mg/mL concentrations,
respectively. As per the agar-well diffusion, the standardization of bacterial suspension was made in comparison
with 0.5 McFarland standard. The bacterial suspension was prepared according to CLSI guidelines23 so that the
bacterial concentration was approximately 5×106 CFU/mL by diluting the 0.5 McFarland standard turbidity equivalent
bacterial suspensions at a ratio of 1:20 in the broth. Within 15 minutes of standardization of the bacterial suspension, 20
µL of a standard suspension of the test organism was added to each concentration of the extract. For the positive-control
tube, only the bacterial suspension was added, while the negative control was filled with all solution, except the
bacterial suspension. The tubes were incubated at 37°C for 24 hours and growth evaluated by presence of turbidity or
growth of bacteria. The lowest concentration that inhibited the growth of the organisms was taken as the MIC. All
experiments were performed in triplicate for each bacterium. The average value was taken as the MIC of test-plant
materials.23

Determination of Minimum Bactericidal Concentration
Minimum bactericidal concentration (MBC) is defined as the lowest concentration where no bacteria can survive. To
determine the MBC, incubated tubes showing no visible sign of growth/turbidity in MIC were subcultured onto sterile
nutrient agar plates by the streak-plate method and incubated at 37°C for 24 hours.26 In this technique, the contents of all
tubes containing a concentration of test material above MIC value in the MIC-determination test were streaked using a
sterile wire loop on sterile nutrient agar and incubated at 37°C for 24 hours. The lowest concentration of the extract
showing no bacterial growth after incubation was noted as the MBC. The entire test was done in triplicate for each
bacterial species, and the MBC was taken as the average of these.

Data Analysis
Data are expressed as means ± SEM and were analyzed using SPSS 16.0. Testing for significant differences between
zones of inhibition of crude extracts for individual bacteria was carried out using one-way ANOVA followed by
Tukey’s post hoc test. P<0.05 was regarded as significant. MIC and MBC were analyzed using descriptive statistics
with SPSS.

Results
Acute Toxicity
Mice used in the acute toxicity study were observed for the first 4 hours continuously and for the next 14 days to see if any
of the plant extracts was toxic. The LD50 of all of them was estimated to be above the administered dose (2,000 mg/kg), as
they had not caused any visible signs of toxicity, gross behavioral changes, or deaths.
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Antibacterial Activity
Based on agar well–diffusion assays, the growth of all test bacterial strains was inhibited by the tested concentrations of
the crude (80% methanol) extracts of all three plants (leaves of A. absinthium, seeds of D. stramonium, and fruit of S.
anguivi). As can be seen in Tables 1 and 2, 80% methanol extracts of A. absinthium and S. anguivi showed a wide
spectrum of antimicrobial activity against most of the investigated bacterial species. Among the test bacteria, S. aureus,
S. Typhimurium, P. aeruginosa, and S. flexneri were more susceptible than E. coli at the tested concentrations of the
crude extracts, especially at 250 mg/mL and 500 mg/mL. The maximum zone of inhibition (20.33 mm) was recorded for
S. anguivi extract at 500 mg/mL against S. Typhimurium (Table 2). The minimum zone of inhibition (14.67 mm) was
recorded for leaes of A. absinthium at 500 mg/mL against E. coli (Table 1).

At a concentration of 500 mg/mL of the fruit extract of S. anguivi, the maximum average zone of inhibition (20.33
mm) was against S. Typhimurium, followed by 19.33 mm against P. aeruginosa and S. flexneri, while the minimum zone
of inhibition (15.67 mm) was against E. coli. Similarly, 80% methanol extract of the leaves of A. absinthium induced a
maximum zone of inhibition of 19.33 mm against S. Typhimurium at its highest concentration (500 mg/mL), followed by
18.67 mm and 18 mm against P. aeruginosa and S. flexneri, respectively, while the minimum zone of inhibition of 14.67
mm was revealed against E. coli. On the other hand, the maximum average inhibition (17.67 mm) at the highest
concentration of the seeds of D. stramonium was against S. flexneri, followed by 15.33 mm against S. aureus, E. coli, and
S. Typhimurium, whereas the minimum zone of inhibition of 14.33 mm was recorded against P. aeruginosa (Table 3).

Comparisons of the mean zone of inhibition of the different concentrations of the extracts of each medicinal plant
with one another and with the standard antibacterial disks are presented in Tables 1–3. The average mean zone of
inhibition of the extracts of all plants (250 mg/mL) was significantly different (P<0.05) from the average mean zone of
inhibition of 500 mg/mL against the growth of each test bacterium. Similarly, the 125 mg/mL extract concentration
was significantly different (P<0.05) from the 250 mg/mL one for all bacterial species, except for P. aeruginosa in the

Table 1 Antibacterial activity of 80% methanol extract of leaves of A. absinthium against standard bacterial strains using agar-well
diffusion, expressed as mean zone of inhibition (mm)

Concentration of A. absinthium extract Positive control

125 mg/mL 250 mg/mL 500 mg/Ml

S. aureus 12±0ad 14.67 ±0.33ad 17.67 ±0.33a 27.66±0.33 (Amo)
S. Typhimurium 15±0acd 17.67±0.33ad 19.33±0.33a 27.33±0.33 (Cpr)

S. flexneri 13.17±0.17ad 15±0.58ad 18±0.58a 26±0 (Cpr)

P. aeruginosa 10±0acd 15.67±0.67ad 18.67±0.33a 28.68±0.33 (Cpr)
E. coli 8.67±0.33acd 11±0ad 14.67±0.33a 27±0 (Amo)

Notes: Values expressed as means ± SEM (n=3); comparison of mean zone of inhibition with different concentrations of extracts and control analyzed using one-way
ANOVA followed by Tukey’s post hoc test; acompared to control, cto 250 mg/mL, dto 500 mg/mL; P<0.05; Amo, amoxicillin (30 μg/disk); Cpr, ciprofloxacin (5 μg/disk). It was
noted that 5% DMSO showed no inhibition against any bacterial strain.

Table 2 Antibacterial activity of 80% methanol extract of fruit of S. anguivi against standard bacterial strains using agar-well diffusion,
expressed as mean zone of inhibition (mm)

Concentration of S. anguivi extract Positive control

125 mg/mL 250 mg/mL 500 mg/mL

S. aureus 10.67±0.33acd 12.67±0.33ad 17±0.58a 27.66±0.33 (Amo)

S. Typhimurium 14.67±0.33acd 18.33±0.33ad 20.33±0.33a 27.33±0.33 (Cpr)

S. flexneri 12.67±0.33acd 17.33±0.33ad 19.33±0.33a 26±0 (Cpr)
P. aeruginosa 13.33±0.33acd 16±0.58ad 19.33±0.33a 28.68±0.33 (Cpr)

E. coli 9.33±0.33acd 12.33±0.33ad 15.67±0.33a 27±0 (Amo)

Notes: Values expressed as means ± SEM (n=3); comparison of mean zone of inhibition with different concentrations of extracts and control analyzed using one-way
ANOVA followed by Tukey’s post hoc test; acompared to control, cto 250 mg/mL, dto 500 mg/mL; P<0.05; Amo, amoxicillin (30 μg/disk); Cpr, ciprofloxacin (5 μg/disk). It was
noted that 5% DMSO showed no inhibition against any bacterial strain.
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case of D. stramonium. Moreover, zones of inhibition of different concentrations of extracts (125, 250, and 500 mg/
mL) were significantly different (P<0.05) from their respective positive-control disks. The negative control used here,
5% DMSO, showed no inhibition against any of the bacterial strains. The zone of inhibition of A. absinthium at 500
mg/mL was greater than that of D. stramonium at an equal concentration, with a significant difference (P<0.05) against
the tested bacteria, except for E. coli. Similarly greater values of inhibition were observed in S. anguivi extracts than
D. stramonium at equal concentrations (500 mg/mL), with significant differences (P<0.05) against S. aureus, S.
Typhimurium, S. flexneri, and P. aeruginosa. In contrast, the zone of inhibition of A. absinthium extract was close
to S. anguivi at equal concentrations against all tested bacteria. Among the extracts of the three plants tested against
the five bacterial pathogens, the fruit extract of S. anguivi showed the highest range of antibacterial activity (9.33–
20.33 mm), followed by the extract of the leaves of A. absinthium (8.67–19.33 mm). Among the bacteria tested for
susceptibility to the plant extracts, S. Typhimurium was found to be the most susceptible (15.33–20.33 mm), followed
by S. flexneri (17.67–19.33 mm). E. coli was the least susceptible (14.67–15.67 mm).

Minimum Inhibitory Concentration
MIC values were determined for extracts of the plants that showed antibacterial properties with ≥7 mm–diameter zone of
inhibition in agar well–diffusion tests against all test bacteria species. MIC values of all plant extracts against the tested
bacteria ranged from 1.3 mg/mL (S. Typhimurium) to 7.81 mg/mL (P. aeruginosa). MIC values of the leaves of A.
absinthium ranged from 1.3 mg/mL (S. Typhimurium) to 6.5 mg/mL (E. coli), whereas for the seeds of D. stramonium it
ranged from 1.63 mg/mL (S. flexneri) to 7.81 mg/mL (P. aeruginosa). MIC values of the fruit extracts of S. anguivi
varied from 1.3 mg/mL (S. Typhimurium) to 3.25 mg/mL (E. coli), as shown in Table 4. The relatively low MIC values
recorded for the S. anguivi and A. absinthium extracts against the test pathogens confirmed the high activity of the
extracts at low concentrations. The 5% DMSO showed no inhibition against any of the bacterial strains.

Table 3 Antibacterial activity of 80% methanol extract of seeds of D. stramonium against standard bacterial strains using agar-well
diffusion, expressed as mean zone of inhibition (mm)

Concentration of D. stramonium extract Positive control

S. aureus 8.67±0.33acd 12±0.58ad 15.33±0.33a 27.66±0.33 (Amo)

S. Typhimurium 10.67±0.33acd 12.33±0.33ad 15.33±0.33a 27.33±0.33 (Cpr)

S. flexneri 8.67±0.33acd 13.67±0.33ad 17.67±0.33a 26±0 (Cpr)
P. aeruginosa 10.33±0.67ad 12±0.58a 14.33±0.33a 28.68±0.33 (Cpr)

E. coli 9.67±0.33acd 12.33±0.33ad 15.33±0.33a 27±0 (Amo)

Notes: Values expressed as means ± SEM (n=3); comparison of mean zone of inhibition with different concentrations of extracts and control analyzed using one-way
ANOVA followed by Tukey’s post hoc test; acompared to control, cto 250 mg/mL, dto 500 mg/mL; P<0.05; Amo, amoxicillin (30 μg/disk); Cpr, ciprofloxacin (5 μg/disk). It
was noted that 5% DMSO showed no inhibition against any bacterial strain.

Table 4 MIC and MBC of 80% methanol extracts of leaves of A. absinthium, seeds of D. stramonium, and fruit of S. anguivi against tested
bacterial species

A. absinthium D. stramonium S. anguivi

MIC (mg/mL) MBC (mg/mL) MIC (mg/mL) MBC (mg/mL) MIC (mg/mL) MBC (mg/mL)

S. aureus 4.55±1.72 7.81±0 5.20±1.30 6.51±1.30 2.60±0.65 5.20±1.30

S. Typhimurium 1.30±0.33 3.25±0.65 4.55±1.72 6.51±1.30 1.30±0.32 1.95±0

S. flexneri 3.25±0.65 6.51±1.30 1.63±0.32 3.90±0 1.63±0.32 3.90±0
P. aeruginosa 1.63±0.32 3.25±0.65 7.81±0 13.02±2.60 1.95±0 1.95±0

E. coli 6.50±1.30 10.41±2.60 3.90±0 5.20±1.30 3.25±0.65 7.81±0

Note: All values are means ± SEM of three replicates analyzed by SPSS.
Abbreviations: MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.
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Minimum Bactericidal Concentration
For MBC values of extracts, which were determined by subculturing, the contents of wells with concentrations extract
greater than or equal to the MIC in the prepared agar plates are presented in Table 4. MBC values of the extracts against
the test organisms ranged from 1.95 mg/mL (fruit extracts of S. anguivi against S. Typhimurium and P. aeruginosa) to
13.02 mg/mL (seeds of D. stramonium against P. aeruginosa). Concentrations of 3.25 mg/mL and 1.95 mg/mL (S.
Typhimurium and P. aeruginosa) were the minimum values for extracts of the leaves of A. absinthium and fruit of S.
anguivi, respectively, and 3.90 mg/mL (S. flexneri) for the seeds of D. stramonium. On the other hand, the highest MBC
(13.02 mg/mL for P. aeruginosa) was recorded for D. stramonium, indicating less sensitivity of the bacterium against the
extract. The most frequently observed MBC of plant extracts against test bacteria was 6.51 mg/mL. In general, fruit
extract of S. anguivi was found to be more potent and killed all tested bacteria at relatively lower concentrations than the
other plant extracts. At a concentration of 1.95 mg/mL, unlike the extracts of other plants, 80% methanol extract of S.
anguivi induced both bacteriostatic and bactericidal properties (Table 4). The 5% DMSO showed no inhibition against
any of the bacterial strains.

Discussion
The present study revealed that all three plant extracts were atoxic, since no treatment-related signs of toxicity were
noticed in the mice throughout the observation period at a dose of 2,000 mg/kg body weight. A similar study by
Kifleyohannes et al27 also reported that oral administration of 80% methanol extract of A. absinthium produced neither
significant toxic signs nor death during an observation period of 14 days after a single administration of 2,000 mg/kg.
Likewise, an acute toxicity study by Bouzidi et al28 on D. stramonium administered with a single dose of 100 mg/kg
body weight reported that its extract did not show any toxic symptoms, such as paralysis, lacrimation, labored breathing,
or death, immediately after administration or at the end of 5 days. Therefore, all the three plant extracts can be considered
safe based on the Organization for Economic Co-operation and Development guideline, which recommends a maximum
dose for acute toxicity of 2,000 mg/kg.22

The results of this study indicated that all extracts of the three plants had antibacterial effects against both Gram-
positive and Gram-negative bacteria with varying degrees of antibacterial activity. This could be due to higher
concentrations of bioactive secondary metabolites in the extracts. The zones of inhibition for 80% methanol extracts
of A. absinthium and S. anguivi at comparable concentrations were not statistically different for most bacteria against
which both extracts were active. This implies that both extracts inhibited the test organisms to a comparable degree.
However, there was a slightly lower zone of inhibition for A. absinthium against S. Typhimurium and S. flexneri at equal
concentrations. This could be due to differences in composition and concentrations of bioactive secondary metabolites.
Unlike A. absinthium and S. anguivi, D. stramonium showed lower antibacterial activities against all the test bacterial
strains, regardless of concentration. E. coli was the least susceptible bacteria of the plant extracts at equal concentrations,
except for seeds of D. stramonium. A possible reason for this could be differences in mechanisms of action of the
bioactive compounds in plant extracts against the different test bacteria, as well as differences in outer cell membrane–
permeability barriers of the bacteria.29

The present study revealed that the leaves of A. absinthium had considerable antimicrobial activity against S.
Typhimurium, S. aureus, S. flexneri, and P. aeruginosa and moderate inhibitory activity against E. coli, a finding that
is in line with a study conducted in Iran by Taherkhani et al30 on essential oil obtained from A. absinthium, which
demonstrated significant activity against S. aureus and P. aeruginosa and moderate inhibitory activity against E. coli.
Similarly to this finding, methanol leaf extracts of A. absinthium have also been reported to have antimicrobial activity
against P. aeruginosa and E. coli, but no significant effect on S. aureus or S. Typhimurium.31 In contrast to our results,
Joshi32 reported an absence of activity by essential oil extracted from A. absinthium against S. aureus, E. coli, P.
aeruginosa, and S. Typhimurium. This might be due to differences in the geographical location of plant collection,
bacterial strains used, extraction methods, and extract concentrations.

The zone of inhibition of 80% methanol extracts of seeds of D. stramonium was lower than that of A. absinthium and S.
anguivi at equal concentrations against the individual strains of test bacteria. The reason could be differences in the
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composition and concentrations of bioactive compounds in the plant extracts. However, the antibacterial property of seeds of
D. stramonium extract showed a wide range of zones of inhibition against S. flexneri and moderate activity against P.
aeruginosa. In Waza et al,33 the methanol extract of D. stramonium seeds showed the highest zone of inhibition (20 mm)
against E. coli, followed by that against S. aureus (17.50 mm) and P. aeruginosa (16 mm). Another study reported that a
methanol extract of fruit of D. stramonium inhibited the growth of all tested bacterial strains,34 which is in agreement with
the current findings. On the other hand, a study conducted by Julius et al35 revealed poor antibacterial properties of 95%
methanol extracts of seeds ofD. stramonium against E. coli, P. aeruginosa, and S. aureus, with 7 mm, 6 mm, and 5 mm zones
of inhibition at 500 mg/mL, respectively, which might be related to factors like geographic location and extraction method.

The fruit of S. anguivi showed strong activity against S. Typhimurium, S. flexneri, and P. aeruginosa, comparable to the
effect of seed extract of D. stramonium, but with less activity against E. coli than the latter. This result suggests that the
methanol extract of S. anguivi fruit had a broad spectrum of antimicrobial activity against the tested bacterial strains. A
previous study on the fruit of a related plant species (Solanum incanum) found significant antibacterial activity against S.
aureus and other pathogenic bacteria.36 The same study reported that S. incanum had several phytochemical constituents, such
as alkaloids, flavonoids, phenols, steroids, glycosides, saponins and triterpenoids, which could also be present in S. anguivi.

All plant extracts showed increased dose-dependent inhibitory activity as the concentration increased from 125 to 500
mg/mL. A proportional increase in inhibitory activity (zone of inhibition) as the concentration of extract increases has also
been reported in other plants.37 This relationship between the concentrations of extracts and zones of inhibition might be due
to the fact that more extracts with active metabolites are able to diffuse into the agar media, inducing more inhibition of
microbial growth. Despite the antibacterial activities, the mean zone of inhibition of 80%methanol extracts of all the plants at
all test concentrations were not statistically comparable to that of their respective standard control antimicrobials for each of
the susceptible bacteria. This might be due to the lower concentration of active principals in all plant extracts against the test
bacteria or presence of other chemicals that could also inhibit the effect of the active ingredient. Activity-guided fractionation
of the plant extracts could lead to the discovery of more potent compounds in the studied plants.

Antibacterial screening findings in terms of zone of inhibition of the methanol extracts of three plants against
susceptible bacteria were inversely proportional to their MIC and MBC values, ie, the more susceptible an organism
to an extract in agar-well diffusion, the less its corresponding MIC and MBC values. In other words, the greater
inhibition zone of extracts in agar-well diffusion corresponded to lower values of extracts required to inhibit or kill
organisms. In the current study, the MIC values of all plant extracts were lower than MBC values, except for the 80%
methanol extract of S. anguivi against P. aeruginosa (1.95 mg/mL), which had equal MIC and MBC values, suggesting
that the extract had bacteriostatic and bactericidal effects at the same concentration. The higher MIC values indicate that
the plant extracts are weaker at killing or inhibiting the tested pathogens, whereas lower MICs reveal that the plant
extracts have greater potential of killing the pathogens.

In the current study, most of the plant extracts showed better antimicrobial activity against S. Typhimurium and P.
aeruginosa than the other tested organisms, while they were less effective against E. coli. Such differences could be due
to selective activity of the bioactive compounds in the plant extracts against different bacterial species due to absence or
presence of target sites in the latter. Generally, the methanol extracts of the fruit of S. anguivi exhibited the lowest MIC
and MBC, whereas the highest was for D. stramonium. The relatively lower MIC values recorded for the fruit extracts of
S. anguivi against the test pathogens confirm the presence of relatively potent antimicrobial agents in its extract. The high
activity of antimicrobial agents at low concentrations is essential for the development of compounds for chemother-
apeutic purposes, because the lower the dose administered, the lower the chance of its being toxic to patients. The crude
extracts of the tested plants had potent antibacterial activity against S. aureus, S. flexneri, S. Typhimurium, P. aeruginosa,
and E. coli at all three concentrations tested. These results, together with previous findings from ethnobotanical
studies,19,20,34 indicate that these three medicinal plants might have important compounds can be developed and used
for the treatment of infectious diseases.

Conclusion
The results of this study revealed that 80% methanol extracts of leaves of A. absinthium, seeds of D. stramonium, and
fruit of S. anguivi had antibacterial activities of varying strength and safe at higher doses, and thus have great potential to
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be developed as antibacterial agents for the treatment of bacterial infections. The antimicrobial activity exhibited by the
plant extracts against the pathogenic test organisms used in this study could also be taken as evidence to provide
scientific support for continued traditional use of the three medicinal plants by local communities in Ethiopia in the
treatment of various diseases caused by bacterial pathogens.
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