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Abstract

Antimicrobial resistance (AMR) is a major global public health concern that threatens the effective
management of infectious diseases. The increasing resistance of clinically important pathogens such as
Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae has intensified the search for alternative
antimicrobial agents, particularly from medicinal plants with diverse bioactive compounds. This study
evaluated the antibacterial activity of aqueous, dichloromethane (DCM), and methanolic (MeOH) extracts
derived from leaf, bark, and root tissues of Searsia rhemanniana. Antibacterial activity was assessed using a
broth microdilution assay with extract concentrations ranging from 7.8 to 1000 ug/mL. Minimum inhibitory
concentration (MIC) and half-maximal inhibitory concentration (ICss) values were determined against
S.aureus ATCC 25923, K.pneumoniae ATCC 700603, and E. coli ATCC 25922. All experiments were performed in
triplicate across three independent biological replicates. Polymyxin B sulfate, doxycycline, and kanamycin
served as positive controls to validate assay performance. Results demonstrated a clear solvent- and strain-
dependent activity profile. Methanolic extracts exhibited the greatest antibacterial activity, particularly
against S. aureus ATCC 25923, with bark and root extracts showing ICsy values of approximately 60-125
ug/mL. Aqueous extracts displayed moderate inhibition, while DCM extracts were largely inactive. K.
pneumoniae showed intermediate susceptibility, whereas E. coli exhibited pronounced resistance across all
extract types. None of the extracts achieved bactericidal MIC thresholds within the tested concentration range,
indicating predominantly bacteriostatic effects. These findings highlight the antibacterial potential of polar
extracts of S.rhemanniana and support further bioassay-guided fractionation and phytochemical investigation
for antimicrobial drug discovery.
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minimum inhibitory concentration (MIC); Gram-positive bacteria; Gram-negative bacteria.

Copyright: © 2026. This is an open-access article distributed under the terms of the Creative Commons Attribution License.
(https:/ / cre-ativecommons.org/ licenses /by /4.0/).



5036

RAMPANA D.E & MAKHOAHLE P.M

1 INTRODUCTION

One of the major international health topics of
concern, which has become one of the most severe
global health issues, is antibacterial resistance (AMR)
posing a threat to the successful prevention and
treatment of infectious diseases (1). AMR is a major
morbidity and mortality causative agent in all parts
of the world, especially in low- and middle-income
countries where the infectious diseases are still
widespread (2). Toxic bacteria like Staphylococcus
aureus (S. aureus), Escherichia coli (E. coli), Klebsiella
pneumoniae (K. pneumoniae) and Pseudomonas
aeruginosa (P. aeruginosa) have become resistant to the
most prescribed antibiotics (3) leading to prolonged
disease, high cost of healthcare, and deaths (4). The
declining efficiency of currently available antibiotics
has only heightened the hunt on other antimicrobial
agents, including the ones that are natural (5). The
traditional healthcare system is increasingly
exploring medicinal plants as sources of new
antibacterial compounds, given that medicinal plants
have been used in traditional healthcare systems over
centuries (6). The most promising antimicrobials are
those derived in the plant kingdom, due to their
chemical diversity, availability, and ability to
counteract bacterial resistance mechanisms due to
multi-target mechanisms (7).

Medicinal Plants and Antibacterial Activity

Medical plants produce a diverse array of secondary
metabolites including flavonoids, phenolic acids,
tannins, alkaloids and terpenoids many of which have
antibacterial properties (8). Such compounds can have
an antibacterial effect by destabilizing bacterial cell
membranes, preventing protein synthesis, disrupting
the replication of nucleic acids, or disrupting important
metabolic pathways (9). Research has shown that crude
extracts of plants or isolated plant phytochemicals can
exert a high degree of inhibitory activity against Gram-
positive and Gram-negative bacteria including the
multidrug-resistant strains (10). There are also instances
where plant extracts have exhibited synergistic activity
with conventional antibiotics to increase their
effectiveness as well as to lower the dosages
administered (11). The results underline the recent
popularity of medicinal plants as new sources of new
antibacterial agents. Southern Africa is an especially
biodiverse region as far as plant biodiversity and
ethnomedicinal knowledge is concerned, though,
several native species have not been studied
scientifically yet (12). These plants should therefore
conduct systematic antibacterial screening to validate
traditional claims and come up with promising drug
development candidates.

Minimum Inhibitory Concentration (MIC) as a
Measure of Antibacterial Potency

Measuring the MIC is an element of antimicrobial
pharmacology (13). It gives a reproducible and
quantitative measure of the lowest concentration
which a test substance prevents the growth of visible
bacterial growth which allows researchers to classify
extracts as active, moderately active, or inactive by
predetermined concentrations (14). It is also a
method of making comparisons across studies and
can be used to create a database of MIC values of
different plant extracts, which is a valuable resource
in prioritizing those who will proceed to further
pharmacological development (15). With the scourge
of emerging drug resistance, recognition of plant
extracts that have demonstrated high antibacterial
activity may spur more research on their mechanisms
of action, possible synergism with antibiotics, and
future possibilities of its translation to therapeutic
products (16). The conventional therapies are still at
risk due to antibiotics resistance, and thus new
alternative  sources of antimicrobials like
phytochemicals could provide alternative solutions
to effective and accessible treatment (17).

The phytochemical studies on various species of
Searsia have shown that they possess considerable
amounts of flavonoids, phenolic acids, tannins, and
other secondary metabolites that have been strongly
related to the antibacterial and antioxidant effects
(18). As an illustration, the plants, Searsia leptodictya
and Searsia undulata, have been reported to contain
gallic acid and protocatechuic acid that have been
recorded to have antimicrobial activity in vitro (19).
Generally, the genus Searsia can be described as
having a multifaceted phytochemical profile that is
likely to be useful in a variety of bioactivities,
including those of antibacterial activity, so it can
serve as an attractive target in future research (20).
Published studies on Searsia rhemanniana are lacking.
This gap indicates that to ascertain whether S.
rhemanniana extracts show similar or better inhibitory
action on common and drug-resistant strains of
bacteria, systematic evaluation of MIC values of S.
rhemannia extracts against selected bacterial strains is
both timely and scientifically sound. This study
would help to broaden the pharmacological research
of the Searsin genus, confirm or refute possible
traditional applications, and find new plant-based
antibacterial leads. Moreover, setting up MIC values
offers a platform of upcoming investigations to focus
on bioassay guided fractionation, mechanism of
action investigation, as well as prospective
therapeutic progression.
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2 MATERIALS AND METHODS
Plant material

The identification of the plant material was done
by botanists at the botanical garden in KwaZulu-
Natal, South Africa as S. rhemanniana. After the
verification, the plant material was carefully washed
using distilled water to get rid of soil and debris. The
plant was then divided into its major parts of
anatomy, which were roots, bulbs, and leaves. All the
parts of the plants were dried in an oven with
ventilation at a temperature between 30 and 60 °C to
allow a steady dehydration and an inactivation of
phytochemicals. After complete drying, the material
was crushed coarsely in a hammer mill and kept at
room temperature in airtight containers until they
were extracted.

Extract preparation

Fine powder plant material was obtained through
an IKA grinder (IKA Labortechnik, Germany) at the
laboratory of the Central University of Technology.
Then powdered was now taken to the bioassaix (in
vitro screening of drugs) lab to continue processing.
At bioassay (in vitro drug screening) lab powdered
plant material the extraction of compounds in
methanol (MeOH), dichloromethane (DCM), and
water (H20) in a ratio of about 1:4 (w/v) was also
done. The maceration was put on a shaker (Labcon,
Lab Design Engineering, Maraisburg, South Africa)
and allowed to run 72 hours. After extraction, the
mixture was filtered in vacuum filtration system,
using Whatman No. 1 filter paper (Merck Chemicals
(Pty) Ltd, Wadeville, South Africa). This was done
until the filtrate became clear. Under low pressure,
the organic solvents (MeOH and DCM) were
eliminated using a BUCHI rotovapor (Labotec (Pty)
Ltd, Halfway House, South Africa) and the extracts
(remained as organic) were dried at room
temperature under a fume hood and stored at 4 °C.
Aqueous extract was then frozen at -80 C and freeze-
dried to a powder, and then kept in 4 °C.

Sample preparation

The extractions were done in the solvents of
aqueous, dichloromethane (DCM) and methanol
(MeOH). To obtain the necessary level of solubility,
all the lyophilized extracts were resolubilized in
dimethyl sulfoxide (DMSO) to a standardized
working concentration of 70 mg/mL and sonicated
in 30 min before use. The first positive control to
screen MIC was polymyxin B sulfate, whereas
doxycycline and kanamycin were added as extended
positive controls to ensure the quality of the assay
and validate its performance.

Bacterial strain and culture conditions

Activity against three bacteria clinically relevant as
reference strains (K. pneumoniage ATCC 700603, a p-
lactamase producing bacterium with the SHV-18 gene;
S. aureus ATCC 25923, a well-characterized, methicillin
sensitive quality control bacterium commonly used as a
standard in antimicrobial susceptibility testing and
measurement of bacterial growth; and Escherichia coli
ATCC 25922, a drug-s Stocks of all strains of bacteria
were transferred to tryptic soy agar (TSA; Sigma-
Aldrich) and left to incubate overnight at 37 °C. One,
well isolated colony per plate was incubated in 20 mL
of Mueller Hinton broth (MHB; Sigma-Aldrich) and left
to incubate for 18 h at 37 °C with vigorous agitation (250
rpm). The next day, subcultures were prepared,
inoculating fresh MHB at a 1:99 dilution and incubating
further at 37 °C to get actively growing cultures.
Bacterial suspensions were then standardized to a 0.5
McFarland standard of turbidity, and it was
approximated that1 x 108CFU/mL. The entire bacterial
manipulation was performed under the containment of
biosafety level 2 (BSL-2).

Minimal inhibitory concentration (MIC) assay

To  determine the minimum  inhibitory
concentrations (MICs) of the plant extracts, a two-fold
serial dilution series was prepared in Mueller-Hinton
broth (Sigma-Aldrich) using 96-well round-bottom
microtiter plates (Greiner Bio-One), yielding final
extract concentrations ranging from 7.8 to 1000 pg/mL.
Each diluted extract was inoculated with a
standardized bacterial suspension to a final assay
volume of 100 pL per well. All samples were tested in
triplicates within each plate, and the entire experiment
was conducted across three independent biological
replicates. Microtiter plates were incubated at 37 °C for
18 h under static conditions. Appropriate experimental
controls as shown below were incorporated to verify
assay validity. To minimize evaporative effects and
maintain consistent incubation conditions, all plates
were placed in a humidified chamber containing
distilled water and incubated at 37 °C for a total of 24 h.

Table 1: Types of controls, contents and purpose

Code| Control Type Contents Purpose / Relevance
Positive Known antibiotic Validates assay
PC Control + bacteri performance; reference
ontro acteria for inhibition
Growth . Defines 100% growth
Ge Control Bacteria only baseline
sC Sterility  |Medium only (no| Checks sterility; ensures
Control bacteria) no contamination
Vehicle . | Ensure solvent has no
Ve Control Solvent + bacteria inhibitory effect
Exte'n.ded Duplicate/alterna| Monitors consistency
PC+ Positive . L s
tive antibiotic and reproducibility
Control
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Microtiter experimental plates readout and analysis

The bacterial growth measured in terms of culture
turbidity was measured using a Tecan Infinite 500
microplate reader. The optical density values at 620
nm bandwidth of 10 nm with an integration setting
of 10 flashes per well were measured. Microsoft Excel
was used to process raw data. The values of
minimum inhibitory concentration (MIC) and half-
maximal inhibitory concentration (IC50) of each
sample were estimated using measures of percent
viability and percent inhibition. Percentage viability
obtained was:

% Viability =100 x (Extract — mean sterile control)
/ (mean growth control — mean sterile control), and
percentage inhibition was calculated as:

%Inhibition =100 — % Viability.

All graphical analyses and data visualizations
were generated using GraphPad Prism and Microsoft
Excel.

3 RESULTS
Assay performance validation

The MIC assay is controlled in a highly
discriminatory, biologically coherent, and consistent
way across all the bacterial strains tested thus
supporting the strength of the assay (Figure 1).
Growth controls produced the most uniformly
generated  metabolic  signals, which were
confirmation of optimal culture conditions and a

Controls validation against E coli 23922

Controls validation against Klebsiella pneumaonize, TO0603

good normalization reference, whereas vehicle
controls were like growth controls in each strain,
which indicated that no significant solvent-related
antibacterial or cytotoxic effects existed. Strain
dependent slight decreases in vehicle control signals
were present but quite minor, reproducible, and
biologically insignificant compared to the intense
inhibition of positive controls. The difference in the
extent of overlap between growth and vehicle
controls inter-strain variability showed the presence
of inherent physiological differences as opposed to
artifacts of the assay making it important to assess the
control as strain specific. The use of Doxycycline and
Kanamycin always resulted in significant growth
inhibition of all strains, easily separating itself by
both negative control and positive activity against
the assay sensitivity and range, and the selective
inhibition of both antibiotics in and among strains
conformed to the established mechanisms of action
and activity spectrum. All three components
preserved hierarchy of control (growth control >
vehicle control > positive controls), low background
interference and reproducible strain-appropriate
responses indicate high assay discrimination
capacity and technical stability to provide confidence
that any inhibitory effect was due to test compounds
as well as to compare antimicrobial screening
between strains of interest.
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Figure 1: Control performance inthe CUTMIC assay across bacterial strains.

Growth controls showed maximal metabolic activity, while vehicle controls closely matched growth with minor strain-dependent
deviations. Doxycycline and kanamycin produced clear, strain-specific growth inhibition. The consistent separation between negative

MIC/IC50 determination

The subsequent tables and figures proved a
comprehensive analysis of the MIC and IC50
estimated values for the various plant extracts

(Aqueous, DCM, and MeOH) against the three
bacterial strains: E coli, 25922, klebsiella pneumoniae,
700603, and Staphylococcus aureus, 25923.

Table 2: MIC/IC50 assessment of the aqueous extract vs E. coli ATCC 25922

Sample ID Organism | Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition MIC IC50
3 Absorbance 1000 83.19 16.81
Leaf . 3 Absorbance 500 79.69 20.31
(Aqueous) | F €0lir 25922 3 Absorbance 250 8158 1842 > 1000 > 1000
3 Absorbance 125 85.01 14.99
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3 Absorbance 62.5 91.24 876
3 Absorbance 31.25 95.85 4.15
3 Absorbance 15.625 98.59 141
3 Absorbance 7.8125 100.00 0.00
3 Absorbance 1000 83.96 16.04
3 Absorbance 500 82.06 17.94
3 Absorbance 250 82.07 17.93
Bark . 3 Absorbance 125 8241 17.59
(Aqueous) | Er €0l 25922 3 Absorbance 625 86.52 1348 > 1000 1000
3 Absorbance 31.25 93.36 6.64
3 Absorbance 15.625 97.20 2.80
3 Absorbance 7.8125 9748 252
3 Absorbance 1000 85.59 1441
3 Absorbance 500 82.52 1748
3 Absorbance 250 82.58 1742
Root . 3 Absorbance 125 83.51 1649
(Aqueous) E. coli, 25922 3 Absorbance 62.5 87.76 12.24 > 1000 > 1000
3 Absorbance 31.25 93.91 6.09
3 Absorbance 15.625 97.03 297
3 Absorbance 7.8125 98.97 1.03
3 Absorbance 1000 6.81 93.19
3 Absorbance 500 8.30 91.70
3 Absorbance 250 8.02 91.98
Polymyxin B . 3 Absorbance 125 6.70 93.30
Sulfate | E- 0l 25922 3 Absorbance 625 534 94.66 <1000 <1000
3 Absorbance 31.25 449 95.51
3 Absorbance 15.625 48.51 5149
3 Absorbance 7.8125 95.43 4.57
Across the tested concentration range (7.81-1000 threshold was not achieved at any tested
pg/mL) as shown in Table 2 and Figure 2, the concentration. Even at the highest concentration
maximum inhibition observed was ~20.3% at 500 (1000 pg/mlL), inhibition remained below 25%.
pg/mL. No concentration achieved near-complete Curve fitting would require substantial extrapolation
growth inhibition (commonly =90% inhibition or beyond the experimental data and would not be
absence of visible growth). MIC was therefore not scientifically robust. The ICs, was therefore reported

reached within the tested range and is reported as: as: IC50 > 1000 pg/mL.
MIC > 1000 pg/mL. Additionally, A 50% inhibition

Leaf (Aqueous) vs E coli, 25922 Bark (Aqueous) vs E coli, 25922
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Figure 2: % viability and % inhibition assessment of the aqueous extract vs E. coli ATCC 25922
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Table 3: MIC/IC50 assessment of the DCM extract vs E. coli ATCC 25922
Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC IC50
3 Absorbance 1000 100.00 0.00
3 Absorbance 500 91.55 8.45
3 Absorbance 250 91.12 8.88
. 3 Absorbance 125 90.93 9.07
Leaf (DCM) | E. coli, 25922 3 Absorbance 625 88.36 11.64 N/A N/A
3 Absorbance 31.25 86.47 13.53
3 Absorbance 15.625 85.31 14.69
3 Absorbance 7.8125 84.32 15.68
3 Absorbance 1000 100.00 0.00
3 Absorbance 500 99.63 0.37
3 Absorbance 250 96.61 3.39
. 3 Absorbance 125 91.90 8.10
Bark (DCM) | E. coli, 25922 3 Absorbance 625 9443 557 N/A N/A
3 Absorbance 31.25 96.68 3.32
3 Absorbance 15.625 93.90 6.10
3 Absorbance 7.8125 93.10 6.90
3 Absorbance 1000 99.73 0.27
3 Absorbance 500 98.81 119
3 Absorbance 250 94.77 523
3 Absorbance 125 96.04 3.96
3 Absorbance 62.5 97.35 2.65
Root (DCM) | E. coli, 25922 3 Absorbance 31.25 96.22 3.78 N/A
3 Absorbance 15.625 93.64 6.36
3 Absorbance 7.8125 93.34 6.66
3 Absorbance 1000 6.03 93.97
3 Absorbance 500 7.73 92.27
3 Absorbance 250 713 92.87
Polymyxin B . 3 Absorbance 125 6.76 93.24
Sultnte | B €0l 25922 3 Absorbance 625 559 94.41 <1000
3 Absorbance 31.25 444 95.56
3 Absorbance 15.625 25.57 7443
3 Absorbance 7.8125 94.20 5.80

Table 3 and Figure 3 demonstrated that the DCM
leaf, bark, and root extracts had low antibacterial
activity against E. coli ATCC 25922 over the whole
concentration range (7.8125-1000 pg/mL). No =50%
growth inhibition of any concentration was obtained
in none of the extracts and the highest values of
inhibition were relatively low; about 15.7% in the leaf
extract, <8.1% in the bark extract and <6.7% in the root
extract. Therefore, no values of MIC or ICsy were

Leaf (DCM) vs E coli, 25922

e

9 Bacterial growth

0
Concentration {pg/ml)

ot Viabiliy  m % Inhibition

Root (DCM) vs E coli, 25922

AL

1000 500

% Bacterial growth

Concentration (Lg/ml)

w3 Viability W% Inhikition

obtained (N/A) in all three DCM extracts, which
implies that the inhibitory strength was not
meaningfully significant in the conditions of the assay.
Conversely, the positive control of polymyxin B
sulfate showed good antibacterial activity, with >90
percent being inhibited at most concentrations;
though, according to the data sets criteria, its MIC and
IC 50 Could well be reported as >1000 pg/mL, which
is the reporting cutoff used in the current analysis.

Bark (DCM) vs E coli, 25922

ALELELH

1000 500 250 128 62.5
Concentration { pgﬂmt

% Bacteria Hmwlh

Polymyxin B sulfate vs E coli, 25922

N
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Figure 3: % viability and % inhibition assessment of the DCM extract vs E. coli ATCC 25922
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Table 4: MIC/IC50 assessment of the Methanol (MeOH) extract vs E. coli ATCC 25922
Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC IC50

3 Absorbance 1000 93.82 6.18
3 Absorbance 500 81.77 18.23
3 Absorbance 250 80.49 19.51
. 3 Absorbance 125 85.94 14.06

Leaf (MeOH) | E. coli, 25922 3 Absorbance 25 9414 5.86 > 1000 > 1000
3 Absorbance 31.25 100.00 0.00
3 Absorbance 15.625 99.78 022
3 Absorbance 7.8125 97.51 249
3 Absorbance 1000 82.38 17.62
3 Absorbance 500 81.49 18.51
3 Absorbance 250 81.26 18.74
. 3 Absorbance 125 82.40 17.60

Bark (MeOH) | E. coli, 25922 3 Absorbance 25 8131 15.60 > 1000 > 1000
3 Absorbance 31.25 94.08 5.92
3 Absorbance 15.625 98.76 1.24
3 Absorbance 7.8125 99.77 0.23
3 Absorbance 1000 95.84 416
3 Absorbance 500 86.20 13.80
3 Absorbance 250 84.86 15.14
. 3 Absorbance 125 85.76 14.24

Root (MeOH) | E. coli, 25922 3 Absorbance 25 3878 oD > 1000 > 1000
3 Absorbance 31.25 96.31 3.69
3 Absorbance 15.625 99.32 0.68
3 Absorbance 7.8125 99.88 0.12
3 Absorbance 1000 6.48 93.52
3 Absorbance 500 747 92.53
3 Absorbance 250 7.01 92.99
Pol in B . 3 Absorbance 125 6.63 93.37

Sultate | ol 25922 3 Absorbance 625 547 9453 <1000 <1000
3 Absorbance 31.25 441 95.59
3 Absorbance 15.625 34.29 65.71
3 Absorbance 7.8125 94.16 5.84

The MeOH extracts had low antibacterial activity
to E. coli ATCC 25922s over the entire concentration
range studied (7.81-1000 pg/mL), which is
comparable to the aqueous leaf extract; the highest
inhibition was approximately 19.51 percent at 250
pg/mL (Table 4 and Figure 4). No concentration was
able to achieve near-complete growth inhibition
(typically 90% or more growth inhibition, or no
growth observed at all). The indicator of MIC is MIC

Leaf (MeOH) vs E coli, 25922

Lt

Cancentration (pg/mi)

% Bactatrial growth

w3 Viability % Inhibition

Rooot (MeOH) vs E coli, 25922

AL

ration (ug/mi)

tetrial growt

Visbiity  m % Inhibition

> 1000 pg/mL because it was not achieved in the
measured range. Moreover, the inhibition threshold
was not achieved at any concentration tested (50%).
At the highest concentration (1000 ng/mL), it was not
inhibited more than 20%. Curving over would not be
a scientifically good idea and would require a lot of
extrapolations of the confines of the experiments.
Due to this, the IC50 had been reported as IC50 > 1000

pg/mL.

Bark (MeOH) vs E coli, 25922

LLLLLLLE

5 15825 781

Concantration (pg/mi)

Polymyxin B sulfate vs E coli, 256922

qmnin

\centratiol

% Viability ®% Inhibition

Figure 4: % viability and % inhibition assessment of the MeOH extract vs E. coli ATCC 25922
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Table 5: MIC and 1Csy of Aqueous Extracts vs K. pneumoniae 700603

Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC | IC50
3 Absorbance 1000 53.50 46.50
3 Absorbance 500 54.52 45.48
3 Absorbance 250 53.42 46.58
. 3 Absorbance 125 67.23 32.77
Leaf (Aqueous) |K. pneumoniae, 700603 3 Absorbance 25 7561 2139 >1000 | >1000
3 Absorbance 31.25 85.93 14.07
3 Absorbance 15.625 90.98 9.02
3 Absorbance 7.8125 91.79 8.21
3 Absorbance 1000 51.92 48.08
3 Absorbance 500 48.70 51.30
3 Absorbance 250 5297 47.03
K. pneumoniae, 3 Absorbance 125 62.49 37.51
Bark (Aqueous) P 00603 3 Absorbance 625 72.93 2707 | 1000 =500
3 Absorbance 31.25 81.76 18.24
3 Absorbance 15.625 86.62 13.38
3 Absorbance 7.8125 89.95 10.05
3 Absorbance 1000 5252 47.48
3 Absorbance 500 46.50 53.50
3 Absorbance 250 51.11 48.89
3 Absorbance 125 61.66 38.34
. 3 Absorbance 62.5 71.66 28.34
Root (Aqueous) | < oes 3 Absorbance 31.25 82.28 1772 | >1000 | ~500
3 Absorbance 15.625 87.67 1233
3 Absorbance 7.8125 91.07 8.93
3 Absorbance 1000 8.14 91.86
3 Absorbance 500 5.97 94.03
3 Absorbance 250 5.14 94.86
Polymyxin B K. pneumoniae, 3 Absorbance 125 547 94.53
Sulfate V00603 3 Absorbance 625 529 a7l | 1000 <1000
3 Absorbance 31.25 4.74 95.26
3 Absorbance 15.625 4.65 95.35
3 Absorbance 7.8125 78.05 21.95

None of the aqueous plant extracts achieved 290%

growth inhibition across the tested concentration
range (1000-7.81 pg/mL); therefore, no MIC was
reached for leaf, bark, or root extracts (Table 5 and
Figure 5). In contrast, the positive control (polymyxin
B sulfate) demonstrated clear bactericidal activity
with an MIC <1000 pg/mL. Leaf aqueous extract
reached Maximum inhibition of ~46-47 % at 1000-250
pg/mL Inhibition decreased progressively with

Leaf (Aqueous) vs klebsiella pneumoniae, 700603
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dilution; MIC was not reached with ICs, not reached
(ICs0 >1000 pg/mL) Bark aqueous extract Inhibition
exceeded 50% at 500 pg/mL (~51.3%). Lower
concentrations showed a clear dose-dependent
decline, MIC was not reached with ICs,: ~500
pg/mL. Root aqueous extract showed comparable
profile to bark, with ~53.5% inhibition at 500
pg/mL.Sub-50% inhibition at <250 pg/mL, MIC was
not reached with ICso: ~500 pg/mL.

Bark (Aqueous) vs klebsiella pneumoniae, 700603
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Figure 5: % viability and % inhibition of Aqueous Extracts vs K. pneumoniae 700603
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Table 6: MIC and ICsy of DCM Extracts vs K. pneumoniae 700603

Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC I1C50
3 Absorbance 1000 89.56 10.44
3 Absorbance 500 90.88 9.12
3 Absorbance 250 93.17 6.83
K. pneumoniae, 3 Absorbance 125 95.94 4.06
Leaf (DCM) p700603 3 Absorbance 625 95.68 432 N/A N/A
3 Absorbance 31.25 95.29 471
3 Absorbance 15.625 95.24 4.76
3 Absorbance 7.8125 96.70 3.30
3 Absorbance 1000 97.49 2.51
3 Absorbance 500 96.13 3.87
3 Absorbance 250 92.46 7.54
K. pneumoniae, 3 Absorbance 125 87.36 12.64
Bark (DCM) P 00603 3 Absorbance 625 92,37 763 N/A 1 N/A
3 Absorbance 31.25 93.52 6.48
3 Absorbance 15.625 93.66 6.34
3 Absorbance 7.8125 9417 5.83
3 Absorbance 1000 87.41 12.59
3 Absorbance 500 88.99 11.01
3 Absorbance 250 89.14 10.86
3 Absorbance 125 88.94 11.06
K . 3 Absorbance 62.5 92.89 711
Root (DCM) | ™ 7”7’5%”6’3;”1”3' 3 Absorbance 31.25 93.05 6.95 N/A N/A
3 Absorbance 15.625 91.09 891
3 Absorbance 7.8125 96.57 343
3 Absorbance 1000 9.80 90.20
3 Absorbance 500 6.92 93.08
3 Absorbance 250 6.21 93.79
Polymyxin B K. pneumoniae, 3 Absorbance 125 6.51 93.49
Sulfate P 00603 3 Absorbance 625 6.03 o397 | <1000 <1000
3 Absorbance 31.25 4.88 95.12
3 Absorbance 15.625 484 95.16
3 Absorbance 7.8125 80.98 19.02

DCM extracts (leaf, bark, and root) demonstrated
weak antibacterial activity against K. pneumoniae
700603 across the full tested concentration range
(1000-7.81 ng/mL), (Table 6 and Figure 6). None of
the extracts achieved =50% inhibition at any
concentration, with maximal inhibition remaining
low (£12.6%). Consequently, MIC values could not be
determined for any of the DCM extracts, and ICsq

Leaf (DCM) vs klebsiella pneumoniae, 700603
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values were not reached, indicating that bacterial
viability remained high (>85-95%) even at the
highest concentrations tested. Among the extracts,
bark and root DCM extracts showed marginally
higher inhibition at 1000-125 pg/mL, but these
effects were not concentration-dependent and
remained biologically insignificant.

Bark (DCM) vs klebsiella pneumoniae, 700603
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Figure 6: % viability and % inhibition of DCM Extracts vs K. pneumoniae 700603
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Table 7: MIC and ICsy of MeOH Extracts vs K.

neumoniae 700603

Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC I1C50
3 Absorbance 1000 61.93 38.07
3 Absorbance 500 4745 52.55
3 Absorbance 250 54.12 45.88
K. pneumoniac 3 Absorbance 125 69.63 30.37
Leaf (MeOH) 700603 ’ 3 Absorbance 62.5 81.52 18.48 >1000 ~300-400
3 Absorbance 31.25 87.90 12.10
3 Absorbance 15.625 90.33 9.67
3 Absorbance 7.8125 94.28 5.72
3 Absorbance 1000 51.23 48.77
3 Absorbance 500 36.39 63.61
3 Absorbance 250 43.16 56.84
K. pneumoniae, 3 Absorbance 125 57.49 4251
Bark (MeOH) | ™70 0% 3 Absorbance 625 69.46 30,54 >1000 | =450-550
3 Absorbance 31.25 81.65 18.35
3 Absorbance 15.625 86.71 13.29
3 Absorbance 7.8125 91.55 8.45
3 Absorbance 1000 61.89 38.11
3 Absorbance 500 44.28 55.72
3 Absorbance 250 49.86 50.14
K. pneumoniae, 3 Absorbance 125 63.87 36.13 _
Root (MeOH) | ™70 007 3 Absorbance 625 7411 25.89 >1000 | =400-500
3 Absorbance 31.25 83.65 16.35
3 Absorbance 15.625 87.42 12.58
3 Absorbance 7.8125 91.90 8.10
3 Absorbance 1000 11.25 88.75
3 Absorbance 500 6.48 93.52
3 Absorbance 250 5.71 94.29
PolymyxinB | K. pneumoniae, 3 Absorbance 125 631 93.69 <500 <500
Sulfate 700603 3 Absorbance 62.5 5.79 94.21 - -
3 Absorbance 31.25 4.63 95.37
3 Absorbance 15.625 22.55 77.45
3 Absorbance 7.8125 74.24 25.76

MeOH extracts from leaf, bark, and root tissues
exhibited moderate, concentration dependent on
antibacterial activity against K. pneumoniae 700603
(Table 7 and Figure 7). Across all three extracts, MIC
values were not reached within the tested concentration
range (<1000 pg/mL), as none achieved 290% growth
inhibition. Bark MeOH was the most active plant
extract, reaching a maximum inhibition of ~63.6% at
500 pg/mL, with an estimated ICsq ~ 300-400 pg/mL.
Leaf MeOH showed moderate inhibition, peaking at

Leaf (MeOH) vs kiebsiella pneumoniae, 700603

sablbLL

S 15625 78125

% Bacterial growth

eniration (pgém)

% Inhibition

Root (MeQOH) vs klebsiella pneumoniae, 700603

T

3125 15625 78122
niralion (ghm)

% Inhibitio

~52.6% at 500 pg/mL, corresponding to an ICso ~ 450-
550 pg/mL. Root MeOH displayed comparable but
slightly weaker activity, with ~55.7% inhibition at 500
pg/mL and an ICso =~ 400-500 pg/mL.

In contrast, the positive control polymyxin B
sulfate demonstrated potent antibacterial activity,
achieving >90% inhibition at <500 pg/mL and a clear
MIC <500 pg/mL, validating assay sensitivity and
confirming the comparatively lower potency of the
MeOH extracts.

Bark (MeOH) vs klebsiella pneumoniae, 700603

|ll|llll
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Coneaniration (pgimi)
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Polymyxin B Sulfate vs klebsiella pneumoniae, 700603
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Figure 7: % vmbtllty and % inhibition of MeOH Extmcts vs K. pneumomue 700603
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Table 8: MIC and 1Cso Summary of Aqueous extracts vs Staphylococcus aureus, 25923

Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC I1C50
3 Absorbance 1000 57.93 42.07
3 Absorbance 500 49.84 50.16
3 Absorbance 250 46.45 53.55
Leaf 3 Absorbance 125 60.25 39.75
(Aqueous) | S Aureus 25923 3 Absorbance 625 71.00 29.00 >1000 | ~250 -500
3 Absorbance 31.25 87.02 12.98
3 Absorbance 15.625 99.58 0.42
3 Absorbance 7.8125 99.99 0.01
3 Absorbance 1000 40.15 59.85
3 Absorbance 500 48.08 51.92
3 Absorbance 250 48.28 51.72
Bark 3 Absorbance 125 4461 55.39
(Aqueous) | O @ureus 25923 3 ‘Absorbance 625 4394 5106 | 1000 | ~125-2%0
3 Absorbance 31.25 61.38 38.62
3 Absorbance 15.625 83.45 16.55
3 Absorbance 7.8125 100.00 0.00
3 Absorbance 1000 36.90 63.10
3 Absorbance 500 37.55 62.45
3 Absorbance 250 39.55 60.45
Root 3 Absorbance 125 45.08 54.92
(Aqueous) | S @ureus 25923 3 Absorbance 625 52.09 4701 | 71000 | ~125-250
3 Absorbance 31.25 60.61 39.39
3 Absorbance 15.625 7847 21.53
3 Absorbance 7.8125 100.00 0.00
3 Absorbance 1000 458 9542
3 Absorbance 500 5.98 94.02
3 Absorbance 250 26.83 7317
PolymyxinB 3 Absorbance 125 38.21 61.79
Sulfate | S mureus, 25923 3 Absorbance 625 68.98 3102 <500 <500
3 Absorbance 31.25 96.82 3.18
3 Absorbance 15.625 98.15 1.85
3 Absorbance 7.8125 95.13 4.87

None of the aqueous plant extracts achieved 290%
growth inhibition within the tested concentration
range (7.8-1000 pg/mL), (Table 8 and Figure 8).
Consequently, no definitive MIC was reached for any
aqueous extract, and MIC values are interpreted as
>1000 pg/mL. In contrast, concentration-dependent
inhibition trends allowed estimation of ICz, values.
The leaf aqueous extract produced moderate
inhibition, reaching ~54% inhibition at 250 pg/mL
and ~50% at 500 pg/mL, with reduced activity at
lower concentrations. The ICs is therefore estimated
between 250 and 500 pg/mL, while the MIC was not

Leaf (Aqueous) vs Staphylococeus aureus, 25923

kLl

5 625 3125 15625 7B
Congentration {g/mi)

Root (Aqueous) vs Staphylococcus aureus, 25923

Frerm

Concentration (pg/mi)

y =% nhiiion

reached (>1000 pg/mL). The bark aqueous extract
showed slightly stronger activity than the leaf
extract, exceeding 50% inhibition at 125-250 pg/mL.
Accordingly, the ICs, is estimated between 125 and
250 pg/mL, with no MIC observed within the tested
range (>1000 pg/mL). The root aqueous extract
displayed the highest inhibitory effect among the
aqueous extracts, consistently producing >54%
inhibition from 125 to 1000 pg/mL. The ICs, is
estimated between 125 and 250 pg/mL, while the
MIC remained >1000 pg/mL.

Bark (Aqueous) vs Staphylococcus aureus, 25923
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250 125 625 nzxs 5625 TB125
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Polymyxin B Sulfate vs Staphylococcus aureus, 25923
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Figure 8: % viability and % inhibition Summary of Aqueous extracts vs Staphylococcus aureus, 25923
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Table 9: MIC and ICsy of Dichloromethane (DCM) Extracts vs S. aureus, 25923

Sample ID Organism Replicates Readout | Concentration (ug/ml) | % Viability | % Inhibition | MIC I1C50
3 Absorbance 62.5 90.71 9.29
3 Absorbance 31.25 89.98 10.02
Root (DCM) | 5. aureus, 25923 3 Absorbance 15.625 83.03 16.97 N/A N/A
3 Absorbance 7.8125 73.29 26.71
3 Absorbance 1000 3.46 96.54
3 Absorbance 500 3.60 96.40
3 Absorbance 250 19.83 80.17
Polymyxin B 3 Absorbance 125 35.24 64.76
Sulfate | S aureus, 25923 3 Absorbance 625 87.84 1216 <20 <20
3 Absorbance 31.25 94.98 5.02
3 Absorbance 15.625 100.00 0.00
3 Absorbance 7.8125 95.42 4.58

Across all DCM extracts (leaf, bark, and root), no
minimum inhibitory concentration (MIC) or half-
maximal inhibitory concentration (ICso) could be
determined within the tested concentration range
(7.8-1000 pg/mL), (Table 9 and Figure 9). The leaf
DCM extract demonstrated an unprecedented
highest activity among the plant-derived samples,
with a maximum inhibition of ~68.6% observed only

Leaf (DCM) vs Staphylococcus aureus, 25923
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at the highest concentration (1000 pg/mL), while
inhibition at lower concentrations remained <20%.
Bark and root DCM extracts exhibited consistently
weak antibacterial effects, generally producing <27%
inhibition even at the lowest tested concentrations,
and no clear dose-response sufficient to define MIC
or ICs, values.

Bark (DCM) vs Staphylococcus aureus, 25923
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Figure 9: % viability and % inhibition Summary of DCM extracts vs Staphylococcus aureus, 25923

Table 10: MIC and ICso Summary of MeOH extracts vs Staphylococcus aureus ATCC 25923

Sample ID Organism Replicates Readout Concentration (ug/ml) | % Viability |% Inhibition| MIC IC50
3 Absorbance 1000 31.36 68.64
3 Absorbance 500 99.16 0.84
3 Absorbance 250 98.24 1.76
3 Absorbance 125 96.10 3.90
Leaf (DCM) S. aureus, 25923 3 Absorbance 625 89,55 1045 N/A N/A
3 Absorbance 31.25 87.20 12.80
3 Absorbance 15.625 84.07 15.93
3 Absorbance 7.8125 79.85 20.15
3 Absorbance 1000 100.00 0.00
3 Absorbance 500 90.04 9.96
3 Absorbance 250 90.30 9.70
3 Absorbance 125 86.14 13.86
Bark (DCM) S. aureus, 25923 3 Absorbance 25 91.02 8.98 N/A N/A
3 Absorbance 31.25 92.88 712
3 Absorbance 15.625 88.87 1113
3 Absorbance 7.8125 81.00 19.00
3 Absorbance 1000 98.54 146
3 Absorbance 500 95.16 4.84
3 Absorbance 250 92.91 7.09
3 Absorbance 125 82.57 1743
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Sample ID Organism Replicates Readout Concentration (ug/ml)| % Viability |% Inhibition| MIC IC50
3 Absorbance 1000 4151 58.49
3 Absorbance 500 4417 55.83
3 Absorbance 250 45.09 5491
3 Absorbance 125 49.82 50.18
3 Absorbance 62.5 77.21 22.79
3 Absorbance 31.25 96.28 3.72
3 Absorbance 15.625 100.00 0.00
3 Absorbance 7.8125 98.08 1.92

Leaf (MeOH) | S. aureus, 25923 3 Absorbance 1000 3601 6379 >1000 ~125
3 Absorbance 500 28.53 7147
3 Absorbance 250 31.11 68.89
3 Absorbance 125 35.51 64.49
3 Absorbance 62.5 41.81 58.19
3 Absorbance 31.25 57.47 42.53
3 Absorbance 15.625 83.50 16.50
3 Absorbance 7.8125 100.00 0.00

Bark (MeOH) | S. aureus, 25923 3 Absorbance 1000 1567 5133 >1000 | ~60-125
3 Absorbance 500 26.93 73.07
3 Absorbance 250 35.53 6447
3 Absorbance 125 39.02 60.98
3 Absorbance 62.5 45.65 54.35
3 Absorbance 31.25 61.37 38.63
3 Absorbance 15.625 87.95 12.05
S. aureus, 3 Absorbance 7.8125 100.00 0.00
Root (MeOH) 25923 3 Absorbance 1000 391 9609 | ~1000 | ~60-125

3 Absorbance 500 5.72 94.28
3 Absorbance 250 20.04 79.96
3 Absorbance 125 30.55 69.45
3 Absorbance 62.5 86.12 13.88

Polymyxin B S. aureus, 3 Absorbance 31.25 98.65 1.35 <250 <250
Sulfate 25923 3 Absorbance 15.625 100.00 0.00
3 Absorbance 7.8125 96.35 3.65

As reported in table 10 and Figure 10, none of the
MeOH plant extracts achieved 290% growth
inhibition within the tested concentration range (7.8-
1000 pg/mL), indicating MIC values >1000 pg/mL
for all three extracts. The leaf MeOH extract showed
moderate activity, reaching ~50% inhibition at 125
pg/mL, corresponding to an ICso 125 pug/mL. The
bark MeOH extract exhibited stronger inhibition at
higher concentrations (=64-71% at 125-500 pg/mL),

Leaf (MeOH) vs Staphylococcus aureus, 25923
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with an estimated I1Cso between ~60-125 png/mL. The
root MeOH extract demonstrated comparable
moderate potency, achieving ~55-73% inhibition at
62.5-500 pg/mL, yielding an ICso in the ~60-125
pg/mL range. As expected, the positive control
polymyxin B sulfate displayed potent activity with
290% inhibition at low concentrations (MIC within
the tested range), validating assay performance.

Bark (MeOH) vs Staphylococcus aureus, 25923
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Figure 10: % viability and % inhibition Summary of MeOH extracts vs Staphylococcus aureus, 25923

Across the antibacterial screening figures 2-10,
clear solvent- and strain dependent susceptibility

patterns were observed among S. aureus, E. coli, and K.

pneumoniae. Overall, MeOH extracts exhibited the
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strongest antibacterial activity, with S. aureus
remaining the most susceptible strain, showing the
highest levels of growth inhibition. Notably, K.
pneumoniae displayed a more pronounced inhibitory
response to the solvent extracts than E. coli,
particularly for the MeOH extracts, indicating greater
sensitivity of K. pneumoniae to the extracted bioactive
constituents.  Aqueous  extracts demonstrated
moderate antibacterial activity, again with S. aureus as
the most susceptible strain, while K. pneumoniae
showed consistently greater inhibition than E. coli,
albeit at lower levels than those observed for MeOH
extracts. In contrast, DCM extracts exhibited the
weakest antibacterial effects overall, with low
inhibition across all strains; however, even under
these conditions, K. pneumoniae tended to be slightly
more susceptible than E. coli, reinforcing the relative
resistance of E. coli across solvent systems.
Importantly, polymyxin, included as a positive
control, consistently induced near-complete inhibition
across all tested strains, validating assay robustness
and providing a reliable benchmark for extract
performance. Collectively, these results highlight the
strong influence of extraction solvents on antibacterial
efficacy and demonstrate that, across solvent systems,
K. pneumoniae. is more susceptible than E. coli, while
MeOH extracts show the greatest overall antibacterial
potential, particularly against S. aureus.

4 CONCLUSION

This paper shows that methanol plant extracts have
been the most potent in terms of antibacterial
properties, especially against S. aureus ATCC 25923
and moderate activity can be observed with K
pneumoniage ATCC 700603. As a contrast, E. coli ATCC
25922 demonstrated to be highly resistant against all
the extracts tested. The screening of S.rhemaniana
aqueous, DCM and MeOH extracts of leaves, barks
and root tissues showed a clear solvent- and strain-
dependency profile. Overall, MeOH extraction
showed the highest antibacterial activity, aqueous
extracts had intermediate activity whereas DCM
extracts had very limited activity. S. aureus ATCC
25923 was the most sensitive of the tested organisms,
followed by K. pneumoniae ATCC 700603 which was
intermediate, and E. coli ATCC 25922 was the most
resistant of all solvent systems. The DCM leaf, bark
and root extracts in all the three bacterial strains were
largely inactive to all three bacterial strains since it was
unable to reach either MIC or ICs values in the
concentration range of 7.8-1000 mcg/mL. The same
trends were observed with aqueous, DCM and MeOH
extracts against E. coli ATCC 25922 that had weak
activity (less than 25 percent) suggesting intrinsic

resistance of this strain and no significant antibacterial
effect under the test conditions. The best antibacterial
activity was recorded with MeOH extracts against S.
aureus ATCC 25923, especially the MeOH extracts of
bark and roots, and they recorded ICs of the range of
approximately 60-125 ng/m. Aqueous root and bark
extracts were also moderately concentration-
effectively inhibiting S. aureus and K. pneumoniae, with
ICsp values between 125-500 pg/m. The MeOH
extracts, particularly the bark, showed consistent mid-
range inhibitory activity against K. pneumoniae,
making it possible to identify this strain as a second
susceptible target, to polar solvent extracts. Excellent
sensitivity and performance in the assays were
ensured by the addition of polymyxin B sulfate,
together with doxycycline and kanamycin. Polymyxin
B uniformly provided close to full (>90%) growth
inhibition ~with all strains with minimal
concentrations, creating a strong reference standard. It
was confirmed that the distinct separation of growth,
vehicle and positive controls confirmed the strength of
the assays, reproducibility and appropriateness to
estimate MIC and ICs). Among the most important
findings is that Extraction solvent was a critical factor
of antibacterial activity, where MeOH, finally by
DCM, was used as the solvent. S. aureus, gram-positive
organism was the most vulnerable; the highest and
continuous inhibition was observed. K. pneumoniae
was more sensitive than the E. coli especially to the
MeOH and aqueous extracts. None of the plant
extracts reached bactericidal levels of MIC (290%
inhibition) in the tested range, which presented mostly
bacteriostatic or moderate levels of inhibition. The
seen patterns of activity were dose-dependent and
repeatable, making them biologically relevant as
opposed to artefact of assay. Even though the extracts
under the current conditions did not achieve
conclusive MIC values, several MeOH and aqueous
extracts exhibited ICsy values in the biologically
relevant ranges, which is sufficient to justify additional
bioassay-directed  fractionation, = phytochemical
characterization and expanded antimicrobial
profiling. In general, the work has a sound, well-
managed background.
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