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Abstract

The rise of multidrug-resistant bacterial pathogens has intensified the search
for alternative antimicrobial agents. Awnona muricata (soursop), a tropical
medicinal plant, has demonstrated promising antibacterial properties attributed
to its rich phytochemical profile. However, the mechanistic basis of its
antibacterial action remains underexplored. Aims: This study aimed to evaluate
the mechanistic effects of _A. muricata leaf extract on key bacterial targets,
including cell wall integrity, membrane permeability, protein leakage, reactive
oxygen species (ROS) generation, DNA fragmentation, and quorum sensing
interference, using E. coli, 8. aurens, and P. aeruginosa as representative strains.
Materials and Methods: Fresh A. muricata leaves were extracted using ethanol
and tested at a concentration of 100 mg/mL. Bacterial cultures were subjected
to six mechanistic assays: crystal violet staining for cell wall integrity,
propidium iodide and NPN fluorescence for membrane permeability, SDS-
PAGE for protein synthesis inhibition, Bradford assay for protein leakage,
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DCFH-DA assay for ROS generation, and violacein quantification using the
CVO026 biosensor for quorum sensing interference. Ciprofloxacin served as a
positive control, and untreated cultures served as a negative control. Results:
The extract caused significant cell wall disruption (62.4%), comparable to
ciprofloxacin (75.6%). Membrane permeability increased markedly, with PI and
NPN fluorescence levels reaching 60—-80% across strains. Protein leakage was
elevated, with extracellular protein concentrations ranging from 25-30 pg/mL.
SDS-PAGE revealed a 48.3-52.7% reduction in protein bands, indicating
inhibition of protein synthesis. ROS levels surged to 8,000-9,500 RFU in
treated samples, suggesting oxidative stress. DNA integrity scores dropped to
1-2, confirming genotoxic effects. Quorum sensing was inhibited by 68.9%,
reducing violacein production and potential virulence. Conclusion: Annona
muricata leaf extract exhibits potent antibacterial activity through multiple
mechanisms, including structural disruption, metabolic interference, and
oxidative damage. Its efficacy, comparable to ciprofloxacin in several assays,
highlights its potential as a natural antimicrobial agent. These findings support
further investigation into its bioactive compounds and therapeutic applications
in combating resistant bacterial infections.

Keywords: _Annona muricata Leaf FExtract; Membrane Permeabilization;
Oxidative Stress; Protein Leakage; Quorum Sensing Inhibition

INTRODUCTION

Bacterial meningitis remains a significant global health concern, particularly in low-
and middle-income countries where access to timely diagnosis and treatment is limited
(WHO, 2023). Characterized by inflammation of the meninges, the disease is primarily
caused by pathogens such as Neisseria meningitidis, Streptococcus pnemmoniae, and Haemophilus
influengae (Tunkel et al., 2017). Despite the availability of antibiotics and vaccines, the
emergence of multidrug-resistant strains has complicated treatment protocols and increased
mortality rates (Kim, 2020; Brouwer et al., 2010). This has prompted researchers to explore
alternative therapeutic agents, including those derived from medicinal plants (Cowan, 1999;

Iwu et al,, 1999).

One such plant is .Annona muricata, commonly known as soursop or graviola, which
has been traditionally used in various cultures for its medicinal properties (Moghadamtousi
et al., 2015). Native to the tropical regions of the Americas and Africa, soursop has gained

attention for its rich phytochemical composition and broad-spectrum pharmacological
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activities (George et al.,, 2012; Wahua & James, 2024). The leaves, in particular, have been
used in folk medicine to treat infections, inflammation, and neurological disorders

(Adewole & Ojewole, 2009; Omotosho et al., 2024).

Phytochemical analyses of _A. muricata leaves have revealed the presence of
alkaloids, flavonoids, tannins, saponins, phenolic acids, and acetogenins—compounds
known for their antimicrobial, antioxidant, and anti-inflammatory properties (Gavamukulya
et al., 2014; Kazaure et al., 2025; Omotosho et al., 2024). These bioactive constituents are
believed to contribute to the plant’s therapeutic potential against a range of bacterial
pathogens, including those implicated in meningitis (Akinmoladun et al., 2007; Sofowora,

1993).

The antibacterial efficacy of soursop leaf extract has been demonstrated in several
in vitro studies. For instance, extracts have shown inhibitory effects against Escherichia coli,
Staphylococcus anrens, and Pseudomonas aernginosa organisms that are occasionally associated
with secondary meningitis infections (Aliyu et al., 2025; Iroha et al., 2010; Olugbuyiro et al.,
2024). These findings suggest that 4. wuricata may serve as a complementary or alternative

treatment for bacterial meningitis, especially in resource-limited settings.

Beyond its antimicrobial properties, A. muricata exhibits significant nutraceutical
potential. Nutraceuticals are bioactive compounds that provide health benefits beyond
basic nutrition, including disease prevention and treatment (Kalra, 2003; Nasti et al., 2014).
The antioxidant and neuroprotective effects of soursop leaf extract may help mitigate the

oxidative stress and neuronal damage associated with bacterial meningitis (Moghadamtousi

et al., 2015; George et al., 2012).

The neuroinflammatory response in bacterial meningitis often leads to long-term
neurological sequelae, including hearing loss, cognitive impairment, and motor deficits (van
de Beek et al., 2004; Kim, 2020). The anti-inflammatory and neuroprotective properties of
soursop leaf extract, attributed to its flavonoid and phenolic content, may offer therapeutic
benefits in reducing such complications (Adewole & Ojewole, 2009; Gavamukulya et al.,

2014).

Despite promising preclinical data, the clinical application of .A. muricata remains
limited due to concerns about toxicity, particularly the neurotoxic effects of annonacin, a

prominent acetogenin (Champy et al., 2005; Lannuzel et al., 2006). Therefore, rigorous
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toxicological assessments and dosage standardization are essential before the extract can be

recommended for therapeutic use (Moghadamtousi et al., 2015; Wahua & James, 2024).

Furthermore, the synergistic potential of soursop leaf extract with conventional
antibiotics warrants investigation. Combining plant-derived compounds with existing
antimicrobials may enhance efficacy, reduce resistance, and lower required dosages
(Hemaiswarya et al, 2008; Iwu et al, 1999). Such integrative approaches could be

particularly valuable in managing drug-resistant meningitis cases.

In conclusion, the phytochemical and nutraceutical profiles of Annona muricata leat
extract present a compelling case for its potential role in the management of bacterial
meningitis. However, further research, including in vivo studies, clinical trials, and
formulation development, is necessary to validate its efficacy and safety. This manuscript
aims to synthesize current knowledge on the subject and highlight future directions for

research and application.

Literature Overview of Annona mutricata

Annona muricata, commonly known as soursop or graviola, is a tropical fruit-bearing
tree belonging to the family Annonaceae. It is widely cultivated across various tropical
regions, including Africa, South America, and Southeast Asia, where it thrives in warm,
humid climates. The plant is highly valued in traditional medicine and nutrition due to its
diverse therapeutic properties. Various parts of the tree are utilized for medicinal and
culinary purposes, notably the leaves, fruit, seeds, and bark. Each component contains
unique bioactive compounds that contribute to its broad-spectrum pharmacological
potential, making _A. muricata a subject of growing interest in phytochemical and

nutraceutical research.

Annona muricata, commonly known as soursop or graviola, is a tropical plant
belonging to the Annonaceae family. It is widely distributed across Africa, South America,
and Southeast Asia and has been traditionally used for treating various ailments including
infections, inflammation, and parasitic diseases (Khadeeja & Hegde, 2023). The plant’s
medicinal value is attributed to its diverse phytochemical constituents, which have drawn

significant interest in pharmacological research.
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Phytochemical Composition: The leaves, fruit, seeds, and bark of A. muricata
contain over 200 bioactive compounds, including alkaloids, flavonoids, tannins, saponins,
and acetogenins (Abdu, 2023). Acetogenins are unique to the Annonaceae family and
exhibit potent cytotoxic and antimicrobial properties (Ilango et al, 2022). These
compounds contribute to the plant’s broad-spectrum biological activities and have been

isolated for further pharmacological testing.

Antimicrobial Activity: Numerous studies have demonstrated the antimicrobial
efficacy of A. muricata extracts against both Gram-positive and Gram-negative bacteria.
For instance, Umaru et al. (2022) reported significant inhibitory effects of leaf and bark
extracts on clinical isolates such as Staphylococcus aurens, Escherichia coli, and Streptococcus
Pyogenes. These findings support the traditional use of soursop in treating bacterial infections
and suggest its potential as a complementary therapy in antimicrobial resistance

management.

Anticancer Potential; muricata has gained attention for its anticancer properties,
particularly due to the cytotoxic effects of acetogenins. Studies have shown that these
compounds induce apoptosis in cancer cells by inhibiting mitochondrial complex I, thereby
disrupting ATP production (llango et al., 2022). Extracts from the leaves and seeds have
demonstrated efficacy against breast, prostate, and colon cancer cell lines, making soursop

a promising candidate for natural anticancer therapies.

Neuroprotective and Anti-inflammatory Effects; The neuroprotective potential
of A. muricata is attributed to its antioxidant and anti-inflammatory properties. Flavonoids
and phenolic acids present in the leaves help mitigate oxidative stress and inflammation,
which are key contributors to neurodegenerative diseases (Khadeeja & Hegde, 2023).
However, caution is advised due to the neurotoxicity associated with annonacin, a
prominent acetogenin, which has been linked to atypical Parkinsonism in some populations

(Champy et al., 2005).

Nutraceutical Applications: Beyond its medicinal uses, A. muricata is considered
a valuable nutraceutical due to its rich nutritional profile and health-promoting effects. The
fruit is a source of vitamins, minerals, and dietary fiber, while the leaves are used in teas and
supplements for immune support and detoxification (Abdu, 2023). Its integration into
functional foods and herbal formulations reflects growing consumer interest in plant-based

wellness solutions.

82 African Journal of Medicine, Surgery and Public Health Research




Isaac John Umaru, Tyem Lawal Danjuma, Katchim Evelyn Shadrach, Julius Ishaya Salman, Jibaniya Grace
Mchibuma, Kerenhappuch Isaac Umaru

Research Gaps and Future Directions; Despite promising findings, further
research is needed to validate the safety and efficacy of A. muricata in clinical settings.
Standardization of extracts, dosage optimization, and long-term toxicological studies are
essential for its therapeutic application. Additionally, exploring synergistic effects with
conventional drugs could enhance its utility in integrative medicine (Ilango et al., 2022;

Umaru et al., 2022).

MATERIALS AND METHODS
Plant Material Collection and Preparation

Fresh leaves of Annona muricata were harvested from mature, pesticide-free plants
located in Abuja, Nigeria. The leaves were thoroughly rinsed with distilled water to remove
surface contaminants, then air-dried at ambient room temperature (25-28°C) for 7-10
days. Once fully dried, the leaves were pulverized into a fine powder using a mechanical
grinder. The powdered material was stored in airtight containers at 4°C to preserve

phytochemical integrity until extraction.
Extraction Procedure

Approximately 100 g of dried leaf powder was subjected to ethanol extraction using
a Soxhlet apparatus with 500 mL of absolute ethanol for 8 hours. The resulting extract was
filtered through Whatman No. 1 filter paper and concentrated under reduced pressure at
40°C using a rotary evaporator. The crude extract was transferred into sterile amber bottles

and stored at 4°C for subsequent experimental use.
Bacterial Strains and Culture Conditions

Standard reference strains of Escherichia coli (NTCC 25922), Staphylococcus anreus
(ATCC 25923), and Pseudomonas aernginosa (ATCC 27853) were obtained from the
Microbiology Department culture bank. Although Neisseria meningitidis and  Streptococcus
pnenmoniae were not directly tested due to biosafety constraints, the broad-spectrum
antibacterial activity of the extract was evaluated as a proxy. All bacterial strains were

cultured in nutrient broth and incubated at 37°C for 24 hours ptior to testing.
Antibacterial Assay

The antibacterial activity of the A. muricata leaf extract was assessed using the agar

well diffusion method. Mueller-Hinton agar plates were inoculated with 100 pL of
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standardized bacterial suspensions adjusted to 0.5 McFarland turbidity standard. Wells of 6
mm diameter were punched into the agar and filled with 100 pl. of the extract at
concentrations of 25, 50, and 100 mg/ml.. Plates were incubated at 37°C for 24 hours, and
zones of inhibition were measured in millimeters. Ciprofloxacin (10 ug/mlL) served as the

positive control, while ethanol was used as the negative control.
Mechanism of Action Studies

To elucidate the antibacterial mechanisms of Awnona muricata leaf extract, five
complementary assays were conducted. These assays were designed to assess the extract’s
impact on bacterial cell structure, membrane integrity, metabolic activity, and oxidative

stress response. The following methods were employed:
1. Cell Wall Integrity Assay

This assay evaluates the ability of the extract to disrupt bacterial cell wall structure.
Bacterial cultures were treated with the extract at sub-inhibitory concentrations and stained
with crystal violet or methylene blue. Increased uptake of the dye indicated compromised
cell wall integrity. Microscopic examination revealed morphological changes such as cell
lysis, shrinkage, and irregular shapes, suggesting that the extract interferes with

peptidoglycan synthesis or stability.
2. Membrane Permeability Assay

To assess membrane disruption, treated bacterial cells were incubated with
propidium iodide (PI), a fluorescent dye that penetrates only damaged membranes.
Fluorescence intensity was measured using a microplate reader. A significant increase in PI
uptake compared to untreated controls indicated that the extract compromised membrane

permeability, leading to leakage of intracellular contents.
3. Protein Leakage Assay

This assay quantified the release of cytoplasmic proteins into the extracellular
medium as a result of membrane damage. After treatment with the extract, bacterial
suspensions were centrifuged, and the supernatant was analyzed using the Bradford protein
assay. Elevated protein concentrations in the supernatant confirmed membrane

destabilization and cytoplasmic leakage.
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4. Reactive Oxygen Species (ROS) Generation Assay

The potential of the extract to induce oxidative stress was evaluated using the
DCFH-DA (2',7'-dichlorofluorescin diacetate) assay. Treated bacterial cells were incubated
with DCFH-DA, and fluorescence was measured to detect intracellular ROS levels. A
dose-dependent increase in ROS production suggested that the extract triggered oxidative

damage, contributing to bacterial cell death.
5. DNA Fragmentation Assay

To determine whether the extract induced genotoxic effects, bacterial genomic
DNA was extracted post-treatment and analyzed via agarose gel electrophoresis. Smearing
or laddering patterns on the gel indicate DNA fragmentation, implying that the extract may

interfere with DNA replication or repair mechanisms.

These assays collectively demonstrated that A. muricata leaf extract exerts its
antibacterial effects through multiple mechanisms, including cell wall disruption, membrane
destabilization, cytoplasmic leakage, oxidative stress induction, and DNA damage. This
multi-targeted mode of action supports its potential as a broad-spectrum antibacterial agent

and provides a scientific basis for its traditional medicinal use.

RESULTS

Table 1: Phytochemical Profile GC-MS Compound Identification Table — Methanol

Leaf Extract of Annona muricata

Peak | Retention Compound | Abundance . . . .
No. | Time (min) Compound Name Class (approx.) Biological Activity
1 150 Phytol Diterpene 50 % 107 Angoxldant,
alcohol anticancer
2 171 Caryophyllene Sesquiterpene 4.8 x 107 Anti-inflammatory,
’ fyophy squiterp ’ antimicrobial
3 193 Octadecagom acid SaFurated fatty 50 % 107 Em.ollllent,.
(Stearic acid) acid antimicrobial
4 204 Hexa(.ie.can(.nc acid Sa.turated fatty 32 % 108 Annoxldant, anti-
(Palmitic acid) acid inflammatory
5 25.6 Linoleic acid | Umsarurated 5.1 x 107 |Ant-inflammatory,
fatty acid cardioprotective
6 323 |Caryophyllenc oxide | LerPenoid 53x 107 |/ \ntfungal,  anti-
oxide inflammatory
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Peak

Retention

Compound

Abundance

No. | Time (min) Compound Name Class (approx.) Biological Activity

7 35.1 Neryl acetate, BE Ester 4.9 x 107 Fragraimce,.

antimicrobial

2,3,5- Phenolic - | Antibacterial,
8 5.2 Trimethylphenol | compound 4710 antioxidant
9 48.4 2-Ethylhexanol Alcohol 54%107 |Solvent

antimicrobial

10 536 2,4-Di-tert- Ph§no.hc 46 % 107 Angbacterlal,

butylphenol antioxidant antifungal

Table 2: Phytochemical screening reveals a diverse array of bioactive compounds

Compound Class

Key Constituents

Biological Activity

Alkaloids Annonacin, reticuline Antibacterial, neuroactive

Flavonoids Quercetin, kaempferol Antioxidant, anti-inflammatory
Tannins Ellagitannins Antimicrobial, astringent
Saponins Various triterpenoid saponins | Immunomodulatory, antimicrobial

Phenolic acids

Gallic acid, caffeic acid

Antioxidant, neuroprotective

Acetogenins

Bullatacin, muricatacin

Cytotoxic, antimicrobial

Table 3: Zone of Inhibition (mm) at Different Extract Concentrations

Bacterial Strain |25 mg/mL |50 mg/mL | 100 mg/mL | Ciprofloxacin (10 pg/mL)
Escherichia coli 102+04 | 145206 | 183105 221103
Staphylococcus anrens 98+03 | 13705 | 17.6£04 214+£02
Psendomonas aernginosa| 8.5+ 0.5 | 121 £0.6 | 159+ 03 202+0.4

Table 4: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal

86

Concentration (MBC)

Bacterial Strain

MIC (mg/mL)

MBC (mg/mL)

Escherichia coli 12.5 25.0
Staphylococcus anrens 12,5 25.0
Pseudomonas aeruginosa 25.0 50.0

African Journal of Medicine, Surgery and Public Health Research
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Table 5: Cell Wall Integrity Assay (Crystal Violet Uptake)

Treatment Group

% Cell Wall Disruption

Control (untreated) 52%03
Extract-treated (100 mg/mL) 624t 1.1
Ciprofloxacin 75.6 £ 0.9

Table 6: SDS-PAGE Protein Profile Analysis

Bacterial Strain

Protein Band Reduction (%)

Escherichia coli 483 £ 2.0
Staphylococcus aurens 527+ 18
Psendomonas aernginosa 441 %23

Table 7: Quorum Sensing Inhibition (Violacein Production in CV026)

Treatment Group

% Inhibition of Violacein

Control (untreated) 0.0+ 0.0
Extract-treated (100 mg/mlL) 689t 1.5
Ciprofloxacin 723+ 1.2

Table 8: Activity Against Meningitis Pathogens (Based on Broad-Spectrum Profile)

Pathogen Direct Testing | Efficacy Justification
Neisseria meningitidis Not tested High | Gram-negative; similar to E. co/i
Streptococcus pnenmoniae|  Not tested | Moderate | Gram-positive; similar to S. aurens

Table 9: Mechanistic Effects of A. muricata Leaf Extract on Bacterial Pathogens

Extract- Control
Mechanism | Methodology Indicator Treated G?ou © Positive Control
Assessed Used Measured | Group (100 P (Ciprofloxacin)
(Untreated)
mg/mL)
Crystal violet | ,
Cell — Walll ining  under| 22 S Walll o 441104 | 52+ 03% 75.6 = 0.9%
Integrity i . Disruption
ght microscopy
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Protein SDS-PAGE % Reduction

Synthesis analysis of |in  Protein | 48.3-52.7% 0% 65.4 £ 1.7%
Inhibition bacterial lysates | Bands

Quorum CVO026 biosensor | % Inhibition

Sensing assay  (violacein |of Violacein | 68.9 = 1.5% 0% 723 £1.2%
Interference | quantification) Production

The results demonstrate that Annona muricata leaf extract exerts potent antibacterial
effects through multiple mechanisms cell wall disruption, protein synthesis inhibition, and
quorum sensing interference comparable in some cases to ciprofloxacin. These findings

align with and expand upon existing literature.

@ Cell Wall
48.3-527% Disruption

62.4%

@ Protein Band
Reduction

@ Inhibition of
Violacein Production

Figure 1: Mechanistic Effects of A. muricata leaf extract on bacterial pathogens

The pie chart illustrates the mechanistic effects of Annona muricata leat extract on
bacterial pathogens, highlighting its multi-targeted antibacterial action. The extract
disrupted cell wall integrity by 62.4%, indicating structural compromise and potential lysis;
inhibited protein synthesis by 48.3—52.7%, suggesting interference with ribosomal function;
and suppressed quorum sensing by 68.9%, reducing violacein production and bacterial
communication. These combined effects demonstrate the extract’s broad-spectrum efficacy
and support its potential as a natural antimicrobial agent capable of weakening bacterial

defenses through multiple pathways.
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Figure 2: Cell wall Integrity Assay: This graph illustrates the percentage of disrupted cell
walls in E. coli, S. aurens, and P. aeruginosa following treatment with Awnnona muricata leaf
extract. Elevated dye uptake in treated samples indicates compromised peptidoglycan
structure, leading to cell wall instability and potential lysis. These results confirm that the

extract interferes with bacterial cell wall integrity, contributing to its antimicrobial action.
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Figure 3: Membrane permeability assay: This graph displays the percentage of NPN
fluorescence in E. colz, S. aureus, and P. aeruginosa following treatment with Annona muricata
leaf extract. Elevated fluorescence levels in treated samples indicate compromised bacterial

membranes, allowing the hydrophobic dye to penetrate and bind to internal lipids. This

Volume 3, Issue 1, 2026 [@EI




Isaac John Umaru, Tyem Lawal Danjuma, Katchim Evelyn Shadrach, Julius Ishaya Salman, Jibaniya Grace
Mchibuma, Kerenhappuch Isaac Umaru

confirms that the extract disrupts membrane integrity, contributing to its antibacterial

mechanism.
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Figure 4: Protein leakage: This graph illustrates the percentage of protein leakage observed
in three bacterial strains—FE. oz, S. aurens, and P. aeruginosa—after treatment with Annona
muricata leaf extract. Elevated protein leakage in treated samples indicates significant
membrane destabilization, allowing cytoplasmic proteins to escape into the extracellular
environment. This supports the hypothesis that the extract compromises bacterial

membrane integrity, contributing to its antibacterial action.
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Figure 5: ROS Generation Assay: This graph compares ROS fluorescence levels (RFU)
between control and Awnona muricata extract-treated bacterial strains (E. co/i, S. anreus, and
P. aeruginosa). The treated samples show significantly elevated ROS levels, indicating that
the extract induces oxidative stress. This stress damages cellular components and

contributes to the extract’s antibacterial mechanism by promoting bacterial cell death.

5-

DNA Integrity Score (0-5)

0 o
E. coli, S.aureus  P. aeruginosa

Figure 6: DNA Fragmentation Assay: Lower DNA integrity scores in treated samples
reflect fragmentation patterns observed via gel electrophoresis, indicating genotoxic effects
of Annona muricata leaf extract. This suggests interference with bacterial DNA replication or

repair mechanisms, contributing to its antibacterial action.
Nutraceutical Potential

Soursop (Annona muricata) leaf extract has shown promising nutraceutical
properties that may support the management of bacterial meningitis. One of its key
benefits is its antioxidant activity, which helps protect neural tissues from oxidative stress
caused by infection-induced inflammation. Reactive oxygen species generated during
meningitis can damage neurons and glial cells, but compounds like flavonoids and
phenolics in soursop leaves neutralize these radicals, preserving cellular integrity (Ozor &

Okwute, 2023).

Beyond its antioxidant effects, soursop leaf extract also exhibits significant anti-
inflammatory properties. Bacterial meningitis triggers a cascade of inflammatory responses,
including the release of cytokines and prostaglandins that exacerbate meningeal swelling

and pain. Bioactive constituents such as acetogenins and alkaloids found in soursop have
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been shown to inhibit inflammatory mediators like TNF-a and COX-2, thereby reducing

inflammation and alleviating symptoms (Mohitha & Shanmugam, 2023).

The neuroprotective potential of soursop leaf extract further enhances its relevance
in treating meningitis. Neuronal apoptosis is a common consequence of prolonged
inflammation and infection in the central nervous system. Studies suggest that compounds
in soursop leaves help stabilize mitochondrial function and reduce excitotoxicity, which
may prevent cell death and support cognitive recovery (Yirankinyuki et al., 2020). This
protective effect is crucial for minimizing long-term neurological deficits associated with

bacterial meningitis.

Finally, soursop leaf extract contributes to immunomodulation, a vital aspect of
fighting bacterial infections. Its phytochemicals can enhance both innate and adaptive
immune responses, promoting pathogen clearance and immune balance. For instance,
soursop compounds have been shown to stimulate macrophage activity and regulate
immune cell signaling, which strengthens host defenses without triggering excessive
inflammation (Mohitha & Shanmugam, 2023). These combined properties position
soursop leaf extract as a valuable nutraceutical candidate in the supportive care of bacterial

meningitis.

DISCUSSION

The cell wall integrity assay showed 62.4% disruption in extract-treated bacteria,
indicating significant structural compromise. This supports previous findings by Akanji
(2023), who reported that A. muricata leaf extract caused visible lysis in Staphylococcus aunrens
and E. ¢/ under microscopy. Similarly, Kazaure et al. (2023) observed peptidoglycan
degradation in clinical isolates treated with soursop extracts, suggesting that acetogenins

may interfere with cell wall synthesis.

Protein synthesis inhibition ranged between 48.3-52.7%, as evidenced by reduced
protein bands in SDS-PAGE analysis. Shetty et al. (2024) confirmed that 4. muricata extract
downregulated ribosomal protein expression in E. co/i, attributing this effect to flavonoids
and alkaloids. This mechanism resembles that of tetracycline, which binds to the 30S

ribosomal subunit (Melo, 2017), but with the added benefit of phytochemical synergy.
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Quorum sensing interference was particularly strong, with 68.9% inhibition of
violacein production. This aligns with findings by Shetty et al. (2024), who demonstrated
that A. muricata extract suppressed quorum sensing genes in Pseudomonas aernginosa. Akanji
(2023) also noted reduced pigment production and biofilm formation, indicating that the

extract disrupts bacterial communication pathways.

Comparatively, ciprofloxacin showed slightly higher efficacy across all mechanisms,
but A. muricata extract’s performance was remarkably close. Ciprofloxacin acts by inhibiting
DNA gyrase (Kazaure et al, 2023), while A. muricata targets multiple pathways
simultaneously. This multi-target approach may reduce the likelihood of resistance

development, a major advantage in antimicrobial therapy (Shetty et al., 2024).

The extract’s quorum sensing inhibition suggests potential use in anti-virulence
strategies, which aim to disarm pathogens rather than kill them outright. This approach
minimizes selective pressure and preserves beneficial microbiota (Melo, 2017). Such

strategies are gaining traction in response to rising antibiotic resistance (Akanji, 2023).

The protein synthesis inhibition observed also implies that .A. muricata may contain
compounds that mimic known antibiotics but act more broadly. Kazaure et al. (2023)
identified acetogenins and flavonoids as key bioactives, which may bind to ribosomal sites

or interfere with mRNA translation.

Cell wall disruption is especially effective against Gram-positive bacteria, which rely
heavily on peptidoglycan. Akanji (2023) reported that S. awurens was particularly susceptible
to soursop extract, consistent with our findings. This suggests that the extract could be

tailored for Gram-positive infections.

Taken together, these results confirm that 4. muricata leaf extract is a multi-
mechanistic antibacterial agent, capable of disrupting cell walls, inhibiting protein synthesis,
and interfering with quorum sensing. Its efficacy, natural origin, and broad-spectrum

activity make it a promising candidate for further development.

Future research should focus on isolating active compounds, conducting in vivo
studies, and evaluating synergistic effects with conventional antibiotics. Toxicological

profiling is also essential to ensure safety in therapeutic applications.
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CONCLUSION

Based on the findings of this study, .Awnona muricata leaf extract demonstrates
significant antibacterial activity through multiple mechanisms, including cell wall
disruption, protein synthesis inhibition, and quorum sensing interference. These effects
were consistently comparable to ciprofloxacin, a well-established broad-spectrum
antibiotic. The extract’s ability to target diverse bacterial processes suggests a robust and
multifaceted mode of action, which is particularly valuable in the context of rising
antibiotic resistance. Its performance across Gram-positive and Gram-negative strains

reinforces its potential as a natural alternative or adjunct to conventional therapies.

Furthermore, the extract’s interference with quorum sensing highlights its promise
in anti-virulence strategies, which aim to disarm pathogens without exerting lethal pressure
that fosters resistance. The presence of bioactive compounds such as acetogenins and
flavonoids likely contributes to its broad-spectrum efficacy. While these results are
promising, further research is needed to isolate specific active constituents, evaluate
synergistic effects with existing antibiotics, and assess safety profiles through vivo studies.
Overall, A. muricata leaf extract stands out as a compelling candidate for future

antimicrobial development.
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