https://dx.doi.org/10.43 14/dujopas.vi2i2a.24
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol.I2 No. 2a June 2026

In Vitro Assessment of Napoleona Reptans Roots:
A Promising Source of Bioactive Compounds
for Overcoming Microbial Resistance

Uchenna Blessing Alozieuwa'", Mercy Itohan Aboh?,
Theresa Obiageli Ozoude® & Ini Patrick Ekpe'

'Department of Biochemistry,

Faculty of Natural & Applied Sciences,
Veritas University,

Abuja,

Nigeria,

’Department of Pharmaceutical Microbiology,
National Institute for Pharmaceutical Research & Development Abuija,
Nigeria,

*Department of Microbiology,

Faculty of Natural & Applied Sciences,
Veritas University,

Abuja,

Nigeria.

Email alozieuwau@veritas.edu.ng

ORCID: Uchenna Blessing Alozieuwa: 0000-0002-2791-5193
Mercy Itohan Aboh: 0000-0003-3171-1318

Theresa Obiageli Ozoude: 0000-0002-4178-2446

Ini Patrick Ekpe: 0000-0003-2999-2720

Abstract

The increasing resistance of pathogenic microorganisms has reduced the effectiveness of antimicrobials in
treating infections. The present work examined the effect of Napoleona reptans root extract against standard
pathogenic bacteria & fungal strains. The extraction of the plant root was done by the cold maceration
technique while the phytochemical screening was carried out using standard methods. The cup agar
diffusion technique was employed to evaluate the antimicrobial effect of the Napoleona reptans root extract
on the standard pathogenic strains while the least concentration that can inhibit the microbes (MIC) was
evaluated by the microdilution technique. N. reptans contained flavonoids, tannins, glycosides, alkaloids,
saponins, terpenoids, & steroids. The extract exhibited broad-spectrum activity, inhibiting Gram-positive
bacteria (S. aureus, S. pyogenes, S. pneumoniae), Gram-negative K. pneumoniae, & the Fungus C. albicans.
The strongest inhibition zones (23.0 + 1.4 mm) occurred against S. aureus & S. pyogenes. Significant
activity was also observed against S. pneumoniae (22.0 + 1.4 mm), C. albicans (22.0 = 0.0 mm), & K.
pneumoniae (19.0 + 2.1 mm), while no activity was detected against E. coli, P. aeruginosa, or S. enteritis.
The most notable MIC values were 0.6 mg/mL for K. pneumoniae, 2.5 mg/mL for C. albicans, & 5.0 mg/mL
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for S. aureus. Corresponding cidal concentrations ranged from 5.0 mg/mL to >20 mg/mL. To our
knowledge, this is the first report evaluating N. reptans root extract against these specific standard strains.
These results indicate that Napoleona reptans have the possibility of new antimicrobial drug candidates in
the near future. Their roles in the treatment of infections caused by the studied isolates should be explored.

Keywords: Antimicrobial, Minimum Inhibitory Concentration, Minimum Bactericidal
Concentration, Minimum Fungicidal Concentration, bacterial, fungal

INTRODUCTION

The rise of multidrug resistant organisms (MDROs) in healthcare setting calls for continuous
surveillance of antibiotic usage & identification of new & efficient compounds with prospects for
developing new antimicrobial drugs (Ndukwe et al., 2015). The World Health Organization
(WHO) regards anti-microbial resistance (AMR) as an urgent crisis facing public health sectors
(WHO, 2025). Thus, the usage of local plants as initial medication is becoming a global
phenomenon. In many developing countries such as Nigeria, a large proportion of the population
relies on traditional herbal medicine for primary healthcare. Medicinal plants are rich sources of
bioactive phytochemicals responsible for antimicrobial activity (WHO, 2013). There is an urgent
need to discover new & effective antimicrobial candidate molecules that would be effective in
treating infections caused by pathogenic organisms & MDROs.

Napoleona reptans is a rare & little-known species in the Napoleona genus within the family
Lecythidaceae (Govaerts, 2011). The plant is an evergreen West African tropical tree & has a
crown with very low dense branching. It can grow up to 6mm tall & is found mostly in Eastern
Nigeria (Borokini, 2014). There are various species in the genus, Napoleona, which include N.
volgeri Hook, N. reptans, N. imperialis (NI) P. Beau, & N. gossweilien Baker F (Altemimi et al., 2017),
but the pharmacological importance of N. reptans has not been widely documented. The
antimicrobial activities of other N. species have been reported for instance, N. imperialis, the leaf
extract has been reported to be active in killing multidrug resistant bacteria isolated from diabetic
foot ulcer (Enweani-Nwokelo et al., 2024). Idu, et al. (2011), reported that the leaf extract of N.
imperialis is a wide-ranged antibiotic having proven effect against fungal & bacterial isolates. In
addition, various pharmacological investigation of N. imperialis demonstrated the antioxidant,
anti-inflammatory, & wound healing activity of the plant (Effiom et al., 2020; Dhadwal et al., 2024)
Napoleona vogelii has been reported to exhibit antimicrobial & antioxidant activities composition
(Oluseun et al., 2023), which may be attributed to its rich. Despite the consistent studies on the
Napoleona species, there is no available literature on the antimicrobial properties of N. reptans. In
eastern Nigeria, the root of N. reptans is commonly employed in traditional medicine to treat
conditions like pain, wound, ulcers, fever, cancer & malaria. However, no ethnobotanical &
pharmacological studies have been conducted on N. reptans species despite their use in the
treatment of various diseases in my locality. This may be attributed to the plant’s limited
availability & its restriction to certain areas in the eastern region of the country. Thus, the present
study evaluated the antimicrobial properties of N. reptans with its pharmacological compositions.
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MATERIALS & METHODS

Source of Test Bacterial & Fungal Isolates

Typed bacterial & fungal cultures: Staphylococcus aureus NCTC 6571, Escherichia coli ATCC 11775,
Pseudomonas aeruginosa 27853, Streptococcus pyogenes ATCC 1238, S. enteritis ATCC 14025, K.
pneumonia ATCC BAA 1705, C. albicans ATCC 10231 & S. enteritis ATCC 14025; were collected at
the Microbiology & Biotechnology department, National Institute for Pharmaceutical Research &
Development, Abuja, Nigeria.

Plant Collection

Fresh roots of N. reptans were harvested at Owerri in Imo state. The plant sample was identified
& validated by a plant taxonomist, Chijioke John Onyeukwu, Chief herbarium curator, in the
Department of Plant Science & Biotechnology, University of Nigeria, Nsukka. A Voucher
number, UNN No 34, was allocated to the plant sample & deposited at the plant store room of
Plant Science & Biotechnology University of Nigeria, Nsukka, Enugu State. These plant roots
were dried in a well-ventilated room until a constant weight was achieved. The dried sample was
grounded into powder with a mechanical milling machine & stored in a sealed container until
required for use.

Preparation of the Plant for Extraction

The method of Alozieuwa et al. (2025) was adopted. One hundred grams of root extract of N.
reptans was extracted by cold maceration technique. This was immersed in 400ml of 70%
methanol for 72 hours with intermittent shaking. Re-maceration continued until a faint filtrate
was obtained. The filtrates were joined & concentrated using a rotary evaporator under reduced
pressure at a low temperature to recover the extract, which was further concentrated using a
water bath. The concentrated extract was kept in a refrigerator at 4°C for further analysis

Screening for Phytochemicals

Qualitative phytochemical screening of root extract was performed using standard methods as
described by Onah et al. (2022). The phytochemicals assessed include phenol, flavonoids, tannins,
glycosides, alkaloids, terpenoids, steroids & saponins.

Antimicrobial Activity of the Root Extracts of Napoleona reptans

Antimicrobial activity of the crude extract were tested against typed bacteria species, including;
S. aureus NCTC6571, E. coli ATCC11775, Pseudomonas aeruginosa 27853, Streptococcus pyogenes
ATCC 1238, S. enteritis ATCC 14025, K. pneumonia ATCC BAA 1705 & the fungus, Candida albicans
ATCC 10231 using the cup agar diffusion method as previously described with slight
modifications (CLSI, 2021).

Briefly, dilutions of the extracts were made using 20 % Tween 20 in sterile distilled water to
achieve concentrations of 40, 20, & 10 mg/ml. Hundred microliters of the different concentrations
were dispensed into bored holes on Muller Hinton agar seeded with 0.5 Mc Farl& suspensions of
the test microorganisms. Ciprofloxacin disc (10 pg) & ketoconazole (50 pg) served as positive
controls while MH broth without extract served as the negative control. These were incubated at
37°C for 24hrs, for bacteria & 25°C for 48-72h for fungi & the zones diameter of inhibition were
measured using a meter rule. The assay procedure was performed in duplicates & the mean
inhibition zone diameter was recorded to the nearest mm. The zone diameter of inhibition

U. B. Alozieuwa et al, DUJOPAS 12 (2a): 264-272, 2026 266



In Vitro Assessment of Napoleona Reptans Roots: A Promising Source of Bioactive Compounds for Overcoming
Microbial Resistance

produced by the extracts was compared to the zone diameter breakpoints for Ciprofloxacin using
the CLSI guideline (2021) to determine sensitivity, intermediate or resistance (Table 1).

Determination of the Minimum Inhibitory Concentrations (MIC) & Minimum Bactericidal
(MBC)/Minimum Fungicidal Concentrations (MFC)

Broth microdilution method as described by Santhanam et al. (2014), was used to determine the
MIC. A 50 uL of Muller Hinton broth (bacteria) was put into a 96 micro-liter well in 2 to 12 rows.
Fifty microliters (50 uL) of the standard solution (20 mg/mL) of extracts was poured into wells in
rows 1 & 2. Twofold serial dilution was carried out from the wells in row 2 downwards the other
wells. The last row of wells without the extract served as the organism viability control. Each of
the plates was shake for 20s & kept in the incubator at 37°C for 24h (bacteria) & 30°C for 48h
(fungi). After the incubation period, the plates were observed visually for the presence or absence
of growth. MIC was determined as the least concentration of the extracts without cloudiness after
incubation, while the cloudiness was interpreted as visible growth of the bacteria/fungi. All the
tubes that showed no turbidity were subsequently inoculated on- to a MH agar plate & incubated
for further 24 hours at 37°C. The MBC or MFC was the minimum concentration of the extracts
that did not produce visible growth on the MH agar plate. Ciprofloxacin & Terbinafine HCI
served as positive controls. Each test was performed in duplicates

Statistical Analysis
The data obtained were presented as the average of two duplicates & expressed as mean+t SD &
analyzed using the statistical packages, SPSS, version 26.0. The significant level was set at p<0.05.

RESULTS

Phytochemical Screening

Phytochemical Screening (Table 1) revealed the presence of flavonoids, tannins, glycosides,
alkaloids, saponin, terpenoids, & steroids while phenol was absent.

Table 1: Phytochemical Composition of Napoleona reptans root extract

Phytochemical Result
Saponins +
Flavonoids
Terpenoids
Steroids
Phenols
Tannins
Alkaloid
Glycosides

4+ o+ 0+ o+ o+

Antimicrobial Activity

The results on susceptibility of the test microorganisms to the extracts is represented in Table 2.
The extract showed a broad spectrum of activity stopping the growth of both G+ve (S. pyogenes,
S. pneumonia & S. aureus) bacteria, G-ve bacteria (K. pneumonia) & fungi (C. albicans).
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Table 2: Antimicrobial susceptibility (agar diffusion) of Napoleona reptans root extract on
pathogenic microorganisms at different concentrations

S/N Organism Zone of inhibition (mm)
40 20 10 mg/mL PC
mg/mL  mg/mL
1 S. aureus NCTC 6571 23.0414 21.0+£14 19.0£0.0 32.0+14
2 E. coli ATCC 11775 0.0+0.0 0.0£0.0 0.0£0.0 20.0£0.0
3 P. aeruginosa 27853 0.0+0.0 0.0+0.0 0.0+0.0 28.0+0.0
4 C. albicans ATCC 10231 22.0+0.0  21.0+0.0 19.0£0.0 20.0+0.0
5 S. pyogenes ATCC 12384 23.0£14  20.0£0.0 20.0+1.4 21.0+1.4
6 K. pneumonia ATCC BAA 1705 19.0£21  15.0£0.0 10.0£0.0 20.0+0.0
7 S. pneumonia ATCC 9533 22.0+14  21.0+0.0 19.0£0.0 19.0£0.0
8 S. enteritis ATCC 14025 0.0+0.0 0.0£0.0 0.0£0.0 20.0£0.0
PC- Positive control (ciprofloxacin/ ketoconazole)

Table 3: Minimum inhibitory concentration (MIC) & Minimum bactericidal/fungicidal
concentration (MBC) determination of Napoleona reptans root extract

S/N Organism MIC MBC MEFC PC
mg/mL  mg/mL mg/mL mg/mL
1 S. aureus NCTC 6571 5.0 5.0 NA 0.016
2 C. albicans ATCC 10231 2.5 NA >20.0 0.064
3 K. pneumonia ATCC BAA 1705 0.625 5.0 NA 0.032

PC- positive control

The results of the findings on the in vitro antimicrobial activity of the extract showed different
zones of inhibition (Table 2). The results reveal that the extract had the highest antimicrobial
activity at 40 mg/mL concentration. The root extract produced the highest mean inhibition zone
against S. aureus & S. pyogenes, each with a mean inhibition zone of 23.0+1.4 mm. This was
followed by a mean inhibition zones of 22.0+1.4 mm & 22.0+0.0 mm against S. pneumoniae & C.
albicans, respectively (p<0.05). The extract produced an inhibition zone diameter of 0.0+ 0.0 mm
against E. coli, P. aeruginosa, & S. enteritis respectively (p<0.05) while the highest mean inhibition
zone diameter of 19.0+2.1 mm was produced against K. pneumoniae (p<0.05). The positive control
antibiotic (Ciprofloxacin) showed good inhibitory activity against S. aureus, P. aeruginosa, & S.
pyogenes at inhibition zone diameters of 32.0 £1.4 mm, 28.0+0.0 mm, & 21.0+1.4 mm respectively.
The MIC against S. aureus, K. pneumonia & C. albicans were 5.0, 0.6 & 2.5 mg/mL respectively
while the minimum cidal concentrations were 5.0, 5.0 & >20.0 mg/mL respectively (Table 3).

DISCUSSION

Medicinal plants represent abundant & diverse sources of bioactive compounds & therapeutic
agents, encompassing a large spectrum of phytochemicals including alkaloids, terpenoids,
flavonoids, phenolics, glycosides, & tannins, extensively utilised in the prevention, management,
& curing of a wide range of human diseases, particularly infectious diseases (Adamu et al., 2022;
Yusuf et al., 2023; El-Saadony et al., 2025). Beyond their direct curative properties, medicinal plants
also provide lead molecules for modern drug discovery & development, offering novel scaffolds
& mechanisms of action that are crucial in addressing the growing challenge of antimicrobial
resistance (Chopra & Dhingra, 2021; Singh et al., 2025).

The phytochemical screening showed that the root extract of N. reptans contained essential

secondary metabolites such as flavonoids, tannins, glycosides, alkaloids, saponin, terpenoids, &
steroids (Table 1). This is similar to the reports of many studies (Esimone et al., 2005; Idu et al.,
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2011) where the root & leaves extracts of a member of the genus, N. imperialis produced enormous
phytochemicals. These compounds are responsible for the therapeutic usage of medicinal plants
(Ene et al., 2021). Comparing the mean inhibition zone diameters produced by the extract (Table
2) against the test isolates with Ciprofloxacin zone diameter breakpoints that determine
sensitivity, intermediate or resistance by the CLSI guideline, the mean zone diameter range
produced by E. coli, S. enteritis & Pseudomonas aeruginosa isolates (00.00-00.00 mm) in our study
indicates that they are resistant to the extract, Staphylococcus aureus & Klebsiella pneumoniae
isolates with mean inhibition zone diameter range of 19.0-23.0 mm & 10.0-19.0 mm respectively
shows that their sensitivity to the extract is intermediate. Pseudomonas aeruginosa with mean
diameter zone of inhibition range of 0.0-0.0 mm indicates that they are resistant to the extract.

Streptococcus pneumoniae with mean inhibition zone diameter range of 19.0-22.0 mm are
susceptible to the extract while the fungus, Candida albicans with mean inhibition zone diameter
range of 19.0-22.0 mm was also susceptible to the extract. The root extracts of N. reptans produced
bactericidal/fungicidal action from 5.0-20 mg/ml against the test isolates. This provide scientific
evidence in support of the indigenous usage of plant root in the cure of diseases since the extracts
produced their antibacterial effects at relatively low concentrations. The result of this work is
similar to the study of Ndukwe et al. (2015) who reported that the leaf extract of N. imperialis
exhibited antimicrobial activities against both Gram-negative & Gram-positive bacterial isolates.
Our result also agrees with another study that reported broad-spectrum antimicrobial activities
of ethyl acetate extracts of stem bark & leaf of N. imperialis against bacterial isolates (Idu et al.,
2011). The bactericidal activities of N. reptans extract could be ascribed to the enormous secondary
metabolites contained in the root extract. The antimicrobial actions of flavonoids have been
reported. These include inhibiting nucleic acid synthesis, membrane function, cell envelope &
cell-wall synthesis, energy metabolism, efflux pumps, virulence enzymes, & disrupting
membranes (Hochma et al., 2021; Achukwu et al., 2022). They also show antiquorum-sensing
activity, influencing biofilm formation & virulence. Some flavonoids block efflux pumps through
interaction with bacterial proteins like TtgR, & epigallocatechin gallate can suppress growth &
biofilm-related gene expression. Several flavonoids also inhibit bacterial toxins (Hochma et al.,
2021). Alkaloids have been reported to possess antibacterial, antiviral, antimalarial & anti-
inflammatory properties, & also aid in the production of other end products of metabolism (Yan
et al., 2021; Alozieuwa & Ogbadoyi, 2025). Alkaloids detected in the N. reptans root extract may
account for part of the antimicrobial activity observed in this study. Several alkaloids are known
to disrupt bacterial membrane integrity, as demonstrated by compounds such as squalamine,
which destabilizes Gram-negative outer membranes & depolarizes Gram-positive membranes
(Alhanout et al., 2010; Othman et al., 2019). Other alkaloids exert their effects by interfering with
key processes in bacterial cell division & replication. For example, phenanthroindolizidine
alkaloids inhibit dihydrofolate reductase, thereby blocking nucleic acid synthesis (Rao &
Venkatachalam, 2000; Sehrawat et al., 2024). Berberine has been shown to bind to the FtsZ protein,
preventing proper assembly of the division machinery & halting cytokinesis (Boberek et al., 2010;
Othman et al., 2019).

Additionally, the alkaloid ungeremine inhibits bacterial topoisomerases, essential enzymes in
DNA replication (Casu et al., 2011). Saponins are known to modulate microbial growth & can act
synergistically with antibiotics such as tetracycline, erythromycin, & ciprofloxacin. Saponins
inhibit organisms such as E. coli & S. aureus in both planktonic & biofilm forms. Their detergent-
like nature enables them to alter membrane hydrophobicity & fluidity, & they may also bind to
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membrane lipids to increase outer-membrane permeability & enhance antibiotic entry (Wei et al.,
2022; Pikhtirova, et al., 2023). Tannin has been shown to hasten the rate of wound healing &
possesses antibacterial & antioxidant properties (Zeng et al., 2023). Terpenoids have been
reported to exhibit antiprotozoal & antimalarial activities due to their endoperoxidation property,
while phenols are widely recognised for their antioxidant effects (Alozieuwa et al., 2022) all of
which contribute to the broader spectrum of antimicrobial potential of these phytochemicals. Our
study agrees with a previous study by Ihekwereme et al. (2016) who reported the antibacterial
activity of the phytochemical constituents of N. imperialis leaf extracts against both Gram-negative
& Gam-positive bacterial isolates.

CONCLUSION

This study shows that N. reptans root extract has promising antimicrobial activity, and future
work should focus on isolating its active compounds and evaluating their safety, & efficacy in
vivo.
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