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Abstract

This study explores the antibacterial potential of Naja nigricollis (black-necked spitting cobra) venom
against a range of clinically relevant bacterial strains, including Staphylococcus aureus,
Pseudomonas aeruginosa, Salmonella typhi, Klebsiella pneumoniae, Escherichia coli, and
Proteus species. Using disc diffusion and broth microdilution methods to test for the antimicrobial
susceptibility pattern of the aforementioned organisms, the venom demonstrated concentration-
dependent antibacterial activities, with higher doses (2 ug/uL) producing notable zones of inhibition —
most prominently against E. coli (16.0 mm) and P. aeruginosa (15.7 mm). While conventional
antibiotics such as amikacin and ceftazidime outperformed the venom in terms of potency, the venom
still exhibited broad-spectrum activity, particularly at higher concentrations (1 ug/uL and 2 ug/uL).
Interestingly, Proteus species retained sensitivity even at lower venom doses (0.125 ug/uL and 0.5
ug/uL), whereas S. typhi remained largely resistant across concentrations (1 ug/uL - 0.125 ug/ulL).
These findings suggest that Naja nigricollis venom harbours bioactive compounds with promising
antibacterial potential, meriting further investigation. Future work aimed at isolating and
characterizing specific venom components could contribute significantly to the development of novel
antimicrobial agents in the fight against antibiotic resistance.
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INTRODUCTION

Bacterial infections, particularly those involving multidrug-resistant (MDR) strains, stand as
formidable adversaries in modern healthcare systems worldwide. The escalating prevalence
of MDR bacteria poses a grave threat to public health, constituting a significant cause of
mortality on a global scale (Van and Paterson, 2016). Across continents, healthcare
infrastructures grapple with an extraordinary burden as they combat these resilient
pathogens, seeking new and more potent antimicrobial compounds to safeguard human
health and mitigate the spread of infection (Van and Paterson, 2016).

Among the most concerning are bacteria belonging to genera such as Pseudomonas, Klebsiella,
Enterobacter, Acinetobacter, Salmonella, and Staphylococcus, alongside notorious strains like
Methicillin-Resistant ~ Staphylococcus aureus (MRSA), penicillin-resistant Streptococcus
pneumoniae (PRSP), and vancomycin-resistant Enterococci. These bacterial adversaries have
evolved intricate mechanisms to withstand the effects of conventional antibiotics, presenting
clinicians with increasingly challenging clinical scenarios and limiting treatment options
(Mancuso et al., 2021; Biondo, 2023; and Ferraz, 2024).

Natural products constitute an important reservoir of medicinal compounds, displaying a
diverse array of bioactive molecules synthesized by various organisms. Within this rich
tapestry of natural chemistry, numerous compounds have exhibited potent antimicrobial
properties, demonstrating efficacy against bacterial pathogens (Mandal et al., 2021; Mandal et
al., 2024). The exploration of natural sources for antimicrobial agents not only unveils a vast
reservoir of potential therapeutic leads but also underscores the evolutionary arms race
between microorganisms and their ecological counterparts, wherein these bioactive
compounds serve as integral components of defense mechanisms and ecological interactions
(Mandal et al., 2024).

Snake venoms stand out as reservoirs of remarkable biological complexity, housing a plethora
of biologically active proteins that underpin a diverse array of pathological effects. Within
these venoms, toxins reign supreme, characterized by their exceptional potency and exquisite
specificity towards molecular targets. Despite their perilous nature, these toxins harbor
untapped potential as invaluable assets in pharmacological research. Their unique properties
render them indispensable as pharmacological tools, offering insights into intricate cellular
processes and pathways (Bickler, 2020). Moreover, the intricate molecular architecture of
snake venom toxins serves as fertile ground for drug design endeavors, presenting a
promising avenue for the development of novel therapeutic agents to combat a myriad of
human diseases (AlShammari et al., 2023).

The study of snake venoms has revealed potent antimicrobial agents such as L-amino acid
oxidases (LAAOs), phospholipase As (PLA5s), hyaluronidases (HYAs), and snake venom
metalloproteinases (svMPs) (Hassan et al., 2019). These compounds exhibit significant efficacy
against various microbial pathogens, showcasing the diverse pharmacological potential
inherent within snake venoms (Al-Asmari et al., 2015). Such discoveries highlight the intricate
interplay between venomous organisms and their ecological niches, underscoring the
evolutionary adaptations that have led to the development of these bioactive molecules as
defense mechanisms and ecological tools (Hiu and Yap, 2020).

While studies have demonstrated the antiviral activity of cobra venoms against viruses like
Sendai and Measles (Siniavin et al., 2021), and antibacterial activity (Suleimon et al., 2022), our
focus extends to exploring the antimicrobial potential of Naja nigricollis venom against a
spectrum of microbial pathogens, including gram-positive and gram-negative bacteria. By
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elucidating the susceptibility patterns of these bacterial strains, we aim to contribute to
understanding the broader pharmacological profile of snake venoms and their potential in
combating microbial infections, thus addressing the challenges of antimicrobial resistance.

MATERIALS AND METHODS

Collection of Samples

Venoms from Naja nigricollis were collected from wild caught snake at the Kaltungo Area of
Gombe State, Nigeria. The venom was lyophilized and stored at - 4°C at the Department of
Biochemistry, Faculty of Life Sciences, University of Maiduguri. The lyophilized venom was
accurately weighed using an analytical balance and triturated using a pestle and mortar. The
triturated venom was transferred to 50mL volumetric flask. The volume was made up to
20ml/ml (2mg/ml) concentration with phosphate buffered saline.

Microorganisms

Pure clinical isolates of Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi,
Klebsiella pneumonia, Escherichia coli, and Proteous species were obtained from the Bacteriology
laboratory of University of Maiduguri Teaching Hospital.

Antimicrobial Susceptibility Testing

Antimicrobial discs were prepared by punching Whatman Filter paper using ordinary office
paper punch. The discs were sterilized at 121°C for 15 minutes by autoclaving. The discs were
soaked for approximately 5 minutes in the prepared venom concentrations using petri dishes.
The venom-soaked discs were gently picked with sterile forceps and dried in an oven at 37°C
for approximately 30 minutes.

A 0.85% normal saline was placed in a tube of McFarland Standard preparation and sterilized
at121°C for 15 minutes. The bacterial inoculum was prepared by suspending isolated bacterial
colonies from the pure sub-cultures in 0.85% normal saline, and the turbidities were adjusted
to 0.5 McFarland standard unit.

Antimicrobial Activity Assay

The disk diffusion test and minimum inhibitory concentration (MIC) determination were used
to screen for antibacterial activity according to standard techniques described in previous
publications (Oliveira et al., 2001; Ferreira et al., 2011; and Rangsipanuratn et al., 2019). In
brief, the bacterial strains were grown in trypticase soy agar at 37°C for 16-18 hours before
being adjusted to 0.5 McFarland standards (1.5 x108 colony forming unit/ mL) with sterile
normal saline. A sterile swab was dipped into the inoculum, and excess inoculums were
removed by pressing firmly against the side of the tube above the liquid level. The swab was
streaked three times across the surface of Mueller Hinton agar plates (Oliveira et al., 2001;
Ferreira et al., 2011; and Rangsipanuratn et al., 2019). Each snake venom solution was
prepared at a concentration of 25 mg/ mL by dissolving it in sterile deionized water. One (1)
uL solutions of the prepared venom concentration were applied to Whatman paper discs
(6mm diameter) and placed on bacterial culture in triplicate assay, which was then incubated
for 24 hours at 35 + 2°C. The zones of inhibition around the discs were measured using a
digital vernier calliper. Distilled water discs were used as negative control. Positive controls
included amikacin and ceftazidime (Jindal et al., 2013). The snake venoms with the largest
inhibition zone diameters were chosen for minimum inhibitory concentration (MIC)
determination. The Clinical Laboratory Standards Institute (CLSI, 2014) broth microdilution
method was used for the MIC test. The culture was diluted to 106 CFU/ mL after 3 hours of
the bacterial growth. The snake venom was diluted twice with Mueller Hinton broth, and then
the diluted bacterial culture was added to achieve a final concentration ranging from 0.39
mg/mL to 25.0 mg/mL. After 16-18 hours of incubation at 35 + 2°C, the MIC was defined as
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the lowest concentration of venom or antibiotic preventing the visible bacterial growth
(Oliveira et al., 2001; Ferreira et al., 2011; and Rangsipanuratn et al., 2019).

RESULTS
Table 1: Antibacterial activity of Naja nigricollis venom against selected bacterial strains.
Venom
concentration Mean bacterial inhibition zone diameter (mm) * SD
pg/uL
S. aureus P. aeruginosa | S. typhi K. pneumonia E. coli Proteus
species
2 12.0+£0.47 15.7+1.7 8.3£1.3 10.7+1.9 16.0+0.8 | 10.1£1.2
1 11.0+0.41 11.04£1.6 71+£5 8.8+2.2 12.0£1.0 | 13.743.2
0.5 9.0+0.45 10.0+0.8 7.040.5 7.0+14 10.7+¢1.2 | 12.144.6
0.125 8.3+1.25 8.3+0.9 5.340.12 6.330.9 8.0+0.8 | 16.1£2.1
Control amikacin 22.0+1.6 22.0+1.6 ceftazidime 20.0£0.8 | 28.7+2.5
8.3£1.3 243.0+1.6

The antibacterial activity of Naja nigricollis venom, as presented in Table 1, showed how
different concentrations of venom influence bacterial inhibition against S. aureus, P. aeruginosa,
S. typhi, K. pneumoniae, E. coli, and Proteus species.

The highest concentration 2ug/pL exhibited the largest inhibition zones for most bacteria,
indicating that the venom’s antibacterial activity increases with concentration. This included
P. aeruginosa and E. coli with the highest inhibition zones at 15.7 mm and 16.0 mm,
respectively. S. aureus and Proteus species also showed relatively high susceptibility, with
inhibition zones of 12.0 mm and 10.1 mm respectively. The lowest effect was observed on S.
typhi 8.3 mm.

The antibacterial activity of the venom decreases progressively with lower venom
concentrations. By the lowest concentration of 0.125 pg/ul, Proteus species exhibited the
highest inhibition 16.1 mm, suggesting some sensitivity even at lower venom concentrations.
All other bacterial strains showed significantly smaller inhibition zones, with S. typhi showing
minimal inhibition 5.3 mm.

Salmonella typhi and P. aeruginosa had significantly larger inhibition zones with the antibiotics
(22.0 mm with amikacin) and 24.3 mm with ceftazidime against K. pneumoniae. This suggested
that while venom has some antibacterial effects, it is less effective than conventional
antibiotics for these bacteria (Table 1). In E. coli and Proteus species, ceftazidime produced
larger zones of inhibition (20.0 mm and 28.7 mm) compared to the venom.

Interestingly, at a higher concentration, the venom still produced some measurable inhibition
for all strains, indicating a broad-spectrum antibacterial potential, albeit not as strong as the
antibiotics.

Escherichia coli and P. aeruginosa appeared to be the most susceptible to the venom at higher
concentrations (1 ng/pl and 2 pg/ pl). Proteus species demonstrated a unique pattern where it
retained notable susceptibility even at lower venom concentrations (16.1 mm at 0.125 pg/ ul).
S. typhi consistently showed the lowest susceptibility across all concentrations, suggesting
potential resistance or lower sensitivity to the venom.

DISCUSSION

The inhibition zone diameters across all strains decrease consistently with decreasing venom
concentrations. This trend suggests a dose-dependent antibacterial effect, where higher
concentrations yield stronger bacteriostatic or bactericidal effects.
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The highest concentration (2 pg/pl) consistently produced larger inhibition zones, indicating
substantial antibacterial activity especially against P. aeruginosa (15.7 mm) and E. coli (16.0
mm). These findings could be due to active venom compounds that disrupt bacterial cell
integrity, inhibit protein synthesis or interfere with other essential processes at sufficient doses
(Almeida et al., 2019).

Different bacterial strains exhibit varying sensitivity to the venom, indicating that certain
bacterial cell structures or mechanisms may be more susceptible to venom’s bioactive
components (Almeida et al., 2019). Pseudomonas aeruginosa and E. coli were among the most
affected, displaying relatively large inhibition zones at the highest concentrations. This
sensitivity may be due to unique membrane structures or metabolic characteristics that make
these bacteria more vulnerable to venom components (Yacoub et al., 2020). On the contrary,
S. typhi showed the smallest inhibition zones at every concentration, suggesting lower
susceptibility. This resistance might stem from specific outer membrane barriers or protective
mechanisms that limit venom penetration or neutralize its effects (Al-Asmari et al., 2015;
Azmy et al., 2024).

The control antibiotics (amikacin and ceftazidime) generated larger inhibition zones than the
venom for most strains, particularly against S. aureus and K. pneumoniae with zones reaching
up to 28.7 mm. This discrepancy highlights that, while venom showed antibacterial potential,
it may be less potent than traditional antibiotics, particularly for strains well-targeted by these
drugs (Al-Asmari et al., 2015; Khan et al., 2021).

However, the venom’s broad-spectrum activity at higher concentrations hints at the potential
for venom-derived compounds to be developed as supplementary treatments, particularly in
cases where resistance to standard antibiotics is problematic (Al-asmari et al., 2015). The
venom could serve as a source of novel antibacterial peptides or enzymes that could
complement or enhance the efficacy of existing antibiotics (Memariani and Memariani, 2025).
Snake venoms are known to contain a variety of bioactive peptides, phospholipases, and
enzymes with antibacterial properties (Oguiura et al., 2023). In Naja nigricollis venom, these
components might disrupt bacterial cell walls, interfere with enzyme systems, or target
intracellular processes (Azmy et al., 2024). The observed potency at higher doses suggested
that some venom components are effective at compromising bacterial integrity. Lower
effectiveness at reduced concentrations could indicate that either the concentration of active
compounds is insufficient or that certain bacterial defense mechanisms (e.g., efflux pumps or
biofilm formation) reduce susceptibility when venom concentration drops (Ageitos et al.,
2022; Taheri-Araghi, 2024).

CONCLUSION

This study highlights Naja nigricollis venom as a promising source of novel antimicrobial
agents, particularly valuable given the growing threat of antibiotic resistance. The results
demonstrated its broad-spectrum antibacterial activity with significant dose-dependent
efficacy. While traditional antibiotics remain more potent overall, the venom's impact,
especially at higher concentrations indicated its potential for development. Future research
could focus on fractionating the venom to isolate individual bioactive components and
elucidate their mechanisms of action. Subsequent testing should evaluate their specific
activity against resistant strains and explore potential synergistic effects when combined with
existing antibiotics. This deeper exploration could yield innovative strategies in the ongoing
battle against antibiotic-resistant bacteria.
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