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ORIGINAL ARTICLE

Investigation of the Antimicrobial Properties of Ophthalmic
Solutions Against Common Ocular Pathogens

Sunil Kumar', Deepankar?, Rohit Kumar Mahato?, Mousmi Anand*, Neda Rahman®,
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: Background

: Ophthalmic solutions, including antibiotic eye drops, antiseptic
- eye drops, and preservative-containing artificial tears, are
¢ commonly used in clinical practice to treat ocular infections.
- However, the antimicrobial efficacy of these solutions against
- specific ocular pathogens remains unclear.

. Objective

. This study aimed to investigate the antimicrobial properties of :
. various ophthalmic solutions against common ocular pathogens :
using in vitro experiments. Specifically, we evaluated the
- efficacy of antibiotic eye drops (Ciprofloxacin, Tobramycin),
. antiseptic eye drops (Povidone-iodine), and preservative-
containing artificial tears (Benzalkonium Chloride) against
- clinically relevant bacteria and fungi.

Methods

¢ Standardized microbial

suspensions of common ocular
pathogens were prepared and inoculated onto agar plates.
Sterile filter paper disks impregnated with the tested ophthalmic
solutions were placed on agar plates and the zones of inhibition
around the disks were measured after incubation.

Results

Povidone-iodine exhibited superior antimicrobial activityagainst
both Gram-positive and Gram-negative bacteria as well as
against fungal pathogens.Similar trends were observed for other
tested pathogens. Post-hoc analysis revealed that povidone-
iodine demonstrated significantly larger zones of inhibition than
the other solutions(p < 0.05).

Conclusion

Our study provides valuable insights into the antimicrobial
propertiesof ophthalmic solutions against common ocular pathogens.
Povidone-iodine has emerged as apromising antimicrobial agent with
superior efficacy against a wide range of ocular pathogens.

Keywords

Ocular infections, antimicrobial therapy, ophthalmic solutions,
antibiotic eye drops, antiseptic eye drops, preservatives,
Povidone-iodine, in vitro experiments.

...........................................................

INTRODUCTION

Ocular infections are a significant public health
concern, often leading to visual impairment or
permanent vision loss. Common pathogens,
including bacteria and fungi, can cause infections
like conjunctivitis, keratitis, and endophthalmitis
[1-3]. Timely diagnosis and appropriate
treatment are crucial to prevent complications
and preserve vision. Antimicrobial agents, such
as antibiotic eye drops, antiseptic eye drops,
and preservative- containing artificial tears, are
frequently used, but their effectiveness varies
against different pathogens [4-7]. Antimicrobial
resistance  further complicates treatment,
highlighting the need for alternative strategies.
This study evaluates the antimicrobial activity
of wvarious ophthalmic solutions, including
Ciprofloxacin, Tobramycin, povidone-iodine,
and Benzalkonium Chloride, against common
ocular pathogens. The study aimsto determine
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the minimum inhibitory concentrations (MICs) of
these solutions, assess potential synergistic effects of
combination therapies, and provide insights to optimize
antimicrobial therapy in ophthalmology, ultimately
improving patient outcomes in the management of
ocular infections.

MATERIALS AND METHODS

This in vitro experimental study assessed the
antimicrobial activities of various ophthalmic
solutions against common ocular pathogens using
160 samples. Ethical approval was obtained, and
patient confidentiality was maintained throughout. The
study evaluated 10 replicates each of four ophthalmic
solutions: Ciprofloxacin and Tobramycin (antibiotic
eye drops), Povidone- lodine (antiseptic eye drops),
and Benzalkonium Chloride (preservative-containing
artificial tears). The antimicrobial efficacy of these
solutions was tested against five common ocular
pathogens: Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, Escherichia
coli, and Candida albicans. Each pathogen was tested
in quadruplicate per solution, totaling 32 samples per
pathogen. Specific culturemedia were used for bacterial
and fungal growth, and inocula were prepared with
a standardized concentration of 1 x 10°6 CFU/mL.
Antimicrobialsusceptibility testing involved inoculating
agar plates, placing impregnated ophthalmic solution
disks, and incubating the plates at 37°C for 24 hours.
Zones of inhibition were measured as indicators
of antimicrobial efficacy. Statistical analysis was
conducted using IBM SPSS Statistics (version 24.0).
The mean zone of inhibition for each solution against
each microorganism was calculated, and ANOVA
was used to determine the significance of differences
between solutions, witha significance level set at p <
0.05. This study aimed to provide a comprehensive
analysis of the antimicrobial properties of ophthalmic
solutions to optimize treatment strategies in managing
ocular infections.

RESULTS

Povidone-iodine produced the largest average
inhibition zone (21.2 mm) against Staphylococcus
aureus, surpassing tobramycin (19.0 mm),ciprofloxacin
(18.5 mm), and Benzalkonium Chloride (16.8 mm).
Similarly, it achieved the highest inhibition zone (20.1
mm) against Staphylococcus epidermidis. Among

the solutions tested, povidone-iodine also had the
most significant effect on Pseudomonas aeruginosa
with a mean inhibition zone of 18.3 mm, followedby
tobramycin (15.2 mm), ciprofloxacin (14.8 mm), and
Benzalkonium Chloride (13.5 mm). Against Escherichia
coli, povidone-iodine again showed the highest average
inhibition zone (16.5 mm). For Candida albicans, it led
with a mean zone of 13.8 mm, compared to tobramycin
(11.2 mm), ciprofloxacin (10.1 mm), and Benzalkonium
Chloride (9.5 mm). The ANOVA analysis (p = 0.035,
Table 1) revealed significant variations in antimicrobial
effectiveness among the tested ophthalmic solutions,
with povidone-iodine consistently demonstrating
superior antimicrobial activity.

Table 1: ANOVA Results for Antimicrobial Activity
of Ophthalmic Solutions Against Common Ocular
Pathogens

Pathogen p-value safety and efficacy, especially
Staphylococcus 0.003 Ppoavtiidenotnep-oiopduilnateiovnss.. Tth
aureus ’ study also importance of rational prescribing
Staphylococcus R Povidone-iodine vs. others stewardship in
epidermidis ‘ ophthalmology,
Proevseidaorcnhe-iinotdoinneovvse.l
Pseudo{nonas 0.025  oththeerarspies to com antimicrobial
aeruginosa
resistance.
Escherichia coli  0.008 Povidone-iodine vs. others
Candida albicans  0.035 PCovoindcolnues-ioiondine vs. others

common ocular pathogens. We evaluated four types
of solutions: antibiotic eye drops (Ciprofloxacin,
Tobramycin), antiseptic eye drops (Povidone-
iodine), and preservative-containing artificial tears
(Benzalkonium Chloride) through invitro experiments
[1-5]. The results provide valuable insights into their
antimicrobial activity, aiding in the optimization of
treatment strategies for ocular infections. Povidone-
iodine showed superior efficacy against both Gram-
positive bacteria, such as Staphylococcus aureus and
Staphylococcus epidermidis, and Gram-negative
bacteria like Pseudomonas aeruginosa and Escherichia
coli [6,7]. Its broad-spectrum antimicrobial properties
also extended to antifungal activity against Candida
albicans, making it the most effective solution among
thosetested. These findings underscore the potential of
povidone-iodine as a broad-spectrum agent fortreating
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ocular infections, given its established safety and cost-
effectiveness [8-11]. However, further clinical trials
are essential to confirm its in vulnerablehighlights the
and antibiotic urging furtherbat emerging

DISCUSSION

This study investigates the antimicrobial properties of
various ophthalmic solutions against Povidone-iodine

has shown considerable promise as a broad-spectrum
antimicrobial agent, demonstrating high efficacy against
both bacterial and fungal pathogens. These results
highlight its potential as an adjunctive treatment for
ocular infections. Nonetheless, further clinical research
isnecessary to confirm these findings and toinvestigate
alternative therapies that address the ongoing challenge
of antimicrobial resistance.
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