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Abstract 
Background: The aim of this study is to develop an in-situ gelling system for the effective delivery and sustained-

release of levofloxacin in the treatment of anterior corneal infections. 

Material and Methods: Sodium alginate (SA) and hydroxypropyl methylcellulose (HPMC) were used to formulate 

in-situ gels (ISGs) with formulation codes F1-F12 and 0.5% levofloxacin solution was used as a control. The 

formulations were evaluated for clarity, pH, gelling capacity, drug content and antimicrobial activity against 

Escherichia coli, Pseudomonas aeruginosa, Streptococcus pneumoniae and Staphylococcus aureus using the Kirby-

Bauer disk diffusion test. The irritability and toxicity of select formulations were assessed using the Hen’s Egg Test, 

Chorioallantoic Membrane (HETCAM) assay.  

Results: The formulated ISGs were within pH range of 5.86 and 7.60. Formulation F7 (0.5% SA + 1.5% HPMC) had 

the highest gelling capacity and all ISGs had comparable activity against the tested organisms. Formulation F6 (1% 

HPMC + 1% SA) had the slowest release with approximately 60% release after 4 h, formulation F11 (1.5% HPMC + 

2% SA) had the fastest release of 72% after 4 h while LVF solution (control) released 70% in 1 h. There was no 

significant (p = 0.101) change in the concentration of levofloxacin ISGs after storage at 25o C for 60 days and the 

HETCAM test confirmed the non-toxicity and non-irritability of the formulations. 

Conclusions: Levofloxacin in-situ gels formulated with SA and HPMC E5 LV are able to sustain the release of 

levofloxacin for 8 h and retain their effectiveness against relevant ocular bacterial infections. 

Keywords: In-situ gel, Sustained-release, Ocular delivery, Levofloxacin, Antimicrobial efficacy

 

INTRODUCTION 

Microbial keratitis is a major cause of visual 

impairment in the world and in the developing world, 

it is estimated that 1.5 to 2 million or more people are 

diagnosed with keratitis annually (Alshehri et al., 

2016). It can be caused by bacteria, viruses, fungi and 

parasites however, bacterial keratitis is the most 

common form of microbial keratitis  (Stapleton, 2023). 

Infection by these organisms usually occurs when the 

epithelium is compromised (Farahani et al., 2017; 

Robertson et al., 2017). The main causative agents of 

bacterial keratitis are Staphylococcus aureus, 

Streptococcus pneumonia and Pseudomonas 

aeruginosa with P. aeruginosa being the most 

prevalent causative agent (Robertson et al., 2017). 

Treatment initially was with fortified antibiotics – a 

cephalosporin and an aminoglycoside to cover the 

gram-positive and gram-negative organisms 

respectively but in the last decade, fluoroquinolones 

are the mainstay of empirical treatment (Höfling-Lima 

et al., 2014). The use of fortified antibiotics though 

https://dx.doi.org/10.4314/njpr.v20i2.7
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effective had some challenges that led to the change to 

fluoroquinolones. Treatment required half-hourly to 

hourly (Gokhale, 2008) administration of the two 

antibiotics which exposed the cornea to increased 

toxicity. Reflex tear secretion due to increased tonicity 

of the antibiotics will cause dilution of the dose and 

special mixing of each of the medications by a 

pharmacist will increase cost and the likelihood of 

contamination (Gangopadhyay et al., 2000). 

Consequently, the use of a single antibiotic with 

broad-spectrum activity against most organisms was 

clearly preferred.  

Fluoroquinolones are topoisomerase inhibitors which 

results in the inhibition of bacterial DNA. 

Levofloxacin is a fourth-generation, broad spectrum 

antibiotic fluoroquinolone indicated for the treatment 

of conjunctivitis, bacterial keratitis and 

keratoconjunctivitis (Gupta et al., 2015; Jain et al., 

2020). It is marketed as a 0.5% or 1.5% levofloxacin 

eye drop in Nigeria and is administered as 1 – 2 drops 

every 30 mins to 2 h in the first 2 days while awake, 

and subsequently, 1 – 2 drops every 4 h from days 3 – 

7 while awake.  

Medications for eye diseases are best administered 

locally to minimize adverse systemic effects.  This 

requires the direct instillation or injection of the drug 

into the eye via topical dosage forms or parenteral 

formulations to the back of the eye. Some of the ocular 

routes are topical, intravitreal, intracameral and 

subconjunctival routes. Parenteral routes require a 

high level of expertise while the topical routes require 

frequent administration to overcome their low 

retention and low bioavailability (Chandra et al., 

2022). Oral administration of medications for 

treatment of ocular diseases results in an ocular 

bioavailability of approximately 2% while topical 

formulations instilled in the eye is about 5% (Chandra 

et al., 2022).  

Eye drops are the most prescribed ocular formulation 

because of their ease of administration and high 

availability (Franco & De Marco, 2021). The ocular 

barrier to foreign bodies however had led to the low 

bioavailability of eye drops (Zafar et al., 2022; Zhao 

et al., 2023). This has necessitated multiple 

instillations of the drops to increase its bioavailability 

and improve therapeutic efficacy. With the multiple 

instillations comes poor adherence to therapy which 

results mostly in poor prognosis. Also worrisome is 

the drug loss by rapid tear turnover and nasolacrimal 

drainage of instilled medications into the systemic 

circulation which may cause adverse effects (Kim et 

al., 2023). To increase the retention time of drugs 

administered to the eye, solid and semi-solid dosage 

forms such as ointments, gels, inserts, contact lenses 

are employed and are currently being investigated as 

suitable alternatives to eye drops. Unfortunately, the 

issue of patient compliance with these alternatives 

remains because of the difficulty of drug 

administration compared to the ease of administration 

of eye drops. 

Eye drops formulated as in-situ gels retain its ease of 

administration and has the added benefit of reduced 

elimination by ocular barriers. This is because on 

storage at room temperature, in-situ gels remain as 

solutions just like eye drops but makes a sol-to-gel 

transition only when it comes in contact with the 

physiological fluid of the eye (Fathalla et al., 2022). 

This increased viscosity on contact with the eye is 

attributed to three stimuli of ion, temperature and pH. 

Dosing is reduced, drainage into the systemic 

circulation is eliminated and patient adherence to 

therapy is assured. In-situ gels are formulated using 

smart polymers that transform from solutions to gels 

in response to temperature, ion and pH changes. That 

is, prior to instillation, they remain as solutions but 

increase in viscosity in response to stimuli in the 

physiological environment (Gupta et al., 2015). This 

means that the ease of administration and dosing 

associated with solutions is retained prior to 

instillation and the resident time on the eye is 

prolonged in response to the physiological stimuli. 

Prolonged resident time on the cornea leads to 

increased bioavailability because the active 

pharmaceutical ingredient(s) has enough time to be 

absorbed into the eye. Also, the increased viscosity of 

the formulation in contact with the eye reduces 

drainage into the systemic circulation where it may 

cause unwanted side effects. This also implies reduced 

loss of the administered drug by blinking and tear 

turnover. 

Sodium alginate, a natural biodegradable and 

biocompatible polysaccharide, is used in in-situ gel 

preparation as a smart polymer that transforms into a 

gel in response to monovalent and divalent ions in the 

tear fluid (Frent et al., 2022; Gupta et al., 2015). It is 

synthesized from brown algae and is used 

commercially in the food, pharmaceutical and 

cosmetic industries (Abka‐khajouei et al., 2022; Frent 

et al., 2022). Sodium alginate has been used in 

combination with different polymers to control drug 

release in paediatric (Abdelkader et al., 2023) and 

ocular formulations (Gupta et al., 2015) because of 

their safety profile and gelation properties. 

Hydroxypropyl methylcellulose (HPMC E5LV) a 

viscosity enhancer with good swelling properties has 

also been used with other polymers to prolong the 

release of formulations and so improve compliance to 

therapy. 

In this study, we investigate the effectiveness of 

levofloxacin in-situ gels as controlled release 

formulations for the treatment of bacterial keratitis 

caused by two gram-negative bacteria Pseudomonas 
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aeruginosa and Escherichia coli and two gram-

positive bacteria - Staphylococcus aureus and 

Streptococcus pneumonia using a combination of two 

smart polymers – sodium alginate (SA) and 

hydroxypropylmethyl cellulose (HPMC E5LV). 

METHODOLOGY

Materials 

Sodium Alginate and HPMC E5LV were obtained 

from Loba Chemie Pvt. Ltd., Mumbai, India. 

Benzalkonium chloride, sodium chloride, and 

levofloxacin hemihydrate were acquired from by BDH 

laboratory supplies, England. Potassium chloride was 

purchased from Merck, 64271 Darmstadt, Germany, 

Calcium Chloride dihydrate 98% was purchased from 

Loba Chemie Pvt. Ltd., Mumbai, India, Sodium 

Bicarbonate was gotten from Josphine Ventures 

Lagos, Nigeria. Others are Tryptic Soy Broth and 

Mueller Hinton agar both made by HimediaTM, 

Pennsylvania, USA. All other chemicals and solvents 

used are of analytical grade. 

Method 

Formulation of in-situ gels 

In-situ gels were prepared by dissolving sodium 

alginate in 50 mL of distilled water and HPMC was 

added and stirred slowly with a magnetic stirrer, care 

was taken that no lumps were formed during stirring, 

the solution was allowed to hydrate overnight. 

Levofloxacin hemihydrate was dissolved in 10 mL of 

distilled water and benzalkonium chloride was added 

and the solution was filtered. The drug solution was 

added to the polymeric solution under constant stirring 

until a uniform mixture was obtained. The developed 

formulations were made up to 100 mL with deionized 

water. The formulations were filled in containers and 

sealed with fitting caps. Formulations obtained were 

tagged F1 to F12. Details of each formulation are as 

shown in Table 1. 

Table 1: In-situ gel formulations F1 to F12 
Ingredients (%) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

Levofloxacin 

hemihydrate 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

HPMC E5LV 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.5 1.5 1.5 1.5 

Sodium alginate 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 

Benzalkonium 

chloride 

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Distilled water to (mls) 100 100 100 100 100 100 100 100 100 100 100 100 

Physicochemical characterization of formulated in-situ gels 

The in-situ gels (ISGs) were characterized based on 

colour, clarity, pH, gelling capacity and gelling time. 

The pH of the formulations was measured using a 

digital pH meter Mettler Toledo FP20.  The tip of the 

pH meter was dipped into the solution and allowed to 

stay for a few seconds to minutes until a constant 

reading was obtained.  

The gelling capacity was determined by placing 3 mL 

of the formulation in a beaker containing 1 mL of 

freshly prepared 0.1% calcium chloride solution and 

was visually observed for gelling time (Makwana et 

al., 2016). 

The clarity of the formulations was assessed visually 

in a white and black background when placed in a 

transparent vial. It was observed for turbidity, or any 

unwanted particles dispersed in the solution (Patil et 

al., 2015). 

Drug Content determination  

The drug content of each of the formulations was 

determined by UV/Visible analysis. Briefly, 1 mL of 

the formulation was transferred to a 100 mL 

volumetric flask. Simulated tear fluid, STF (sodium 

chloride 0.68 g, sodium bicarbonate 0.22 g, calcium 

chloride dihydrate 0.008 g, potassium chloride 0.14 g) 

50 mL was added to the flask and stirred. The solution 

was made up to the 100 mL mark with STF (pH 7.4) 

and filtered. Levofloxacin hemihydrate content was 

determined at a maximum wavelength of 294 nm 

using the UV/Visible spectrophotometer. All readings 
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were done in triplicate, and the results were expressed 

as the mean ± SD.  

In Vitro Drug Release studies 

In vitro drug release studies were done using the Franz 

diffusion cell. ISG 100 µl was carefully placed on a 

cellophane membrane of dimension 0.98 cm in the 

donor chamber. The receptor chamber was filled with 

approximately 30 mL STF of pH 7.4. The temperature 

of the receptor chamber was maintained at 37 ± 1 oC. 

while constantly stirred with a magnetic stirrer. The 

drug release was monitored by removing 1 mL of the 

STF at predetermined intervals and this was replaced 

with equal volume of fresh STF. The concentration of 

drug released was determined at a maximum 

wavelength of 294 nm using the UV/Vis 

spectrophotometer and a previously obtained 

calibration curve.  The above procedure was repeated 

for all formulations including the levofloxacin 

hemihydrate solution (0.5%w/v) which served as the 

control. 

The release kinetics of all the formulations were 

determined by model dependent methods. The release 

profiles were fitted to zero-order kinetics by plotting 

cumulative drug release against time; first-order 

kinetics by plotting log cumulative percentage of drug 

remaining against time; Higuchi by plotting 

cumulative percentage release against the square root 

of time and Korsemeyer-Peppas model by plotting log 

cumulative percentage drug release against log of 

time. The release exponent, n, was obtained by 

calculating the slope using release data that falls below 

60% levofloxacin release. The n-value characterizes 

the release pattern of the formulation with an n-value 

< 0.5 corresponding to release by fickian diffusion, n-

value of 0.45<n<0.89 corresponds to non-fickian 

transport and n-value > 0.89 depicts release by super 

case transport (Dash et al., 2010).  

Drug content and stability test 

Formulated ISGs (F1 to F12) (5 mL samples) were 

stored in airtight containers at room temperature for a 

period of 60 days away from direct sunlight. Drug 

content studies were repeated to assess any change in 

concentration after storage. The contents were also 

observed for clarity or cloudiness. 

Antimicrobial assay 

The antibacterial efficacy of the formulations was 

tested against ocular infection causing organisms such 

as Staphylococcus aureus, Escherichia coli, 

Streptococcus pneumonia and Pseudomonas 

aeruginosa using the Kirby-Bauer disk diffusion 

method (Hudzicki, 2009). These organisms were 

cultured and isolated using Tryptic soy agar (TSA). 

Test suspensions of 1 x 106 colony forming units of 

each of the organisms were prepared in saline solution 

and their turbidity compared to a previously prepared 

0.5% McFarland solution. Pour-plate method was 

used to inoculate the bacteria in Mueller-Hilton (MH) 

agar. After solidification, 0.1 mL of each of the ISGs 

were placed in a hole bored using a sterile cork borer 

in the MH agar petri dishes. The same procedure was 

repeated with 0.5% Levofloxacin solution as positive 

control and simulated tear fluid as negative control. 

The plates were incubated at 37 oC for 24 h. After 

Incubation, the inhibition zone diameter was measured 

to the nearest millimetre. All procedure was carried 

out under lamina flow to prevent contamination. 

In vitro ocular toxicity and irritability test 

Due to the similarity of rabbit eyes to human eyes, 

rabbits are widely used in ophthalmic research (Ahn et 

al., 2016) and most times large number of these 

animals are required. This has become an ethical issue 

leading to the concept of reduction, refinement and 

replacement. Consequently, scientists use validated in 

vitro and ex vivo models for ocular research studies 

(Pinnock et al., 2017; Ubani-Ukoma et al., 2020, 

Ubani-Ukoma et al., 2022).   

The hen’s egg test-chorioallantoic membrane (HET-

CAM) assay is an alternative and less expensive 

laboratory method of assessing the toxicity of ocular 

formulation using fertilized viable hen’s eggs (Kalweit 

et al., 1990). Freshly fertilized eggs obtained from the 

farm were kept in a humified incubator for nine days. 

The eggs were rotated five times a day at 38oC and 

60% humidity. At 7 days incubation, the eggs were 

candled to determine their viability by illuminating 

their blunt ends with a candling lamp.  

After confirmation of viability, the eggshell around the 

air sac was gently removed and sodium chloride 

dropped on the membrane surface and allowed to 

stand for 30 minutes. The sodium chloride was gently 

decanted and 0.3 ml of each of the formulations was 

applied to the CAM surface. The egg was observed for 

haemorrhage, lysis or coagulation over a period of 5 

mins. An irritation score (0 – 21) was calculated based 

on Equation 1. 
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Score = (
301−sec 𝐻

300
) × 5 + (

301−sec 𝐿

300
)  × 7 +  (

301−sec 𝐶

300
)  × 9       (1) 

Where H – Haemorrhage, L – Lysis, C – Coagulation 

and sec is starting second. From the total score, each 

formulation is classified as non-irritant (0 – 0.9), 

slightly irritant (1 – 4.9), moderately irritant (5 – 8.9) 

and strong irritant (9 – 21). Sodium hydroxide (0.1M 

NaOH) was used as a positive control. 

                                                                                                       

Statistical analysis 

Data were analysed using MS Excel 365 software to 

determine the release profiles and MS Excel Student 

T-test was used to compare the drug content before 

and after stability studies. Significance value was set 

at p ≤ 0.05. Drug release studies were conducted in 

triplicates and the values expressed as mean ±SD. 

 

RESULTS AND DISCUSSION

The human eye is a very important and sensitive organ 

with barriers to entry of foreign bodies (Abdi et al., 

2023; Sarmout et al., 2023). These barriers include the 

blood retinal barrier, the blood aqueous barrier and the 

rapid tear turnover process that causes the dilution of 

instilled medications into the eye. Consequently, 

conventional dosage forms such as eye drops are 

rapidly lost only a few minutes after instillation. This 

results in only about 5% of the administered dosage 

being absorbed for therapeutic efficacy. Despite these 

drawbacks, eye drops remain the most frequently used 

eye medication because of its ease of administration.  

In this study, in-situ gels which retain the ease of 

administration of eye drops were successfully 

prepared and characterized.  

Physicochemical characterization of formulated in-

situ gels 

The physicochemical properties of formulated in-situ 

gels are shown in Table 2 below. The results show a 

minimum pH of 5.86 and a maximum pH of 7.60. This 

falls within the expected pH range of 3.5 – 8.5 for 

ophthalmic solutions which can be buffered to pH 7.4 

by the tear fluid on instillation (Obiedallah et al., 

2018). 

 

Table 2: Physicochemical Properties of formulated in-situ gels  

Formulation pH Gelling time (sec) Gelling Capacity Clarity 

F1 6.09 20 ++ Clear 

F2 6.14 15 +++ Clear 

F3 6.22 10 +++ Clear 

F4 6.39 10 +++ Clear 

F5 5.86 5 + Clear 

F6 7.40 10 ++ Clear 

F7 6.85 5 +++ Clear 

F8 6.90 15 +++ Clear 

F9 6.80 11 ++ Clear 

F10 6.95 15 ++ Clear 

F11 6.05 11 +++ Clear 

F12 7.60 15 +++ Clear 

+++ gelation is rapid and retained over time, ++ gels and retains gelation, + gels but disappears. 

After preparation, the formulations were clear and free 

of particles as expected of an elegant pharmaceutical 

formulation. The pH of the tear fluid is 7.4 and to 

avoid irritability and ensure comfort on 

administration, the pH of eye formulations ideally 

should fall within the expected range of 3.5 to 8.5 

avoiding both extremes; this means that they would  

not be irritable on instillation. The gelling capacity of 

the formulations vary based on the concentration of 

the SA used and the viscosity of the HPMC. The ISGs 

with the fastest gelling times were F5 and F7 

containing HPMC:sodium alginate at ratios 1.0:0.5 

and 1.0:1.5, respectively. Gelation was observed in 5 

seconds on addition of calcium chloride ion. However, 
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the F5 quickly reversed to its solution form while the 

gelation of F7 retained its gel form over 24 h. Other 

ISGs that showed high gelation include formulations 

F2, F3, F4, F8, F11 and F12 (Table 2). The fast 

gelation and subsequent disappearance of the gelation 

in F5 can be attributed to the viscosity enhancing 

effect of the HPMC at 1% concentration but low 

concentration of the SA, thus, the gelation could not 

be sustained. Jain et al reported that the fast gelation 

properties of HPMC E15 and SA used in the study 

informed the choice of polymers in the formulation of 

levofloxacin in-situ gel (Jain et al., 2020). Though the 

type of HPMC differs from that used in this study, the 

results obtained confirm the combination of SA and 

HPMC is appropriate for optimal gel formation. 

Drug content and stability test 

The drug content study revealed no significant change 

(p = 0.101) in drug concentration after storage at 37 ± 

2oC and 50% RH for 60 days. The graph of drug 

content on day 0 and day 60 is shown in Figure 1. 

 

 
Figure 1: Bar chart of drug content of in situ gels on Day 0 and Day 60 

 

In vitro release analysis 

The cumulative percentage drug release from the 

formulations was plotted against time in hours. The 

result of the release study showed a burst release of the 

drug from the eye drop solution compared to the ISGs.  

One major advantage gels have over solutions is their 

viscosity which prolongs their resident time on the 

cornea after instillation (Nayak & Bera, 2019). 

Prolonged contact on the anterior surface of the eye 

increases the time for drug absorption and therefore 

the bioavailability of the drug. Increased 

bioavailability will increase the therapeutic efficacy of 

the medication. Due to the fluidity of solutions, eye 

drops are made with high concentrations of active 

pharmaceutical ingredients (APIs) and instilled 

multiple times to ensure a steady state concentration. 

Despite these measures, the challenge of nasolacrimal 

drainage, uneven dosing and poor compliance to 

dosage regimen remains. With ISGs, drug release from 

the formulations is prolonged and instillation of 

medication is reduced to once or twice daily. 

Therefore, patient adherence to therapy is improved 

and healing occurs. Fig. 2 shows the drug release 

profiles of the in-situ gels in comparison with the 

conventional LVF solution. The LVF release profile 

shows a burst release; in just 1 h, 70% of the drug was 

released. Compared to the LVF solution, most of the 

formulations had a more gradual release with 70% of 

the drugs being released after 4 or 5 h. The slowest 

release was from F6 which showed about 61% release 

after 4 h and just about 36% release in an hour. Burst 

release may lead to toxicity though it could be 
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advantageous for quick reduction of the microbial load 

in the eye. This however can be safely achieved with 

the ISGs as majority of the formulations released 

between 40 and 50% API in the first hour. Increasing 

the concentration of the polymers will most likely 

have a higher prolonged release effect on the 

formulations because of the longer resident time of a 

more viscous formulation. 

 

 
Figure 2: Cumulative levofloxacin release plot against time (h) from formulations F1 to F12 and levofloxacin 

solution as control 

In vitro release kinetics study. 

The release profile for formulations F4, F8 and F12 

were fitted to different kinetic models to determine the 

mechanism of levofloxacin release. These ISGs were 

chosen because they have the highest concentration of 

ion and temperature sensitive polymers and showed 

high gelling capacity. After analysis using the 

dependent release models – zero order, first order, 

Higuchi and Korsemeyer-Peppas graphs, Table 3 

shows the regression values of the formulated gels and 

the n-value for the Korsemeyer-Peppas graph. 

 

Table 3: In vitro release kinetics data  

Formulations Zero order First order 
 

Higuchi 

model 

Korsemeyer-Peppas model 

R2                      n 

F4 0.9438 0.8783 0.9907 0.9759 

 

0.40 

F8 0.9629 0.969 0.9831 

 

0.9629 0.45 

F12 0.9069 0.9171 0.9749 0.9656 0.36 

 

The release mechanism for formulations F4, F8 and 

F12 fits the Higuchi model as the plots show high 

linearity compared to the other models based on the 

correlation coefficient (R2) values of 0.991, 0.983 and 

0.975 respectively. The KorseMeyer-Peppas exponent 

n-value were all below 0.5 confirming drug release 

from the polymeric gels is by drug diffusion (Dash et 

al., 2010)  

Antimicrobial assay 

The antimicrobial efficacy of the formulated ISGs and 

LVF solution against Escherichia coli, 

Staphylococcus aureus, Pseudomonas aeruginosa, 

and Streptococcus pneumonia are shown in Table 4. 
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Table 4: Disk diffusion test Inhibition Zone Diameter  

Formulations  Average Zone of Inhibition (mm) (n = 3) 

 E.coli S. aureus P.aeruginosa S. pneumonia 

F1 21.3 ± 2.30 48.0 ± 2.00 30.7 ± 1.15 40.0 ± 2.00 

F2 16.7 ± 1.15 47.3 ± 1.15 36.7 ± 1.15 47.3 ± 1.15 

F3 24.0 ± 2.00 54.7 ± 1.15 30.0 ± 2.00 42.0 ± 2.00 

F4 24.6 ± 1.15 49.3 ± 1.15 31.3 ± 1.15 36.6 ± 1.15 

F5 16.7 ± 3.06 47.3 ± 1.15 23.3 ± 1.15 42.7 ± 1.15 

F6 16.7 ± 1.15 51.3 ± 1.15 26.7 ±   1.15 42.7 ± 3.06 

F7 15.3 ± 2.31 60.7 ± 1.15 20.0 ± 4.00 28.7 ± 1.15 

F8 23.3 ± 1.15 47.3 ± 1.15 24.0   ± 2.00 36.7 ± 3.06 

F9 17.3 ± 1.15 46.0 ± 4.00 22.0 ±   2.00 34.0 ± 2.00 

F10 16.3 ± 1.15 47.3 ± 1.15 38.7 ± 1.15 40.7 ± 1.15 

F11 17.3 ± 1.15 47.3 ± 1.15 38.7 ± 2.31 34.0 ± 2.00 

F12 12.0 ± 2.00 56.7 ± 1.15 25.0 ± 0.82 38.0 ± 2.00 

LVF 

Solution 

30.0 ± 2.00 41.0 ± 1.15 21.3 ± 1.15 38.0 ± 2.00 

 

The antimicrobial assay shows that the efficacy of 

levofloxacin in the ISGs against the gram positive and 

gram-negative bacteria that causes ocular infections 

are comparable to that from the conventional eye 

drops (Table 1). Formulation F7 has the highest IZD 

against S. aureus – 60.7 ± 1.15, F11 has the highest 

IZD against P. aeruginosa – 38.7 ± 2.31, F2 had the 

highest IZD against S. pneumonia – 47.3 ± 1.15 while 

LVF solution had the highest IZD against E. coli – 30 

± 2.00. Generally, it was observed that the organisms 

tested were all sensitive to the incorporated drug 

regardless of the type of formulation. Therefore, it can 

be confirmed that the sustained release property of the 

ISGs did not compromise the efficacy of the drug 

against the gram-negative and gram-positive 

organisms.  

In vitro ocular toxicity and irritability test 

The irritability and/or toxicity profile of the 

formulations were investigated using fertilized egg as 

shown in Fig. 3. The ISGs with the highest polymer 

content – F4 (HPMC 0.5 and SA 2.0), F8 (HPMC 1.0, 

SA 2.0) and F12 (HPMC 1.5, SA 2.0) – showed good 

characteristics such as high gelling capacity and 

acceptable pH range 6.39, 6.90 and 7.60 respectively.  

These were subjected to ocular irritation studies which 

confirmed the safety and non-irritability of the 

formulations compared to the positive control - 0.1M 

NaOH (Fig.3). The positive control clearly shows 

haemorrhage from the veins after 5 mins of instillation 

while the ISGs F4, F8 and F12 remained the same at 0 

min and 5 mins after instillation of the formulations 

into the air sac of the fertilized eggs. This shows that 

the formulations were non-irritant and non-toxic.  

 The irritation score of 0.1M NaOH after 5 mins of 

instillation into the chorioallantoic membrane (CAM) 

of the fertilized egg was calculated to be 10.59 using 

Equation 1. Within a few minutes of contact with the 

CAM, haemorrhage, lysis and coagulation of the 

vesicles were observed. On the contrary, there were no 

changes or observed irritation when the formulations 

were placed on the CAM as shown in Fig. 3. After 

incubation of fertilised eggs for 9 to 10 days, the 

embryonic egg has well-developed arteries, veins and 

capillaries which undergo inflammatory processes 

similar to that of the rabbit’s eye in response to injury 

(Cazedey et al., 2009). The HETCAM test is a 

validated alternative in vitro test to Draize test 

(Steiling et al., 1999).  
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Figure 3: HETCAM test images at 0 mins and 5 mins after instillation of the control (0.1M NaOH), F4, F8 and F12. 

CONCLUSION 

This study has shown that levofloxacin in-situ gels 

formulated with low viscosity sodium alginate and 

HPMC E5LV is non-toxic and well tolerated based on 

the in vitro result obtained from the HETCAM test. 

The formulations all show high activity against the 

tested gram-negative and gram-positive bacteria. 

These ISGs are easy to make, they retain the ease of 

administration of eye drops and have the added 

advantage of prolonged release. These formulations 

should be further investigated as potential sustained 

release medications and commercialized for use in the 

treatment and prevention of bacterial ocular infections. 

Though the results look promising, it is important that 

preclinical studies are carried out to confirm the 

efficacy of the formulations in an animal model. 
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