
Introduction

The achievement of optimal drug concentration at the site of 

action, which is hindered primarily due to precorneal loss 

resulting in only a tiny fraction of the medication being 

ocularly absorbed, is a major difficulty in ocular therapies. By 

adopting in novel ophthalmic gel-forming technologies, it is 

possible to prolong the period that medication remains in the 

eye, changing the effective dose that is supplied. Ophthalmic 

medication delivery is a very fascinating and difficult task 

(Ashim et al., 1993). The eye's architecture, physiology, and 

biochemistry make it extraordinarily resistant to external 

chemicals. The difficulty for the formulator is to get past the 

eye's defences without resulting in long-term tissue damage 

(Kaur et al., 2004; Singh et al., 2006). Ophthalmic ointments 

maximise contact time, reduce tear dilution, and inhibit 

nasolacrimal drainage to provide optimum medication 

absorption. The main drawback of ointment is that it causes 

blurry vision; as a result, it should only be used at night or 

for treating the outer and corners of the eyelids. The goal of 

the current study is to create a novel ocular delivery method 

for G.M. that has a longer half-life in the eye, improving 

bioavailability, patient compliance, and lowering 

administration frequency. Due to continual lacrimal 

secretion, nasolacrimal drainage, and the solution's brief 

precorneal residence period, typical liquid ophthalmic 

formulations are washed out of the precorneal area shortly 

after instillation (Srividya et al., 2001). The use of 

suspension as an ocular delivery method is predicated on 

the idea that particles might stay in the conjunctival sac. 

Precorneal medication loss can be minimised by utilising a 

diffusion-controlled, non-erodible polymeric insert to 

delay drainage. The main drawback of inserts is the low 

level of patient acceptance brought on by their challenging 

administration. The creation of more effective ocular 

delivery systems is urgent given the advancement of better, 

more sensitive diagnostic and treatment methods. Current 

research and development efforts to construct new 

Formulation and evaluation of novel ophthalmic gel formulation of Gemifloxacin 
Mesylate 

Rajnigandha Tripathi*, Gulzar Alam, D.K. Vishwakarma 

Kailash Institute of Pharmacy and Management, GIDA, Gorakhpur India

* Corresponding Author: Address for 

Rajnigandha Tripathi 

Kailash Institute of Pharmacy and Management, GIDA, Gorakhpur 

India

Email: rajnit634@gmail.com

Abstract

Objective: The current study's objectives were to create and assess a novel ocular gel formulation of gemifloxacin 

mesylate (G.M.).  The unique G.M. ophthalmic gel formulations were created using the Materials and Procedures:

gelling agents Carbopol 934, Sodium alginate, Polaxamers 407, and HPMC K4M. Sodium chloride was used to keep 

the solution isotonic. By employing buffering chemicals in the right amounts, the pH was raised to 6.5. The Results: 

autoclave sterilisation method was used to sterilise all of the improved formulations. All improved formulations were 

used to test the remaining assessment criteria, including clarity, pH measurement, gelling capacity, drug content 

estimation, rheological study, in vitro diffusion study, antibacterial activity, isotonicity, and ocular irritation study. 

The analysis of the data showed that the concentration of HPMC K4M viscosity polymer increased. All formulations 

were found to have pH values between 6 and 6.8. The level of HPMC K4M rose, increasing polymer-controlled 

medication releases. The improved formulation demonstrates extended controlled medication release. This stability 

study shows that administering G.M. as an eye gel is a pleasant, safe, and efficient procedure.  Analysis Conclusion:

of the findings showed that it can be utilised to treat and manage eye infection problems. 

Keywords: Gelling capacity, novel ophthalmic gel, in vitro diffusion, Gemifloxacin mesylate, rheological evaluation

Research Article

Received: 12 February 2022                                               Revised: 20 March 2022                              Accepted: 5 April 2022 

www.apjonline.in

DOI:https://doi.org/10.31024/apj.2022.7.2.3

2456-1436/Copyright © 2022, N.S. Memorial Scientific Research and Education Society. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Advance Pharmaceutical Journal 2022; 7(2): 44-54                                                               44



therapeutic systems are the main focus of this research activity 

because it is obvious that the outdated ophthalmic solution, 

suspension, and ointment dosage forms are no longer enough to 

treat these disorders. The current study aims to create a novel 

ophthalmic gel employing a new gum technology. Increased 

residence length and sustained drug release mechanism because 

to novel ophthalmic gel solution.

Materials and methods 

The manufacturer of Gemifloxacin mesylate (G.M.) was Torrent  

Pharmaceuticals in Ahmadabad, India. Both HPMC-E 50LV and 

sodium alginate were purchased from Nice Chemicals in 

Ahmedabad, India. We bought HPMC-K 4M from Signet 

Chemicals in Japan. The supplier of the benzalconium chloride 

was S.D. Fine chemicals in Mumbai, India. All of the received 

polymers were of pharmaceutical grade and were used just as 

they were. Analytical-grade materials and solvents were also 

used. Utilizing glass-only distillation equipment, distilled water 

was created in a laboratory.

Preparation of novel ophthalmic gel

The appropriate amount of Carbopol 934, Sodium alginate, 

Polaxamers 407, HPMC K4M, as the co-polymers, was 

dispersed in water using a magnetic stirrer until the polymers 

were fully dissolved. The polymeric solution was continually 

stirred as G.M. aqueous solution was added (Thorsteinn et al., 

1999). Benzalkonium chloride was added to the resultant 

solution along with buffering and osmolality agents. 0.1 N 

NaoH/0.1 N HCl was used to bring the pH of the mixture to 6.5.

Physical parameters

Visual inspection was performed on each formulation of in situ 

G.M. gel to assess clarity, homogeneity, and transparency. 

Clarity testing entails a visual inspection of the formulation in 

appropriate lighting on a white and black background, with the 

contents swirling. Turbidity was noted, as well as any 

undesirable particles scattered in the solution.

Determination of pH

A digital pH metre was used to adjust the concentration of 

each formulation of in situ G.M. gels. The pH metre was 

calibrated with standard buffers of pH 4 and pH 7 before 

monitoring pH. The pH of each formulation was 

determined three times and an average value obtained.

Gelling capacity

By adding a drop of the created formulation to a vial 

containing 2 ml of freshly made simulated tear fluid and 

visually observing the results, the gelling capability of the 

formulation was ascertained. Its gelling process' duration 

was measured (Gokulgandhi et al., 2007).

Rheological studies

A Brookfield viscometer type DVII was used to make the 

viscosity measurements. Spindle no. 5 was used to insert 

the created formulas into the sample tube. Temperature-

induced in situ G.M. gel viscosity was investigated at two 

different temperatures: 25°C and 37°C, which are normal 

room and body temperatures, respectively. The viscosity of 

ion-induced novel ophthalmic gel gelling systems was 

tested in ophthalmic solutions as well as gels generated 

after three drops of synthetic tear fluid were added. Due to 

the sol-gel transition, the viscosity was low at storage 

temperature (25°C), but increased at the body temperature 

investigated (37°C) (Zhidong et al., 2006; Indu et al., 2000; 

Johan et al., 1998). The spindle's angular velocity was 

increased by 1 to 4 while the formulation's viscosity was 

measured.

Drug content estimation

By diluting 1 ml of the produced formulation in 100 ml of 

distilled water and analysing the mixture at 273nm with a 

UV-visible spectrophotometer (Shimadzu UV-1700 PC, 

Shimadzu Corporation, Japan), the drug concentration was 

estimated (Pandit et al., 2007;Katarina et al., 1998).

www.apjonline.in

Table 1. Formulation design of novel ophthalmic gel formulations

S. No. Compositions (g) Ophthalmic Formulations (ml) 

OF1 OF2 OF3 OF4 OF5 OF6 

1 Gemifloxacin mesylate 0.3 0.3 0.3 0.3 0.3 0.3 

2 Carbopol 934 0.4 0.6 - - - - 

3 Sodium alginate - - 1.0 1.5 - - 

4 Polaxamers 407 - - - - 15.0 25.0 

5 HPMC K4M 0.5 0.5 0.5 0.5 0.5 0.5 

6 Sodium Chloride 0.9 0.9 0.9 0.9 0.9 0.9 

7 Benzalkonium chloride 0.02 0.02 0.02 0.02 0.02 0.02 

8 Deionised water (q.s.) 100  100  100  100  100  100  
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Isotonicity test

A blood cell clotting method was used to examine the tonicity of 

each in G.M. novel gel formulation. The pH of the novel 

ophthalmic gel was lower than the pH of the lachrymal 

secretions. It was adjusted to the pH of the eye before the test 

(7.4). In this method, a few drops of G.M. novel gel were 

deposited on a slide. A few drops of freshly removed blood were 

dropped onto the slide, mingled together, and studied under a 

45X microscope. As a result, any changes in RBC shape were 

noticed.

Sterility testing

Within set bounds and during the course of storage and use, 

stability is defined as the amount to which a product retains the 

same attributes and characteristics as when it was made (i.e. its 

shelf life). Stability testing is performed to ensure that drugs are 

safe to use until their expiration dates. According to the 

International Conference on Harmonization (ICH) states 

guidelines, each formulation was placed in amber colour vials 

and sealed with aluminium foil for a 90-day short term 

accelerated stability study at 25 2°C and 65.5 percent relative 

humidity (RH) and 40 2°C and 75.5 percent relative humidity 

(RH), respectively.

In vitro drug release studies

Using a modified diffusion testing device, the in vitro release of 

G.M. from the produced formulations was investigated. As a 

diffusion medium, newly made simulated tear fluid (pH 7.4) was 

employed. A specifically made glass cylinder with an inner 

diameter of 3.4 cm was fastened to one end and had a semi-

permeable membrane that had been soaked in the diffusion 

medium during the previous night. The glass cylinder known as 

the donor chamber was precisely pipetted with two millilitre of 

the formulation. The membrane of the cylinder was placed so that 

it barely touches the medium's surface in a beaker (the acceptor 

chamber) that contained 100 ml of diffusion medium. Using a 

magnetic stirrer, the acceptor chamber was kept at a temperature 

of 37 2°C while being stirred at a rate of 50 rpm. At hourly 

intervals, about 1 ml of the sample was removed and replaced 

with an equivalent volume of brand-new diffusion media. With 

the diffusion medium diluted, the aliquots were examined with a 

UV spectrophotometer at 273.4nm. 2 ml of a commercial product 

(Milflox) and 2 ml of pure drug solution (0.5 percent w/v in 

distilled water) were similarly tested (Srividya et al., 2001).

Antimicrobial Activity

By using the cup plate technique, an agar diffusion test was used 

to measure antimicrobial activity. Through a dense agar media, 

the medication was allowed to diffuse. The developed 

formulations containing G.M. and the control formulations 

were created using the standard minimum inhibitory 

concentration (MIC2 g/ml). The aforementioned medium, 

which is kept at a temperature of 52°C to 58°C, received 0.5 

ml of the microbe suspension after being prepared and 

sterilised in an autoclave at 15 lb/sq-inch pressure for 18 

minutes. This will be carried out in sterile circumstances. 

Each petriplate was given 20 cc of the microbial agar 

suspension right away. G.M. sterile solutions (standard 

solutions) and the created formulations diluted 

appropriately with sterile distilled water (test solutions) 

were added to the cup of sterile nutrient agar Petri plates 

after the media had solidified. An earlier seeding of test 

organisms was done here (  and Escherichia coli

Staphylococcus aureus). The agar plates were incubated at 

37°C for 24 hours after allowing the solutions to diffuse for 

two hours. Around each cup, the Zone of Inhibition (ZOI) 

was measured and contrasted with the Zone of Control. A 

laminar airflow device was used for the entire process. 

Three duplicates of each formulation solution were tested. 

Throughout the investigation, both positive and negative 

controls were kept in place (Draize et al., 1994).

Ocular irritancy

Four albino rabbits (male), weighing between 2 and 3 kg 

each, were used in an ocular irritation investigation using 

the improved formulation. Twice daily for 14 days, 0.1 ml 

of the optimized sterile G.M. formulation was injected into 

the cul-de-sac. The rabbits were checked on a regular basis 

for eye watering, edoema, and redness (Draize et al., 1994).

Accelerated stability studies

Stability testing was done on the improved sterile 

formulation. Glass vials were filled with sterile, optimized 

ophthalmic formulation and sealed with aluminum caps and 

grey butyl rubber closures. The vials containing the 

optimized formulation were held in a stability chamber for a 

month at a temperature of 40 2 °C and a relative humidity of 

75 5 %. Weekly samples were taken, and measurements 

were made of the drug concentration, pH, aesthetic appeal, 

gelling ability, and in vitro drug release (Draize et al., 1994; 

Mathews et al., 1999).

Results and discussion

The purpose of the research was to create and evaluate 

novel ophthalmic gel gelling drug delivery technologies for  

usage as controlled drug delivery systems. The G.M. 

sample was an off-white powder. The open capillary 

method was used to estimate the melting point of G.M., 

which was found to be 214-216°C. The FT-IR spectra of the 
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G.M. sample were recorded using FTIR- Jasco. The FT-IR 

spectra of G.M. are shown in Figure 1. Peaks 3177 cm-1 and 

3051 cm-1 (C-H stretching, aromatic), 1044 cm-1 (C-F 

stretching), 1708 cm-1 and 3504 cm-1 (N-H Bending, N-H 

stretching), 3678 cm-1 and 3651 cm-1 (O-H stretching), 1708 

cm-1 (C=O stretching aromatic carboxylic acid) were seen in the 

FT-IR spectra of pure G.M.. G.M. characteristic peaks were 

identified as these peaks. The results are shown in Table 2.

The FTIR analysis revealed that there is no any drug interaction 

was found. The medicine utilised in the study was used for the 

novel ophthalmic gel G.M. formulation. Novel ophthalmic gel 

was generated and analysed by using Carbopol 934, sodium 

alginate, and poloxamer 407 novel ophthalmic gel gelling  

polymers, as well as HPMC as a viscosity enhancer, were used to 

make in situ G.M. ocular gel formulations. 

The clarity, pH measurement, gelling capability, drug content 

estimation, rheological study, and in vitro diffusion investigation 

of the novel ophthalmic gel formulations were assessed. For all 

of the formulations, an average pH of 6.5 was discovered in 

the novel ophthalmic gel solution. The formulation should 

have the ideal viscosity for simple instillation into the eye, 

where it would quickly convert from sol to gel (caused by 

ion exchange), as indicated in Table 3. All of the 

formulations tested for rheology showed pseudo plastic 

flow in the eye after gelling and Newtonian flow prior to 

gelling. After gelling, there was an increase in viscosity. 

Additionally, the gel created novel ophthalmic gel must last 

for a long time without deteriorating or losing its integrity. 

Table 3. results are shown below.

All of the formulations were clear and devoid of particle 

debris at room temperature. Autoclaved terminal 

sterilisation had no effect on the formulations' clarity or 

other physiochemical parameters. The haziness that had 

developed after autoclaving had dissipated overnight, and 

the original clarity had restored. The formulas OF1-OF2 

were found to be clear and transparent. Formulations OF3-

www.apjonline.in

Table 2. Interpretations of FT-IR peaks for G.M. pure drug

Figure1. FT-IR spectra of pure drug (G.M.)

Characteristic stretching and bending Frequency range for functional groups Wave numbers 

C-H Stretching (cm-1) (aromatic) 3300-2700 3177, 3051 
C-H Stretching (cm-1) (aliphatic) 3300-2700 2929 

C-F Stretching (cm-1) 1400-1000 1044 
N-H Bending (cm-1) 1700-1500 1708 
N-H Stretching (cm-1) 3550-3300 3504 
O-H Stretching (cm-1) 3700-3000 3678, 3651 
C-C Stretching (cm-1) 1700-1600 1632 
C=O Stretching (cm-1) (acidic) 1800-1650 1772 
C=O Stretching (cm-1) (aromatic) 1800-1650 1708 
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OF4 turned out to be very light yellow, while Formulations OF6-

OF7 turned out to be creamy white. The results of physical 

evaluation novel G.M. ophthalmic gel formulations are shown in 

table 4.

Determination of pH

pH is one of the most important components of ophthalmic 

formulation. When used, an ophthalmic formulation's pH should 

remain stable at that level while causing the least amount of 

irritation to the patient. An ophthalmic formulation should have a 

pH of 5.0 to 7.4. All of the formulations had acceptable pH levels, 

ranging from 6.27 to 7.21. All formulations had pH levels that 

were within acceptable norms, indicating that 

administration would not cause skin irritation. The pH 

values of all formulations are shown in table 5.

Determination of Viscosity

A viscosity in an ophthalmic formulation must allow for 

easy instillation into the eye as liquid drops while also 

allowing for a rapid gel transition once in the eye. The data 

showed that as the polymer concentration grew, the 

viscosity increased as well (Table 6). Their viscosity was 

low at storage temperature (25°C) due to the sol-gel 

transition, but increased at body temperature (37°C). There 
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Table 3. Arbitrary code for observing gelling capacity

Figure 2. FT-IR spectra of pure drug (G.M.) + excipients

Observation Gelling capacity 

Gelation was occurs within a minute and dissolves rapidly + 

Gelation was occurs within a minute and remains stable for 4 to 5 hrs ++ 

Gelation was occurs within a minute and remains stable for 8 to 10 hrs +++ 

Gelation was occurs within a minute and remains stable for 10 to12 hr ++++ 

No Gelation - 

 

S. No. Ophthalmic Formulations Appearance Colour Clarity 

1 OF1 Transparent Colourless Clear 

2 OF2 Transparent Colourless Clear 

3 OF3 Transparent Very light yellow Clear 

4 OF4 Transparent Very light yellow Clear 

5 OF5 Transparent Creamy white Clear 

6 OF6 Transparent Creamy white Clear 

 

Table 4. Physical evaluation novel G.M. ophthalmic gel formulations
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was a significant difference in viscosity between the 

formulations at 25°C and 37°C. The viscosity of formulation 

OF5 was 105.54 1.32 cps at 25°C, while formulation OF6 had a 

maximum viscosity of 19563.72 24.31cps (Table 6).

Determination of in vitro gelling capacity

After instillation as a liquid (drops) into the cul-de-sac of the eye, 

the formulations should undergo a quick sol-to-gel transition and 

maintain their integrity for an extended period of time without 

dissolving or degrading. The gelling capability of all developed 

formulations in stimulated tear fluid with a pH of 7.4 is 

shown in table 6. The gelling agent carbopol 934 (OF1-

OF2) generates gels in minutes, however they disintegrate 

quickly. The gelling ability of formulations including 

sodium alginate (OF3-OF4) and poloxamer 407 (OF5-OF6) 

was excellent and lasted a long time.

Determination of gelation temperature

The gelation temperature is the temperature at which a 

system in sol transforms to a gel state in response to a 

www.apjonline.in

Table 5. Results of pH of novel G.M. ophthalmic gel formulations

All values are expressed as Mean ± SD, (n=3).

Table 6. Results of viscosity of novel G.M. ophthalmic gel formulations

S. No. Ophthalmic Formulations pH 

1 OF1 6.27 ± 0.43 

2 OF2 6.42 ± 0.27 

3 OF3 6.54 ± 0.33 

4 OF4 6.58 ± 0.47 

5 OF5 7.01 ± 0.63 

6 OF6 7.21 ± 0.41 

 

S. No. Ophthalmic Formulations Viscosity (cps) 

25 ± 1°C 37 ± 1°C 

1 OF1 286.32 ± 3.76 412.64 ± 5.32 

2 OF2 389.53 ± 2.53 515.43 ± 3.76 

3 OF3 1256.33 ± 6.41 2341.64 ± 18.32 

4 OF4 1654.53 ± 9.53 4265.31 ± 16.73 

5 OF5 105.54 ± 1.32 11532.21 ± 13.11 

6 OF6 145.77 ± 1.23 19563.72 ± 24.31 

 All values are expressed as Mean ± SD, (n=3).

S. No. Ophthalmic Formulations Drug Content (% w/w) 

1 OF1 96.12 ± 0.43 

2 OF2 97.43 ± 0.77 

3 OF3 94.22 ± 0.95 

4 OF4 98.78 ± 0.64 

5 OF5 96.57 ± 0.47 

6 OF6 98.75 ± 0.63 

 

Table 7. Percent drug content of novel G.M. ophthalmic gel formulation

All values are expressed as Mean ± SD, (n=3).
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temperature change. Even when diluted by a tiny volume of tear 

fluid, an ideal ophthalmic system should have a sol-gel transition 

temperature greater than ambient temperature (25°C), ideally at 

or above 30°C, and form gel at pre-corneal temperature (37°C). 

Gelling would be impossible at temperatures below 30°C. 

Because the system would already be gelled, instillation to the 

eye would be unnecessary. Lachrymal secretions will drain the 

formulation if it cools below 37°C, defeating the goal. As a result, 

the optimal gelation temperature for an ophthalmic preparation is 

between 30-37°C.

Determination of gelation time

The time it takes for a polymeric system to convert from sol to gel at 

its gelation temperature is known as gelation time. An in situ system 

should gel quickly or within a short amount of time when exposed to 

its gelation temperature. Gelation times in situ for G.M. systems 

ranged from 28.71.74 to 38.61.43 seconds (Table 8).

Isotonicity test

The iso-osmotic nature of the injection/instillation site is crucial 

for maintaining normal cell or tissue function. Isotonic 

preparations have an iso-osmotic relationship with the 

contents of the cell. Hypo/hypertonic preparations irritate 

sensitive tissues like the eyes and produce pain when 

applied to the mucus membrane of the eye, nose, or ear. 

Hypo/hypertonic preparations can damage the eye's ability 

to operate properly. As a result, the isotonic ocular 

formulation is required. No in situ G.M. gel formulation 

caused blood cells to grow or shrink during the test (Table 

9). In situ G.M. gels were found to be isotonic and suitable 

for eye injection.

Sterility testing

One of the prerequisites for ocular preparations is sterility. 

In the eyes, bacteria in the preparation can cause irritation, 

inflammation, and infection. After 14 days of incubation in 

conditions intended for the growth and multiplication of 

aerobic/ anaerobic bacteria and fungi, the gels indicated no 

growth. When compared to gramme positive and gramme 

negative control media, the test solution remained clear. 

www.apjonline.in

Table 8. Gelling capacity, gelation temperature and gelation time of novel G.M.  Ophthalmic gel formulation

All values are expressed as Mean ± SD, (n=3)

Table 9. Isotonicity test of novel G.M. ophthalmic gel formulation

S. No. Ophthalmic 

Formulations 

In vitro gelling capacity Gelation temperature (°C) Gelation time (sec) 

25 ± 1°C 37 ± 1°C 

1 OF1 ‒  36.00 ± 0.31 28.7 ± 1.74 

2 OF2 ‒ +++ 33.33 ± 0.52 31.4 ± 1.12 

3 OF3 ‒  35.33 ± 0.23 30.5 ± 0.42 

4 OF4 ‒ +++ 32.66 ± 0.33 34.7 ± 1.05 

5 OF5 ‒ +++ 34.00 ± 0.42 32.3 ± 0.63 

6 OF6 ‒ +++ 31.33 ± 0.63 38.6 ± 1.43 

 

S. No. Ophthalmic Formulations Initial pH pH after adjusting  Observation 

1 OF1 6.27 ± 0.43 7.4 No morphological change in blood cells 

2 OF2 6.42 ± 0.27 7.4 No morphological change in blood cells 

3 OF3 6.54 ± 0.33 7.4 No morphological change in blood cells 

4 OF4 6.58 ± 0.47 7.4 No morphological change in blood cells 

5 OF5 7.01 ± 0.63 7.4 No morphological change in blood cells 

6 OF6 7.21 ± 0.41 7.4 No morphological change in blood cells 

 
All values are expressed as Mean ± SD, (n=3)
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After 14 days at 25°C, no fungal species appeared in soybean 

casein digest. In situ, G.M. gels were shown to be devoid of 

bacteria and fungi.

In-vitro drug diffusion studies

Results are shows in vitro G.M. data from novel ophthalmic 

gel, with graphical representations figures. Fast release was 

observed in the first hour, gradually decreasing to steady levels 

throughout the experiment, and this trend continued. As a 

result, the formulations' controlled release properties are kept. 

Three of the six formulations released the medication for 10-12 

hours, whereas the others only took 6-8 hours. OF5 and OF6 

released G.M.  during a 12-hour period (85.27 0.59 percent and 

76.72 0.40 percent, respectively), whereas OF 4 released.

The percentage drug release from the created formulations F1 

(93.86 percent), F2 (92.78 percent), F3 (89.97 percent), F4 

(82.80 percent), F5 (80.49 percent), and F6 (78.71 percent) 

was detected from the in vitro results. In comparison to other 

formulations, formulation F6 demonstrated a more 

prolonged release. This might be the cause of the produced 

formulations' increased sodium alginate and HPMC K4M 

concentrations. It can be inferred from the medication release 

profile that release continues even after 10 hours. 

Antimicrobial studies

The antibacterial efficacy was determined using the cup-

plate agar diffusion test. Three bacterial strains were chosen 

as the test organism. One strain was Gram positive bacteria, 

whereas the other two were Gram negative bacteria. G.M. 

gels in situ and commercial ocular drops both produced 

distinct inhibitory zones. It was revealed that the inhibition 

zones of the standard and manufactured formulations were 

identical. E. coli inhibition zones were greater than  S. aureus

and  inhibition zones. The results of the P. aeruginosa

www.apjonline.in

S. Time  % cumulative drug release 

No. min OF1 OF2 OF3 OF4 OF5 OF6 

1 0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

2 15 7.56 ± 0.54 9.75 ± 0.42 6.45 ± 0.32 7.85 ± 0.93 3.88 ± 0.41 3.45 ± 0.52 

4 45 26.73 ± 0.52 21.51 ± 0.52 24.27 ± 0.62 22.27 ± 0.54 16.63 ± 0.27 22.43 ± 0.52 

6 120 57.42 ± 0.73 48.42 ± 0.45 56.44 ± 0.36 38.31 ± 0.20 33.45 ± 0.81 38.46 ± 0.53 

7 180 82.74 ± 0.21 66.75 ± 0.63 66.71 ± 0.75 48.48 ± 0.52 44.21 ± 0.35 46.52 ± 0.37 

8 240 92.53 ± 0.62 78.43 ± 0.31 72.51 ± 0.21 59.71 ± 0.75 50.81 ± 0.76 50.44 ± 0.61 

9 300 96.71 ± 0.72 83.52 ± 0.21 79.43 ± 0.37 66.21 ± 0.32 55.71 ± 0.23 53.72 ± 0.55 

10 360 98.68 ± 0.43 88.27 ± 0.43 86.27 ± 0.43 75.74 ± 0.04 62.33 ± 0.47 58.23 ± 0.37 

12 480 ‒ 98.32 ± 0.53 94.52 ± 0.41 84.64 ± 0.51 73.71 ± 0.48 63.41 ± 0.72 

13 540 ‒ ‒ 98.77 ± 0.73 89.33 ± 0.44 78.32 ± 0.56 66.27 ± 0.39 

14 600 ‒ ‒ ‒ 96.44 ± 0.82 81.27 ± 0.72 70.61 ± 0.83 

 

Table10. In-vitro % cumulative drug release studies of novel G.M. ophthalmic gel formulation

All values are expressed as Mean ± SD, (n=3).

Figure 4. In-vitro drug release profile of G.M. form its novel 

gels (OF3 and OF4)

Figure 3. In-vitro drug release profile of G.M. form its novel gels 

(OF1 and OF2)
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Figure 5. In-vitro drug release profile of G.M. form its novel gels 

(OF5 and OF6)

antimicrobial efficacy testing are summarised in Table11.

In comparison to previous produced formulations, 

Formulation F6 had the highest zone of inhibition values 

against  (28.66 mm) and E. coli (30.99 mm), S. aureus

respectively. Therefore, F6 formulation was chosen for 

additional research.

Gram +ve  and Gram -ve  organisms were S. aureus E. coli

used in an antimicrobial effectiveness research on the F6 

formulation. For Gram +ve  and Gram-ve S. aureus E. coli 

organisms, the zone of inhibition of F6 ophthalmic 

formulation was determined to be 28.66 and 30.99mm, 

respectively. Table 11 displays the antibacterial activity 

Table 11. Results of antimicrobial studies of novel G.M. ophthalmic gel formulation 

Table 12. Results of stability studies of novel G.M. ophthalmic gel formulation 

S. 

No. 

Ophthalmic Formulations Concentration μg/ml Time (hrs) Zone of inhibition (in mm) 

S. aureus MTCC 737 E. coli MTCC 1687 P. aeruginosa MTCC 424 

1 OF1 10 μg/ml 24 hrs 10 ± 0.05 14 ± 0.23 12 ± 0.63 
48 hrs 16 ± 0.03 23 ± 0.33 14 ± 0.21 

2 OF2 10 μg/ml 24 hrs 9 ± 0.07 15 ± 0.03 11 ± 0.33 
48 hrs 10 ± 0.01 24± 0.05 15 ± 0.11 

3 OF3 10 μg/ml 24 hrs 12 ± 0.02 15 ± 0.32 14 ± 0.71 
48 hrs 15 ± 0.05 13 ± 0.51 16 ± 0.63 

4 OF4 10 μg/ml 24 hrs 11 ± 0.01 17 ± 0.22 13 ± 0.15 
48 hrs 16 ± 0.05 25 ± 0.11 17 ± 0.35 

5 OF5 10 μg/ml 24 hrs 12 ± 0.01 17 ± 0.27 12 ± 0.31 
48 hrs 15 ± 0.03 24 ± 0.18 18 ± 0.81 

6 OF6 10 μg/ml 24 hrs 12 ± 0.08 17 ± 0.02 13 ± 0.11 
48 hrs 16 ± 0.04 25 ± 0.10 19 ± 0.21 

7 Standard 
Ofloxacin eye drops 

10 μg/ml 24 hrs 14 ± 0.01 18 ± 0.53 13 ± 0.03 
48 hrs 16 ± 0.05 26 ± 0.04 20 ± 0.63 

 

S. 

No. 

Ophthalmic Formulations Time (Days) 25 ± 2°C and 60±5% 40± 2°C and 75±5% 

pH Percent Drug content  pH Percent Drug content 

 

1 

 

OF1 

0th day 6.27 ± 0.43 96.12 ± 0.43 6.24 ± 0.41 96.73 ± 0.24 
45th days 6.23 ± 0.21 96.05 ± 0.03 6.20 ± 0.20 96.53 ± 0.11 
90th days 6.47 ± 0.35 96.00 ± 0.51 6.28 ± 0.33 96.46 ± 0.71 

 

2 

 
OF2 

0th day 6.42 ± 0.27 97.43 ± 0.77 6.22 ± 0.31 97.52 ± 0.13 
45th days 6.53 ± 0.10 97.10 ± 0.20 6.15 ± 0.02 97.43 ± 0.07 
90th days 6.62 ± 0.48 97.04 ± 0.36 6.16 ± 0.32 97.41 ± 0.10 

 

3 

 
OF3 

0th day 6.54 ± 0.33 94.22 ± 0.95 6.62 ± 0.04 94.63 ± 0.24 
45th days 6.67 ± 0.41 94.18 ± 0.04 6.51 ± 0.15 94.51 ± 0.50 
90th days 6.71 ± 0.02 94.10 ± 0.31 6.47 ± 0.23 94.47 ± 0.30 

 

4 

 

OF4 

0th day 6.58 ± 0.47 98.78 ± 0.64 6.68 ± 0.74 98.58 ± 0.41 

45th days 6.58 ± 0.48 98.51 ± 0.41 6.61 ± 0.51 98.38 ± 0.22 
90th days 6.58 ± 0.49 98.21 ± 0.60 6.60 ± 0.24 98.41 ± 0.03 

 

5 

 
OF5 

0th day 7.01 ± 0.63 96.57 ± 0.47 7.24 ± 0.30 96.72 ± 0.73 
45th days 7.30 ± 0.05 96.32 ± 0.11 7.21 ± 0.02 96.65 ± 0.21 
90th days 7.28 ± 0.21 96.15 ± 0.25 7.25 ± 0.25 96.58 ± 0.50 

 

6 

 
OF6 

0th day 7.21 ± 0.41 98.75 ± 0.63 7.25 ± 0.11 98.59 ± 0.32 
45th days 7.35 ± 0.20 98.52 ± 0.41 7.23 ± 0.12 98.65 ± 0.07 
90th days 7.42 ± 0.31 98.25 ± 0.25 7.31 ± 0.10 98.61 ± 0.42 

 

All values are expressed as Mean ± SD, (n=3).

All values are expressed as Mean ± SD, (n=3).
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findings. According to the study, G.M. was still effective against 

specific strains of  and  when it was made as an S. aureus E. coli

ocular gel. The institution's animal ethics committee gave its 

approval before the ocular irritation investigation was carried out 

on healthy albino rabbits. Each rabbit's eyes were observed at 

specific intervals following administration of the optimal 

formulation (F6). There was no eye edoema, redness, constant 

blinking, or watering. There were no obvious symptoms of ocular 

injury or aberrant clinical indicators in the cornea, iris, or 

conjunctiva. According to ocular irritation experiments, 

formulations with all of the components are not irritating to rabbit 

eyes. Using a stability chamber, accelerated stability 

investigations were conducted at 40 2°Cat and 75.5 percent RH for 

a month. The samples were periodically examined once a week, 

and it was discovered that the aesthetic appeal, clarity, pH, and 

gelation had not changed. After one month of storage, assay 

readings are nearly identical (deviating not more than one percent). 

Release profiles resembled zero-day profiles.

Accelerated stability studies

Stability studies aim to predict a product's shelf life by accelerating 

degradation, preferably by increasing temperature and relative 

humidity (RH). At 25 2°C and 65.5 percent relative humidity (RH) 

and 40 2°C and 75.5 percent relative humidity (RH), a 90-day short-

term accelerated stability study was conducted (RH). Samples were 

obtained from each vial at the 0th, 45th, and 90th days and examined 

for visual appearance, pH, and medicine content. The pH and drug 

content did not change substantially during the trial. The findings 

demonstrated that any changes in the parameters evaluated were 

minimal and not considered significant, indicating that the 

formulations remained stable during storage.

Physical inspection revealed that the generated formulas were 

clear enough. All formulations had a pH of 6.27 0.43 to 7.21 0.41, 

which was judged to be suitable. As the polymer concentration 

grew, the viscosity of the gels increased. The final formulation's 

pharmacological content was within legal limits, ensuring dose 

homogeneity. When exposed to synthetic tear fluid, all of the 

mixtures rapidly gelled. Drug release from floating novel 

ophthalmic gel is affected by polymer content. The amount of 

medication released increased as the polymer concentration 

increased.

The number of formulations available has shrunk. Up to 6 hours, 

cumulative drug release of G.M. was 98.68 0.43 percent for OF1 

and OF2, 86.27 0.43 percent and 75.74 0.04 percent for OF3 and 

OF4, and 62.33 0.47 percent and 58.23 0.37 percent for OF5 and 

OF6, respectively. Formulations OF5 and OF6 had a sustained 

drug release profile during an 8-hour period, according to percent 

%cumulative drug release statistics. The antibacterial 

effectiveness of the formulations was satisfactory. Under typical 

settings, G.M. ophthalmic gel formulations were found 

to be stable at room temperature. Evaluation of results 

revealed that it can be used for the treatment and 

management of eye infection diseases. In the ocular 

irritation studies, two male albino rabbits weighing 1.5 to 

2 kg each were employed. The optimised formulas OF5 

and OF6 were used for this test. The rabbits received the 

sterile injection twice daily for seven days, and their eyes 

were regularly examined for redness, edoema, and 

moisture. The formulation was determined to be non-

irritating and no abnormal clinical symptoms of corneal, 

iris, or conjunctival damage were present. The 

formulation therefore proved successful for ocular 

instillation and a reliable replacement for conventional 

ophthalmic formulation.

Conclusion

Sodium alginate was employed as a gelling ingredient 

together with HPMC as a viscosity-enhancing compound 

to successfully produce G.M., a broad range antibacterial 

drug used in the treatment of ocular infections, as novel 

ophthalmic gel -forming eye drops. As a result, the 

created formulation is an effective substitute for 

traditional eye drops due to its capacity to prolong drug 

release and increase bioavailability through a prolonged 

precorneal residence time. The simplicity of 

administration and reduced frequency of administration, 

which improve patient acceptance, are also significant.
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