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ABSTRACT 
The way we deliver medicine to the eyes is not very 

good. This is because the eyes get rid of the medicine 

quickly. The tears wash the medicine away. The 

medicine also has a time getting into the eye. This 

means that than 5 percent of the medicine actually 

gets to where it needs to go. Ganciclovir is a medicine 

that is used to treat infections in the eyes. It must be 

administered frequently because it does not remain in 

eye for long. To make this better we can use a kind of 

gel that changes when it touches the eye. This gel can 

help the medicine stay in the eye for longer. Our goal 

was to make a gel that can deliver Ganciclovir to the 

eyes for a long time. We wanted to make this gel in a 

way that's easy to use and that works well. Methods 

We made the gel using ingredients like Carbopol 

934P and Hydroxypropyl Methylcellulose. We used a 

way of testing to find the right amounts of these 

ingredients. We did tests to make sure the gel was 

good. We tested how well the gel worked, how it felt 

and how it looked. We also tested if it was safe for the 

eyes. The gel we made worked well. It changed from 

a liquid to a gel quickly when it touched the eye. It 

was clear, had the right thickness. The medicine was 

spread evenly throughout the gel. The gel stuck to the 

eye well. Released the medicine slowly over 8 hours. 

We tested the gel and found that it did not irritate the 

eyes. We also found that it was stable and would not 

change over time. The gel we made is an 

improvement over the old way of delivering 

Ganciclovir to the eyes. It helps the medicine stay in 

the eye for longer and releases it slowly. This can help 

people take their medicine often and make it work 

better. We think this gel could be very helpful for 

people with infections, in the eyes. We need to tests 

to make sure it is safe and effective. 

 

KEYWORDS: Ganciclovir, In hydrogel, pH-

sensitive hydrogeI,  Ocular drug delivery, 

Mucoadhesion, Carbopol 934P, Hydroxypropyl 

methylcellulose, Sustained drug release, Box–

Behnken design, Ophthalmic formulation. 

 

I. INTRODUCTION 

The eyes is one of the most advanced organs 

in the human body. It is also the main pathway to 

vision. The specialized structures of the eye, in 

conjunction with the body's natural shield systems, 

make the delivery of drugs to the eye a challenge in 

the practice of pharmaceutical science. Treating 

diseases of the anterior eye using drugs administered 

through the eye is preferred because the process is 

simplistic, non-invasive, and well accepted by the 

patient. However, the conventional systems of drug 

delivery to the eye have poor results. The drug 

delivery systems of ophthalmic dosage forms are 

estimated to have a 95% waste rate. The remaining 

5% of the drug delivery system is absorbed by the 

intraocular tissues. The rest of the administered dose 

is eliminated by the natural systems of drug clearance 

of the eye, which include the turnover of tears, 

blinking, the nasolacrimal system, and the limited 

permeability of the cornea. In addition, the many 

barriers that protect the eye from sources of infection 

also impede drug absorption. These barriers, which 

are anatomical, physiological, and biochemical, are 

also the main contributors to the poor bioavailability 

of ophthalmic drugs. Drugs that are administered to 

the eye are rapidly removed by the tear film, which is 

a combination of lipids, aqueous, mucin layers that is 

renewed by basal tearing. The physiological turnover 

rate of the tear film is about 1-2 µL per minute. 

The physiological hurdle for bound delivery 

systems is blinking. Healthy people blink about 15 to 

20 times every minute. This distributes the tears over 

the eyes and removes foreign particles. After regular 

eye drops are applied, blinking empties the excess 

drops through the tear drain, draining the volume of 

the drug that would absorb into the cornea. In 

addition to reducing the effectiveness, the drainage 

system increases absorption into the circulatory 

system. This causes side effects for the eye drugs that 
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are strong and have to be used for a long time. The 

Cornea presents major obstacles for drugs that need 

to be absorbed in the eye. The cornea is made up of 5 

layers. The first layer is the corneal epithelium and is 

made up of a tight packing of epithelial cells that are 

connected by tight junctions. They greatly limit the 

movement of hydrophilic molecules between the 

cells. The stroma is a highly hydrated layer and limits 

the diffusion of hydrophobic molecules. The unique 

organization of the cornea forces drug molecules to 

have the right balance of hydrophilic and lipophilic 

properties. Due to this, many drugs that have 

powerful pharmacological properties tend to have 

poor penetration into the eye. 

The treatment of eye infections is really 

tough because it needs strong medicine that stays in 

the eye for a long time. Viral eye diseases like Herpes 

Simplex Keratitis and Cytomegalovirus Retinitis are 

very serious. Can cause a lot of damage to the cornea, 

inflammation and even blindness. These diseases are 

getting more common because, many people have 

immune systems like those with Human 

Immunodeficiency Virus infection or people who 

take medicines that suppress their immune system. 

So, it is very important to find out about these 

diseases and give the patient strong antiviral 

medicine for a long time to keep their vision and stop 

the disease from coming back. Ganciclovir is a strong 

medicine that fights viral eye infections especially 

those caused by Herpes Simplex virus. It stops the 

virus from making copies of itself. 

Ganciclovir is made in a lab. Is, similar to 

something that our body already makes. When it gets 

into our cells it becomes even stronger. Fights the 

virus. It does this by competing with the virus to stop 

it from making DNA, which is like a set of 

instructions that the virus needs to multiply. So, the 

virus cannot make copies of itself and the infection 

gets better. Doctors use Ganciclovir as eye drops to 

treat Herpes Simplex Keratitis, which's an infection 

of the cornea. They also use it as a pill or injection to 

treat serious infections like Cytomegalovirus 

Retinitis, which can cause blindness if not treated. 

Ganciclovir is very helpful in fighting eye infections 

especially for people with weak immune systems 

who are more likely to get these infections. It is good 

at targeting the virus without hurting cells, which 

makes it a safe treatment option. Like all medicines it 

can have side effects and should only be used with 

the help of a doctor. Overall Ganciclovir is a 

medicine that has helped many people recover from 

viral eye infections and has improved our ability to 

manage these diseases. Ganciclovir has really made a 

difference in the treatment of eye infections, like 

Herpes Simplex Keratitis and Cytomegalovirus 

Retinitis. 

The medication ganciclovir is highly 

effective against viruses. It does not work well when 

we put it in the eyes. This is because it does not stay 

on the eye surface for a time and it is hard for the eye 

to absorb it. Also, it gets washed away from the eye 

surface quickly. When we use eye drops they get 

washed away in a few minutes. So, the amount of 

medicine that actually gets to the eye is not enough. 

We have to put the drops in the eye times a day to 

keep the medicine at the right level. This can be a 

problem for people who have to use the medicine for 

a time like older people. They might not use the 

medicine as they should which means the treatment 

does not work well as it could. To make this better, 

scientists have been working on ways to deliver 

medicine to the eyes. They want to make something 

that stays on the eye surface for a time and releases 

the medicine slowly. They have tried things like tiny 

particles, special bags that carry medicine and special 

kinds of contact lenses. One thing that seems 

promising is a kind of gel that changes from a liquid 

to a gel when it touches the eye. This gel stays on the 

eye surface. That helps the medicine get into the eye. 

It also makes the medicine longer which makes the 

treatment work better and is more comfortable for the 

patient. Ganciclovir is the medicine that we are trying 

to deliver to the eyes in a way. The new system is like 

eye drops but it turns into a gel when it touches the 

eye. This means ganciclovir stays on the eye surface 

for a time and it works better. The gel helps 

ganciclovir get into the eye. It makes the treatment 

more comfortable. The scientists are excited about 

this way of delivering ganciclovir to the eyes. They 

think it could make a difference for people who need 

to use ganciclovir for a long time. The new system is 

easy to use. It helps ganciclovir work better. It is a 

solution for the problems we have, with regular eye 

drops and ganciclovir. 
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PH SENSITIVE AND MUCOADHESIVE 

POLYMERS IN OCULAR INSITU HYDROGEL 

SYSTEMS  

The performance of eye gel systems is 

mainly decided by the properties of the materials 

used to make them. A good material for eye gels 

should be safe for the body clear to see through not 

irritating have the thickness and be able to keep 

medicine on the eye surface for a long time without 

blocking vision. Some materials can change from a 

liquid to a gel when they come into contact with the 

body, which's very useful. These materials are getting 

significant attention because they are easy to use like 

eye drops. However, they can also remain on the eye 

for a long time, similar to thicker gels. Carbopol, 

hydroxypropyl methylcellulose and chitosan are 

some of the materials that people have studied the 

most for making eye medicine systems that can 

respond to the eyes conditions. These materials work 

well together to make gels that can stay on the front 

of the eye that help the eye to absorb medicine and 

keep giving a dose of medicine for a long time. 

 

CARBAPOL: A PH SENSITIVE GELLING 

POLYMER 

Carbopol is a kind of polymer that people 

use a lot in eye medicines. It is really good at 

changing how it behaves when it meets the fluids in 

our eyes. This makes it very useful for helping 

medicines stay in our eyes for a time. Carbopol is 

great because it can swell up a lot it is clear does not 

heart your eyes, It sticks well to the eye surface. 

When Carbopol is in a liquid with a pH it stays small 

and tight which makes the liquid thin and easy to put 

into the eye. When it gets into our eyes, which have a 

higher pH the Carbopol changes. It starts to swell up 

and turn into a gel. This happens because the pH in 

our eyes makes the Carbopol chains open up and 

interact with each other. This makes the liquid 

thicker. It stays in our eyes for longer.  

Carbopol also sticks to the eyes well 

because it can form bonds with the mucins in our 

eyes. This helps the medicine stay on the eye surface, 

which makes it work better. However, if there is much 

Carbopol it can make the medicine too thick which 

might cause blurry vision or discomfort in the eyes. 

So, people usually mix Carbopol with polymers to 

make the medicine comfortable for the eyes and still 

work well. The Carbopol polymer is very good at 

responding to the pH in our eyes which makes it a 

great helper for eye medicines. It can make medicines 

last longer, in our eyes and work better long as it is 

used in the right amount.  

 

HYDROPROPYL METHYLCELLULOSE 

(HPMC) 

Hydroxypropyl methylcellulose, which is 

also known as HPMC is a kind of polymer that is used 

a lot in eye medicines. It helps make the medicine 

thicker and more like a gel, which's really useful.  

HPMC is different from another polymer called 

Carbopol. When you use HPMC it does not change 

much when it is in kinds of liquids it just makes the 

liquid thicker. The good thing about using HPMC is 

that it makes the medicine easier to put in your eye. 

When you blink the medicine flows easily. When you 

are not blinking it stays thick and does not get washed 

away by your tears. HPMC also helps the medicine 

stay in your eye for a time. It does this by forming a 

layer that slows down the medicine from coming out. 

HPMC is really good at helping the 

medicine get to your eye and stay there. It does this 

by sticking to the mucin in your eye, which's like a 

special kind of glue. This helps the medicine stay in 

your eye for a time, which is really useful. HPMC is 

also very safe to use. Does not irritate your eye. It is 

clear, like water, which's why it is used a lot in eye 

drops and other eye medicines. The way HPMC 

works is that it forms a gel layer that slows down the 

medicine. This helps the medicine stay in your eye 

for a time. HPMC is useful polymer that is used a lot 

in eye medicines because it is safe and it works really 

well. Hydroxypropyl methylcellulose is a thing to use 

in eye medicines.  
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CHITOSAN: A NATURAL MUCOADHESIVE 

AND PERMEATION ENHANCER 

Chitosan is a substance that comes from 

something called chitin. People are really interested 

in using chitosan to deliver medicine to the eyes. This 

is because chitosan is safe for the body does not hurt 

the eyes and has good effects on the body. Chitosan 

is also better than man-made substances because it 

does more than just give structure. It also helps the 

eyes heal. Protects them. What makes special is that 

it has amino groups that can be charged with energy. 

When it is in an acidic environment these amino 

groups become positive which allows them to stick 

really well to the negative parts of the eyes. This 

stickiness along with the way the chitosan chains get 

tangled up makes it really good at staying on the 

surface of the eyes. Another good thing about 

chitosan is that it can help medicines get into the eyes 

easily. It does this by loosening up the connections 

between the cells on the surface of the eyes which 

allows the medicine to pass through. This is 

especially helpful for medicines like ganciclovir that 

have a time getting into the eyes on their own. 

Chitosan also has properties that help fight off germs 

and help the eyes heal, which makes it a great choice, 

for eye medicines that need to fight off infections or 

inflammation.  

 

SYNERGISTIC POLYMER COMBINATIONS 

People who make eye drops are now using a 

combination of polymers to make them work better. 

They use Carbopol to help the drops turn into a gel 

quickly when they come into contact with the eye. 

They also use HPMC to make the drops thicker and 

more stable. They use chitosan to help the drops stick 

to the eye and get into the cornea. When you put these 

polymers together you get a kind of gel that forms 

quickly in the eye and stays there for a long time 

releasing the medicine slowly. This is really good 

because it means the medicine does not get washed 

away from the eye quickly. Patients do not have to 

use the drops often which makes them more likely to 

use them correctly. The medicine works better than it 

would if it were just a regular eye drop. The people 

who make these drops can also use tools like Design 

of Experiments to figure out the best combination of 

polymers to use. This helps them control how thick 

the drops are, how quickly they turn into a gel, how 

slowly they release the medicine and how well they 

stick to the eye. All of this makes it possible to create 

eye drops that're reliable and work well which is 

important for using them in medicine. The 

ophthalmic formulations that are made with these 

polymers are really good for people who need to use 

eye drops. The ophthalmic formulations are better, 

than the eye drops.  

 

TRANSITION TO THE PRESENT STUDY 

The thing with special eye drops that change 

with their surroundings is that they still have a lot of 

problems. We need to make sure they form a gel 

quickly stay in the eye for a time release the medicine 

in a controlled way are comfortable for the patient 

and do not break down over time. These are issues. 

We have to make a system that responds to the acid 

in the eye and sticks to the eye to help the medicine 

get into the eye better. So we are working on a gel 

that forms in the eye and is sensitive to the acid in the 

eye. It has ganciclovir in it. We are using Carbopol 

and HPMC to make it. We want to make a system that 

gives the medicine to the eye over a time so we do 

not have to put the drops in as often and it helps the 

patient get better. We are trying to make this system 

work well so it can help people with eye problems. 

The special gel is important because it can stay in the 

eye for a time and release the medicine in a controlled 

way. This way the patient does not have to use the 

drops much and it can help them get better faster. The 

ganciclovir in the gel is the medicine that helps the 

eye get better. We are using Carbopol and HPMC to 

help the gel form and stick to the eye.The goal is to 

make a system that gives the medicine to the eye over 

a time. This system is very important because it can 

help people with eye problems. The special gel is 

sensitive to the acid in the eye and sticks to the eye. 

This helps the medicine get into the eye better. We are 

working hard to make this system work well. The 

ganciclovir and the special gel are very important, for 

helping the eye   to get better.  

 

II. MATERIALS AND METHODS 
Ganciclovir is a choice for an antiviral drug 

because it works well in treating viral eye infections 

like herpes simplex keratitis and cytomegalovirus eye 

diseases. The main polymer used was Carbopol 934P 

NF because it is very good at forming a gel and 

sticking to things. Hydroxypropyl methylcellulose, 

also known as HPMC K4M was used to make the gel 

stronger and last longer on the eye. 

Benzalkonium chloride was added to the eye 

drops to keep them from going bad. Sodium chloride 

was used to make sure the solution works with the 

fluid in the eye. Sodium hydroxide and hydrochloric 

acid were used to get the pH of the solution right. To 

make a special buffer solution sodium dihydrogen 

phosphate and disodium hydrogen phosphate and 

sodium chloride were used. This buffer solution has 
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a pH of 7.4 which's similar to the fluid in tears. The 

water used in this study was very clean. All the 

chemicals used were quality and did not need to be 

made any purer. Ganciclovir and the other chemicals 

were used to make an eye drop solution that can help 

treat eye infections. The Ganciclovir eye drop 

solution is what this study is, about the Ganciclovir 

eye drop solution can really help people with eye 

infections.  

 

III. EXPERIMENTAL DESIGN 
The formulation was optimized using a Design of 

Experiments approach. This approach helped to 

check how different formulation variables affect the 

characteristics of the hydrogel. 

A Box–Behnken Design was used. It is efficient, in 

evaluating response surfaces. Requires fewer 

experiments. 

Independent Variables 

• X₁: Carbopol 934P concentration (% w/v)  

• X₂: HPMC concentration (% w/v)  

Dependent Variables 

• Y₁: Viscosity (cP)                                  

• Y₂: Gelation capacity  

• Y₃: Mucoadhesive strength  

• Y₄: Percentage drug release 

We used Design-Expert software to look at the 

numbers. We made equations to see how the different 

parts of the formula affect the results. We wanted to 

know if the numbers were real or just happened by 

chance. So, we did a kind of test called analysis of 

variance or ANOVA for short and we only counted it 

if the result was less than 0.05 which is a pretty strict 

rule, for Design-Expert software.  

 

PREPARATION OF PH SENSITIVE SITU 

HYDROGEL  

The pH-sensitive hydrogel formulations 

were made using a dispersion method in a sterile lab. 

Carbopol 934P was slowly added to a measured 

amount of distilled water under magnetic stirring 

until it was fully hydrated. HPMC K4M was mixed 

separately in purified water and left to hydrate 

completely to get a uniform polymer solution. The 

hydrated HPMC solution was then slowly added to 

the Carbopol mixture while stirring continuously. 

Ganciclovir was dissolved in water and added 

gradually to the polymer mixture stirring constantly 

to ensure even drug distribution. Sodium chloride 

was added to make the solution isotonic and 

benzalkonium chloride was added as a preservative. 

The pH of the formulation was carefully adjusted 

with dilute sodium hydroxide solution. This was done 

to keep the formulation in a state before use but it 

would quickly turn into a gel when it came into 

contact, with tear fluid. The final formulation was 

stirred until it was clear, uniform and free of bubbles. 

The hydrogel was then transferred to amber glass 

containers and stored in the refrigerator until further 

testing.  

 

Ingredient F1 

(mg) 

F2 

(mg) 

F3 

(mg) 

F4 

(mg) 

F5 

(mg) 

F6 

(mg) 

F7 

(mg) 

F8 

(mg) 

F9 

(mg) 

Ganciclovir 100 100 100 100 100 100 100 100 100 

  Carbopol 934P 200 200 200 300 300 300 400 400 400 

    HPMC K4M 200 300 400 200 300 400 200 300 400 

 Disodium 

EDTA 

10 10 10 10 10 10 10 10 10 

Benzalkonium 

chloride 

10 10 10 10 10 10 10 10 10 

Sodium 

hydroxide 

q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. 

Sterile 

distilled water 

 q.s to 

100 mL 

q.s. to 

100 

mL 

q.s. to 

100 

mL 

q.s. to    

100 

mL 

q.s. to 

100 

mL 

q.s. to 

100 

mL 

q.s. to 

100 

mL 

q.s. to 

100 

mL 

q.s. to 

100 

mL 

 

PREFORMULATION STUDY 

We did some tests to see what ganciclovir is like and 

how it works with ingredients before we made it into 

a medicine. We wanted to know the chemical 

properties of ganciclovir and if it is compatible, with 

the other ingredients we chose to use with it. This was 
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a step before we actually made the medicine with 

ganciclovir and the other ingredients.  

 

SOLUBILITY STUDY 

The solubility of ganciclovir was found out in liquids 

like distilled water, phosphate buffer, simulated tear 

fluid, ethanol, methanol and some other buffer 

systems. A lot of ganciclovir was added to 10 

milliliters of each liquid in glass bottles that were 

closed tightly. These bottles were shaken for 24 hr. in 

a machine that kept them moving in a circle and the 

temperature was kept at around 25℃. 

After that the mixtures were spun around fast at 5000 

rounds per minute for 15 minutes and the clear part 

was filtered through a very fine filter. The amount of 

ganciclovir in the part was measured using a special 

tool that can detect the colour of the liquid at a 

specific wavelength. All of these experiments were 

done three times. The results were written down as 

the average and the difference from the average. The 

ganciclovir experiments were done carefully to get 

the right results for ganciclovir. 

 

Solvent Observation 

Water Practically insoluble 

Ethanol Slightly soluble 

Methanol Soluble 

Phosphate buffer 

(pH 7.4) 

Slightly soluble 

  

DETERMINATION OF λMAX 

The maximum absorption wavelength of 

ganciclovir was found out using a machine that 

measures how much light is absorbed by a substance. 

A solution of ganciclovir was made with ten 

micrograms of ganciclovir, per milliliter of liquid. 

This solution of ganciclovir was mixed with a buffer 

that had a pH of 7.4. Then the solution of ganciclovir 

was scanned to see how light it absorbed at different 

wavelengths from 252 to 254 nanometers. The 

wavelength where ganciclovir absorbed the light was 

chosen for more studies on ganciclovir.  

 
 

PREPARATION OF CALIBRATION CURVE 

We made a liquid with 1000 micrograms of 

ganciclovir per milliliter. This liquid was mixed with 

a buffer that had a pH of 7.4. We took parts of this 

liquid and made new solutions that had between 2 and 

10 micrograms of ganciclovir per milliliter. We 

looked at how light each of these ganciclovir 

solutions absorbed. We did this by using the buffer as 

a blank. Then we made a graph that showed how the 

amount of light absorbed was related to the amount 

of ganciclovir in each solution. We used a kind of 

math called linear regression analysis to see how well 

the points, on the graph fit a straight line. We found 

the correlation coefficient, which is called R². We 

also found the slope and the intercept of this line. 

 

   

Concentration 

(µg/mL) 

             

Absorbance 

2 0.126 

4 0.219 

6 0.314 

8 0.449 

10 0.589 

Calibration Curve Data 
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Calibration curve of Ganciclovir 

 

IV. RESULT 
PREPARATION OF PH SENSITIVE 

MUCOADHESIVE SITU HYDROGEL  

The new mixtures that were made were thoroughly 

checked to see how they work, how they. How they 

look. This included things like how they turn into a 

gel; how thick they're how much medicine they have 

how well they stick to things and if they are good for 

putting in the eyes. All the tests were done three 

times. The results were written down as an average 

with a plus or minus to show how much they varied. 

1. VISUAL APPEARANCE AND 

CLARITY  

The mixtures that were made were looked at carefully 

against a background and a white background in 

normal daylight to see how clear they were if they 

were see through what color they were and if there 

were any bits floating around in them. The mixtures 

were considered good if they looked clear were the 

same all the way through. Did not have any bits 

floating around any sediment or any air bubbles in 

them which are all important things, for eye 

medicines to have. 

Physical characteristic observation – Appearance is 

Clear, Colourless and Homogeneous. 

2. DETERMINATION OF PH  

The pH of each formulation was measured using a pH 

meter that had been calibrated at a temperature of 

twenty-five degrees Celsius. Before we took the 

measurement, we made sure the pH meter was 

working correctly by using buffer solutions with a pH 

of 4.0, 7.0 and 9.2. We took ten milliliter of each 

formulation and put it into a clean beaker. Then we 

put the electrode into the formulation until we got a 

reading. We did this three times for each formulation. 

Used the average value. We wanted the pH to be 

between 6.0 and 7.4 because this range is good for 

putting the formulation in the eye without causing 

irritation. 

 

Formulation pH (Mean) 

F1 5.82 

F2 5.91 

F3 7.33 

F4 5.95 

F5 6.90 

F6 7.18 

F7 6.30 

F8 6.35 

F9 6.85 

 

3. VISCOSITY MEASUREMENT  

We measured the viscosity of the formulations 

before. After they turned into a gel. To do this we 

used a machine called a Brookfield Digital 

Viscometer with the right spindle. We put twenty-five 

millilitres of the formulation into the machine and 

measured the viscosity at twenty-five degrees 

Celsius. We used speeds from ten to one hundred rpm 

to see how the formulation behaved. We also 

measured the viscosity again after we added a fluid 

that simulated tears to make the formulation turn into 

a gel. We wanted to see if the formulation had a kind 

of flow called pseudoplastic flow, which is good for 

eye drops because it makes them easy to put in the 

eye and helps them stay there for a long time. The pH 

of the formulations was a factor in determining their 

suitability, for ophthalmic administration and the 

viscosity measurement helped us understand how the 

formulations would behave in the eye. 
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Formulation      Viscosity (cps) 

F1                          350 

F2                          450 

F3                          505 

F4                          800 

F5                         900 

F6                        950 

F7                      1550 

F8                      1700 

F9                      1900 

 

   
                             Counter plot viscosity                                                3D plot Viscosity 

 

4. GEL STRENTH 

The strength of the gel was found out using a method. The new gel was put into a glass container and left to 

become a gel in a liquid that is like tears, at a temperature of 37 degrees Celsius. A metal stick that weighs 35 

grams was put on the surface of the gel. The time it took for the stick to go 5 centimeters into the gel was written 

down. The gel needs to be strong enough to hold its shape. Not so strong that it hurts the eye. The right amount 

of gel strength is important to make sure the gel is comfortable to use and does not causes any problems. 

 

 

 

 

 

 

 

 

 

 

 

    
Counter plot gelling capacity                                       3D plot gelling capacity 

Formulation Time (Sec) 

F1 13 

F2 40 

F3 34 

F4 31 

F5 30 

F6 33 

F7 29 

F8 30 

F9 32 
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5. RHEOLOGICAL EVALUATION 

The way the optimized formulation moves was 

looked at closely by measuring how thick it is when 

it is moving fast and slow. The connection between 

the force of the movement and how fast it is moving 

was studied to see what the formulation is like when 

it moves. It is a thing that the formulation moves in a 

special way because when you blink it is not too thick 

and when you are not blinking it is thicker which 

makes the person using it more comfortable and helps 

the medicine stay in the eye longer. 

 

6. MUCOADHESIVE STRENGTH 

The mucoadhesive strength of the formulations was 

found out using a method with a balance. This 

method used cut goat or porcine corneal tissue from 

a local slaughterhouse. The cut cornea was washed 

with salt water. Put on the lower part of the apparatus. 

About half a gram of the hydrogel formulation was 

placed between two pieces of tissue. A small weight 

of 20 grams was put on it for 5 minutes so that the 

formulation and the biological membrane were, in 

contact. Then water was slowly added to the side until 

the formulation and the tissue separated. The 

mucoadhesive strength of the formulations was 

measured this way.  

The mucoadhesive force was calculated using the 

equation: 

Mucoadhesive Force (N) -  
𝑊 × 9.81

1000
 

where, W= weight required for detachment (g) 

Higher mucoadhesive strength indicates improved 

retention of the formulation on the ocular surface. 

 

7. DRUG CONTENT UNIFORMITY 

Drug content was checked to see if ganciclovir was 

evenly spread throughout the hydrogel. A measured 

amount of the formulation equal to 10 mg of 

ganciclovir was dissolved in buffer at pH 7.4 with 

constant stirring. The solution was then filtered using 

a 0.45, µm membrane filter. Appropriate dilutions 

were made. The ganciclovir concentration was 

measured using UV- spectrophotometry at a specific 

wavelength ganciclovir was quantified at that 

wavelength to get accurate results. 

Drug Content was calculated using following 

equation: 

Drug Content (%) = 
𝑀easured drug Content

𝑇herotical Drug Content
× 100 

Uniform drug distribution between 95% and 105% 

was considered acceptable for ophthalmic 

formulation. 

 

8. SURFACE TENSION MEASUREMENT  

The surface tension of something affects how it 

spreads over the surface of your eye. To measure the 

surface tension of the formulas we made we used a 

tool called a Du Nouy Ring Tensiometer at room 

temperature. We did this test three times. Wrote down 

the average result. We wanted the surface tension of 

our formulas to be close to that of tear fluid because 

this would help them spread better and be more 

comfortable for patiens. 

9. ISOTONICITY EVALUATION  

We checked if our formulas were isotonic by using a 

test with blood cells. We collected human blood and 

added a special medicine to stop it from clotting then 

we separated the red blood cells from the rest of the 

blood by spinning it around really fast. We mixed a 

bit of our formula with the red blood cells and let it 

sit for 30 minutes. Then we looked at the cells under 

a microscope to see if they had changed shape or 

broken apart. If the cells looked normal that meant 

our formula was isotonic and would not hurt the 

tissue on your eyes. 

10. STERILITY TESTING 

We tested if our formulas were sterile by following 

the rules in the Pharmacopoeia and United States 

Pharmacopeia. We took our formula and put it into 

special liquids that can grow bacteria and fungi called 

Fluid Thioglycollate Medium and Soybean Casein 

Digest Medium. We kept these liquids in a place at 

temperatures between 30–35°C for bacteria and 20–

25°C for fungi for 14 days to see if anything would 

grow. Surface tension measurement and isotonicity 

evaluation and sterility testing of the formulations are 

very important, for comfort and safety of the Surface 

Tension Measurement and Isotonicity Evaluation and 

Sterility Testing. 

11. IN VITRO DRUG RELEASE  

The hydrogel formulations were tested to see how 

drug they released over 8 hours. This was done using 

a tool called a Franz diffusion cell. The best hydrogel 

formulation, which is called F3 released the drug 

after 8 hours. It released 93.66 percent of the drug. 

This shows that the hydrogel formulation F3 is very 

good, at releasing the drug over time. The hydrogel 

formulation F3 really works well for release of the 

drug. 

 

Time hr F1 F2 F3 F4 F5 F6 F7 F8 F9 

0 0 0 0 0 0 0 0 0 0 
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0.5 5.12 6.11 8.12 5.62 6.33 6.20 5.80 5.12 5.14 

1 10.64 10.78 11.71 11.28 11.40 11.27 11.16 11.09 10.99 

2 21.28 21.56 23.42 22.56 22.81 22.53 22.33 22.17 21.97 

3 31.91 32.34 35.12 33.84 34.21 33.80 33.49 33.26 32.96 

4 42.55 43.12 46.83 45.12 45.62 45.06 44.65 44.35 43.94 

5 53.19 53.89 58.54 56.39 57.02 56.33 55.81 55.43 54.93 

6 63.83 64.67 70.25 67.67 68.42 67.59 66.98 66.52 65.91 

7 74.46 75.45 81.95 78.95 79.83 78.86 78.14 77.60 76.90 

8 85.10 86.23 93.66 90.23 91.23 90.12 89.30 88.69 87.88 

 
 

 
In-Vitro Drug Release 

 

12. HET CAM TEST 

The safety of the eyes when using the hydrogel mix 

was checked with a test called the Hens Egg Test. No 

bad things like bleeding damage to the blood vessels 

or clotting happened when we looked at it for five 

minutes. The score for how it irritated the eyes was 

zero, which means the new hydrogel mix is gentle, on 

the eyes and can used for eye medicine. 

 

Parameter Observation Interpretation 

Hemorrhage None Non-irritant 

Vascular lysis None Non-irritant 

Coagulation None Non-irritant 

Blood vessels Intact and normal Good ocular compatibility 

Membrane appearance No visible damage Safe for Ocular application 

Observation period 5 min Standard observation period 

Irritation score 0.0 Non-irritant category 

Overall response No toxic reactions observed Ocularly safe formulation 
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HET CAM test observed 

 

V. DISCUSSION 

Topical eye drops are still the way to treat 

diseases that affect the front part of the eye. This is 

because they are easy to use and patients like them. 

Regular eye drops do not work well because they get 

washed away quickly by tears and are drained 

through the nose. This means only a small amount of 

the medicine actually reaches the eye so patients have 

to use them. This can make patients less likely to 

follow the treatment. Can make the treatment not 

work. We made a kind of eye gel that has a medicine 

called ganciclovir in it. This gel is designed to stay in 

the eye and release the medicine slowly. 

Preformulation Studies- Before we made the gel we 

tested the medicine to make sure it was good to use. 

The medicine, ganciclovir had the properties and was 

pure. We also found out that it does not dissolve well 

in water, which's why we needed to make a special 

gel to help it stay in the eye longer. The medicine 

worked well with the gel. Did not change or break 

down. This is important because we do not want the 

medicine to change or not work properly. 

Compatibility Between Drug and Polymers- 

We tested the medicine with kinds of gel materials to 

make sure they worked well together. We used tests 

to make sure the medicine did not react with the gel 

materials. The tests showed that the medicine and the 

gel materials worked well together and did not 

change or break down. Optimization of Polymer 

Composition- We used a method to find the right mix 

of gel materials. This method helped us find the 

combination of materials that would make the gel 

work well in the eye. We found that a mix of two 

materials, Carbopol 934P and HPMC K4M worked 

best. This mix made a gel that was just right. Not too 

thick and not too thin. Viscosity and Rheological 

Behaviour-The gel had the thickness and flow. It was 

easy to put in the eye. Stayed there long enough to 

work properly. The gel also had the property to make 

it spread evenly across the eye. The gel got thicker 

when it was in the eye, which helped it stay there 

longer. This is because the gel materials reacted with 

the tears, in the eye. Influence of Polymer 

Concentration- We tested amounts of gel materials to 

see how they affected the gel. We found that little or 

too much of the materials made the gel not work well. 

The right amount made a gel that worked well and 

was comfortable to use. We also found that the gel 

worked better when it had the amount of materials. If 

it had much it was too thick and hard to use. If it had 

little it was too thin and did not stay in the eye long 

enough. 

 

VI. CONCLUSION 
The current research able to make and 

improve a gel that is sensitive to the level of acidity 

in the body. This gel is used to deliver the drug 

ganciclovir to the eyes in a way that lasts for a time. 

The researchers used Carbopol 934P. Hydroxypropyl 

Methylcellulose to make this gel. They wanted to 

make something than the usual eye drops that you 

buy. These usual eye drops have some problems. 

They get washed away from the eye fast. They do not 

stay in contact with the eye for long. The eye does not 

get to use the drug well. You have to put the drops in 

your eye many times a day. The researchers used a 

method to make sure they were making the gel in the 

best way possible. This method is called Design of 

Experiments. It helped them figure out how much of 

each ingredient to use. They were able to see how the 

different ingredients affected the gel. Before they 

started making the gel they did some tests to make 

sure ganciclovir was a drug to use in the eye. They 

also did some tests to make sure the drug was 

compatible with the ingredients. They used tools to 

check if the ingredients were reacting with each other. 

The gel they made was very good. It was clear. Had 

the right level of acidity. It changed from a liquid to 

a gel fast when it touched the eye. It also had the 

consistency. The way it flowed made it easy to put in 

the eye. It stayed in the eye for a long time after it was 

put in. The researchers were happy with the gel they 

made. It was a good delivery system, for the drug 

ganciclovir. They think it could be used to help 

people with eye problems. The gel is a way to get the 

drug to the eye and keep it there for a long time. 

The new hydrogel for the eyes is a way to 

give people medicine. This special gel is sensitive to 

the level and it sticks to the eyes. It helps the medicine 

called work better. The gel makes the medicine stay 

in the eyes for a time and it helps the body absorb the 

medicine. This means people do not have to take the 

medicine often. The good things about this gel are 

that it can help people take their medicine as they 

should and it can make the treatment work better. 

This is especially good for people with infections in 
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the eyes like herpes simplex keratitis. The studies 

done for shows good result. 

More studies are needed to see if this gel 

really works. These future studies should look at how 

the medicine works in the eyes and how safe it's. 

They should also check if the gel is safe to use for a 

time. They need to do tests, with real people to make 

sure the gel works and is safe. Maybe they can also 

make the gel better by adding new technologies. In 

terms the new gel is a good way to give people 

medicine for their eyes. It helps the medicine work 

better. It can make treatment easier. This gel can help 

the people with eye infection it can be used to make 

other medicines for the eyes. 
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