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Abstract: 

In-situ Gel for ocular drug delivery is prepares by using mucoadhesive polymers to increase ocular residence time 

and minimize precorneal drugs loss of given formulation. Ophthalmic in-situ gelling system composed of 
environmentally sensitive polymers that will be structurally changed in response to small changes in specific 

condition like Environmental PH, temperature, & ionic strength. In response to environmental changes, installed 

liquid in-situ rapidly undergoes gelation into the Cul- de-sac of the eye to form visco-elastic gel. This tends to 

increase ocular residence time and decreases Precorneal drug loss as a result. 
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1. INTRODUCTION: 

The eye is a one-of-a-kind and extremely valuable 

organ. In most cases, topical drug implementation is 

the preferred method of ocular chemotherapy due to 

the ease and safety. There are numerous eye diseases 
which can affect the body and cause loss of vision. 

As a result, there are many eyes in drug delivery 

systems. They are divided into two categories: 

conventional drug development systems and new 

drug development systems [1]. The most common 

and very well route of administration for the 

identification of different eye disorders is topical 

application of drugs to an eye. The anatomy, 

physiology, and biochemistry of the eye make it 

highly resistant to foreign substances. The 

physiological constraints imposed by the eye's 

protective mechanism result in low drug absorption 
and a short duration of therapeutic action in 

ophthalmic drug delivery systems. Noncompliance is 

associated with a high frequency of eye drop 

instillation [2]. Conventional ophthalmic 

formulations like solution, suspension, and ointment 

have many disadvantages such as, high variability in 

efficiency, blurred vision and increased pre-corneal 

elimination results into poor bioavailability of drug in 

the ocular cavity [3]. The bioavailability of 

ophthalmic drugs is, however, very poor due to 

efficient protective mechanisms of the eye. The 
formulation scientist faces a significant challenge in 

circumventing (bypassing) the protective barriers of 

the eye without causing permanent tissue damage [4]. 

Blinking, baseline and reflex lachrymation, and 

drainage rapidly remove foreign substances, 

including drugs, from the eye's surface. Tears wash 

the surface of the eye permanently and have anti-

infective properties due to the lysozyme and 

immunoglobulins [5]. Finally, the nasolacrimal 

pathways drain the lachrymal fluid. All of these 

protective mechanisms are to blame for the rapid and 

widespread Precorneal loss of topically applied drugs 
on the eye. The primary objective of diagnostic 

system strategy is to obtain the optimal concentration 

of a drug at the binding site for the appropriate 

duration 

1.1 Anatomy & Physiology of Eye: 

Eye is divided into several compartments, including 

the tear compartment, and back compartment. The 

cornea, iris, Ciliary body, and aqueous humor are all 

found in the anterior chambers. The retina, vitreous 

humor, choroid, and sclera are all found in the 

posterior chambers [7]. 

 
Fig.No-1 Anatomy & Physiology of Eye 

1.1.1 Tear Chamber: 

The tear chamber of the eye is the portion of the eye 

that is in contact with the outside world. Tears are 

produced by various parts of the eye, with the 

lacrimal gland producing the most. A portion of the 

accessory gland also contributes to tear production, 

such as lipid, mucous, and some substrate. The 

primary function of the eye is to remove foreign 

particles from the eye [8]. 

1.1.2 Anterior Chamber: 

 Cornea: Cornea was its eye's outer layer. The 

human cornea has a width of 0.5mm. 
Bowman's membrane, Descemet's membrane, 

corneal epithelium, stroma, & endothelium are 

the 5 layers that make up the cornea. The outer 

edge layer is composed of non-squamous cells 

linked together by tight junctions. The inner 

layer has a columnar shape and is commonly 

referred to as the germinal layer. Bowman's 

membrane, like the stroma, is primarily made 

up of collagen fibrils. Descemet's membrane is 

the dense basal lamina here between stroma 

and the endothelium. Endothelium is made up 
of single-cell squamous cells [9]. 

 

 Iris: The pigmented epithelial cells that make 

up the iris. When the iris sphincter muscles 

contract, cholinergic nerves innervate them, 

causing miosis. The contraction of the pupil is 

known as miosis. Conciliate mydriasis is 

caused by the iris dilator muscle becoming 

radially oriented in response to sympathetic 

stimulation. Mydriasis is a condition in which 

the pupil dilates [10]. 
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 Ciliary Body: The Ciliary muscles and 

processes are in charge of the ciliary body's 

formation. The smooth muscle of the ciliary 

muscle is made up of fibrous bundles. The 

fibrous bundles have been vascularized and 
extend into the posterior chamber [10]. 

 

 Aqueous Humor: Aqueous humor is the 

protective and nutritive fluid that exists 

between cornea and the lens. Aqueous humor 

is made up of 99 percent water. The Ciliary 

body secretes aqueous humor (2-3l/min), 

which circulates to the anterior chamber from 

the posterior chamber. If the outer flow of 

aqueous humor is obstructed, the optic nerve 

suffers permanent damage as a result of 
elevated intraocular pressure [10]. 

 

1.1.3 Posterior Chamber: 

● Retina: Retina is the eye's most sensitive 

tissue. The retina is divided into two layers: 

the retinal pigmented epithelial layer as well as 

the cognitive retina. The outer part in contact 

with the rod and cone is the retinal pigmented 

epithelium (neural cells). The main purpose of 

retinal pigmented epithelial cells is to transport 

nutrients from the choroid to the retina, [10]. 

 

 Vitreous Humor: Vitreous humor is made 

up of a gel solution matrix that is sandwiched 

between the retina and the lens. Vitreous layer 

is mostly made up of collagen fibrils Vitreous 

layer is mostly made up of collagen fibrils the 

water content in 4ml of vitreous humor is 98 to 

99.7%, and the pH is 7.5 throughout. 

 

 Choroid: Choroid is located within the 

sclera and the & retina. The choroid is a blood 

vessel-rich tissue. Bruch's membrane, 
choriocapillaris, and vessel layers are among 

the layers of the choroid [10]. 

 

 Sclera: The choroid is protected by the 

scleral layer. Sclera's main duty is to maintain 

the inner organ of the eye. Sclera has a width 

ranging from 0.5 to 1 mm. The sclera is 

composed of collagen bundles, disbanded 

melanocytes, elastic tissue [10]. 
 

2. AIM 

To design, development and characterization of 

Novel In situ Gel for ocular Drug delivery.  

 

3. OBJECTIVES  

1) Formulation Variables- To prepare, develop, and 

optimize as well as Preformulation study of In-situ 

Gelling System in conjunction with drug polymer. 

2)To study polymers of natural and synthetic origin 

for drug compatibility and stoichiometric ratios that 

can produce formulations with enhanced properties 
3) Process Variables- To investigate variable process 

parameters such as the effects of polymer 

concentrations on prepared In-situ Gelling system 

and instrument stirring speed. 4) Characterization and 

evaluation entails studying nature and evaluating the 

prepared formulation in terms of primary parameters, 

drug content. Above objectives can be accomplished 

by examining the drug's melting point, calibration 

curve, solubility in various solvents, and FT-IR 

studies.The traditional dosage form has many 

limitations due to factors such as naso-lacrimal 
drainage & shorter contact time2,3 The goal of this 

study is to prepare and evaluate In-situ Gel for ocular 

drug1,4 delivery by using mucoadhesive polymers5 

to increase ocular residence time and minimize 

Precorneal drugs loss of given formulation. 

Ophthalmic in-situ gelling system composed of 

environmentally sensitive polymers that will be 

structurally changed in response to small changes in 

specific condition like Environmental PH8, 

temperature, & ionic strength. In response to 

environmental changes, installed liquid in-situ 

rapidly undergoes gelation9 into the Cul-de-sac of the 
eye to form visco-elastic gel. This tends to increase 

ocular residence time and decreases Precorneal drug 

loss as a result. 
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4. DRUG PROFILES 

4.1 Ketorolac Tromethamine 

Parameter Description 

Drug name Ketorolac Tromethamine 

Synonyms Ketorolac (+/-)-form Tromethamine salt / Ketorolac trometamol[1] 

Appearance Crystalline ,odourless,white 

Molecular weight 376.409 

Melting point 164-1670c 

Molecular formula C19H24N2O6 

Chemical name  

1,3-dihydroxy-2-(hydroxymethyl)propan-2-

aminium 5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-

carboxylate[2] 

 

 

 

Chemical structure 

 

 

 
 

 

BCS class I 

Half life 5-6 hours 

 

 

 

Bioavailability 

 

 
 

The ocular bioavailability of 0.5% [14C] nonsteroidal anti-inflammatory 

administered topically (50 μL) to the attention determined. The ocular 

bioavailability of Ketorolac was 4% in anesthetized rabbits and was firm 

by comparing drug concentrations within the aqueous humour after topical 

application with those obtained after intracameral injection of a similar 

dose of 0.25 mg of Toradol per eye. Although Ketorolac administered to 
the attention was completely absorbed systemically, concentrations of 

Ketorolac (AUC) were, on the typical, 13 times higher within the liquid 

body substance than in plasma after topical administration[3] 

Protein binding Its oral bioavailability is estimated to range from 80 to 100%. The drug is 

extensively bound (>99%) to plasma proteins and encompasses a volume 

of distribution (0.1 to 0.3 L/kg) comparable those of other NSAIDs[4] 

Drug category Nonselective COX inhibitor 

Solubility Practically soluble in water, Soluble in DMSO, soluble in ethanol 

Dose Depends upon weight and age. Topical -5% 

Absorption Ketorolac Tromethamine was absorbed rapidly (T max but 1.0 hr) and 

efficiently (greater than 87%) following po and im doses altogether 
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species. The plasma half-life of Ketorolac (K) ranged from 1.1 hr. (rabbits) 

to six.0 hr. (humans). 

 

Mechanism Of Action 

Ketorolac inhibits key pathways in prostaglandin synthesis which is crucial 

to its mechanism of action. Although Ketorolac is nonselective and inhibits 

both COX-1 and COX-2 enzymes, it's clinical efficacy springs from its 

COX-2 inhibition. The COX-2 enzyme is inducible and is liable for 

converting arachidonic acid to prostaglandins that mediate inflammation 
and pain. By blocking this pathway, Ketorolac achieves analgesia and 

reduces inflammation. Ketorolac is run as a racemic mixture; however, the 

"S" enantiomer is basically to blame for its pharmacological activity[4] 

Use Ophthalmic solution is also administered in conjunction with other topical 

ophthalmic medications like alpha-agonists, beta-blockers, carbonic 

anhydrase inhibitors, cycloplegics, and mydriatics. Drops should be 

administered a minimum of 5 minutes apart.[4] 

 

5. METHODOLOGY: 

An experimental research study were conducted, the 

study was initiated with  review of former research 

on in-situ Gelling system for controlled release 

formulation strategies and criteria for polymer and 

other excipient selection for illation. Drug Ketorolac 

Tromethamine (C19H24N2O6), and excipients 

Sodium Alginate, HPMC K4M6, Benzalkonium 

Chloride, were chosen based on the drug's solubility 
as well as its compatibility. 1) Preformulation study 

of drug and excipients:-Study of physical 

characteristics of drugs and excipients, FT-IR 

Spectrophotometric analysis, Melting point, UV-   

spectrophotometric analysis and solubility study of 

drugs in various solvents were studied along with 

determination of polymer concentration. 2) 

Formulation of in- situ gel drug delivery system: - the 

effect on various formulations variables based on 

drug solubility criteria were studied to investigate its 

properties.3)Prepared formulation batches were 

tested for following properties-solubility, rheology7, 
total drug content, in-vitro diffusion, design of 

experiment, ex-vivo design of experiment. 4) Thus 

from obtained result conclusion was drawn. 

 

6. RESULT:  
The Ketorolac Tromethamine was selected for the 

preparation of novel in situ gel for its sustained drug 

delivery in eye. The intraocular penetration of 

Ketorolac Tromethamine is excellent because of its 

high lipid solubility, and it is thus very effective. In 

situ ocular gel of Ketorolac Tromethamine was 
prepared by using ion gelation method. Where 

mucoadhesive polymer is Sodium Alginate and 

viscosity enhancing agents are HPMCK4M & In situ 

gel of Ketorolac Tromethamine showing good 

efficiency, satisfactory release of drug during 

diffusion study, lower cost of production and ease of 

preparation and necessary stability. Hence the ion 

gelation method was selected for the preparation of in 

situ ocular gel. The drug and excipients 

characterization was done by UV Visible 

spectrophotometry, solubility and FTIR spectroscopy 

which shows that drug is pure and compatible with 

polymer and all the excipients used in the 

formulation. The Calibration of the drug was done in 

Distilled water and Phosphate buffer pH 7.4 and in 
Simulated Tear Fluid which shows linearity. Drug 

and excipients are compatible with each other so 

formulation was prepared. Evaluation of in situ 

ocular gel was carried out by studying its 1) 

Appearance2) Gelation capacity 3) Effect of dilution 

on gelation temperature 4) PH of gel 5) Drug content 

6) Rheological study 7) In vitro drug release study 8) 

Ex vivo drug release study using goat cornea 9) 

comparison with marketed Formulation 10) Stability 

study. The concentration of sodium Alginate and 

concentration of HPMC & played a very important 

role in the formulation. Sodium Alginate forms gel in 
the presence of cations present in the eye and a 

HPMC K4M one of the other roles which helps in 

controlled release of the drug in that when 

concentration increases then prolonged release time 

due to drug entrapped in HPMC K4M. 

 

BY DESIGN EXPERT Sodium Alginate and 

HPMCk4M concentration i.e. 1.138% w/v and 0.25% 

w/v gave good transparent appearance, PH near to 

ophthalmic pH, uniform distribution of drug in gel, 

Optimized batches given by design tool in, in vitro 
and ex vivo shows koesmayers-peppas model of 

release. From that the in situ ocular gel of Ketorolac 

Tromethamine gave better residence time, 

bioavailability and most important stability of 

chloramphenicol at ophthalmic PH. And results 

shown by HPMCk4M are better results. 
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Fig.No-2 The λmax of Ketorolac Tromethamine in  water was found to be 296 nm 

 

 
Fig.No-3 The λmax Ketorolac Tromethamine STF nm pH7.4 was found to be 296 nm 

 

 
Fig.No-4 The λmax of Ketorolac Tromethamine in PBS 7.4 was found to be 296 nm 

 

Table No-1 Spectrum interpretation of Ketorolac Tromethamine 

 

Sr. No Group Functional Group Wave number 

cm-1 

1 C=0 Stretching Conjugated acid 1551.66 

2 N-H Stretching Aliphatic primary amine 3350 

3 O-H Bending alcohol 1373 

4 C-N Stretching Alkyl aryl ether 1272 

5 Strong C-H Bending 1,2,3 trisubstituted 728 
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Fig.No-5 The compatibility study determines stability of drug with excipients under experimental 

conditions. 

 

 
Fig.No-6 The compatibility study determines stability of drug with excipients under experimental conditions. 

 

Table No-2 IR of HPMC K4M 

 

Sr. NO Group Functional group, Wave no. cm-1 

1. C- O Stretching Primary alcohol 1049 

2. C- H Bending Carboxylic acid 1452 
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Fig.No-7 IR spectra of Sodium Alginate 

Table No-3 FTIR of Sodium Alginate 

Sr. No Group Functional group Wave numbers cm -1 

1 C-H Bending Aliphatic ether 1005.35 

2 O-H Stretching alcohol 2878 

3 C=O stretching Aromatic ester 3774 

 

 
Fig.No-8 IR spectrum of formulation blend Ketorolac Tromethamine, HPMC K4M and 

Sodium Alginate 
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Table No-4 Spectrum of compatibility study 

 

Sr.No 

 

Functional Group 

Waves number 

Cm -1 of Pure Drug 

Wave number cm -1 Of 

blend of 

formulation. 

1 C=0 Stretching 1551.66 1146 

2 N-H Stretching 3350 3343 

3 C-H Bending 1373 1375 

4 C-N Stretching 1272 1273 

5 Strong C-H Bending 728 786 

 

 

 

 
Fig.No-9 Contour plot of viscosity 

 
Fig.No-10 Contour plot of drug release 
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Fig.No-11 Overlay Plot 

 
Fig.No-12 The optimized formulation shows 68% release at 7 hrs. This gives a sustained release pattern. 

 

Table No-5 Release kinetic parameter 

 

Sr.NO Release Kinetic Model Correlation coefficient 

1 Zero Order 0.7477 

2 First Order 0.8654 

3 Hixson Crowell 0.8289 

4 Higuchi plot 0.9363 

5 Korsmeyer-Peppas Model 0.9947 
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Fig.No-13 Zero Order Release Kinetic Model 

 

 
Fig.No-14 First Order Release Kinetic Model 

 

 
Fig.No-15 Kors-peppas Order Release Kinetic Model 
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Fig.No-16 Hixson Crowell Order Release Kinetic Model 

 

   Table No-6 Comparison with marketed formulation 

Sr. No MARKETED FORMULATION OPTIMIZED 

FORMULATION 

Time %CDR %CDR 

0 0 0 

5 19.41176 17.94118 

15 28.30588 32.24706 

30 42.21176 37.68471 

60 51.10588 49.76 

120 61.32235 56.26118 

180 80.48094 64.53647 

240  64.74 

300  66.32 

360  67.3 

420  68 
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Fig.No-17 Comparison with marketed formulation 

 

 

7. CONCLUSION:  

The ion sensitive ophthalmic in situ gelling drug 

delivery system was successfully formulated by using 

drug Ketorolac Tromethamine and polymers sodium 

alginate, HPMC K4M. The formulated in situ gelling 

system were characterized for appearance, clarity, PH 

,gelation temperature, gelation capacity after dilution 

with STF, rheological character, in vitro release in 

simulated tear fluid and ex-vivo diffusion study 

through cornea of goat that shows release near to the 

in vitro release study in STF. The formulation was 
liquid at room temperature and underwent rapid 

gelation upon contact with tear fluid. Results 

obtained from in situ gel of Ketorolac Tromethamine 

containing sodium alginate & HPMC K4M as 

viscosity enhancing agent are better results at 

concentration given by DESIGN EXPERT tool. 

Hence, it is concluded that the Concentration of 

Sodium Alginate and HPMC K4M increases gives 

sustained release .Ketorolac Tromethamine in situ gel 

presents good stability at room temperature i.e.25℃. 

No macroscopically physical changes were observed 
during storage. Viscosity, PH , drug content, gelation 

temperature value of the formulation were carried out 

after every 15 days interval for the period of 60 days 

and have not shown significant difference at 25℃. 

Thus all the objectives of the study get fulfilled. 
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