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ABSTRACT 
 

Loss of sight or vision loss are utmost concerned worldwide health problems resulting in significant 
financial and public loss. Eyesight helps one to capture signals from the surrounding environment 
and depict clear visual images. Drug delivery to the eyes has been seen as a significant task for the 
reason that an eye has different defensive boundaries and drug clearance system resulting from an 
exceptional structural and functional nature of eyes. Formulation administered into the eye in the 
form of regular ophthalmic formulations leads to less absorption of drug. Therefore, approaches 
have been carried out to advance a novel, nontoxic and effective ophthalmic drug delivery system 
to control the difficulties occurring by the regular formulations. Latest innovation in pharmaceutical 
drug design has produced stimuli responsive in-situ gel system providing continuous release action 
and increased ocular drug bioavailability. They act by undergoing phase conversion from solution 
to gel owing to the variation in ocular temperature, ions and pH in the ocular environment. Stimuli 
transformed gel is formed in the region of cul de sac thus combating the limitations of regular 
ophthalmic formulations such as less retention time and fast nasolacrimal drainage within the eyes. 
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1. INTRODUCTION 
 
An eye is an important sensory organ that serves 
a doorway and receives outer images by 
transferring these images towards the brain in 
the form of signs over the optic nerve. In this way 
the link amid the body and our surrounding is 
established [1]. The eye is proved to be the 
fundamental organ of vision. Eyeballs are located 
in the orbit where almost one-fifth of the orbital 
region is occupied by each of the two eyeballs. 
The unoccupied area is covered up by the  blood 
vessels, extraocular muscles, lacrimal gland, 
nerves of fascia and the fats [2]. Several disease 
conditions can influence the eye despite the fact 
that it is highly secured and self-contained. 
Infections can be shallow in the external layer of 
the eye like conjunctivitis, or inside the eye like 
glaucoma, or the issue might be in the vitriol 
portion and identified with the retina, for example, 
age-related macula edema [3]. The eye is an 
expansion of the focal sensory structure. It has 
numerous usual physiological and anatomical 
features similar to cerebrum. Each of them has 
firm fibrous coverings, and are protected by bony 
walls and a double supply of blood to the vital 
layer of the nervous tissue. Internal 
compartments within brain and eye are filled 
fluids of similar composition and pressure. Since 

retina and the optic nerves arise from the brain, 
the diseases influencing the central nervous 
system and eye are similar [2]. 
 

2. STRUCTURE OF EYES 
 
Eye is vital organ in living beings where 
ophthalmic drug delivery system plays a very 
crucial role by acting directly at the site without 
entering into the systemic circulation [4]. Due to 
the distinctive structure it becomes very difficult 
for the entry of drug molecule into the eye to 
show its action at the targeted site [5]. Here Fig. 
1, depicts the structural and physical barriers 
present in the eyes. An eye is segregated into 
the two segments, the frontal and the 
subsequent portion in which frontal part includes 
ciliary body, cornea, lens, aqueous humor, 
conjunctiva along with cornea while the 
subsequent part which is also known as the back 
of the eye deals with choroid, sclera, retinal 
pigment epithelium, vitreous humor, optic nerve, 
and neutral retina. These segments are 
commonly affected by severe type of optic 
illnesses resulting in visual impairment. Diseases 
like cataract, glaucoma, allergic conjunctivitis 
affects anterior segment whereas macular 
degeneration and diabetic retinopathy mainly 
affects posterior segment [6].  

 

 
 

Fig. 1. Structure of an eye [7] 
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The frontal (anterior) region covers around one 
third portion of an eye while the rest of the 
remaining portion of an eye comes under the 
posterior segment [5]. An eye is made up of 3 
sections: the external part, middle part or the 
intermediate part and internal part. External part 
mainly includes of the sclera and cornea where 
cornea helps to transfer the light towards retina 
and lens while sclera represents the connective 
tissue that helps to protect eye and assist in 
retaining its structure. Limbus is the connective 
point of the cornea and sclera. The intermediate 
part comprises of ciliary body and choroid. 
Choroid is the vascular layer which provides 
oxygenated blood to the coronial layer. The 
power of the lens and its shape is regulated by 
ciliary body, while the dimensions of the pupil 
and the capacity of incoming light to the retina is 
regulated by Iris. The internal part of an eye 
consist retina that aids in acquisition and analysis 
of the light [8]. The cornea consists of the 90% of 
the epithelium cells which results in high 
membrane lipophilicity because of which it 
restricts the absorption of the drug as it forms 
very tight junction with protein. The lipophilic drug 
passes very easily through this membrane. The 
absorption of the drug takes place through 
various mechanisms like paracellular, carrier 
mediated, transcellular, receptor mediated 
transport and active mechanisms in which 
paracellular is prevented by the corneal tight 
junction [9].  The anatomy of the cornea is 
composed of following layers, which include 
Descemet’s membrane, bowman’s layer and 
epithelium, endothelium, stroma, and the 
basement membrane [10].  
 

3. FACTORS AFFECTING OCULAR 
BIOAVAILABILITY 

 
Human optic structure is equipped with ocular 
barriers to avoid hazardous chemical substances 
as well as therapeutic drug substance from 
entering distinctive tissues of an eye. Retinal-
blood barriers and tear dilution conjunctival 
completes the dynamic whereas the, corneal 
stroma, corneal epithelium, blood aqueous 
barrier, corneal endothelium deals with the static 
barrier hamper drug uptake which affect 
therapeutic efficiency of the topical formulations 
(<5%) [11]. Following are few obstacles  to 
ophthalmic drug distribution and bioactivity [3].  
 

3.1 Tears  
 
The tear film is the primary hindrance which 
quickly eliminates introduced formulation from 

the eye, leading to limited drug absorption [12]. 
Because of the dilution of formulation by the tear 

turnover (about 1 L/min), faster elimination and 
interaction of drug with tear proteins, the 
absorption rate of the administered medication 
decreases. Furthermore, the amount of the 

administration of the dose is often 20L –50 L 

while the capacity of cul-de-sac is just 7 –10 L. 
As a result, the surplus volume exits from the 
duct of nasolacrimal drainage, thus decreasing 
the therapeutic efficiency of the drug [13].  
 

3.2 Reflex Blinking  
 
With a typical capacity of 39 µL, a standard eye 
dropper dispenses 25–56 µL of the preparation. 
On the other hand, an eye can temporarily 
contain approx 30 µL of the drug with the 
remainder being eliminated by reflex blinking (5–
7 blinks/min) or nasolacrimal drainage, thus 
reducing the quantity of the medication 
accessible for pharmacological activity [14]. 
 

3.3 Cornea  
 
The cornea comprises of numerous layers: 
Descemet’s membrane, Bowman’s layer, 
basement membrane, endothelium, stroma and 
corneal epithelium. It is highly specialized, 
transparent and avascular tissue [15]. The 
cornea is expected to be the primary route for 
drug absorption into the front chamber. It is 
formed of multiple levels and is roughly 0.5 mm 
wide in the middle, widening to nearly 0.7 mm at 
the outer edge. 
 

 Epithelium has 56 layers of squamous 
stratified cells (rising to 810 layers at the 
edge), has a cumulative thickness of 
50100 mm, and a cell layer turnover rate of 
roughly one per day. The strong 
interconnections and hydrophobic regions 
make it the most important restriction for 
the absorption of the drug.  

 Bowman’s membrane is a 814 mm-thick 
acellular uniform layer. It is arranged 
between the membrane of basement 
epithelium and the stroma. 

 Almost 90% of the corneal thickness is 
made up of stroma, also known as 
substantia propria. It is mostly made up of 
water, with roughly 200–250 collagenous 
lamellae layered on the top of one another 
and extending equivalent to the surface. 
The physical strength and optical 
transparency are provided by lamellae. 
Structurally the stroma seems to be open 
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which allows hydrophilic solutes to 
circulate freely.  

 Descemet’s membrane is sandwiched 
between the endothelium and stroma. It is 
generated by endothelium. 

 Endothelium is a thin film of compressed 
hexagonal cells 5 mm thick and 20 mm 
broad which is crucial to preserve 
appropriate corneal moisture. The 
endothelium is in close interaction with the 
front compartment and hence it 
experiences continuous inflow of watery 
fluid through aqueous humor which further 
enters stroma. To efficiently penetrate the 
cornea, formulation must have both polar 
and lipid soluble characteristics, as well as 
have small atomic size to pass across 
complex connections [16]. 

 

3.4 Conjunctiva 
 
Owing to the combination of lymphatics and 
conjunctival blood capillaries that may lead to 
considerable medication escape into the blood 
stream thus decreasing therapeutic efficiency, 
conjunctival drug uptake is believed to be 
inefficient as compared to corneal drug 
penetration. Inactive transport of polar drug 
molecule can be slowed even more by 
conjunctival epithelium complex cell inter 
connections [17]. 
 

3.5 Sclera  
 
Considering polar substances migrating through 
the collagen content, the sclera seems to have 
greater trans scleral penetration as compared to 
cornea. The molecular radius, molecular weight 
and charge all play a significant role in sclera 
penetration. All particles penetrate scleral holes 
more easily unlike macromolecules. Hence 
macromolecules such as anti-VEGF agents 
possess small distribution rate through the sclera 
and must be given intravitreally [11]. 
 

3.6 Choroid/Bruch’s Membrane 
 
The supply of blood to the retina is done with the 
help of choroid which is the most extremely 
vascularized tissue of the body. An OCT (Optical 
Coherence Tomography) can detect the size of 
choroid and retina. The study of OCT shows that 
the thickness of the choroid decreases with 
ageing while the broadness of the membrane 
increases with age. Increase in the turnover of 
glycosaminoglycans, cross-linking of collagen 
fibres, and calcification of elastic fibres all are the 

effects of these variations. Absorptivity of the 
drug from the episcleral or subconjunctiva area 
into the vitreous and retina may be affected by 
choroid and BM thickness alterations [13].  
 

3.7 Blood-Ocular Barriers 
 
Blood ophthalmic obstacles are the combinations 
of blood-retinal barriers and blood aqueous 
barriers. These are real limitations between the 
eye and blood that plays a significant role in drug 
absorption, ocular route drug excretion, and 
preserving homeostatic regulation [18]. The BRB 
(blood-retina barrier) consist of the two 
constituents, viz, (i) the RPE (retinal pigment 
epithelium) cells and (ii) the endothelium 
(complex walls) of retinal capillaries, which 
represent the external and internal BRB, 
respectively. This barrier creates an obstacle for 
the formulation to enter into the retina. BRB turns 
as a significant obstacle which avoid the 
entrance of the unwanted substances into the 
retina through choroid. The entrance of the 
medication into the highly vascularized choroid is 
very quick after systemic delivery, but they often 
fail to cross the BRB. Due to its specific 
structure, the BRB is highly active at providing its 
obstructive role [19,20]. 
 

3.8 Drug Metabolism 
 
Several enzymes are present in both anterior 
and the posterior segments (cytochrome P450, 
ketone reductase, cyclooxygenase) which carry 
out metabolism of the active drug administered 
into the eye. This further leads to reduction of 
ophthalmic drug bioavailability [21]. 
 

4. NOVEL OPHTHALMIC DRUG 
DELIVERY 

 
Topical application is commonly accepted 
method of ocular drug delivery in managing the 
ocular diseases. Also, the conventional 
ophthalmic formulations like eye drops, constitute 
for about 80 to 90% of the ophthalmic drug 
delivery. This is due to greater patient 
compliance and convenience of administration of 
the drug. But the amount of drug absorbed 
through the conventional formulation is low due 
to various physiological barriers to absorption as 
mentioned above. Hence a very lesser amount of 
the administered dose gets absorbed which is 
accessible for the therapeutic action. Also, the 
risk of increased systemic absorption of the drug 
exhibits various side effects. Hence scientists are 
trying to develop novel ophthalmic formulations 
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which will prolong the drug ocular retention time 
and thus reduce the systemic absorption and 
side effects. One of such approach is to 
formulate stimuli responsive in-situ gel forming 
formulations. Various types of polymers like pH 
sensitive, temperature sensitive, ion sensitive 
etc. are used for formulating in-situ gel forming 
formulations. Below described are the different 
polymers with their examples and their 
mechanism of gel formation process. 
   

5. THERMOSENSITIVE POLYMERS 
 
One of the most commonly examined group of 
stimuli reactive polymeric material in drug 
delivery studies is thermally responsive drug gel 
formulations [22]. The liquid to gel phase 
transformation is induced by a change in 
temperature caused due to an increase in 
hydrophobicity in the temperature sensitive 
gelling systems [23]. Temperature responsive 
polymers that transform from sol-gel phase at the 
temperature of the eye (37

o
C) can be used to 

attain continuous drug delivery. While developing 
a temperature sensitive gelling system there are 
three primary options available. They are 
positively thermo responsive, negatively thermo 
responsive and thermally reversible gel [24]. 
Polymers with a positive temperature profile of 
swelling, contract when cooled below their 
UCST, separating them into two phases [25]. 
Negative thermo-responsive in-situ gels consists 
a sufficient LCST (low critical solution 
temperature) than positive thermo-responsive 
gels and shrink when heated beyond the LCST. 

This will be accomplished by using polymers 
having a LCST (low critical solution temperature) 
that change within the physiologic and ambient 
temperatures. At room temperature (20-25°C), 
the preparation is liquid, however when it 
interacts with ocular environment (35-37°C), it 
gels. Gelling occurs due to degeneration of long 
chain of polymers which in turn causes the 
emergence of lipophilic regions and the 
conversion of watery fluid to in-situ gel. 
Poloxamer’s (Synthetic polymers) and PNIPAAM 
(Poly N-isopropylacrylamide) and Natural 
polymers (cellulose derivatives) are the most 
often utilized polymers. 
 
Eg: Poloxamer/Pluronic’s, Cellulose derivative 
[24].  
  
Mechanism of Gel Formation: The temperature 
triggered in-situ gel process employs 
temperature responsive polymers which are 
liquid below their low critical solution temperature 
(LCST) but gels once the ambient 
temperature exceeds the LCST [26]. They occur 
as clear, homogeneous, free-flowing polymeric 
solutions at temperatures just under the low 
critical solution temperature (LCST) but turn 
turbid once they approach the low critical solution 
temperature (LCST). Beyond the LCST, phase 
transition begins, splitting the solution into a 
solvent and a gel phase, which is usually liquid. It 
is mostly because of the entropy effect, that 
favors phase separation as temperature rises 
[27].  

                         
5.1 Application of Thermo-Sensitive Polymers in Ophthalmic Drug Delivery 

 
Table 1. List of some of the recent ophthalmic drug delivery studies using temperature 

sensitive polymers 

 
Sr 
no. 

Aim Disease Drug Polymer used References 

1. To develop 
thermosensitive in-situ 
formulation for 
administration of 
Latanoprost 

Glaucoma Latanoprost HPMC E5, 
HPMC E50, 
PF127, PF68 

[28] 

2. Preparation of Timolol 
Maleate in-situ gel to 
increase absorption of 
drug. 

Glaucoma Timolol 
Maleate 

Poloxamer 
407, 
Poloxamer 188 

[29] 

3. To prepare Ofloxacin 
containing ocular in- situ 
gel for enhanced ocular 
residence time. 

Bacterial 
Conjunctivitis 

Ofloxacin HPMC, 
Poloxamer 
407, PVA 

[30] 
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Sr 
no. 

Aim Disease Drug Polymer used References 

4. Development of 
voriconazole in-situ ocular 
formulation. 

Fungal 
keratitis 

Voriconazole P 407, P188, 
CMC 

[31] 

5.  To formulate thermo 
sensitive in-situ gel nano 
emulsion for 
administering acyclovir 

Herpes 
simplex 
Keratitis 

Acyclovir P 188, P407 [32] 

 

6. pH-RESPONSIVE POLYMERS 
 
A further essential bioenvironmental component 
at the ocular location involves pH, which 
develops a gel almost instantly when exposed to 
bio-stimulus [22]. Researchers have witnessed 
significant pH variations in the human body that 
could be employed to target curative medicines 
to a particular bodily location, tissue, as well as 
cellular division. As a result of such 
characteristics, pH responsive polymers are 
appropriate medicinal methods for precise 
therapeutic drug delivery. When the pH of a 
solution changes, pH responsive polymers alter 
their structure and physical features like chain 
arrangement, surface activity solubility, and so 
forth [33]. The capacity of receiving or donating 
protons in accordance to pH variations is a 
significant characteristic of ionic pH responsive 
polymers. These polymers have carboxylic or 
sulphonic (acidic) or ammonium salts (basic) 
groups in their structure [34]. The pH-responsive 
systems are ionizable with a pKa value between 
3 and 10, and therefore is one of the most 
investigated stimuli-response systems. 
Polyacids, polybases, or a blend of both make up 
pH-responsive polymers. There are four different 
types of pH-responsive polymers: Artificial 

polypeptides, biopolymers weak polyacids, 
polyacids and pH-responsive degradable 
polymers. The extent of ionization of the 
polyelectrolyte is caused by changes in the 
surrounding pH, that affects the solubility or 
structure of the polyelectrolyte. The swelling and 
deswelling of a polymer is caused by changing 
the pH of a solution. As a result, medication 
devices composed of such polymers will have 
pH-dependent release profile [35]. 
 
Eg: Carbomers (polyacrylic acids, PAA) and 
Cellulose acetate phthalate latex 
 
Mechanism of Gel Formation: Alteration in the 
ionization potential of the polyelectrolyte's which 
have carboxylic or phosphoric (weakly acidic) or 
ammonium (weakly basic) groups cause the sol-
gel phase transformation. The pH at which these 
groups ionize is determined by their pKa values 
(3–10) and also the polymer’s molecular weight. 
Modifications in any of these group’s ionization 
states induce alterations in structure and 
solubility, and also system swelling. The ionic 
strength, temperature and salt concentration all 
influence the process of forming gel and features 
of certain pH sensitive polymers [27]. 

 

6.1 Application of pH Responsive Polymers in Ophthalmic Drug Delivery 
 

Table 2. List of some of the recent ophthalmic drug delivery studies using pH sensitive 
polymers 

 

Sr No. Aim Disease Drug Polymer used References  

1. To improve 
effectiveness and 
decrease systemic 
absorption of 
brimonidine 
tartarate ophthalmic 
gels in rabbit. 

Glaucoma Brimonidine 
Tartarate 

HPMC E4M, 
Carbopol 
974P  

[36] 

2. Formulation of pH 
sensitive in-situ gel 
for administration of 
dorzolamide 
hydrochloride. 

Glaucoma Dorzolamide 
hydrochloride 

HPMC F4M, 
Carbopol 940 

[37] 
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3. Formulation of 
sustained release 
in-situ ophthalmic 
gel having various 
combinations of 
Carbopol and 
HPMC 

Bacterial 
Conjunctivitis 

Sulfacetamide 
sodium 

HPMC, 
Carbopol 940, 
E4M 

[38] 

4. To prepare pH 
sensitive 
ophthalmic in-situ 
formulation of 
olopatadine 
hydrochloride 

Allergic 
conjunctivitis 

Olopatadine 
hydrochloride 

Carbopol 947, 
HPMC E50 
LV 

[39] 

5. To formulate pH 
responsive 
ophthalmic in-situ 
formulation of 
naproxen using 
carbomer 

Ophthalmic 
inflammation 
following 
surgery 

Naproxen HPMC K100, 
Carbopol 940. 

[40] 

 

7. ION-RESPONSIVE POLYMERS 
 
In the context of an ionic environment given by 
the ophthalmic surface (Ca++ and several other 
ions found in tear fluid), some polymers undergo 
phase transitions. Therefore, the anionic 
character of these polymers leads to the 
connection among the oppositely charged ions 
and polymers, which has been intensively 
studied in the production of the in situ gel system 
for ophthalmic drug delivery [22] Due to an ionic 
property of these polymers, they form a strong 
association with different charge particles. As 
these electrostatic forces approach unity, 
because of which shift occurs in the arrangement 
of polymer, which results in the transformation of 
sol-gel phase [41]. 
 

Ex: Gellan gum and sodium alginate. 
  
Method of Formation of Gel: Anionic 
polysaccharides reinforced with Na

+
 

(monovalent) and Mg
2+

 and Ca
2+

 (divalent) 
cations present in the lacrimal fluid can cause the 
solution to gel phase transformation, thus 
increasing the viscosity of polymer.  The viscosity 
and concentration of cations are interrelated to 
each other. Hence increase in viscosity results in 
increase of concentration of cation. As a result, 
the dilution of viscous solution takes place due to 
increase in the formation of tear which leads in 
greater concentration of cation and hence 
viscosity of the polymer also increases. This 
further leads to improved drug ophthalmic 
retention time, increasing therapeutic efficiency 
and decreased nasolacrimal drainage. 

 

7.1 Application of Ion-Sensitive Polymers in Ophthalmic Drug Delivery 
 

Table 3. List of some recent ophthalmic drug delivery studies using ion-sensitive polymers 
 

Sr 
no. 

Aim Disease Drug Polymers 
used 

References 

1. Development of constant 
release ocular 
preparation of 
brinzolamide 

Glaucoma Brinzolamide Deacetylated 
gellan gum 

[42] 

2. Formulation and 
therapeutic evaluation of 
gatifloxacin ion-activated 
hydrogel 

Bacterial 
keratitis 

Gatifloxacin Gellan gum, 
sodium 
alginate 

[43] 

3. To formulate and 
evaluate levofloxacin 
hemihydrate ion sensitive 
ophthalmic formulation 

Bacterial 
Conjunctivitis 

Levofloxacin 
hemihydrate 

Gellan gum [44] 
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Sr 
no. 

Aim Disease Drug Polymers 
used 

References 

4. Formulation of ion 
responsive in-situ gel of 
natamycin loaded 
bilosomes 

Fungal 
keratitis 

Natamycin 
loaded 
bilosomes 

Gellan gum [45] 

5. To prepare and examine 
ion sesnitive in-situ gel of 
acyclovir 

Ocular 
herpes 
infection 

Acyclovir Kappa 
carrageenan 

[46] 

 

8. ENZYME-RESPONSIVE DRUG 
DELIVERY 

 
Enzymes are bioabsorbable in nature, work in 
moderate surroundings, and have a high degree 
of selectivity, all of which make them suitable 
candidates for stimuli-sensitive release triggers. 
These enzymes can be degrading enzymes or 
the enzymes that are overexpressed in 
pathological situations (disease-specific). A study 
found that an enzyme-sensitive hydrogel using 
HNE (human neutrophil elastase), a triggering 
enzyme released by neutrophils at the area of 
inflammation, was effective in the administration 

of anti-inflammatory medicines. Due to the 
presence of neutrophils, release of the hydrogel 
takes place at the site of the inflammation and 
execute site-specific and local delivery, 
preventing systemic medication associated 
adverse-effects. To enhance the efficacy of 
hydrogel, HNE-sensitive linkers and model 
peptides were added to PEGDA (poly (ethylene 
glycol) diacrylate). After diffusion of HNE into the 
hydrogel it breaks the substrate thus liberating 
the drug at targeted site. In vitro, the peptides 
was eliminated in an organized behavior in the 
presence of HNE [47]. 

  

8.1 Application of Enzyme Responsive Polymers in Ocular Drug Delivery 
 

Table 4. Recent ophthalmic studies on enzyme sensitive drug delivery 
 

Sr no. Aim Disease Drug  Triggering 
enzyme 

References  

1. Lysozyme mediated 
drug release through 
diamond nanogel 
embedded contact 
lenses 

Glaucoma  Timolol 
maleate 

Lysozyme  [48] 

2. To formulate 
Poloxamer 407/TPGS 
micelles as carrier of 
cyclosporine for 
ophthalmic 
administration. 

Anterior eye 
diseases 

Cyclosporine Esterase  [49] 

 

9. MULTI STIMULI RESPONSIVE POLYMERS 
 
The use of the mixture of polymers with various gelling mechanisms, results in the enhanced 
therapeutic efficacy and the compliance of the patient, which is the unique strategy involved in the 
ophthalmic in-situ formulations. Various researches as per the literature includes the use of pH-
sensitive, ion activated or thermo-responsive polymers in the similar ocular preparation have been 
available in current years. Multi-responsive systems have potential to preserve the principal 
medication until the desired target is achieved [50]. Scientist used a mixture of pH and ion activated 
gelling systems i.e. methylcellulose and sodium alginate, which is used to design and analyze a 
sparfloxacin-loaded new in-situ formulation for prolonged optic drug administration. The formulation 
was in the form of a solution at pH 4.7 and underwent rapid transformation from sol-gel which resulted 
in the rise of the pH to about 7.4. As related with the eyedrops, the in-situ gel preparation exhibited 
continuous in vitro delivery of sparfloxacin absorption for more than a 24 hr period  [26]. 
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Eg: Poly(ethylene glycol) methyl ether methacrylate 
 

9.1 Application of Multi Stimuli Responsive Polymers in Ocular Drug Delivery 
 

Table 5. Recent ophthalmic drug delivery studies using multi stimuli responsive polymers 
 

Sr 
no. 

Aim Disease Drug  Polymer used References  

1. To formulate and 
evaluate in-situ gel 
forming preparation of 
sparfloxacin. 

Ophthalmic 
bacterial 
infection 

Sparfloxacin   pH responsive- 
Chitosan  

 Ion responsive- 
gellan gum 

[51] 

2. To formulate and 
examine in-situ gel of 
besifloxacin.  

Bacterial 
conjuntivitis 

Besifloxacin  pH responsive- 
Chitosan 

 Ion responsive- 
gellan gum 

[52] 

 

10. EVALUATION OF In-situ GEL 
FORMULATIONS 

 
The parameters for the assessment of the in-situ 
gel preparations consist of pH determination, 
medication concentration, isotonicity, gelling 
capacity, rheological examination, in vivo ocular 
testing, in-vitro diffusion study, antibacterial 
activity, clarity and accelerated stability studies. 
The medication should possess a  required 
viscosity which permit it’s compatible 
administration into the eye in the form of drops 
(liquid), which undergoes  a rapid transformation 
from solution to gel phase (activated by ion 
exchange, temperature or pH) [53]. 
 

10.1 Determination of Clarity  
 
The clarity of the preparations earlier and later 
the process of gelling can be identified with the 
help of visual inspection below light or against 
dark and white backgrounds [24].  
 

10.2 pH Determination  
 
Determination of the pH is performed for all the 
preparations immediately after the sample is 
prepared and documented with the help of the 
digital pH meter [54]. 
 

10.3 Gelling Capacity 
 
By introducing a small amount of the created 
preparation into an ampoule holding 2 mL of 
newly produced STF (simulated tear fluid)                   
and immediately observing it, the gelling 
capability of the preparation can be evaluated. 
The amount of time it takes for the gel to set is 
recorded [55].  

10.4 HET Cam Test 
 

The Draize eye irritation test is one of the most 
important method to determine the injuries that 
are cause to the animals which are used in the 
experiments. Many of the invitro methods are 
used in the determination of the toxicity of the 
eye irritants by replacing it with in vivo eye 
irritation testing. HET-CAM (Hens Egg Test 
Chorioallantoic Membrane) examination is one of 
the alternative methods. HET-CAM test and 
Draize eye irritation test are carried out to avoid 
the potential risk cause on human, test animals 
due to the effect of chemical and helps to 
determine the harmful effect on the living things. 
Due to the irregular storage of these 
contaminated chemicals or during the 
manufacturing process, human or the animals 
directly come in contact with these agents and it 
can cause injury. Draize eye irritation test is the 
very commonly used test for the detection of the 
ocular irritation of the eye, as this test has been 
used for more than 40 years. This test is proved 
to be very common and important but it may be 
painful for the test animals and because of this, 
from the ethical point of view this method is 
unaccepted. To overcome this problem Draize 
eye irritation test is replaced by Hens Egg Test 
Chorioallantoic Membrane (HET-CAM) test. The 
HET-CAM test, is carried out with the use of the 
CAM (chorioallantoic membrane) of the embryo 
of the chick. In the HET-CAM test, CAM is made 
up of the tissue which consist of arteries, 
capillaries and veins, and it is easy for the study. 
With the help of this method, chemicals are 
directly sited in the contact with the CAM of the 
hens egg [56]. The purpose of this method is to 
mark out the components and the procedures 
which are utilized to determine the visual irritancy 
of the study drug [57].  
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10.5 Rheological Studies 
 
Cone viscometers, Plate viscometers and 
Brookfield viscometers can all be used to 
determine consistency. In a test tube, the in-situ 
gel preparation is put. Before gelling, the 
preparation should have a consistency of 5m 
Pas-1000 m Pas, and after the development of 
the gel, it should possess a consistency of 50-
50,000 m Pas [53]. 
 

10.6 Viscosity and Rheology 
 
This is a crucial point to consider when 
evaluating in-situ gels. The rheological and the 
viscosity characteristics of the polymeric 
preparations were evaluated using a Brookfield 
viscometer or Ostwald's viscometer. The 
preparation should be consistent enough to 
produce effect while also should show patient 
compliance particularly during intravenous and 
ophthalmic administration [58]. 
 

10.7 Evaluation of the Texture Analysis 
 

The texture characteristic analyzer is used to 
examine the uniformity, stiffness, and 
compactness of the in-situ gel, which primarily 
signifies the strength of the gel and ease of 
injection in vivo. To sustain a close contact with 
the mucus surface, greater adhesiveness values 
of gels are required [59]. 
 

10.8 Isotonicity Evaluation 
 

The isotonicity of ocular formulations is a 
significant feature. To avoid cellular injury or eye 
discomfort, isotonicity must be achieved. 
Isotonicity test is carried out on all ocular 
formulations that have acceptable drug release, 
gelling capability, and the required viscosity [55]. 
 

10.9 Gamma Scintigraphy Studies In-vivo 
 

Gamma scintigraphy is a well-known method for 
determining in vivo optic residence time. Even 
though rabbit is most frequently used animal for 
testing optic preparations, human subjects are 
favored for this research due to physiological 
variations between humans and rabbits, primarily 
the rate of blinking [24]. 
 

10.10 Determination of the Interaction of 
Drug-Polymer Study and Thermal 
Analysis 

 

Fourier Transform Infrared spectroscopy (FTIR) 
should be used to investigate Drug-polymer 

relationships. Using the KBr pellet approach, the 
type of the associated forces can be determined 
during the process of gelation. For in situ 
established polymer matrix, TGA (thermo 
gravimetric analysis) was taken into the action to 
examine the proportion of liquid in the hydrogel. 
Differential Scanning Calorimetry (DSC) was 
designed to investigate the variations in thermo 
grams as related with pure active ingredients 
used for gelation [53]. 
 

10.11 Drug Content  
 
Estimation of the medication concentration was 
done by correctly introducing 100 μL of 
preparations in the test tube and appropriately 
diluted with the help of STF (simulated tear fluid) 
to gain 10 μg/mL of the concentration and 
identified with the use of UV-Visible 
spectrophotometer [54].  
 

10.12 Sterility Testing  
 
According to the Indian Pharmacopoeia, sterility 
testing for anaerobic and aerobic bacteria and 
fungi was carried out using SCDM (soybean 
casein digest medium) and fluid thioglycolate 
medium respectively. The direct inoculation 
approach was utilised for microbiological 
analysis. In 100 mL of culture medium, 10 mL of 
culture was introduced. Both media were 
incubated at 320°C for 7 days and any 
microbiological growth was noticed [54]. 
 

10.13 Determination of the Stability 
Studies 

 
Evaluation of the stability testing was carried out 
with the help of the ICH guidelines21. The 
designated preparations are exposed to 25, 30 
and 40 ± 0.5˚C/75% R.H. respectively for 0, 30, 
60, 90 and 180 days. The preparations are 
tested for pH, viscosity, drug content. While the 
shelf life of the preparations are examined by 
using Arrhenius Plot at 25˚C as per ICH 
guidelines [60].  
 

11. CONCLUSION 
 

In the recent years, much of the work is done on 
polymer targeting and has become a key 
research area with significant effort focused to 
develop stimulus sensitive molecules using smart 
polymers. Response activated drug delivery 
system can be utilized as targeting drug delivery 
and also alter drug release rates in response to 
external and internal stimuli. These smart 
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polymers not only improve therapeutic qualities 
like solubility, bioavailability, and enhanced 
circulation durations, but they may also be 
intended to selectively liberate the medication at 
the intended site of action. These so-called smart 
drug delivery systems must be designed to react 
when a stimulus like as pH, temperature, 
potential, enzymes etc, as explained in this 
article. The In-situ gelling approach is emerging 
as a favorable dosage form in ocular drug 
delivery resulting in prolonged precorneal drug 
retention time thereby offering sustained release 
mechanism. This further leads to increased drug 
bioavailability, therapeutic efficacy and 
decreased dosing frequency and side effects. In-
situ gels does not show any significant signs of 
toxicity or irritability to the eyes. Presently all the 
ocular in-situ formulations are formulated to 
contain only a single active ingredient. Hence 
future trends demands development of 
formulations containing multiple active 
ingredients for producing multi-target approach 
therapy. There are future expectations for 
producing many more dependable pH sensitive, 
ion sensitive (in-situ polymers) which may be 
sensitive to the biomarkers related with the 
disease condition of the eye.  
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