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Abstract: The development of temperature, pH, and ion-responsive in situ ophthalmic gels aims to enhance drug retention 

and release efficacy in the eye. Polymers such as Poloxamer (thermosensitive), Gellan Gum (ion-sensitive), and Carbopol 

(pH-sensitive) exhibit adaptive gelation mechanisms suited to ocular physiological conditions. Poloxamer forms a gel at body 

temperature, prolonging drug contact duration, while Gellan Gum creates a stable gel network through ionic interactions with 

lacrimal fluid, increasing viscosity and extending drug release. Carbopol, which transitions into a gel at neutral pH, provides 

optimal viscosity stability in the ocular environment. This study employs a literature review method, gathering data from 

indexed journals and scientific publications over the past 10 years. Evaluation results indicate that a combination of Gellan 

Gum and Methacrylated Gellan Gum at a concentration of 0.6% w/v yields the highest viscosity and encapsulation rate, with 

a contact time of up to 8 hours, making it an excellent formulation for long-term ophthalmic applications. This paper 

highlights the significant potential of in situ gels as drug delivery systems, optimizing ophthalmic therapy by enhancing drug 

viscosity and encapsulation stability. 
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Introduction  

 
Ophthalmic treatment usually treats the anterior part 

of the eye, such as the cornea, conjunctiva and sclera [1] 

which requires passing through the tear film, mucus layer, 

conjunctiva and cornea [2]. In the tear layer, drug elimination 

will occur because ophthalmic preparations can be dissolved 

in tears. This can affect the contact time of the drug in the 

eye, especially if there are cases of excess lacrimal fluid 

production, eye medication can only last 1 - 2 minutes. One 

of the elimination mechanisms that affect the speed of drug 

elimination in the eye is drainage, protein binding, tear 

turnover, induced tear production, and non-productive 

absorption in the conjunctiva [3].  

Recent advancements in in situ ophthalmic gel 

formulations have significantly improved drug retention and 

bioavailability in ocular therapy. Unlike conventional eye 

drops, which suffer from rapid elimination due to blinking 

and tear turnover, in situ gels offer prolonged contact time, 

reducing the need for frequent administration.  

Ophthalmic in situ preparations are preparations that 

are given to the eye in liquid form and will become a gel 

when they come into direct contact with the eye. these 

changes occur due to pH, ion, and eye temperature factors 

[4]. In - situ preparations can change the drug preparation 

from liquid to gel form when in direct contact with the eye, 

providing benefits such as making it easier to use in situ 

preparations because they are still in liquid preparation if 

they have not been in contact with the eye surface, and 

extending the time the drug is with the eye surface [5]. Gel 

formation in ophthalmic in situ preparations occurs through 

crosslinking of polymer chains, forming covalent bonds and 

non-covalent bonds [6]. 

The choice of polymer types in the in situ 

manufacture of ophthalmic gels is important to increase the 

contact time at the ocular surface for a longer duration. The 

types of polymers commonly used in in situ ophthalmic 

manufacturing are pH-sensitive polymers such as carbopol, 

temperature-sensitive polymers such as poloxamer, Poly (N-

isopropylacrylamide), and ion-sensitive polymers such as 

gellan gum, sodium alginate, etc [7].  

Encapsulation, as one of the evaluation parameters of 

ophthalmic in situ preparations, has an important role in 

extending the release time of the active substance (slow 

release) so that it can be absorbed optimally. With 

encapsulation, the active substance is protected in a polymer 

matrix, which helps to increase the therapeutic effectiveness 

over a longer period [8]. It also promotes controlled 

degradation of the biopolymer in the body tissues, which 

enables sustained and therapeutically appropriate drug 

release [9]. The purpose of this review article is to determine 

the best polymers for in situ formulation and the factors that 

influence physical evaluation. 

This review aims to highlight the latest developments 

in in situ ophthalmic gel formulations, focusing on polymer 

selection, gelation mechanisms, and their impact on drug 

retention and encapsulation. The discussion will also cover 

the challenges faced in ophthalmic gel development and 

potential solutions, including novel polymer modifications 

and integration with emerging drug delivery technologies. 
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Research Methods  
 

The method used for the preparation of this review 

article is the literature review method. Using reference data 

searched through online databases such as Google Scholar, 

NCBI, and PubMed. The keywords used in searching for 

journals are in situ, ophthalmic, pH-sensitive, ion-sensitive, 

and temperature-sensitive. 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results and Discussion  
 

The development of in situ forming ophthalmic gel 

systems has garnered considerable attention in recent years 

due to their potential to enhance ocular drug delivery by 

improving precorneal retention time and enabling sustained 

drug release. Conventional eye drops often suffer from poor 

bioavailability, primarily caused by rapid nasolacrimal 

drainage and limited corneal permeability, resulting in less 

than 5% of the instilled dose being absorbed. In situ gels 

offer a promising alternative by undergoing a sol-to-gel 

transition upon contact with ocular stimuli such as 

temperature, pH, or ionic strength, thereby prolonging the 

drug’s residence time and enhancing therapeutic efficacy. 

The selection of an appropriate polymer is critical in the 

formulation of such systems, as it dictates the gelation 

mechanism, mechanical properties, biocompatibility, and 

drug release kinetics. 

A variety of natural and synthetic polymers have been 

employed in the design of in situ gels, with chitosan, 

poloxamer 407, and hydroxypropyl methylcellulose 

(HPMC) being among the most extensively studied. 

Chitosan, a natural polysaccharide, offers mucoadhesive 

properties and pH-sensitive gelation, making it suitable for 

ocular application. Poloxamer 407, a synthetic triblock 

copolymer, exhibits thermo-reversible gelation, transitioning 

to a gel at physiological temperatures. HPMC, a semi-

synthetic cellulose derivative, contributes to viscosity 

modulation and film formation, and can enhance the 

mechanical strength of the gel matrix. The comparative 

evaluation of these polymers focuses on key physical 

characteristics such as clarity, pH, viscosity, gelation 

temperature or time, and rheological behavior, all of which 

are essential for ensuring formulation stability, ocular 

tolerability, and patient compliance. 

Despite significant advancements, the literature 

reveals a lack of systematic studies comparing the physical 

performance of different polymers under standardized 

conditions within ophthalmic in situ gel systems. 

Understanding these comparative properties not only 

informs formulation science but also bridges gaps in 

optimizing patient-centered ocular therapies. Therefore, this 

study seeks to provide a comprehensive comparison of 

selected polymers in terms of their physicochemical 

behavior within in situ ophthalmic gel preparations, 

ultimately contributing to the development of more effective 

and patient-friendly ocular drug delivery systems. 

 

 

Table 1. Physical evaluation data results from various literatures 

Type of 

polymer 
Name of polymer Sol-gel phase 

Lasting time on 

the eyes 

Encapsulations 

(%) 
Viscosity 

pH Sensitive  

polymer 

0.5% carbopol 

934, with 1.5% 

HPMC 15 [10] 

Gels at pH 6.6 Lasts for a long 

time 

- Post-gelation: 

1263 cps 

 Carbopol 934 

(0.6%), with 

HPMC K15 M 

(0.1%) [11] 

Gels at a dosage pH of 

7.4 

Lasts up to 8 

hours 

98.18%, Pre-gelation: 

Viscosity 700 

cps. Post-

gelation:  

4323 cps. 

 Carbopol®974P 

(0.3 %, w/v), with 

hydroxyl-propyl 

methyl cellulose 

Gels at a dosage pH of 

4.5 to 7.4 

Lasts up to 8 

hours 

- increased 

viscosity 

Keyword search and data 

collection in scientific 

searches 

• Pubmed 150 

• Scholar 50 

(n =200) 

 

Does not cover in 

situ gels (n=50) 

After exclusion (n=150) 

Does not discuss 

formulations and 

types of in situ gel 

polymers (n=80) 

After exclusion (n=70) 

Does not include sol - 

gel phase, eye 

holding time, 

encapsulation (%), 

and viscosity (n=33) 

After exclusion (n=37) 



Jurnal Pijar MIPA May 2025, Volume 20 No. 3: 437-443 

 

439 

E4M (0.6 %, w/v) 

[12] 

 Carbopol 934 (0.3 

w/v), with 

HMMC K100 

(0,8 w/v) [13] 

Gels at a dosage pH of 

7.4 

Lasts up to 8 

hours 

97.67± 0.113 % Pre-gelation:  

0.001 

viscosity 400 

cps Post-

gelation: 1000 

cps 

 0,5% carbopol 

934, with 0,5% 

HPMC 5 [14] 

Gels at a dosage pH of 

6.9 

gelation instantly 

within 60 seconds 

and remains 

stable for a long 

time 

- Post-gelation: 

1200 cps 

Ion Sensitive 

Polymer 

0,4 % 

Deacetylated 

gellan gum 

(DGG) [15]  

Contact with cation 

ions in the eye in the 

lacrimal fluid 

Lasts up to 30 

minutes 

47%. Post-gelation: 

9,97 cps 

 gellan gum 0,8%, 

with carbopol 940 

1,5% [16] 

Contact with cation 

ions in the eye in 

lacrimal fluid with an 

eye pH of 7.4 

Lasts up to 10-12 

hours 

90% Post-gelation: 

471 to 6500 

cPs 

 
Gellan Gum 

(GG), with 

Methacrylated 

Gellan Gum 

(MeGG): 0,6% 

w/v (30 mg GG 

or MeGG in 5 ml 

of solution).[17] 

Contact with cation 

ions in the eye in 

lacrimal fluid with a 

pH of 7.4. When in 

contact with Ca ions in 

lacrimal fluid 

Lasts up to 8 

hours 

90-99% Post-gelation: 

6500 cPs 

 
Gellan gum 

(0,15% w/v), with 

hydroxyethylcellu

lose (HEC) [18] 

Contact with cation 

ions in the eye in the 

lacrimal fluid 

Lasts up to 3 

hours 

85% Post-gelation: 

80 cps 

 0,4% sodium 

alginate [19] 

Contact with cation 

ions in the eye in the 

lacrimal fluid 

Lasts more than 2 

hours 

70,5% Post-gelation:  

204 cps 

 0,8% w/v sodium 

alginate, with 

1,5% w/v HPMC 

[20] 

Contact with cation 

ions in the eye in the 

lacrimal fluid 

Lasts up to 6-8 

hours 

98.63% to 

99.63% 

Post-gelation: 

64,8 cps to 

1857 cPs 

 Sodium alginate 

2%, with HPMC 

0,2% [21] 

Contact with cation 

ions in the eye in the 

lacrimal fluid 

Bertahan hingga 

10 jam, 

70-90% Peningkatan 

viskositas 

Temperature 

Sensitive 

Polymers 

Pluronic F127 

14% w/w,  with 

Carbopol 0.3% 

w/w [22] 

At 31°C to 37°C Lasts up to 6 

hours 

79,35%, Post-gelation: 

20,917 cps 

 Poloxamer 188: 

20%, HPMC 

K200M: 0,75%, 

with HPMC Low 

Viscous: 1% [23] 

At  37.87°C Lasts up to 7 

hours 

90,89% Post-gelation: 

2331,6 cPs 

 Poloxamer 407: 

10% w/v, with 

Hydroxypropyl 

Methylcellulose 

At 37°C Gels in 30 

seconds, and lasts 

up to 5 minutes 

- Post-gelation:  

10 cps 
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(HPMC): 0.725% 

w/v[24] 

 Poloxamer 10% 

w/v, with HPMC 

1% [25] 

The physiological 

temperature of the eye 

is 37°C 

Extend the 

contact time with 

the eyes 

90,89%. Post-gelation: 

4139,3 cPs 

 Pluronic F127 

14% w/w, with 

Carbopol 0.3% 

w/w [26] 

At 31°C to 37°C - 
79,35% 

 

 

Post-gelation: 

18.340 cps 

Thermosensitive Gel 

 

Temperature-sensitive in situ gel systems utilize 

thermosensitive polymers that can change from liquid to gel 

form at a certain critical temperature, known as the Lower 

Critical Solution Temperature (LCST). Below the LCST, the 

polymer remains in liquid form, but will gelate at 

physiological body temperature, thereby improving drug 

retention in the eye [27]. One thermosensitive polymer often 

used in ophthalmic applications is Poloxamer, which has 

amphiphilic properties- the PEO (Polyethene Oxide) block is 

hydrophilic and water-soluble, while the PPO 

(Polypropylene Oxide) block is hydrophobic. This structure 

allows Poloxamer to form micelles as the temperature 

increases, until it reaches a stable gel consistency [28]. 

      In ophthalmic applications, Poloxamer has the 

advantage of having a PEO-PPO copolymer block structure. 

The hydrophilic PEO block improves the stability of the 

preparation while it is still in liquid form, while the PPO 

block facilitates the transition to gel form when it reaches 

physiological temperatures, particularly when in contact 

with the eye [5]. This gelation process starts with 

micellization, when the hydrophobic PPO blocks form 

micelles as the core of the structured network, and the 

interaction between micelles then increases the viscosity and 

partial rigidity of the gel. This slows down the dissolution 

rate of the drug, prolongs its release, and facilitates more 

efficient distribution and extended contact time with the 

ocular surface, thus significantly optimizing ocular treatment 

[28]. 

 

pH-sensitive gel 

 

pH-sensitive in situ formulation should ideally have a 

pH range between 5 and 7.4 10. One method that can be used 

to induce a sol-gel phase transition on the ocular surface is 

to use the pH of the eye. Phase gelation can occur when the 

pH increases by 2.8 from the initial condition of the eye drop 

solution. When the pH increases from 4.2 to 7.4, a transition 

from sol to gel phase occurs. At higher pH, mucins in the eye 

bind by hydrogen bonding, leading to the formation of an in 

situ gel system [12]. 

Ophthalmic products containing polyacrylic acid 

(PAA) are formulated at low pH and form a gel when placed 

in a higher pH environment, such as tear fluid. PAA 

polymers with molecular weights above 16.5 kDa show the 

ability to undergo a sol-gel phase transition, while polymers 

with lower molecular weights do not. Gelation can also occur 

at pH above 5 [29]. 

 

 

Ion-activated system 

 

Ionic polymers can be used as the main ingredient in 

the preparation of in situ gels, which can gel when in direct 

contact with the tear fluid in the eye. Lacrimal fluid contains 

ions such as Na+, Ca²+, and Mg²+ [30]. The transition from 

tear fluid to gel is known as the sol-gel transition, which can 

occur when ionic polysaccharides crosslink with divalent 

cations such as Mg²+ and Ca²+ and monovalent cations such 

as Na+. These interactions increase the cation concentration, 

which in turn increases the viscosity of the polymer and leads 

to gel formation [31]. 

One polymer classified as ion-sensitive is gellan gum 

and sodium alginate. Gellan gum, which is an anionic 

heteropolysaccharide, can form a gel when it comes into 

contact with cations in the aqueous humor, such as Na+, 

Ca²+, and Mg²+. Meanwhile, sodium alginate can gel by 

ionic cross-linking between the alginate chain and Ca²+ ions 

present in tears [32]. Gellan gum forms a double helical 

structure linked by weak van der Waals forces, and when it 

comes into contact with cationic electrolytes in the tear fluid, 

these helices come together to form polymeric cross-links. 

On the other hand, alginic acid, an anionic polysaccharide, 

can increase the residence time of ocular medications due to 

its mucoadhesive properties as well as its ability to form a 

gel upon interaction of guluronic acid residues with Ca²+ 

ions from the lacrimal film [33]. 

 

Effect of polymer type on viscosity and encapsulation 

 

According to the results in the table above, the 

addition of polymers to the in situ formulation of ophthalmic 

gels has an effect mainly on increasing viscosity and 

encapsulation. Poloxamer (Pluronic) has thermoresponsive 

properties, increasing viscosity at body temperature (37°C). 

In combination with gelling agents, the mechanical strength 

of the gel can be increased, thereby extending the contact 

time with the eye. Although effective for applications 

requiring rapid drug release, this polymer's 

thermoreversibility makes it less than ideal for long-term 

retention times [34]. Gellan gum can form stable gels 

through ion interaction with the ocular fluid, forming a three-

dimensional network that increases viscosity and drug 

retention. This allows for strong encapsulation and sustained 

drug release, making it an excellent choice for long-term 

ophthalmic applications where good efficacy and low dosing 

frequency are required5. Gellan Gum, forms gels by reacting 

with ions (mainly calcium) in an efficient "egg box" 

structure. It increases viscosity and allows optimal 

encapsulation at low polymer concentrations. However, its 

viscosity stability is lower than gellan gum under varying 
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physiological conditions, although it remains superior in 

drug release control [35]. Carbopol, this pH-sensitive 

polymer increases viscosity at neutral pH, resulting in a 

stable gel under physiological ocular conditions. Carbomer 

is effective in encapsulation and consistent release, but is 

dependent on one stimulus (pH), making it less flexible and 

more susceptible to pH variations [34].  

Poloxamers, when combined with a natural polymer 

derivative such as hydroxypropyl methylcellulose (HPMC), 

enhance gel stability and facilitate ocular drug delivery by 

increasing viscosity and prolonging contact time with the 

ocular surface. Recent research highlights the effectiveness 

of thermosensitive poloxamers, particularly triblock 

copolymers, in ocular drug delivery systems (DDS), 

demonstrating superior therapeutic efficacy compared to 

existing commercial treatments. Additionally, ion-sensitive 

polymeric DDSs incorporating gellan gum have shown 

promise in extending precorneal retention time and 

improving drug bioavailability. Notably, studies on gellan 

gum, a linear anionic polysaccharide, indicate its potential to 

enhance drug retention and absorption, further optimizing 

ocular drug delivery [36]. 

In the table data, the results obtained show different 

physical evaluation results. The difference in results is due 

to differences in the polymers used, the combination with 

gelling agents and the concentration used in the formulation. 

The best formulation results are gellan gum (GG) and 

methacrylated gellan gum (MeGG): 0.6% w/v (30 mg GG or 

MeGG in 5 ml solution) with a post-gelation viscosity of 

6500 cps, encapsulation of 90-99% and eye contact time of 

up to 8 hours. The worst result was deacetylated gellan gum 

(DGG) 0.4% with a viscosity of 9.97 cps, encapsulation of 

47% and an eye contact time of only 30 minutes. A good 

viscosity for in situ ophthalmic gel is 5-1000 cps before 

gelation and 50-50,000 mPas after gelation [37] . Viscosity 

can be influenced by the polymer and the gelling agent. 

Formulations that use additional gelling agents have higher 

viscosity results than those that do not, so the higher the 

viscosity, the better and longer the drug can stay in the eye. 

 

Conclusion 
 

Temperature, pH and ion sensitive in situ ophthalmic 

gel systems use polymers such as poloxamer, gellan gum and 

carbopol to improve drug retention and release in the eye. 

Poloxamer, a thermoresponsive polymer, forms a gel at 

physiological temperatures, increasing viscosity and contact 

time. Gellan Gum, which is ion-sensitive, interacts with 

cations in the tear fluid to form a stable gel, enabling 

effective encapsulation and sustained drug release. 

Carbopol, which is pH sensitive, forms a gel at neutral pH, 

maintaining viscosity stability and prolonging contact with 

the eye. The combination of this polymer with thickeners 

improves mechanical strength and prolongs drug residence 

time. Formulations using gellan gum (GG) and 

methacrylated gellan gum (MeGG) provide superior 

viscosity, encapsulation and contact time of up to 8 hours due 

to the three-dimensional network structure of ionically 

crosslinked GG. 

 

 

 

 

Author Contribution 

H.E. Putra contributed mainly to the preparation of the article 

with the guidance of A.A. Zahra and was assisted by 

coauthors K.N. Aini, M. Rafifa, V.S. Maulida, and L.M. 

Sabrina. 

 
Acknowledgments 

We would like to thank all parties involved in the preparation 

of this article. 

 

References  
 

[1] N. H. Bennett, H. R. Chinnery, L. E. Downie, L. J. 

Hill, and L. M. Grover, “Material, Immunological, 

and Practical Perspectives on Eye Drop 

Formulation,” Adv Funct Mater, vol. 30, no. 14, Apr. 

2020, doi: 10.1002/adfm.201908476. 
[2] J. C. Imperiale, G. B. Acosta, and A. Sosnik, 

“Polymer-based carriers for ophthalmic drug 

delivery,” Sep. 10, 2018, Elsevier B.V. doi: 

10.1016/j.jconrel.2018.06.031. 

[3] J. A. Calles, J. Bermúdez, E. Vallés, D. Allemandi, 

and S. Palma, “Polymers in Ophthalmology,” in 

Advanced Polymers in Medicine, Springer 

International Publishing, 2015, pp. 147–176. doi: 

10.1007/978-3-319-12478-0_6. 

[4] A. N. Halimah, N. Nurhabibah, and I. Sopyan, 

“Sistem Penghantaran Sediaan Optalmik dengan 

Insitu Gel,” Majalah Farmasetika, vol. 5, no. 4, Aug. 

2020, doi: 10.24198/mfarmasetika.v5i4.27593. 

[5] P. L. Destruel, N. Zeng, M. Maury, N. Mignet, and 

V. Boudy, “In vitro and in vivo evaluation of in situ 

gelling systems for sustained topical ophthalmic 

delivery: state of the art and beyond,” Apr. 01, 2017, 

Elsevier Ltd. doi: 10.1016/j.drudis.2016.12.008. 

[6] A. Majeed and N. A. Khan, “Ocular in situ gel: An 

overview,” Journal of Drug Delivery and 

Therapeutics, vol. 9, no. 1, pp. 337–347, Jan. 2019, 

doi: 10.22270/jddt.v9i1.2231. 

[7] D. Jain, “Newer Trends in In Situ Gelling Systems 

for Controlled Ocular Drug Delivery,” J Anal Pharm 

Res, vol. 2, no. 3, May 2016, doi: 

10.15406/japlr.2016.02.00022. 

[8] R. Pratama, M. Abdassah, and A. Y. Chaerunisaa, 

“Review : Stabilitas Bahan Alam dalam 

Mikroenkapsulasi,” Majalah Farmasetika, vol. 6, 

no. 3, p. 213, Jul. 2021, doi: 

10.24198/mfarmasetika.v6i3.33172. 

[9] B. Vigani, S. Rossi, G. Sandri, M. C. Bonferoni, C. 

M. Caramella, and F. Ferrari, “Recent advances in 

the development of in situ gelling drug delivery 

systems for non-parenteral administration routes,” 

Sep. 01, 2020, MDPI AG. doi: 

10.3390/pharmaceutics12090859. 

[10] K. Wadhwa, C. Sharma, M. Goswami, and N. 

Thakur, “formulation and evaluation of ph triggered 

in-situ ocular gel of ofloxacin,” Int J Pharm Sci Res, 

vol. 10, no. 10, p. 4507, 2019, doi: 

10.13040/IJPSR.0975-8232.10(10).4507-12. 

[11] D. M. S. N. N. P. (Dr). S. S. D. Santhosh S Divya, 

“Formulation and Assessment of pH Triggered In 

Situ Ocular Gel using Selected Fluoroquinolone 



Jurnal Pijar MIPA May 2025, Volume 20 No. 3: 437-443 

 

442 

Antibiotic,” 2020. doi: 10.13040/IJPSR.0975-

8232.10(10).4507-12. 

[12] R. F. S. I. Kurniawansyah I S *, “pH Triggered In-

situ Gelling Ophthalmic Drug Delivery System,” 

International Journal of Drug Delivery Technology, 

vol. 8, no. 01, Apr. 2018, doi: 

10.25258/ijddt.v8i01.11900. 

[13] V. Waghulde and R. Saudagar, “formulation 

development and evaluation of ph triggered in situ 

ophthalmic gel of besifloxacin hydrochloride,” 

Journal of Drug Delivery and Therapeutics, vol. 8, 

no. 5, pp. 313–321, Sep. 2018, doi: 

10.22270/jddt.v8i5.1874. 

[14] N. Yadav, A. K. Parashar, and V. A. Sethi, 

“Development and Assessment of In-Situ Gel 

Formulation for Ocular Pain and Inflammation,” 

International Journal of Newgen Research in 

Pharmacy & Healthcare, pp. 248–254, Jun. 2024, 

doi: 10.61554/ijnrph.v2i1.2024.71. 

[15] S. Yu et al., “Liposome incorporated ion sensitive in 

situ gels for opthalmic delivery of timolol maleate,” 

Int J Pharm, vol. 480, no. 1–2, pp. 128–136, Mar. 

2015, doi: 10.1016/j.ijpharm.2015.01.032. 

[16] K. Ranch, H. Patel, L. Chavda, A. Koli, F. Maulvi, 

and R. K. Parikh, “Development of in situ 

ophthalmic gel of dexamethasone sodium phosphate 

and chloramphenicol: A viable alternative to 

conventional eye drops,” J Appl Pharm Sci, vol. 7, 

no. 3, pp. 101–108, Mar. 2017, doi: 

10.7324/JAPS.2017.70316. 

[17] L. E. Agibayeva et al., “Gellan gum and its 

methacrylated derivatives as in situ gelling 

mucoadhesive formulations of pilocarpine: In vitro 

and in vivo studies,” Int J Pharm, vol. 577, Mar. 

2020, doi: 10.1016/j.ijpharm.2020.119093. 

[18] P. L. Destruel et al., “Novel in situ gelling 

ophthalmic drug delivery system based on gellan 

gum and hydroxyethylcellulose: Innovative 

rheological characterization, in vitro and in vivo 

evidence of a sustained precorneal retention time,” 

Int J Pharm, vol. 574, Jan. 2020, doi: 

10.1016/j.ijpharm.2019.118734. 

[19] A. B. Nair et al., “Experimental design, formulation 

and in vivo evaluation of a novel topical in situ gel 

system to treat ocular infections,” PLoS One, vol. 16, 

no. 3 March, Mar. 2021, doi: 

10.1371/journal.pone.0248857. 

[20] R. Sheshala, N. J. Ming, Y. Y. Kok, T. R. R. Singh, 

and K. Dua, “Formulation and characterization of 

pH induced in situ gels containing sulfacetamide 

sodium for ocular drug delivery: A combination of 

Carbopol®/HPMC polymer,” Indian Journal of 

Pharmaceutical Education and Research, vol. 53, 

no. 4, pp. 654–662, Oct. 2019, doi: 

10.5530/ijper.53.4.127. 

[21] P. Patel and G. Patel, “Formulation, ex-vivo and 

preclinical in-vivo studies of combined ph and ion-

sensitive ocular sustained in situ hydrogel of timolol 

maleate for the treatment of glaucoma,” Biointerface 

Res Appl Chem, vol. 11, no. 1, pp. 8242–8265, Jan. 

2021, doi: 10.33263/BRIAC111.82428265. 

[22] B. Maddiboyina, V. Jhawat, P. K. Desu, S. Gandhi, 

R. K. Nakkala, and S. Singh, “Formulation and 

evaluation of thermosensitive flurbiprofen in situ 

nano gel for the ocular delivery,” J Biomater Sci 

Polym Ed, vol. 32, no. 12, pp. 1584–1597, 2021, doi: 

10.1080/09205063.2021.1927460. 

[23] A. Balu, T. Johnson, R. Sundara, and S. 

Seetharaman, “Optimization and Evaluation of 

Temperature Trig-gered in situ Gel Formulation 

using Design of Experiments (DoE) and HET-CAM 

Test,” J Nanomed, vol. 3, no. 1, p. 1031, 2020, 

[Online]. Available: http://meddocsonline.org/ 

[24] I. S. Kurniawansyah, T. Rusdiana, I. Sopyan, I. F. 

Desy Arya, H. A. Wahab, and D. Nurzanah, 

“Comparative Study of In Situ Gel Formulation 

Based on the Physico-Chemical Aspect: Systematic 

Review,” Aug. 01, 2023, Multidisciplinary Digital 

Publishing Institute (MDPI). doi: 

10.3390/gels9080645. 

[25] I. S. Kurniawansyah, T. Rusdiana, I. Sopyan, H. 

Ramoko, H. A. Wahab, and A. Subarnas, “In situ 

ophthalmic gel forming systems of poloxamer 407 

and hydroxypropyl methyl cellulose mixtures for 

sustained ocular delivery of chloramphenicole: 

optimization study by factorial design,” Heliyon, 

vol. 6, no. 11, Nov. 2020, doi: 

10.1016/j.heliyon.2020.e05365. 

[26] T. Irimia et al., “Chitosan-based in situ gels for 

ocular delivery of therapeutics: A state-of-the-art 

review,” Oct. 09, 2018, MDPI AG. doi: 

10.3390/md16100373. 

[27] P. Adısanoğlu and I. Özgüney, “Development and 

Characterization of Thermosensitive and 

Bioadhesive Ophthalmic Formulations Containing 

Flurbiprofen Solid Dispersions,” Gels, vol. 10, no. 4, 

Apr. 2024, doi: 10.3390/gels10040267. 

[28] A. M. Bodratti and P. Alexandridis, “Formulation of 

poloxamers for drug delivery,” Jan. 18, 2018, MDPI 

AG. doi: 10.3390/jfb9010011. 

[29] T. Swift, L. Swanson, M. Geoghegan, and S. 

Rimmer, “The pH-responsive behaviour of 

poly(acrylic acid) in aqueous solution is dependent 

on molar mass,” Soft Matter, vol. 12, no. 9, pp. 

2542–2549, 2016, doi: 10.1039/c5sm02693h. 

[30] X. Ni et al., “Preparation and characterization of 

bear bile-loaded pH sensitive in-situ gel eye drops 

for ocular drug delivery,” Iran J Basic Med Sci, vol. 

23, no. 7, pp. 922–929, Jul. 2020, doi: 

10.22038/IJBMS.2020.45386.10562. 

[31] S. Paul, S. Majumdar, and M. Chakraborty, 

“Revolutionizing ocular drug delivery: recent 

advancements in in situ gel technology,” Bull Natl 

Res Cent, vol. 47, no. 1, Oct. 2023, doi: 

10.1186/s42269-023-01123-9. 

[32] I. S. Kurniawansyah, T. Rusdiana, H. A. Wahab, and 

A. Subarnas, “Ophthalmic gel with ion activated 

system,” International Journal of Applied 

Pharmaceutics, vol. 11, no. 4, pp. 15–18, Jul. 2019, 

doi: 10.22159/ijap.2019v11i4.33072. 

[33] A. A. Al-Kinani, G. Zidan, N. Elsaid, A. Seyfoddin, 

A. W. G. Alani, and R. G. Alany, “Ophthalmic gels: 

Past, present and future,” Feb. 15, 2018, Elsevier 

B.V. doi: 10.1016/j.addr.2017.12.017. 

[34] Y. Wu et al., “Research progress of in-situ gelling 

ophthalmic drug delivery system,” Jan. 01, 2019, 



Jurnal Pijar MIPA May 2025, Volume 20 No. 3: 437-443 

 

443 

Shenyang Pharmaceutical University. doi: 

10.1016/j.ajps.2018.04.008. 

[35] P. L. Destruel et al., “Novel in situ gelling 

ophthalmic drug delivery system based on gellan 

gum and hydroxyethylcellulose: Innovative 

rheological characterization, in vitro and in vivo 

evidence of a sustained precorneal retention time,” 

Int J Pharm, vol. 574, Jan. 2020, doi: 

10.1016/j.ijpharm.2019.118734. 

[36] D. Berillo, Z. Zharkinbekov, Y. Kim, K. Raziyeva, 

K. Temirkhanova, and A. Saparov, “Stimuli-

responsive polymers for transdermal, transmucosal 

and ocular drug delivery,” Dec. 01, 2021, MDPI. 

doi: 10.3390/pharmaceutics13122050. 

[37] M. DEKA, A. B. AHMED, and J. 

CHAKRABORTY, “Development, Evaluation And 

Characteristics of Ophthalmic in situ Gel System: A 

Review,” Int J Curr Pharm Res, pp. 47–53, Jul. 

2019, doi: 10.22159/ijcpr.2019v11i4.34949. 

  

  

 

 

 

 


