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Introduction

Glaucoma is a group of conditions that leads to damaging of 
optic nerve and is often associated with high intraocular pressure 
(IOP) [1,2]. The glaucoma is widely treated with topical eye drops 
containing antihypertensive drugs such as Timolol Maleate, 
Xalatan, Pilocarpine, carbonic anhydrase inhibitors, prostaglandin 
analogue latanoprost [3,4]. However, the adherence to eye drop 
application schedule is as low as 30% which often results in the 
progression of the disease which subsequently lead to vision loss 
and blindness [5,6]. The poor adherence is largely due to the 
frequent administration.  Also, with eye drops, less than 5% of the 
administered dose is available for therapeutic effect as majority 
of the drug is cleared either by overflow or vent into nasolacrimal 
drainage system [7]. To overcome drawbacks associated with 
eye drops various approaches for sustained local drug delivery 
are explored such as hydrogels, viscosity modifiers, soft contact 
lenses, ocular inserts, injections [8-11].

Hydrogels

Hydrogel is a three-dimensional structure with cross-linked 
networks of either synthetic or natural water-soluble polymers 
with great potential as an ocular drug delivery system [12]. 
Hydrogels offers various advantages in ocular drug delivery such 
as decrease dose amount and dosing frequency thus increase 
in patient compliance, more convenient than ocular inserts, 
enhanced bioavailability due to high precorneal residence time  

 
and lower nasolacrimal drainage of the drug, reduce systemic 
toxicity, simple and less costly manufacturing [13] . However, as 
with every system, hydrogel also has some drawbacks like blurred 
vision and tufty eyelids.

Depends on the purpose, hydrogels are cross-linked either 
covalently or non-covalently. Covalently cross-linked hydrogels 
non-biodegradable are having high cross-linking density and 
mainly used in contact lenses. While non-colavently cross-linked 
hydrogels are administered as topical eye drops, subconjunctival 
injection, and intravitreal injections and cross-linking usually 
occurs in situ due to various stimulators such as change in pH,  
presence of ions, pressure, biological changes like enzymes, 
antibodies and glucose concentrations present in ocular fluids 
[14].

Hydrogel based formulations for treatment of glaucoma 

Both synthetic and natural polymer-based hydrogels have 
been studies. A controlled-release ocular films of timolol maleate 
using natural hydrogel from Tamarindus indica seeds showed 
good film stability with no irritancy to eye and were able to 
reduce the intraocular pressure for 24 h [15]. A Timolol Maleate 
loaded thermoresponsive hydrogel based on PNIPAAm–chitosan 
copolymer with a lower than physiological temperature critical 
solution temperature (32°C) was prepared [16]. This hydrogel 
showed a great potential to extend the drug released into a 
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glaucomatous eye and more effectively reduce intraocular pressure 
(IOP) compared to conventional eye drops with minimum toxicity 
demonstrated in 0.5–400 g/mL concentration of polymers by 
MTT assay. In another study, PNIPAAm-gelatin hydrogel for the 
intracameral administration of pilocarpine showed a high drug 
encapsulation (~62%) and cumulative release ratio (~95%)  with 
superior thermal gelation and adhesion and was biodegradable 
in the presence of an enzyme [17]. This hydrogel was found 
to be more effective in extending the reduction of IOP and 
pharmacological responses related to reduced-IOP, such as miotic 
action and stable corneal endothelium density in comparison to 
traditional eye drops and injection of free drug.

Gelatin and chitosan were crosslinked with genipin which was 
tested for controlled intraocular delivery of controlled Timolol 
Maleate [18]. Similarly, alginate was also employed as a rapidly 
forming injectable hydrogel for extended delivery of pilocarpine 
and Kelton LV [19]. A colloidal chitosan-based thermogel with 
a shear-reversible nature was developed to improve release 
duration of latanoprost showed lowering of IOP for 40 days in a 
rabbit glaucoma model with low cytotoxicity in MTT assay and 
excellent biocompatibility [20]. In a similar study, after topical 
application of latanoprost-loaded hydrogel, IOP was significantly 
decreased within 7 days and remained at a normal level for the 
following 21 days in a triamcinolone acetonide-induced elevated 
IOP in rabbits [21]. 

To further extend the release of the drugs, drugs are first 
loaded in a colloidal carrier before incorporating in a hydrogel. 
effectively lowers the IOP for 40 days in a rabbit glaucoma 
model. Linear PNIPAAm and crosslinked PNIAAm nanoparticles 
containing epinephrine were evaluated for the IOP-lowering 
effect in rabbits. The decreased IOP response was lasted for six-
times and eight-times for linear PNIPAAm and formulation based 
on the mixture of linear PNIPAAm and crosslinked nanoparticles 
respectively compared to conventional eye drop [22]. 

The impairment of aqueous humor drainage via the outflow 
pathway is mainly responsible for the elevated IOP in glaucoma. 
This aqueous humor drainage occurs via the trabecular outflow 
and the uveoscleral outflow pathways. The oxidative stress 
in the trabecular meshwork often play an important role in 
the pathogenesis of impaired trabecular outflow facility and 
therefore, polyphenolic compounds from plant like Curcumin 
(CUR) with anti-inflammatory and anti-oxidative properties are 
beneficial. A thermosensitive chitosan-gelatin-based hydrogel 
containing CUR-NPs and latanoprost was developed as a dual-
drug delivery system showed prolonged therapeutic effect over 
an extended period of time [23]. Self-assembling elastin-like (EL) 
and silk-elastin-like (SEL) hydrogels containing timolol maleate 
as antiglaucoma formulation was developed and adhesion tests 
and intraocular pressure measurements (IOP) were performed in 
New Zealand rabbits and results suggest potential of this system 
for the development of antiglaucoma formulation [24].

Conclusion

Glaucoma is a leading cause of vision impairment, which 
subsequently leads to blindness. Even though various treatment 
modalities such as topical and systemic medications, laser 
trabeculoplasty and surgery, improved therapeutic options are 
still needed. Hydrogel is a promising drug delivery system for the 
treatment of glaucoma and can be administered both topically and 
injected. New approaches combining benefits of hydrogels with 
colloidal drug carriers will further provides improved benefits for 
the glaucoma patients. 

References
1.  Weinreb R N, Aung T, Medeiros F A (2014) The pathophysiology and 

treatment of glaucoma: A review, JAMA - Journal of the American 
Medical Association 311(11): 1901-1911. 

2.  Coleman A L (1999) Glaucoma. Lancet 354(9192): 1803-1810. 

3.  Knight O J, Lawrence S D (2014) Sustained drug delivery in glaucoma. 
Curr Opin Ophthalmol 25(2): 112-117. 

4.  Wang S K, Chang R T (2014) An emerging treatment option for 
glaucoma: Rho kinase inhibitors, Clinical Ophthalmology 8: 883-90. 

5.  Leung V C, Jin Y P, Hatch W, Mammo Z, Trope G E, et al. (2015) The 
relationship between sociodemographic factors and persistence with 
topical glaucoma medications. In: Journal of Glaucoma 24(1): 69-76. 

6.  Sleath B, Blalock S, Covert D, Stone J L, Skinner AC, et al. (2011) The 
relationship between glaucoma medication adherence, eye drop 
technique, and visual field defect severity. Ophthalmology 118(12): 
2398-2402

7.  Kholdebarin R, Campbell R J, Jin Y (2014) Multicenter study of 
compliance and drop. Can J Ophthalmol 43(4): 454-461. 

8.  Lavik E, Kuehn M H, Kwon Y H (2011) Novel drug delivery systems for 
glaucoma, Eye 25: 578-586. 

9.  Yadav K S, Rajpurohit R, Sharma S (2019) Glaucoma: Current treatment 
and impact of advanced drug delivery systems, Life Sciences 221: 362-
376. 

10. Carvalho I M, Marques C S, Oliveira R S, Coelho P B, Costa P C, et 
al. (2015) Sustained drug release by contact lenses for glaucoma 
treatment - A review, Journal of Controlled Release 202: 76-82. 

11. Foldvari M (2014) Noninvasive ocular drug delivery: Potential 
transcorneal and other alternative delivery routes for therapeutic 
molecules in glaucoma. J Glaucoma 23(8): S80-82. 

12. Hoare T R, Kohane D S (2008) Hydrogels in drug delivery: Progress and 
challenges. Polymer 49: 1993-2007. 

13. Lynch C R, Kondiah P P D, Choonara Y E, Toit L C, Ally N, et al. (2020) 
Hydrogel Biomaterials for Application in Ocular Drug Delivery 
[Internet]. Frontiers in Bioengineering and Biotechnology 8: 228.

14. Soppimath K S, Aminabhavi T M, Dave A M, Kumbar S G, Rudzinski W E 
(2002) Stimulus-responsive “smart” hydrogels as novel drug delivery 
systems. Drug Dev Ind Pharm 28(8): 957-974. 

15. GT K, N S, R A, VK P, V P (2016). Development of Ocular Delivery System 
for Glaucoma Therapy Using Natural Hydrogel as Film Forming Agent 
and Release Modifier. Polim Med 46(1): 25-33. 

16.Cao Y, Zhang C, Shen W, Cheng Z, Yu L (2007) Poly(N-
isopropylacrylamide)-chitosan as thermosensitive in situ gel-forming 
system for ocular drug delivery. J Control Release 120(3): 186-194. 

http://dx.doi.org/10.19080/NAPDD.2020.05.555661
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4523637/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4523637/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4523637/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(99)04240-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/24463419/
https://pubmed.ncbi.nlm.nih.gov/24463419/
https://pubmed.ncbi.nlm.nih.gov/24872673/
https://pubmed.ncbi.nlm.nih.gov/24872673/
https://pubmed.ncbi.nlm.nih.gov/25055210/
https://pubmed.ncbi.nlm.nih.gov/25055210/
https://pubmed.ncbi.nlm.nih.gov/25055210/
https://pubmed.ncbi.nlm.nih.gov/21856009/
https://pubmed.ncbi.nlm.nih.gov/21856009/
https://pubmed.ncbi.nlm.nih.gov/21856009/
https://pubmed.ncbi.nlm.nih.gov/21856009/
https://pubmed.ncbi.nlm.nih.gov/18711461/
https://pubmed.ncbi.nlm.nih.gov/18711461/
https://pubmed.ncbi.nlm.nih.gov/21475311/
https://pubmed.ncbi.nlm.nih.gov/21475311/
https://pubmed.ncbi.nlm.nih.gov/30797820/
https://pubmed.ncbi.nlm.nih.gov/30797820/
https://pubmed.ncbi.nlm.nih.gov/30797820/
https://pubmed.ncbi.nlm.nih.gov/25617723/
https://pubmed.ncbi.nlm.nih.gov/25617723/
https://pubmed.ncbi.nlm.nih.gov/25617723/
https://pubmed.ncbi.nlm.nih.gov/25275915/
https://pubmed.ncbi.nlm.nih.gov/25275915/
https://pubmed.ncbi.nlm.nih.gov/25275915/
https://www.sciencedirect.com/science/article/pii/S0032386108000487
https://www.sciencedirect.com/science/article/pii/S0032386108000487
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099765/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099765/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7099765/
https://pubmed.ncbi.nlm.nih.gov/12378965/
https://pubmed.ncbi.nlm.nih.gov/12378965/
https://pubmed.ncbi.nlm.nih.gov/12378965/
https://pubmed.ncbi.nlm.nih.gov/28397416/
https://pubmed.ncbi.nlm.nih.gov/28397416/
https://pubmed.ncbi.nlm.nih.gov/28397416/
https://pubmed.ncbi.nlm.nih.gov/17582643/
https://pubmed.ncbi.nlm.nih.gov/17582643/
https://pubmed.ncbi.nlm.nih.gov/17582643/


How to cite this article:  Aliasgar S. Hydrogel Based Formulations in Treatment of Glaucoma. Nov Appro Drug Des Dev. 2020; 5(3): 555661. 
DOI: 10.19080/NAPDD.2020.05.5556610044

Novel Approaches in Drug Designing & Development

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                        Track the below URL for one-step submission 
          https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/NAPDD.2020.05.555661

17. Lai J Y, Hsieh A C (2012) A gelatin-g-poly(N-isopropylacrylamide) 
biodegradable in situ gelling delivery system for the intracameral 
administration of pilocarpine. Biomaterials 33(7): 2372-2387. 

18. Muzzarelli R A A (2009) Genipin-crosslinked chitosan hydrogels as 
biomedical and pharmaceutical aids. Carbohydrate Polymers 77(1): 
1-9. 

19.  Sultana Y, Aqil M, Ali A (2006) Ion-activated, gelrite®-based in situ 
ophthalmic gels of pefloxacin mesylate: Comparison with conventional 
eye drops. Drug Deliv (3): 215-219. 

20.  Hsiao M H, Chiou S H, Larsson M, Hung K H, Wang Y L, et al. (2014) 
A temperature-induced and shear-reversible assembly of latanoprost-
loaded amphiphilic chitosan colloids: Characterization and in vivo 
glaucoma treatment. Acta Biomater 10(7): 3188-3196. 

21.  Cheng Y H, Tsai T H, Jhan Y Y, Chiu A W H, Tsai K L, et al. (2016) 
Thermosensitive chitosan-based hydrogel as a topical ocular drug 
delivery system of latanoprost for glaucoma treatment. Carbohydr 
Polym 144: 390-399. 

22.  Hsiue G H, Hsu S H, Yang C C, Lee S H, Yang I K (2002) Preparation 
of controlled release ophthalmic drops, for glaucoma therapy using 
thermosensitive poly-N-isopropylacrylamide. Biomaterials 23(2): 
457-462

23. Cheng Y H, Ko Y C, Chang Y F, Huang S H, Liu C J (2019) Thermosensitive 
chitosan-gelatin-based hydrogel containing curcumin-loaded 
nanoparticles and latanoprost as a dual-drug delivery system for 
glaucoma treatment. Exp Eye Res 179: 179-187. 

24. Fernández-Colino A, Quinteros D A, Allemandi D A, Girotti A, Palma 
S D, et al. (2017) Self-Assembling Elastin-Like Hydrogels for Timolol 
Delivery: Development of an Ophthalmic Formulation Against 
Glaucoma. Mol Pharm 14(12): 4498-4508.

http://dx.doi.org/10.19080/NAPDD.2020.05.555661
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/NAPDD.2020.05.555661
https://pubmed.ncbi.nlm.nih.gov/22182746/
https://pubmed.ncbi.nlm.nih.gov/22182746/
https://pubmed.ncbi.nlm.nih.gov/22182746/
https://www.sciencedirect.com/science/article/abs/pii/S0144861709000526?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861709000526?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0144861709000526?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/16556574/
https://pubmed.ncbi.nlm.nih.gov/16556574/
https://pubmed.ncbi.nlm.nih.gov/16556574/
https://pubmed.ncbi.nlm.nih.gov/24681374/
https://pubmed.ncbi.nlm.nih.gov/24681374/
https://pubmed.ncbi.nlm.nih.gov/24681374/
https://pubmed.ncbi.nlm.nih.gov/24681374/
https://pubmed.ncbi.nlm.nih.gov/27083831/
https://pubmed.ncbi.nlm.nih.gov/27083831/
https://pubmed.ncbi.nlm.nih.gov/27083831/
https://pubmed.ncbi.nlm.nih.gov/27083831/
https://pubmed.ncbi.nlm.nih.gov/11761166/
https://pubmed.ncbi.nlm.nih.gov/11761166/
https://pubmed.ncbi.nlm.nih.gov/11761166/
https://pubmed.ncbi.nlm.nih.gov/11761166/
https://pubmed.ncbi.nlm.nih.gov/30471279/
https://pubmed.ncbi.nlm.nih.gov/30471279/
https://pubmed.ncbi.nlm.nih.gov/30471279/
https://pubmed.ncbi.nlm.nih.gov/30471279/
https://pubmed.ncbi.nlm.nih.gov/29125768/
https://pubmed.ncbi.nlm.nih.gov/29125768/
https://pubmed.ncbi.nlm.nih.gov/29125768/
https://pubmed.ncbi.nlm.nih.gov/29125768/

