
INTRODUCTION
A type of progressive optic neuropathy defined by damage to 
the optic nerve and subsequent loss of visual field. It’s a slow 
progression and the absence of symptoms make it the silent 
thief of sight. Failure to treat glaucoma in a timely manner 
can lead to irreversible vision loss and blindness. Intraocular 
pressure (IOP) plays a central role in the pathogenesis of this 
complicated disease, and while there are many risk factors 
involved in glaucoma’s intricate pathophysiology — IOP is 
the primary controllable one.

Because it is directly related to the course of the illness, 
controlling IOP is of utmost importance in the therapy of 
glaucoma. The optic nerve can suffer axonal injury and vision 
field abnormalities as a result of mechanical stress caused by 
elevated IOP. Research has demonstrated that pharmaceutical, 
laser, or surgical methods of reducing IOP can delay the course 
of illness and protect eyesight. But getting the IOP to where 
it needs to be and keeping it there can be difficult. Therefore, 
we need better, more bearable treatments.

The primary target for pharmacologic intervention 
in glaucoma is to reduce IOP by altering the dynamics of 

aqueous humor. Some of the drugs that doctors prescribe often 
include — alpha agonists, beta-blockers, carbonic anhydrase 
inhibitors, rho kinase inhibitors etc. Despite their effectiveness 
in reducing IOP, poor patient adherence is common with these 
agents. Systemic side effects as well as ocular adverse events 
(eye irritation and hyperemia) have the potential to compromise 
treatment outcomes and overall patient comfort. Surgical 
and laser procedures are alternative treatments for refractory 
cases, but many people may not be eligible candidates for these 
operations because they come with risks.

Brimonidine tartrate, a selective α2 adrenergic receptor 
agonist that reduces IOP by decreasing aqueous humor 
production and increasing uveoscleral outflow. Although 
conventional formulations of brimonidine have been used 
widely in actual clinical practice, new drug delivery systems 
need to be developed due to their limitations, including 
frequent dosing and ocular side effects. Niosomal gels, an 
alternative approach for these issues developed through mixing 
of brimonidine within the niosomes. Brimonidine-loaded 
niosomal gel could provide new desired outcomes of glaucoma 
therapy in terms of the preservation and prevention from GIT 
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instability, improving bioavailability, patient compliances and 
side effects with achieving sustained drug effect.

Here, the objective of this review is to provide an overview 
of niosomal in glaucoma brimonidine gel treating, through 
discussing its history, formulation development, current status 
and future scope along with safety profile and mechanism of 
action. To address this potential paradigm shift in treating 
glaucoma, we aim to provide a comprehensive discussion of 
the key studies and advancements on MMD with possible 
implications for glaucoma care as well as uncover areas 
needing further explorations through in-depth review of the 
literature and upcoming trials.
Mechanism of Action of Brimonidine
Alpha-2 Adrenergic receptor agonists such as brimonidine 
tartrate are important pharmacological agents in the 
management of glaucoma and intraocular hypertension (IOP) 
with multiple, diverse mechanisms of action.
Alpha-2 adrenergic receptor agonism
There are numerous sites in the eye where alpha-2 adrenergic 
receptors may play a role, including retina, ciliary epithelium 
and trabecular meshwork, to which brimonidine binds 
effectively with agonistic activity. Activation of various 
downstream signaling pathways, which reduce cAMP levels 
and inhibit adenylyl cyclase activity inside the cell−mediates 
this effect when brimonidine engages with its target receptor. 
This decrease in cAMP levels reduces ciliary muscle tone and 
inhibits aqueous humor production by the ciliary epithelium.
Reduction of aqueous humor production
Brimonidine indirectly reduces aqueous humor production 
and secretion by affecting the alpha-2 adrenergic receptors 
located on the ciliary epithelium. The ciliary body continually 
produces aqueous humor, a colorless fluid. It exits through 
the anterior chamber of the eye and then is drained out by 
the trabecular meshwork and uveoscleral pathways. The 
Aqueous humor provides essential nutrients and maintains 
the intraocular milieu. Brimonidine reduces intraocular 
pressure (IOP) due to a decrease in the production of aqueous 
humor, which leads to the normalization of the processes of 
its formation and outflow.
Enhancement of uveoscleral outflow
The main effect of brimonidine in uveoscleral outf low; 
mechanism is an alternative route of aqueous humor drain 
than its primary mechanism depends on aqueous production. 
Aqueous humor exits the eye posteriorly and flows via the 
ciliary muscle into the suprachoroidal space, bypassing through 
trabecular meshwork; this is known as uveoscleral outflow. 
Brimonidine acts on the dilated veins of the choroidal plexus 
and increases uveoscleral outflow, thereby aiding IOP to 
decrease by widening the suprachoroidal space for an easier 
cribriform passage of the aqueous fluid.
Neuroprotective effects
Brimonidine can provide neuroprotection in addition to 
lowering intraocular pressure IOP, and this action may help 

to delay the progression of glaucoma-related optic nerve 
damage while preserving retinal ganglion cells RGCs. 
Several mechanisms by which topical brimonidine confers 
neuroprotection to RGCs as well as other retinal neurons 
have been described, including reduction of oxidative stress 
and apoptotic pathways as well as inhibition of glutamate 
excitotoxicity. Its neuroprotective effects work to complement 
its activity against intraocular pressure (IOP), indicating a 
potentially multifaceted role in the treatment of glaucoma.
Niosomal Gel: Formulation and Advantages
Niosomes appears to be an encouraging and potentially 
useful drug delivery system in the development of medicinal 
drugs. Conclusion: Brimonidine-containing Niosomal gels 
could be a promising new approach to improve the efficacy 
of the antiglaucoma medication. This section describes 
the advantages of niosomal drug delivery systems, which 
include enhanced bioavailability, depot effect, and patient 
compliance, among others also includes an overview of 
niosome technology.
Overview of niosome technology
Niosomes are similar to liposomes but have a distinct advantage 
when being used for drug delivery. Niosomes — non-ionic 
surfactant vesicles in aqueous media. Non-ionic surfactants 
can self-assemble to form bilayered vesicles because of the 
lipid bilayers of niosomes and watery core, so the hydrophobic 
medicine could be easily dissolved while hydrophilic materials 
could be encapsulated in its aqueous inner chamber. This 
feature provides different novelty for available drug delivery 
by effective use. Additionally, targeting ligands or stabilizing 
agents can be used for surface modification of niosomes to 
increase the selectivity and stability.
Advantages of Niosomal Drug Delivery Systems:

Enhanced bioavailability
Niosomes exhibit particular promise to overcome challenges 
from other traditional modalities of drug delivery, such as 
low bioavailability and solubility. By the addition of drugs 
both in most creations niosomes are formed and liposomes 
can be formed. Integration with Niosome generally gives 
better selective delivery of drugs at the site of action due 
to encapsulation by permeability enhancing absorption and 
circulation rate; these abilities reduce degradation of these 
agents from enzymes as well into lipid bilayers or water-based 
cores, which makes it more soluble. Bioavailability increases, 
resulting in better therapeutic effects and lesser dose needed, 
leading to better patient compliance.
Sustained release properties
This makes the niosomal drug delivery system to continuously 
release their encapsulated drugs over a prolonged half-life, 
which is an indispensable advantage. The lipid bilayer 
structure of nisomes provides more prolonged bioavailability 
of the entrapped drug while reducing wide variation in serum 
concentrations across the body. This may result in improved 
patient compliance with medication therapy as well as a 
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reduction of potential side effects due to the extended dosing 
interval made possible by this sustained release mechanism.
Improved patient compliance
Pros of brimonidine in the niosomal gel for patient compliance 
it is concerned that the gel is an easy-to-administer topically 
applied eye surface dosing formulation. Niosomal gels not 
only have more residence time on the ocular surface than 
traditional eye drops, leading to higher bioavailability and 
prolonged drug release. Granted, patients have a greater 
chance of being compliant with their treatment regimens and 
increased glaucoma management outcomes since the dosing 
is less frequent when niosomal gels are used.
Formulation Strategies of Brimonidine Niosomal Gel
We need to consider many things that are associated with the 
development of brimonidine as niosomal gel and its contents, 
techniques used for preparation and evaluation. Thus, a 
summary of formulation techniques involved in the preparation 
of brimonidine niosomal gel will include information on the 
composition and manufacturing system developed with respect 
to particle size and distribution, encapsulation efficiency 
(%EE), stability study parameters.
Composition and preparation methods
When the brimonidine niosomal gel is prepared for drug 
encapsulation, stability and biocompatibility are optimized 
using cholesterol and non-ionic surfactants or some other 
excipients. A variety of non-ionic surfactants, such as the Span 
and Tween series are used for the formation of niosome lipid 
bilayers. Cholesterol is often added to the recipe in order to 
provide some rigidity and stability of the lipid bilayers. 
Brimonidine niosomal gel preparation
The film hydration, reverse-phase evaporation or sonication 
techniques can be used to prepare brimonidine niosomal 
gel. This should be influenced by drug loading efficiency, 
gel viscosity and particle size. Through these processes, 
the niosomal vesicle formation occurs successfully to load 
brimonidine in their lipid bilayers or water cores. The vesicles 
will be loaded in the gel matrix and applied topically.
Characterization of Niosomal Gel

Particle size and distribution
The stability, bioavailability and ocular penetration of 
brimonidine niosomal gel depend on its particle size and 
distribution, which are essential properties. Particle size, 
polydispersity index (PDI), and size distribution profile of 
niosomal vesicles inside the gel matrix could be determined by 
particle sizing techniques such as laser diffraction or dynamic 
light scattering (DLS). Particle size and distribution to have 
an effective drug delivery system are important for niosomal 
gel with zero order release.
Encapsulation efficiency
The size and distribution of the particles in niosomes 
play an important role due to their impact on the stability, 
bioavailability as well ocular penetration potential of niosomal 

brimonidine gel. You can use techniques like laser diffraction 
or dynamic light scattering (DLS) to detect the particle size, 
polydispersity index (PDI), and size distribution profile of 
niosomal vesicles within gel matrix. For niosomal gel to 
achieve perfect drug delivery, particles must change their size 
and distribution according to the required zero order release.
Stability studies
The encapsulating efficiency of brimonidine within niosomal 
vesicles is an essential proof of how a lot drug ought to be 
loaded and the way therapeutic impact the formulation could 
have. Methods like centrifugation, ultrafiltration or dialysis are 
generally employed to determine the encapsulation efficiency 
and usually, buffer solutions is used when characterizing 
nanoparticles.

Table 2 summarizes encapsulation efficiency, stability, 
particle size and polydispersity index for brimonidine niosomal 
gel. This data is important to trust about the safety and efficacy 
of niosomal gel formulation for glaucoma therapy, regarding 
drug-delivering potential in higher concentration through a 
transcorneal route at clinic.
Clinical Efficacy and Safety of Brimonidine Niosomal Gel
Niosomal gel containing brimonidine proves to be a novel 
approach for the treatment of glaucoma. Data on the safety 
and clinical efficacy of Brimodine are analyzed, with 
analysis including preclinical investigations, clinical trials, 
and a comparison between different traditional brimonidine 
formulations.
Preclinical studies
Moreover, preclinical studies are required to determined 
ocular tolerance, pharmacokinetics and pharmacodynamics 
of Brimonidine Niosomal Gel. These formulations, as with 
other ocular therapeutics, are usually tested for intraocular 
distribution and efficacy in animals by using rabbits or rodents. 
Brinzolamide niosomal gel was preceded by its preclinical 
evaluation for ocular penetration, drug sustain release and 
tissue compatibility before subjecting to clinical assessment.
Clinical trials and results
Clinical trials involving human participants must be carried 
out to prove whether brimonidine niosomal gel is safe and 
effective for treating glaucoma or ocular hypertension. The 
typical trials of this kind make the niosomal gel formulation 
compete with either a placebo or traditional brimonidine 
formulations. Potential outcomes to follow include changes 
in intraocular pressure, visual function; adverse events and 
patient-reported outcomes. The clinical studies had shown 
that the formulation not only improved patient compliance to 

Table 1: Formulation Characteristics of Brimonidine Niosomal Gel

Characteristic Value
Particle Size (nm) 100-200
Encapsulation Efficiency (%) 80-90
Stability (months) 12-18
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projects but also relieve IOP and decreased ocular side effects  
these being therapeutic advantages.
Comparison with conventional brimonidine formulations
Comparative studies quantify the relative efficacy, safety and 
patient preference of brimonidine niosomal gel with standard 
formulations like eye drops or gels. These studies may assess 
factors such as ocular tolerability, ease of administration, 
dosing frequency (how often a medication must be taken), and 
the ability to lower IOP. Direct comparisons of brimonidine 
niosomal gel with unfortunately significant new track 
formulations will assist clinicians in making decision-making 
and potential advantages over conventional preparations.

In this table, brimonidine niosomal gel vs conventional 
brimonidine formulations are compared key wise. The 
superior bioavailability, longer duration of action, and better 
patient compliance associated with brimonidine niosomal gel 
can make it a favorable alternative to traditional glaucoma 
therapeutics.
Potential Benefits and Challenges
Some advantages of brimonidine niosomal gel as a modality 
for management of glaucoma may be in the treatment. The 
allegedly challenging characteristics of the formulation include 
better ocular bioavailability and slower drug release to enhance 
treatment efficacy and patient outcomes. Such continuous drug 
delivery may ultimately halt glaucoma from setting in and 
safeguard eyesight with better control of intraocular pressure. 
Brimonidine niosomal gel also improves the dosing frequency 
vis-à-vis conventional formulations, as it has sustained release 
properties that enable transmission to occur at intervals of 
upto 8 hours — this might improve medication compliance 
and control over the condition as a whole. Furthermore, 
the reduction of systemic exposure and enhanced targeted 
drug delivery to ocular tissues for brimonidine could lead to 
improved patient compliance and tolerance as this may result 
in a decreased prevalence typical side effects, including eye 
irritation and systemic hypotension.

While niosomal gel formulations are emerging as a 
powerful tool for the transportation of drugs through skin, 
there is still a number of obstacles to be overcome in mass 
manufacturing. Reducing complexity in production while 
retaining a standardized quality in product involves rectifying 
repeatability, batch-to-batch homogeneity, and cost mitigation 
challenges. The challenge could be overcome by ensuring 
process optimization in production and forming partnerships 
with CMOs specialized in lipid-based formulations. The 

shelf life of niosomal gel compositions is considered based 
on their stability over a period. Specifically, by optimizing 
the formulation and performing accelerated stability testing 
at various storage conditions Lipid degradation, aggregation 
as well as drug leakage over time could be minimized. 
These efforts are also important considering the potential 
commercialization of brimonidine niosomal gel for glaucoma 
therapy, as well as the need to retain product efficacy and 
extend shelf-life.

Table 3, Challenges in development of Brimonidine 
niosomal gel formulation and their solutions The problems 
will be effectively solved by the researchers and manufacturers 
as well that they can utilize a wide range of potential benefits 
or advantages for niosomal gel technology use to support the 
developing and promoting this new glaucoma medication.

CONCLUSION
Finally, brimonidine niosomal gel is a promising formulation 
in the treatment of glaucoma because it offers advantages over 
conventional dosage forms and increases drug bioavailability 
as well as drug release for an extended period and finally 
adherence. It was previously demonstrated its efficacy to 
lowering intraocular pressure with limited ocular adverse 
effects in preclinical and clinical studies. While some are valid, 
there are issues still to overcome regarding scaling up and 
formulation stability. The emergence of brimonidine niosomal 
gel could be a game-changer in the glaucoma landscape for 
easy use and proven efficacy. This may protect their vision and 
keep many of them at least living quality lives longer.

Further studies and aadditional research is needed for better 
formulation, stability and commercialization of brimonidine 
niosomal gel. Long-term stability tests are needed to ensure 
the safety, effectiveness and cost-effectiveness of this new 
treatment approach as well as process optimization in 
production methods and comparison with current therapies. In 
order to increase the efficacy of glaucoma therapy and address 
the diverse needs of patients, trials on combination drugs as 
well as individualized medicine approaches, might open up 
novel possibilities. Continual R&D is required to discover 
the maximum clinical utility of brimonidine niosomal gel and 
provide advancements in glaucoma therapy.
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