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ABSTRACT

The human body is one of the most fascinating and complex structures present on this earth. It has five sensory organs that allow a human to feel, 
understand, and respond according to their surroundings. Among these five organs, one is the eye. The eye is considered one of the most important 
sensory organs of the human body. It helps us in seeing this beautiful and colorful world, present around us. In case any kind of disease or disorder 
occurs in the eye, then the treatment may take a long time for the condition to return to normal. Ocular drug delivery presents unique challenges 
in the field of pharmaceutical sciences. This is due to the presence of numerous protective barriers and the complex anatomy of the human eye. 
Conventional formulations present in the market include eye drops, ointments, creams, and gels. These formulations often suffer from various 
limitations, such as low bioavailability, short drug residence time, and even rapid drug elimination. This results in decreased therapeutic efficacy 
of traditional formulations. To overcome these problems, vesicular systems such as proniosomes have emerged in the healthcare field as promising 
drug delivery carriers in ocular pharmacotherapy. Proniosomes are dry, free-flowing, and non-ionic surfactant-based formulations. Proniosomes 
convert into niosomes when hydrated. Proniosomes offer numerous advantages in ocular drug delivery. These advantages include enhanced drug 
stability, increased permeability, and prolonged drug release across the ocular barriers, thus providing increased therapeutic results. This article 
provides a detailed overview of the anatomy of the human eye, focusing on its structural complexity and barriers which are responsible for alterations 
in the effective absorption of administered drugs. It even highlights the potential of proniosomal formulations and how they revolutionize ocular 
pharmacotherapy. Furthermore, this article also elaborates about the various formulation methods of proniosomes, which include the coacervation-
phase separation method, slurry method, ether injection method, spray drying method, and thin-film hydration method. This review emphasizes the 
enhanced drug delivery efficiency and the sustained therapeutic effects offered by proniosomal formulations. The future perspectives of proniosomal 
formulations for research have also been explored in this review while focusing on various innovative strategies that may improve drug targeting and 
bioavailability. This article mainly aims to serve as a comprehensive source of information about the potential and need for advanced proniosomal 
formulations in the treatment of ocular diseases.
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INTRODUCTION

The eye is one of the most integral parts of the human body. It acts 
as one of the sensory organs and is very sensitive [1]. The human 
eye consists of various parts, and they work together to provide a 
proper image of the object or surroundings, which is further sent to 
the human brain, and hence, the individual can see. The eye is also 
one of the most complex organs of the human body, and it consists 
of various protective barriers and defense mechanisms. This is the 
main reason why drug delivery in various compartments of the eyes 
is very difficult [2]. There are various infections due to microbial 
transmission which may affect the normal functioning of the human 
eye. These microbes may be transferred into the eye at different stages 
and factors such as at birth, due to environmental exposure, disease 
state, and many more. The pathogen may invade the eye through the 
conjunctiva or eyelid, or any other vulnerable ocular tissues [3]. The 
causative agents for infections in the eye include bacteria, viruses, 
fungi, and parasites. The treatment is given based on the causative 
agents and infection types using antibacterial, antiviral, antifungal, 
anti-helminthic, antiseptics, etc. Any kind of infection or disease in 
the eye may pose a threat to normal vision [4]. The drug delivery 
in the ocular system is considered to be the most challenging issue, 
mainly due to its anatomy and physiology [5]. The structure of the 
human eye is unique and complex. It consists of various barriers such 
as the conjunctiva, corneal epithelium, and the blood-ocular barrier. 
All these barriers are responsible for restricting the absorption and 
distribution of the drug [6].

The human eye is a complex sensory organ mainly responsible for 
vision. It is protected by multiple anatomical structures that facilitate 
its function while also serving as a barrier to drug delivery [7]. The 
eye primarily consists of three layers, which include the fibrous layer, 
vascular layer, and nervous layer. The fibrous layer (also known as 
fibrous tunic layer) includes cornea and sclera, which provide shape 
and protection to the eye [8]. The cornea is transparent and avascular, 
thus playing a crucial role in light refraction. Sclera, on the other hand, 
is an opaque and protective outer layer [9]. The vascular tunic (also 
known as uvea) is comprised of the iris, ciliary body, and choroid. 
They are responsible for the regulation of light entry and supplying 
nutrients to the ocular tissues. The third layer is called the nervous 
tunic; it mainly consists of the retina and is responsible for capturing 
visual information and transmitting it toward the human brain 
through the optic nerves [10]. In addition, the intraocular structures 
such as aqueous humor, vitreous humor, and lens play a huge role in 
maintaining the intraocular pressure while focusing light onto the 
retina. This ultimately leads to a clearer vision [11].

An ideal ocular drug delivery system should be long-lasting on the ocular 
surface and ensure maximum absorption of the drug while decreasing 
its loss through tear turnover [12]. It should also be non-irritating and 
comfortable to improve patient compliance, since discomfort often 
correlates with treatment non-compliance [13]. Sterility should reasonably 
be ensured against infection and make it safe for the eye [14]. Further, the 
formulation should ensure the controlled release of the drug predictably to 
maintain an optimum therapeutic level while avoiding both subtherapeutic 
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and toxic doses. Facilitation in administration is also essential, wherein the 
patient himself can use it without advanced techniques [15]. It should also 
have stability sufficient to maintain its efficacy over time with minimal loss. 
Thereby, they convert themselves seamlessly into the promising method 
of improving ocular medication delivery. They do not provide longer 
retention and even cause poor vision and irregular drug liberation as 
well. Ointments reduce patient compliance. Gels may increase retention, 
but these often cause discomfort to patients and unpredictable gelation 
behavior [15]. The eye drops have a short residence time [16].

Nanoformulations play a major role in current drug delivery. They are 
mainly involved in improving solubility, providing stability, and increasing 
bioavailability [13]. This makes them ideal for providing targeted therapy 
to the patient. They have proven to provide an effective percentage in 
encapsulating drugs in the vesicles [17]. Nanoformulations, being a 
broad category, include liposomes, niosomes, proniosomes, cubosomes, 
bilosomes, chitosomes, terpesomes, discome, spanlastics, ethosomes, 
transethosomes, and transferosomes [18]. Liposomes are formulations 
comprising phospholipid bilayers and are good carriers [19]. Niosomes 
are made of non-ionic surfactants and are wiser and cheaper than 
liposomal forms because they also face fewer problems with fusion 
and sedimentation [20]. Cubosomes are novel vesicular formulations, 
formed by dispersing self-assembled lipid molecules (amphiphilic), as 
a liquid crystalline phase [21]. Bilosomes are formulations that break in 
the gastric region, which allow the oral delivery of drugs that are given 
through injectables [22]. Chitosomes are microvesicular formulations 
that have chitin-synthetase activity at higher concentrations [23]. 
Terpesomes are terpenes containing liposomes [24]. Discomes are the 
disc-shaped niosomes with a diameter of about 20 μm [25]. Spanlastics 
are surfactant-based nanovesicle formulations that contain span and 
edge activators [26]. Ethosomes are ethanolic liposomes. They are non-
invasive vehicles allowing medications to enter the transdermal layer 
easily and effectively [27]. Transethosomes are the modified form of 
ethosomal formulations containing edge activators and penetration 
enhancers [28]. Transferosomes are lipid-based vesicles that contain 
edge activators and phosphatidylcholine. These are mainly used for 
transdermal delivery of the drug [29]. Table 1 provides a comprehensive 
knowledge about various nanoformulations involved in the treatment of 
ocular diseases over the past years.

Proniosomes are a dry, free-flowing vesicular system, which on 
hydration converts to niosomes, thus overcoming the stability problems 
and enhancing drug administration [15]. These vesicular systems are 
especially helpful as ocular medication therapies, wherein conventional 
formulations such as eye drops, ointments, and gels have dire limits. 
Eye drops have low retention at the eye surface due to their rapid 
precorneal clearance due to the effect of blinking and tear turnover [19]. 
Proniosomes alleviate the above-mentioned problems by providing 
extended ocular residence duration through mucoadhesive features 
with sustained drug release and increased corneal penetration [30]. 
These encapsulating indirect features provide more controlled drug 
release, allowing less frequent dosing, reducing systemic side effects, 
and generally enhancing therapeutic performance for ophthalmic 
therapy. During the research, proniosomes-based formulations have 
emerged as promising vesicular carriers. They are designed to overcome 
various limitations of the conventional ocular formulations, by offering 
them controlled release, improved drug stability, and also enhanced 
permeation of the drug across the ocular barriers present [31]. This 
review mainly focuses on providing an overview of proteasomes and 
the current status of proniosomal formulations in the treatment of 
ocular diseases by targeting the ocular drug delivery system.

Barriers in ocular drug delivery
The unique anatomy of the human eye presents various barriers that are 
responsible for protecting it from external agents and, hence, prevent 
them from entering systemic circulation, but these barriers are also 
responsible for hindrance in drug delivery [32]. The corneal barrier 
is mainly composed of epithelium, stroma, and endothelium. It is the 
primary route meant for topical drug absorption [33]. The lipophilic 

nature of epithelium restricts hydrophilic drugs from penetrating into 
the eye, whereas the stroma, due to its hydrophilic nature, prevents the 
diffusion of lipophilic drugs [6]. The conjunctival barrier of an eye covers 
the sclera and inner eyelids, offering an alternate absorption pathway, 
but this pathway has low permeability and a large surface area. This 
leads to dilution of the drug [34]. The blood-aqueous barrier together 
with the blood-retinal barrier plays a huge role in maintaining the ocular 
immune privilege and homeostasis, hence preventing systemic drugs 
from reaching the intraocular tissues [11]. All these barriers together 
pose significant challenges toward effective ocular drug delivery and 
necessitate innovative ocular drug delivery systems like proniosomes.

Traditional ocular drug delivery methods include eye drops, gels, 
and ointments. These often face challenges such as rapid precorneal 
elimination with limited and low drug residence time, further leading to 
poor patient compliance [35]. Hence, the researchers have introduced 
the advanced form of drug delivery systems, such as nanoparticles, in situ 
gels and vesicular carriers. [36]. These are developed to overcome the 
issues faced by the traditionally used formulations for ocular disease 
treatment [37]. Among these, the proniosomal formulations have stood 
out due to their ability to provide enhanced drug stability, increased 
bioavailability, and sustained release of the drug in the system [38]. 
Fig.  1 below provides a more specified comparison between the 
traditional and proniosomal formulations for better understanding.

PRONIOSOMES-BASED FORMULATIONS

Proniosomes are free-flowing formulations that are dry in nature. They 
convert into niosomes on hydration [65]. These non-ionic surfactant-
based vesicles offer several advantages, which include ease of storage, 
increased drug encapsulation efficiency, and higher trans-corneal 
permeation [66]. Proniosomes can be used for ocular applications by 
proper selection of appropriate surfactants, stabilizers, and methods 
for hydration. This ensures optimal drug delivery to the eye’s anterior 
and posterior segments [67]. Fig.  2 below shows an elaborated and 
structural representation of proniosomes.

There are various proniosomal formulations which have been 
formulated for the treatment of ocular diseases; Table  2 focuses on 
those formulations. The table below includes proniosmal formulations 
made for the treatment of various ocular complications.

Fig. 1: Comparison between traditional and proniosomal 
formulation

Fig. 2: Structural representation of proniosomes
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FORMULATION METHODS OF PRONIOSOMES

Proniosomal formulations can be prepared using different methods. 
They all offer unique advantages in terms of drug stability, encapsulation 
efficiency, and production ease. The most common methods for the 
formulation of proniosomes are coacervation phase separation, 
spray drying, slurry method, ether injection method, and thin-film 
hydration [74].

These methods mainly involve careful selection of surfactants, 
stabilizing agents, and carriers for optimized vesicle formation and 
drug encapsulation in them. Fig.  3 below provides a summary about 
the polymers used with their comparative amounts used in different 
proniosomal formulations:

APPLICATIONS IN OCULAR DISEASE TREATMENT

Proniosomal formulations have demonstrated their potential in 
treating various ocular conditions, by enhancing the drug penetration 
into the system and also providing sustained release of the drug. This 
is one of the major advantages of proniosomes and is also a need in 
current situations. Some well-known conditions where proniosomal 
formulation can be used in treatment include:

Glaucoma
Glaucoma (also known as motiyabind) is a progressive optic neuropathy 
condition. It is characterized by high intraocular pressure and damaged 
optic nerve, which leads to loss of vision. It is often asymptomatic 
during the early stages, which makes its timely diagnosis and treatment 
very crucial [73]. In the research conducted by Emad et al. [68], it 
was shown that the proniosomes-based formulations of brimonidine 
tartrate, prepared by the coacervation-phase separation method, are 
highly effective for the treatment of glaucoma due to their improved 
bioavailability and prolonged reduction of intraocular pressure. It was 
also tested that there was no irritation produced over the administration 
of the formulation, unlike the conventional ones. Optimization variables 
of the formulation showed the desirability of 0.732. This indicated 
that the formulation has demonstrated a sustained release profile of 
over 24 h.

Conjunctivitis
Conjunctivitis, also known as “pink eye disease,” is a conjunctival 
inflammation caused by bacteria, viruses, or allergies that cause 
redness, irritation, and discharge. The proniosomal formulations 
can improve corneal penetration, sustain release, and increase drug 
stability. According to a study conducted on the curcumin-loaded 
proniosomal gel to treat ocular inflammation. It was found that the ex 
vivo permeability was 3.22  times higher, the mean particle size was 
212.0  nm, and the entrapment effectiveness was 96%. Within 24  h, 
the gel showed a 40% decrease in inflammation, and after 4  days, it 
fully recovered [75]. Adding to this, in the Sprague-Dawley rat model, 
the tacrolimus-loaded proniosomes had shown prolonged corneal 
transplant survival till 13.86 days while also delaying corneal allograft 
rejection [68]. In research, it was found that the brimonidine-tartrate 
proniosomal gel demonstrated no eye discomfort with a 5.024-fold 
increase in bioavailability. The entrapment efficiency was also found 
to be about 79.23% [72]. The results have proven, proniosomal 
formulations can increase the bioavailability of ocular drugs, maintain 
drug release, and lower the frequency of dosage. This can further lead 
to improved and desirable outcomes for conjunctivitis treatment.

Age-related macular degeneration
Age-related macular degeneration is one of the most common causes 
of vision loss in old people. This condition is characterized by the 
degeneration of the macula and impairment of central vision [76]. In 
a study conducted by Del Amo et al. [9], it was found that proniosomal 
delivery of the anti-vascular endothelial growth factor agents ensures 
targeted release of drug in the posterior segment of the eye. This 
decreases systemic exposure and also reduces drug side effects. A study 
indicated that ranibizumab-loaded proniosomes had demonstrated a 
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mean particle size of 183.2 ± 0.3  nm, a zeta potential of −27.6 ± 1.2 
mV, and an entrapment efficiency of 92.4%. Its in vivo tests in rats 
showed that the therapeutic effect was present for 14  days [77]. 
In addition, when compared with traditional ocular formulations, 
dexamethasone-loaded proniosomal gels were showed an increase in 
their bioavailability of up to 4.8-fold. This has led to a prolonged anti-
inflammatory effect with no discomfort to the eye. These results confirm 
that the proniosomal formulations are a viable as well as non-invasive 
option for the treatment of age-related macular degeneration [78]. 
They also guarantee prolonged drug release which ultimately increases 
the drug’s bioavailability.

Ocular hypertension
The condition of ocular hypertension mainly refers to elevated 
intraocular pressure, occurring without any detectable glaucomatous 
damage. This increases the risks of having glaucoma. A study by Fouda 
et al. showed that dorzolamide hydrochloride is a carbonic anhydrase 

inhibitor. It is used to reduce the intra-ocular pressure. Proniosomal 
gels of dorzolamide HCl have been formulated with the intention 
of sustaining its effect and lowering the dosing frequency. Gel was 
developed by the coacervation phase separation method, using L-α-
lecithin, cholesterol, and Span 40. According to in vivo studies, the 
regular formulation was significantly less effective than the formulated 
ones, which has shown the maximal IOP reduction of 45.4±8.2% within 
6 h. The percentage drop in IOP was found to be 19.5±9.2%, after 8 h 
of administration, which suggests extended release of the medication. 
These findings mainly imply, that the proniosomal gel formulation of 
dorzolamide HCl offers prolonged drug release, which may lower the 
frequency of doses and increase patient adherence [70].

Cytomegalovirus (CMV)
CMV is one of the biggest health risks, particularly for newborns and 
individuals with weakened immune systems. Yadav et al. [79], in their 
study, found that the antiviral medications cidofovir and ganciclovir are 

Table 2: Proniosomes‑based formulations for treatment of ocular diseases

Drug Method of 
preparation

Targeted 
disease

Polymers used Key findings References

Brimonidine 
Tartrate

Coacervation 
phase 
separation

Glaucoma Span 60, Brij 52, 
Cholesterol, Soybean 
α‑lecithin

Entrapment efficiency (in %) was found to be79.23 
and particle size (in nm) was 810.95. In‑vitro release 
was determined to be 91.11% over 24 h. According 
to the in‑vivo studies conducted, it was found that 
the bioavailability of the drug was improved to about 
7.90‑fold in mean residence time.

[68]

Ketoconazole Coacervation 
phase 
separation

Fungal Keratitis Span 60, Cholesterol, 
Lecithin

Entrapment efficiency (in %) was found to be as 
51.40–70.70. 
Enhanced corneal permeation compared to 
conventional formulations. 
According to the in vivo studies, the formulation was 
effective in treating fungal keratitis in rabbit models.

[69]

Dorzolamide 
HCl

Coacervation 
phase 
separation

Glaucoma Span 60, Cholesterol Entrapment efficiency (In %) was 84.5±1.5. 
The analysis of the in vitro release profile has shown 
58.51±1.00% over 8 h. Furthermore, the in vivo 
study has demonstrated a significant reduction in 
intraocular pressure when administered in rabbit 
models.

[70]

Timolol 
Maleate

Coacervation 
phase 
separation

Glaucoma Span 60, Cholesterol, 
Lecithin

Entrapment efficiency (in %) was found to be higher 
than the conventional formulation.
The in vitro release has demonstrated a sustained 
drug release profile for over 12 h and the in vivo 
studies have shown a significant reduction in 
intraocular pressure, in rabbit models.

[71]

Curcumin Coacervation 
phase 
separation

Ocular 
inflammation

Pluronic P123, 
D‑α‑tocopheryl 
polyethylene glycol 
succinate (TPGS)

Entrapment efficiency (in %) was 91.5±1.5 and 
the in vitro release profile was 85.3±1.2% release 
for 24 h

[19]

Tacrolimus Coacervation 
phase 
separation

Corneal Graft 
Rejection

Span 60, Cholesterol, 
Lecithin

entrapment efficiency (in %) was 89.7±1.3 and 
the in‑vivo release profile was determined to be as 
93.5±1.1% release for 24 h.

[72]

Levofloxacin Coacervation 
phase 
separation

Bacterial 
Conjunctivitis

Cholesterol, Lecithin, 
Span 40, Span 60, 
PEO

Entrapment efficiency (in %) was determined to be 
as 88.2±1.4. The in vivo release profile was found as 
90.7±1.3% release for 12 h.

[19]

Acetazolamide Coacervation 
phase 
separation

Glaucoma Poloxamer 407, 
Glyceryl Monooleate

Entrapment efficiency (in %) was 85.4±1.6 and the 
in vivo test release profile was determined to be as 
87.9±1.2% release for over 8 h

[73]

Betaxolol 
Hydrochloride

Slurry method Glaucoma Cholesterol, Span 60 Entrapment Efficiency (in %) was 90.1±1.3. 
The in vivo release profile was determined to be 
92.4±1.1% release over 12 h.

[19]

Lomefloxacin 
HCl

Coacervation 
phase 
separation

Bacterial 
conjunctivitis

Cholesterol/Brij 35 
(Polyoxyethylene 
(23) lauryl ether), 
Brij 72, Brij 98 
Span 20, Span 40 
Span 60, Tween 40, 
Tween 60, Tween 80

Entrapment efficiency (in %) was determined to 
be87.6±1.5. The in vivo tests showed 89.8±1.2% 
release for over 12 h.

[19]
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no longer used to treat CMV due to their severe adverse effects, and their 
bioavailability is restricted. Recent studies have shown the efficiency of 
proniosomal gels in ocular drug delivery. A study conducted on timolol 
maleate proniosomal gel reported, that the entrapment efficiency of the 
drug was about 99.98% and the in vitro release of the drug extended up 
to 12 h. This indicates the sustained release of the drug [71]. Research 
on a proniosomal gel loaded with etodolac showed that the drug’s 
in vitro release was between the range of 71.86 and 97.16% for a 24-h 
period. The entrapment efficiency was between 74.36% and 90.85%. 
In comparison with the formulations present in the market, the ex vivo 
permeation studies and anti-inflammatory tests in animal models 
demonstrated a considerable decrease in paw edema. This indicates 
the anti-inflammatory efficacy of the formulation [80]. Proniosomal 
formulations have become a viable option due to their benefits in 
targeted distribution, bioavailability, and drug stability.

Corneal graft rejection
The graft immunological rejection at the cornea happens while the 
host’s immune system attacks the transplanted cornea. This immune-
mediated process can cause graft rejection. According to Durak et al. [2], 
it can be mainly due to HLA mismatches, previous graft failures, corneal 
vascularization, infections, and poor adherence to medication regimens 
in the patients. This condition is followed up by the symptoms of redness, 
sensitivity to light, vision impairment or loss, and pain. Zeng et al. [81] 
and Li et al., [72] in their work on proniosomes-based formulations of 
tacrolimus have found that they show prolonged drug residency, low 
clearance rate of the drug in aqueous humor, and increased precorneal 
permeation. This makes them an ideal choice for the treatment of the 
condition.

Fungal keratitis
Fungal keratitis is one of the most severe corneal infections which 
are caused by fungal pathogens. This leads to corneal damage and 
even vision loss. For this, El-Emam et al. [82], in their study, found 
that proniosomal gels loaded with voriconazole have been made, to 
enhance the delivery of antifungal agents in the ocular system. With 
a particle size of 209.7±8.13  nm, a zeta potential of −33.5±1.85 mV, 
and an entrapment efficiency (EE%) of 87.4±2.55%, the voriconazole 
formulation demonstrated significant stability. Studies on in vitro release 
showed a biphasic release pattern, consisting of a continuous release 
phase after an initial burst release. According to the microbiologists, the 
5% natamycin eye drops had shown a zone of inhibition (ZI) of 33.9 mm 
against Candida albicans, which is much lower. These results simply 
indicate that proniosomal formulations have better antifungal activity 
than traditional therapies.

Ocular inflammation
Ocular inflammation includes various conditions which are 
characterized by inflammation in different parts of the eye. This 
mainly leads to redness and pain which might even extend to vision 
impairment. Aboali et al., [75] in their study, found that curcumin being 
an anti-inflammatory agent of natural origin has been incorporated into 
the proniosomal gels to enhance its ocular delivery. The formulation 
revealed an entrapment efficiency of 96.0±0.1%, a zeta potential of 
−5.1±0.2 mV, a polydispersity index of 0.3±0.1, and a mean particle size 
of 212.0±0.1 nm. Studies on the formulation’s permeability showed a 
3.22-fold increase, over curcumin dispersion. The in vivo tests conducted 
in rabbits showed a 40% decrease in the inflammatory symptoms on 
the 1st day and full recovery on the 4th day of drug administration. The 
ability of proniosomal gels to reduce inflammation was validated by 
the histopathological investigation. As a biocompatible substitute, the 
curcumin-loaded proniosomal gel has shown potent anti-inflammatory 
effects with lesser adverse effects.

Chorioretinitis
Chorioretinitis is characterized as the condition of inflammation in 
the uveal tract, which leads to redness and pain in the eye. It may also 
lead to potential vision loss. Li et al. [72], in their study, mentioned 
that proniosomal formulations of tacrolimus have been developed by 
the researchers to manage this condition. The optimized formulation 
achieved an entrapment efficiency of about 83.5±1.2% with a particle 
size of 162.3±2.8  nm. A  24-h sustained release profile was seen in 
in vitro release tests. In comparison to the drug solution, the ex vivo 
permeation studies employed rabbit corneas showing a 2.5-fold 
increase in the drug penetration. The in vivo ocular irritation testing 
on rats revealed no irritation with acceptable corneal biocompatibility. 
These findings imply that the proniosomal formulation of tacrolimus 
has shown improved medication release and corneal penetration, which 
may lower dosage frequency and also increase patient adherence.

CHALLENGES AND FUTURE PERSPECTIVES

Even though proniosome and nanoparticle development has been 
successful overall, there are still a lot of challenges to be solved, 
including reproducibility, scale-up feasibility, and complex regulatory 
difficulties. Consequently, large-scale production of nanomaterials 
may be challenging. New techniques and technology transfer must 
be incorporated to produce proniosomes on an industrial scale for 
commercial use. However, due to process limitations in small-scale 
preparation, any preparation method may not transfer from a laboratory 
scale to an industrial scale. Particle size, drug encapsulation, residual 

Fig. 3: Diagrammatic representation of proniosomal formulation methods
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components from the process, stability, and surface characteristics 
are the features of pronisomes that are most impacted by scaling up. 
Furthermore, the drug loading in the proniosomes might be reduced by 
the scale-up procedure.

Particle size, drug encapsulation, residual components from the process, 
stability, and surface characteristics are the features of pronisomes that 
are most impacted by scaling up. Some of the process restrictions include 
the use of hazardous solvents (such as dichloromethane or chloroform 
as an organic phase) and the stability of the components utilized for 
manufacturing. Therefore, for the pharmaceutical industry to generate 
nanomedicines, new methods that use aqueous solvents or solvents 
with low toxicity must be developed. To produce large batch sizes under 
good laboratory practices and eventually good manufacturing practices 
conditions, it is imperative to show that the technology can be transferred 
to a development facility or contract manufacturing company where a 
workable, scalable, and economical process can be established.

Proniosomes have the potential to be produced on a big scale due to their 
straightforward manufacturing process and adaptable drug delivery. 
For entrapping both hydrophobic and hydrophilic, or polar and non–
polar pharmaceuticals, the proniosomes were studied as substitutes for 
liposomes and other carrier systems. Due to their non-ionic structure 
and the absence of any particular production or processing needs, 
proniosomes also offer the benefit of low toxicity. Proniosome production 
can be challenging to scale up from the lab to the large scale, and 
maintaining product quality is a crucial aspect of regulatory approval. 
To develop and implement proniosomes for ocular drug delivery 
mechanisms, there are certain obstacles that need to be overcome.

CONCLUSION

The delivery of drugs in ocular system is one of the most challenging 
processes due to its complex structure and multiple protective barriers. 
These barriers are responsible for limiting the drug absorption. 
Traditional methods include eye drops, ointments, gels, and creams. 
These formulations often encounter issues such as rapid drug clearance 
and low bioavailability. In the case of traditional formulations, frequent 
applications are needed which makes them less effective and patient 
compliance is also low in such cases. Proniosomal formulations are 
a promising solution for these issues. They work by enhancing drug 
stability, providing better corneal penetration, and also ensuring 
sustained drug release. Proniosomes are vesicular systems, which 
are made from non-ionic surfactants and are dry in nature. These on 
hydration get converted into niosomes. Studies have indicated that the 
proniosomes can be effectively used in the treatment of various ocular 
conditions, such as glaucoma, conjunctivitis, chorioretinitis, ocular 
inflammations, and age-related macular degeneration. The success 
of proniosomal-formulations depends on various factors such as the 
surfactant is chosen and preparation methods. By optimizing these 
aspects, proniosomes can further enhance drug delivery and therapeutic 
outcomes. In the end, we conclude by mentioning that proniosomal 
formulations have marked a significant step toward ocular drug delivery. 
Their capability to improve drug penetration, and provide prolonged 
therapeutic effects, has led to enhanced patient compliance. This makes 
them a potential alternative to conventional treatments for ocular 
disease treatment. Future research and clinical trials will come forward 
as the key sources to prove their potential in the field of medical science.
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