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Abstract

Background Increased intraocular pressure is a common symptom of glaucoma. In severe circumstances, it may result in
loss of eyesight. Glaucoma treatment is difficult due to ocular physiological barriers that prevent medications from reach-
ing the afflicted area. Traditional formulations (eye drops) have a short residence period and are rapidly drained away via
the nasolacrimal duct, resulting in increased adverse drug responses and lower efficacy. The usage of nanoparticles such
as niosomes could be one potential answer to these problems. While niosomes improve drug penetration, they have little
effect on ocular retention of the medication. Contact lenses containing niosomes can assist to overcome this disadvantage.
Objective This study aims to prepare and evaluate Brimonidine niosomes laden contact lenses for the treatment of Glaucoma.
Methods Brimonidine niosomes were prepared using thin film hydration method and evaluated. The contact lenses were
soaked in the niosomal formulation at varying intervals (3—10 days). Thereafter, the contact lenses were evaluated for %trans-
mittance, %swelling index, drug quantification and in vitro drug release. The pharmacodynamic studies were conducted to
assess the reduction in intraocular pressure (IOP) in albino rabbits. The research compared the results of the reduction in
intraocular pressure caused by Brimonidine niosomes laden contact lenses with a marketed preparation of niosomes.
Results Higher concentration of the drug was loaded in contact lenses loaded with Brimonidine niosomes compared to
the marketed formulation, by soaking method. The contact lenses exhibited an optimal %transmittance of 98.02 +0.36
and %swelling index of 50.35+0.57. Increase in the soaking time up to 7 days led to an increase in the drug concentration
in the contact lenses. However, no further increase was observed after the 7th day due to saturation of the contact lenses.
Brimonidine niosomes laden contact lenses provided a reduction in intraocular pressure that was similar to the marketed
preparation. Further, the contact lenses provided extended release up to 20 h.

Conclusion Brimonidine niosomes laden contact lenses exhibited superior drug loading through the soaking method, dis-
playing optimal %transmittance and %swelling index. Soaking for 7 days increased drug concentration in contact lenses
with no further increase due to saturation. These lenses reduced intraocular pressure like the marketed formulation, offering
extended release for 20 h.

Keywords Niosomes laden contact lens - Hioxifilcon A contact lens - Span 60 - Glaucoma - Intraocular pressure

Introduction

Glaucoma is an ocular disorder attributed to increased
intraocular pressure. This increase in intraocular pressure
may arise from a high content of aqueous humour or its
reduced outflow from the trabecular meshwork and the uveo-
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While glaucoma is not curable, there are various strategies
to reduce its progression.

Current treatment option for glaucoma includes eye
drops. The challenges with eye drops include reduced ocu-
lar retention, side effects such as conjunctival hyperemia and
allergic conjunctiviti, and a higher dosing frequency [3]. The
daily dose of brimonidine eye drops (Alphagan P (0.2%)) is
three times daily. Eye drops have a bioavailability of about
50% [4]. Additionally, most of the drug goes into the con-
junctiva and the nasolacrimal drainage leading to systemic
adverse drug reactions [5].

Glaucoma can be treated with a variety of drugs. Some
of these drugs decrease the secretion of aqueous humor
(Alpha-2 adrenergic agonists, beta-1 adrenergic antagonists
and carbonic anhydrase inhibitors) while others increase the
uveoscleral outflow (Cholinergics, prostaglandins and pros-
tamides) Brimonidine (alpha-2 adrenergic agonist) acts on
alpha-2 receptors. It reduces the production and the outflow
of aqueous humour [6]. Brimonidine increases the transcrip-
tion of neurotrophic factors to increase the neuronal growth
and differentiation of retinal ganglion cells (RGCs). It pro-
vides neuroprotection to the RGCs, reducing the possibil-
ity of vision loss [7]. Some of the common side effects of
Brimonidine include CNS depression leading to fatigue and
lethargy, and dry eyes. Incorporating the drug in niosomes is
a potential system to overcome these side effects. Niosomes
are novel nanovesicles, composed of non-ionic surfactant
that show higher stability than micelles and liposomes [8].
While niosomal eye drops can provide a controlled drug
release, they have lower retention on the ocular surface, and
prevent optimal drug delivery.

Drug loading in contact lenses can be a potential treat-
ment option for the treatment of glaucoma. The contact lens
lies in proximity to the cornea and provides a polymeric
surface to the drug. This increases the ocular retention of
the drug. Further, it prevents the spilling of the drug outside
the eye or drainage in the nasolacrimal fluid. Drug-laden
contact lenses show sustained and controlled drug release
that helps with frequent dosing and can aid in patient com-
pliance. However, contact lenses loaded with drug solution
show a high initial burst release [9]. This may lead to dose
dumping. As a result, the researchers have used nanoparti-
cles to load into the contact lenses.

Incorporating drug laden niosomes in contact lens can
help to overcome lower ocular retention of the drug. Fathala
et. al, demonstrated a sustained reduction in the intraocular
pressure (IOP) with latanoprost niosomes [10]. Previous
studies demonstrate the loading of micelles [11], micro-
emulsions [12] and metallic nanoparticles [13] in contact
lenses for treating glaucoma. Some of the past studies have
reported Bimatoprost microemulsion [12], Levobunolol
Eudragit nanoparticles [9] and timolol gold nanoparticles
in contact lenses [13] that offered drug release up to a few
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days. However, they did not discuss the practical implica-
tions of overnight use of contact lenses. Moreover, the drug-
laden contact lenses demonstrate a common issue of drug
leaching. As a result, the storage of contact lenses after use
is a challenge.

In this study, we have aimed to prepare brimonidine nio-
some laden contact lenses for daily application (once a day).
The study explores the efficacy of brimonidine niosomes-
laden contact lenses compared to the marketed formulation,
by checking the effect of the formulations on the intraocular
pressure of rabbits.

Materials and methods

FDC Ltd. (Mumbai, India) provided the gift sample of Bri-
monidine. Research labs (Mumbai, India) provided Cho-
lesterol, Spans 20, 40, 60 and 80, and Tween 80. Thermo
Fisher Scientific India Pvt. Ltd., (Mumbai, India) provided
the chloroform and methanol (HPLC grade). Hioxifilcon A
contact lenses (ACME, USA) were used in the study.

Preparation and characterization of niosomes
Selection of surfactant

Niosomes were prepared with different grades of Spans
(20,40,60 and 80). Accurately weighed ratio of the Span and
Cholesterol were added in the Round Bottom flask (RBF)
followed by addition of 3:1 ratio of cholesterol and metha-
nol. The RBF was rotated on rotary evaporator (Heidolph
Base Hei-Vap ML Adv/Pre, EU) at a temperature of 56 C
and 60 °C (depending on the melting point of spans) and
100 rpm, for 10 min. A thin film was obtained which was
hydrated with pH 7.4 Phosphate buffer. The formed disper-
sion was probe sonicated for 5 min at 30% amplitude [11,
14, 15]. The surfactant was selected based on the obtained
vesicle size and zeta potential.

Preparation of niosomes

Preliminary lab trials Initially, 500 mg of Span 60 and
100 mg of cholesterol were taken in a 250 ml Round Bottom
Flask (RBF) and a 3:1 ratio of the organic solvents (Chloro-
form: Methanol) were added. The resultant solution was bath
sonicated for 10 min to completely dissolve the surfactant
and cholesterol in the organic solvents. The RBF was rotated
on rotary evaporator (Heidolph Base Hei-Vap ML Adv/Pre,
EU) at a temperature of 50 °C and 100 rpm under vacuum
for 10 min. However, Span 60 flakes were observed and no
thin film formation occurred. This is because of the higher
phase transition temperature (Tc) of Span 60 (56-58 °C)
[16]. The temperature was then increased to 60 °C, keeping
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other parameters constant. This led to the formation of bub-
bles in the RBF and no thin film was formed. The formation
of bubbles was attributed to the high amount of surfactant.
The amount of surfactant was reduced to 100 mg, keeping
the other parameters constant. This led to the formation of
the thin film. Thereafter, 10 ml of pH 7.4 Phosphate buffer
(PbS) was added to the RBF for hydration. No hydration of
the thin film was observed initially at this stage. This might
be because of the high hydrophobicity of the surfactant.
Further, an amount of 0.5 ml of tween 80 was added to the
surfactant-cholesterol mixture to enhance hydrophilicity of
vesicles and to improve hydration. No change was made in
the other parameters and the RBF was rotated for thin film
formation. However, a small amount of tween 80 remained
in the liquid phase and did not contribute to the formation
of thin film. This was because of higher volume of Tween
present in the mixture. The volume of tween was further
reduced to just 1 drop, keeping the other parameters con-
stant. Finally, a uniform thin film was observed which was
hydrated with 10 ml of the buffer. This led to incomplete
hydration. As a result, the volume of the hydrating liquid
was increased to a total volume of 20 ml. This led to com-
plete hydration of the film. The resultant niosome dispersion
was probe sonicated for 5 min, (50 s play, 10 s pause) at 30%
amplitude [17]. The experiment was repeated with different
concentration ratios of span 60 and cholesterol for an opti-
mum vesicle size and zeta potential.

Preparation of niosomes Millimolar ratios of span 60 and
cholesterol were added to a 250-ml round-bottom flask.
Thereafter, 3:1 ratio of the organic solvents was added to the
RBF. The mixture was bath sonicated for 10 min. After bath
sonication, the RBF was connected to the rotary evaporator
(Heidolph Base Hei-Vap ML Adv/Pre, EU) and niosomes
were formed by thin film hydration technique at 60 °C and
100 rpm, and vacuum for 10 min. Thereafter, 20 ml of 7.4
PbS buffer containing 10 mg of Brimonidine, was added to
hydrate the thin film [18-20]. This dispersion was probe-
sonicated (5 min, 50 s pause, 10 s play, 30% amplitude) [17].
The formed niosomes were characterized for vesicle size,
zeta potential, DSC, FTIR, and encapsulation efficiency.

Characterization of niosomes

Vesicle size and zeta potential The vesicle size, polydispersity
index, and zeta potential of niosomes were determined using

Malvern Nano Zetasizer [21]. The niosome formulation was
diluted ten times with distilled water, poured in a cuvette, and
the parameters were determined at 25°C using Zetasizer soft-
ware [17]. Triplicates of the sample were analyzed for each.

Differential scanning calorimetry (DSC) DSC of Brimoni-
dine and brimonidine-loaded niosomes was performed by
DSCI, Mettler Toledo (Switzerland). Approximately 3 mg
of the drug and the formulation were weighed and hermeti-
cally sealed in aluminium crucibles. The scanning range of
the sample was 50-35(°C with constant heating at 5 °C. The
sample was purged with nitrogen at a rate of 100 ml/min [22].

FTIRanalysis Spectroscopic analysis of Brimonidine, excipients
and their physical mixture was carried out using ATR-FTIR
instrument (Spectrum 2, Perkin. United States). The sample
was placed on the sample compartment and an optimum pres-
sure of 70 psi was applied. Baseline correction was done, and
an IR spectrum was obtained in the range 4000400 cm-1. The
observed spectra were smoothened and labelled [23].

Transmission electron microscopy (TEM) The morphology
of drug loaded niosomes was examined by Transmission
Electron Microscope (TEM) [TEC-12, TECNAI G2 SPIRIT
BIOTWIN] using Tungsten “W” filament. 20 pl of the sam-
ple were diluted in 6 ml distilled water. Two microliter of
this sample was casted on cu-carbon grids obtained from
Electron microscopy Sciences, USA. The sample was dried
with infrared lamp for 5 min. The niosomes were negatively
stained with 5 ul phosphotungstic acid for 20 s. Excess of
phosphotungstic acid was blotted on to filter paper. The sam-
ple was dried at room temperature for 2 min [24]. Thereafter,
the morphology of the niosomes was observed at 100 kV
[25] using Olympus soft imaging solutions VELETA CCD
Camera and analysed using Tecnai imaging & Analysis
software.

Encapsulation efficiency of the niosomes The encapsulation
efficiency of Brimonidine niosomes was estimated using
UV-Vis spectrophotometer (Shimadzu, UV 1900i, Japan)
[26, 27]. Two millilitres of the brimonidine niosomes were
taken in centrifuge tube. The sample was centrifuged at
20,000 rpm and 4C using ultracentrifuge, for 1 h. 1 ml of
the supernatant was then diluted with 7.4 pH buffer (PbS)
up to 10 ml. The concentration of the unentrapped drug was
quantified by UV analysis at 246.3 nm [26].

Encapsulation efficiency (%EE) =Amount of drug added (mg) — unentrapped drug (mg)
/amount of drug added (mg) * 100%
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In -vitro drug release of niosomes The in-vitro release study
of niosomes was carried out in Franz diffusion cell (Lab
Model (Assembled) DIE CELL, India). The temperature of
the Franz cells was maintained at 34 C by a heat circulator
connected to the water jacket. Initially, 23 ml of simulated
tear fluid (STF) was added to the receptor compartment.
The receptor and donor chambers were isolated by a dialysis
membrane (10,000 D molecular weight cut-off), pre-soaked
in simulated tear fluid, overnight. One millilitre (0.428 mg)
of the formulation was added to the donor chamber (inlet)
and the mouth of the receptor chamber (outlet) was covered
with foil to avoid evaporation of the formulation. The tem-
perature of the cells was set at 34 °C and the rotation speed
was set at 50 rpm [27]. One millilitre sample was withdrawn
at the time intervals of 0.5h, 1 h,2h,4h,6h, 8 h, 10 h and
16 h from the receptor compartment. Equal amounts of STF
were added to the receptor chamber after each withdrawal to
maintain the sink conditions. The studies were performed in
triplicate and analysed using UV Spectrophotometer (Shi-
madzu, UV 1900i, Japan) at 246.3 nm.

Drug loading and evaluation of contact lenses
Choice of contact lens

The selection of the contact lenses was based on the oxygen
permeability of the material, swelling index, and wear time
of the lenses.

Drug loading and characterization of contact lenses

The contact lenses were evaluated for %Transmittance and
%swelling index before soaking them in the formulations
(brimonidine niosomes and marketed preparation). During
soaking of contact lenses, the drug molecules get incorpo-
rated in the internal aqueous ducts of contact lenses [28,
29]. The contact lenses were placed in 10 ml glass vials
containing the niosome formulation. Initially 0.7 ml (equiva-
lent to daily dose of 0.3 mg of Brimonidine) of niosome
formulation was added. However, negligible loading of the
drug was observed. Thereafter, the volume of the soaking
solution was increased to 2 ml [11] Similarly, the contact
lenses were soaked in 2 ml of marketed preparation and the
drug content was evaluated in the contact lenses on 3rd, 5th,
7th and 10th days.

Transmittance of contact lenses The transmittance of the
blank, niosome-laden and marketed preparation (Alphagan
P) laden contact lenses was determined with a UV spec-
trophotometer (Shimadzu, UV 1900i, Japan). Baseline was
measured using distilled water. Thereafter, the lenses were
scanned from 200 to 800 nm. The % transmittance was
measured at 480 nm [30], for comparison.
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Swelling index Swelling Index of the contact lens is the
extent to which the polymer absorbs and retains water. A
high swelling index is crucial for higher oxygen permeability
and hence higher comfort. To evaluate the swelling index,
the contact lenses were removed from the packet using
forceps and the dry weight of the blank contact lens was
measured (Wd). The contact lenses were weighed again after
soaking in niosome formulation and marketed preparation
(wet weight). The Swelling Index of the contact lenses was
determined using the following formula [31]:

Swelling Index = (Ws — Wd)Wd x 100

Ws  Weight of soaked contact lens

Wd Weight of dry contact lens (before soaking)
Quantification of the drug in contact lenses The content of
Brimonidine in the contact lenses was evaluated using the
orbital shaker (LJE-0580, Eltek India). The soaked contact
lenses were removed from the soaking solution using for-
ceps. They were then added to a centrifuge tube containing
5 ml methanol. The setup was placed in the orbital shaker
and the rotation speed was set to 100 rpm, overnight [32].
One millilitre of the sample was withdrawn and analysed
using UV Spectrophotometer (Shimadzu, UV 19001, Japan)
at 246.5 nm [9].

Invitro drug release The niosome laden contact lenses were
immersed in 3 ml STF (tear fluid/day) at 34°C. The vials
were then agitated at 50 rpm using orbital shaker (LJE-0580,
Eltek India). One millilitre of the sample was withdrawn
at determined time points. Equal quantity of the STF was
added to maintain sink conditions. The obtained samples
were analysed at 246.3 nm using UV spectrophotometer
Shimadzu, UV 1900i, Japan) [9].

Sterilization of contact lenses Gamma sterilization of the
Brimonidine niosome laden contact lenses was carried out
at Agrosurg irradiators Pvt. Ltd. (Mumbai, India) as per the
ISO standard 11137-2. The contact lenses were hermeti-
cally sealed in Polyethylene terephthalate (PET) sheets and
exposed to Gamma radiation from a Cobalt-60 source at
25kGY for 6 h at room temperature. The temperature was
maintained at 25 C during the sterilization process [27, 32].

Animal studies
Evaluation of IOP in rabbits
The in-vivo IOP lowering study was approved from the

Institutional Animal Ethics Committee (IAEC) of SVKM’s
NMIMS, Mumbai (CCSEA/TAEC/P-03/2023). The study
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design involved albino rabbits weighing 1.5-2.5 kg. One eye
of the rabbit was kept as control, while marketed preparation
(Alphagan P (0.2%)) and brimonidine niosomes laden con-
tact lenses were instilled in the other eye. All these studies
were done in triplicate for each timepoint. The rabbit was
kept in a holder that allowed only neck movement. 2 drops
of Lidocaine (0.2%) eye drops were instilled before instill-
ing the preparations and measuring the IOP. The intraocular
pressure was measured at set intervals (1 h,2h,4h,6h, 8 h,
10 h and 24 h) using Schiotz tonometer (Germany) [33, 34].

Results
Preparation of niosomes
Selection of the surfactant

Among all the spans, smallest vesicle size was obtained with
Span 60. The results were in accordance with the literature
review. As a result, Span 60 was selected as the surfactant.

Preliminary lab trials

The parameters for preparation of niosomes were finalized.
Weighed quantities of surfactant and cholesterol were added
in the 250 ml RBF, followed by 3:1 ratio of organic solvents.
The mixture was bath sonicated for 10 min and thereafter
rotated on the rotary evaporator for 10 min at 60 C, 100 rpm
and vacuum. The resultant solution was hydrated with 20 ml
pH 7.4 buffer and probe sonicated for 5 min at 30% ampli-
tude (50 s play, 10 s pause) [17].

The preliminary batch trials revealed that niosomes pre-
pared using weight ratios of span 60 and cholesterol had
a higher vesicle size (> 600 nm) and low zeta potential

values. This might be because of higher concentration of
the surfactant and cholesterol. Thereafter, millimolar ratios
of Span 60 and cholesterol were selected (40:100, 50:100
and 70:100). The optimized batch was selected based on
encapsulation efficiency of the niosomes.

Preparation of optimized niosomes

The niosomes were prepared with varying millimolar ratios
of span 60 and cholesterol. These niosomes were further
characterized for vesicle size, zeta potential, encapsulation
efficiency and in vitro drug release.

Characterization of niosomes
Vesicle size and zeta potential

After the preliminary screening of varying ratios of span 60:
cholesterol (Table 1 and 2), vesicle sizes of niosomes were
observed to vary between 100-300 nm. An increase in the
vesicle size was observed upon addition of Brimonidine to
the blank niosomal formulation. However, the vesicle size
remained in the desired range.

Differential scanning calorimetry (DSC)

The thermogram of Brimonidine (pure drug) and the Brimo-
nidine loaded niosomes is represented in Fig. 1 A. The sharp-
ness of the peaks represents the crystallinity of the drug.
An endothermic peak of the drug is obtained at 213.45 C,
representing the melting point of the drug. The peak was
observed in accordance with the reported data. An exother-
mic peak of the drug is obtained at 268.64 C [35, 36]. The
peaks for span 60, tween 80 and cholesterol were observed
at 49.7 C, 115 C [37] and 147.87 C [38], respectively. An

Table 1 Preliminary screening

. Batch Span 60: Cholesterol  Vesicle size (nm)+SD  PDI+SD Zeta potential (mV) +SD
of optimal Span 60: Cholesterol (millimolar ratio)
ratio for niosomes
BNS6T8F1  40:300 174.86 +5.08 0.247+0.01 —-2490+1.85
BNS6T8F2  50:300 185.16 +3.58 0.205+0.04 —-24.76+4.44
BNS6T8F3  70:300 196.90+4.31 0.183+0.03  -26.53+3.27

Table 2 Vesicle size and zeta potential for Brimonidine loaded niosomes

Batch Span 60: Cholesterol Drug (mg) Vesicle size (nm) + SD PDI+SD Zeta potential (mV) +SD Encapsula-
(millimolar ratio) tion efficiency
(%) £ SD
DNS6T8F1 40:300 10 212.70+3.13 0.381+0.02  —-2423+1.75 41.83+3.27
DNS6T8F2  50:300 10 216.73+3.95 0.220+0.02  —-23.23+0.87 51.03+1.51
DNS6T8F3 70:300 10 230.96+5.15 0.176 +0.01 -30.6+3.05 83.30+2.15
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Fig.1 A DSC of Brimonidine (BT) (Top) and Brimonidine niosomes (Bottom). B FTIR of niosome formulation, Brimonidine, Span 60, Tween
80 and Cholesterol, respectively from top to bottom. C Transmission Electron Micrograph for brimonidine loaded niosomes

endothermic peak of the niosome formulation is obtained at
101.72 °C. A shift from the reported values of the peaks of
span 60, tween 80 and cholesterol was also observed in the
niosome formulation.

FTIR analysis

The FTIR spectra of Brimonidine, Cholesterol, Span 60,
Tween 80 and the physical mixture of the constituents
were observed using the ATR-FTIR instrument (Fig. 1B).
The observed peaks are listed in Table 3. The spectra were
found to be similar to the reported values [39]. The FTIR
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of cholesterol revealed a broad band at 3392.71 cm-1,
which represents the —O-H stretching. -C-H stretch was
observed at 2929.34 cm-1. -C=C stretch was observed
at 1643 cm-1, and -C-H stretch was observed at 952 cm-1
[40]. The FTIR spectra of Span 60 revealed —C-CO-O-
stretch at 1172.21 cm-1, -C =0 stretch at 1732.6 cm-1,
asymmetric C-H stretching at 2916.26, symmetric -C-H
stretching at 2849.06 cm-1 and -CH2 rocking vibrations
at 721.17 cm-1 [41]. The FTIR spectra of Tween 80
revealed —O-H stretching at 3497.15 cm-1, -CH2 stretch-
ing at 2859.12 cm-1, -C=O stretching at 1735.06 cm-1
and —H-O-H bending at 1642.03 [42].
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Fig.1 (continued)

Table 3 Characteristic peaks of Brimonidine

Characteristic peaks Reported wavenumber Derived
(cm-1) wavenumber
(cm-1)
-N-H 1588.60 1590.11
-C=N 1262.56 1261.09
-C=C 1650.18 1648.38
-C=0 1730.65 1726.79

Transmission electron microscopy (TEM)

Transmission electron micrograph (TEM) of optimized
brimonidine niosomes (DNS6T8F3) is shown in Fig. 1C.
Sphere shaped niosomes were observed.

Encapsulation efficiency of niosomes

The amount of brimonidine niosomes encapsulated in the
niosomes was estimated by UV spectrophotometer. The
encapsulation efficiencies were in the range of 40%-85%
(Table 2). groups of surfactants [43].

In vitro drug release from niosomes

The Franz Diffusion cell apparatus (Lab Model (Assembled)
DIE CELL, India). was used to determine drug release from
Brimonidine loaded niosomes. 99.32% +2.37 of the drug
in the niosome formulation was released within 16 h. The
amount of drug equivalent to the daily dose (0.3 mg) of
Brimonidine was observed to release within 10 h (Fig. 2A).

The drug release data was fitted into zero order, first order, Higu-
chi and Korsmeyer-Peppas drug release kinetic models (Table 4).
The brimonidine niosomes showed the highest linearity with Higu-
chi model of release kinetics, followed by Zero order release kinetics
and Korsemeyer-Peppas respectively. The n value for Korsemeyer-
Peppas plot was found to be 0.791 which was within the range of
0.45 — 0.89 signifying a non-fickian release behaviour [44].

Drug loading and characterization of contact lenses
Choice of contact lens

Planar Hioxifilcon A (ACME 55 Aspheric) contact lenses
were selected for this study. Hioxifilcon A is formed by the

copolymerization of Hydroxyethyl Methylacrylate (HEMA)
and Glycerol Methacrylate (GMA) [45].
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Fig.2 A Drug release from (A)
Brimonidine niosomes. B 120
Drug release from brimoni-

dine niosomes and Alphagan

P-soaked contact lenses 100

80
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Table 4 Drug release kinetics for Brimonidine niosomes

Batch R?
Zero order  Firstorder  Higuchi Korsmeyer-
model model model Peppas
model
DNS6T8F3  0.9801 0.7171 0.9986 0.9667
(n=0.79)

Transmittance

Transmittance is a critical parameter for contact lenses.
A decrease in transmittance can lead to blurred vision.
% Transmittance of brimonidine niosome and the marketed
preparation laden contact lenses was analysed using UV
spectrophotometer (Shimadzu, UV1900i, Japan). Higher
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drug loading led to decreased transmittance of contact
lenses (Table 5). The observed values of % transmittance
was analysed by paired t-test using GraphPad Prism 9 Soft-
ware. The analysis revealed a significant (p < 0.05) decrease
in the %transmittance of the BT niosomes (Fig. 3¢). and the
marketed preparation laden contact lenses (Fig. 3d) com-
pared to the blank contact lenses. No change in colour of
the contact lens was observed upon loading the niosome
preparation. However, the contact lens turned greenish yel-
low because of the greenish yellow colour of the marketed
preparation (Fig. 3b).

Swelling index
The Swelling Index is the extent to which the contact lens

polymer absorbs or retains fluids. The higher the water
content, the higher is the comfort. As a result, the contact
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Table 5 Evaluation of blank contact lenses, brimonidine niosomes laden contact lenses and contact lenses loaded with marketed formulation

Preparation Batch Volume of Soaking  Soaking Time  Transmittance Swelling Index ~ Amount of drug
solution (ml) (days) (%)+SD (EWC) (%)+SD in contact lenses
(mcg)+SD
Brimonidine niosomes BNLCLF1 2 3 98.46+0.31 54.0+0.25 149.33+3.29
laden contact lenses BNLCLF2 2 5 98.39+0.51 54.16+0.10 212+2.16
BNLCLF3 2 7 98.02+0.36 50.35+0.57 304+1.414
BNLCLF4 2 10 98.02+0.08 50.42+0.57 303.33+1.24
Marketed formulation MPLCLF1 2 3 99.60+0.02 54.72+0.03 -
(Alphagan P) laden MPLCLF2 2 5 99.48+0.51 54.66+0.01 -
contact lenses MPLCLF3 2 97.28+0.17 53.010.62 99+£0.81
MPLCLF4 2 10 97.32+0.04 53.07+0.071 100+0.81
(c) (d)
99.5 100+
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Fig.3 a Soaking of contact lenses in Niosomal formulation and mar-
keted preparation, b Blank contact lens, BT niosome laden contact
lens, Marketed preparation laden contact lens, ¢, d The evaluation
of Blank contact lenses (BCL), BT niosomes laden contact lenses
(BNLCL) and Marketed preparation laden contact lenses (MPLCL)

lenses with high swelling index can be worn for longer
periods. Swelling index of the contact lens is seen to
decrease with the loading of BT niosomes and the marketed
preparation in the contact lens (Table 5). This change in
Swelling Index was analysed by paired t-test using Graph-
Pad Prism 9 Software. An insignificant (p >0.05) change
was observed in the Swelling Index of both BT niosomes
laden contact lens (Fig. 3e) and the marketed preparation
loaded contact lens (Fig. 3f).

Contact lenses Contact lenses

(f)

s
(3

56+ 56+

o

% Swelling Index
0
1

% Swelling Index
g
1

BCL BNLCL
Contact lenses

‘BCL MPLCL
Contact lenses

for %transmittance. Data are presented as mean+S.D. with n=12,
e, f The evaluation of Blank contact lenses (BCL), BT niosomes
laden contact lenses (BNLCL) and Marketed preparation laden con-
tact lenses (MPLCL) for % Swelling Index. Data are presented as
mean+S.D. withn=12

Drug quantification in contact lenses

The drug uptake in contact lenses soaked in brimonidine
niosomes and the marketed preparation (Alphagan P (0.2%))
were studied (Table 5). Brimonidine eye drops are deliv-
ered thrice a day as a 0.2% formulation, which equates
to 300 pg per day. The concentration of brimonidine nio-
some formulation was 0.5 mg/ml, therefore, an initial vol-
ume of 0.7 ml (containing 300 mcg of brimonidine) was
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considered. However, negligible uptake of the formulation
was observed. Thereafter, the volume of the niosomal prepa-
ration was increased to 2 ml (Fig. 3a) An increased drug
uptake occurred within the same time period (3 and 5 days).
Soaking the contact lenses for 7 days showed a drug uptake
of 304 + 1.73 mcg/lens while, the lenses soaked in marketed
preparation showed a drug uptake of 97.33 +3.78 mcg/lens.
Niosome formulation laden contact lenses showed higher
concentration than lenses soaked in marketed preparation.

In-vitro drug release of contact lenses

The drug release from contact lenses was measured up to
20 h using the orbital shaker. The percentage cumulative
drug release from brimonidine niosomes and marketed prep-
aration-soaked contact lenses is shown in Fig. 2B

The contact lenses soaked in Aphagan P showed high
burst release within 1 h (52.25% +1.17), with 98.63% + 2.29
within 6 h. However, a sustained release was observed with
the brimonidine niosomes laden contact lenses for a period
of 20 h. A cumulative release of 85.46% +2.97 was obtained
at 18 hand 93.72% +2.37 at 20 h. The release of drug from
the Brimonidine niosome laden contact lenses was found to
be two times slower than the release observed for the drug
niosomes.

Table 6 Drug release kinetics for Brimonidine niosomes laden con-
tact lenses

Batch R?
Zero order  Firstorder  Higuchi Korsmeyer-
model model model Peppas model
BNLCLF3 0.9601 0.7171 0.9986 0.9667

The drug release data was fitted into zero order, first
order, Higuchi and Korsmeyer-Peppas drug release kinetic
models. (Table 6) The brimonidine niosomes showed the
highest linearity with Higuchi model of release kinetics.
This was followed by Korsmeyer-Peppas and Zero order
release kinetics. The n value for Korsmeyer-Peppas plot was
found to be 0.748 which was within the range of 0.45 — 0.89.

Sterilization of contact lenses

The Brimonidine niosomes laden contact lenses were steri-
lized using gamma sterilization. The sterilized contact lenses
were further used of animal studies.

Animal studies
Evaluation of IOP

The albino rabbits were allowed to acclimatize for two weeks
as per the CPCSEA guidelines. The marketed formulation
(0.2% Alphagan P) was administered in the eye twice, once
at the beginning (0 h) and again after 8 h. The contact lenses
were kept on the rabbits' eyes for a total of 18 h, simulating
the average waking time of humans, including 6 h of sleep
(Fig. 4A).

The change in intraocular pressure in the eyes of albino
rabbits was determined using Schiotz tonometer (Germany).
0.2% lidocaine eye drops were instilled in the rabbit’s eye
before measuring the intraocular pressure. The changes in
intraocular pressure were recorded at specific time intervals:
1h,2h,4h,6h,8h,10h, and 24 h after the initial eye treat-
ment. The final measurement at 24 h was crucial to confirm
whether there was a lasting reduction in IOP after removing
the contact lenses overnight (Fig. 4B).

Fig.4 A (a) Instilling 0.2% Alphagan P eye drop (b) Brimonidine niosomes laden contact lenses. B IOP measurements in rabbit’s eye
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Fig.4 (continued)

Furthermore, the change in the intraocular pressure caused
by the marketed formulation (Alphagan P) and the brimoni-
dine niosomes-laden contact lenses was compared. The latter
showed reduced intraocular pressure even after removing the
contact lenses. This indicates that the niosomes adhered to the
corneal surface offer sustained drug release [46].

Discussion

The Hydrophilic Lipophilic Balance (HLB) value acts as a
crucial parameter for selecting a surfactant. As the hydro-
phobic moieties in the niosomes increase, the surface free

energy decreases. As a result, spans with higher HLB values
form niosomes with higher particle sizes [14]. As a result,
Span 20 and Span 40 are less preferred. Branching in a sur-
factant decreases the surface energy and impacts the entrap-
ment efficiency of the vesicle [15, 16]. Straight-chain sur-
factants like Span 60 show higher entrapment efficiency than
Span 65 which is a branched surfactant [17, 18]. The optimal
vesicle size for drug loading in contact lenses ranges from
50-300 nm. Gulsen et. al reported that DMPC liposomes
up to a few micrometres show even distribution in the con-
tact lenses matrix [35]. In their research Elshaer et. al, pre-
pared prednisolone nanoparticles laden contact lenses. The
researchers reported an average nanoparticle particle size
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of 347 +11.9 nm. The optimized preparation had a particle
size of 294 + 1.8 nm [36]. Higher span and cholesterol ratio
lead to reduced vesicle size of the niosomes. The presence
of surfactant creates repulsion between the molecules and
prevents agglomeration of vesicles. As a result, increase in
surfactant concentration decreases the vesicles size [37]. The
increase in vesicle size for drug loaded formulation indicates
the encapsulation of the drug. Span 60 is composed of highly
permeable alkyl groups. In the presence of cholesterol and
a temperature around the phase transition temperature, the
alkyl chains become disorganized. Upon hydration with drug
solution, hydrocarbon chain is extended and the drug gets
incorporated in the surfactant vesicles. This leads to increase
in the vesicle size [38].

The sharpness of the peaks of the DSC thermogram of
Brimonidine represents the crystallinity of the drug. An
endothermic peak represents the melting point of the drug
while the exothermic peak depicts the thermal decay of
Brimonidine. The peaks of Brimonidine are not visible in
the thermogram of drug niosomes, this suggests than the
drug is not present in crystalline form in the formulation
and has been incorporated in the niosomes. An endothermic
peak of the niosome formulation is obtained at 101.72 C.
This shift from the reported values of the peaks of Span 60
(49.7 C), Tween 80 (115 C) [40] and Cholesterol (147.87 C)
[41] is due to interaction between the constituents to form
niosomes.

The FTIR spectra of Brimonidine, Cholesterol, Span
60, Tween 80 and the physical mixture of the constituents
were observed using the ATR-FTIR instrument. The spectra
were found to be similar to the reported values [42]. The
FTIR of cholesterol revealed a broad band at 3392.71 cm-1,
which represents the —O-H stretching. -C-H stretch was
observed at 2929.34 cm-1. -C=C stretch was observed at
1643 cm-1, and -C-H stretch was observed at 952 cm-1 [43].
The FTIR spectra of Span 60 revealed —C-CO-O- stretch at
1172.21 cm-1, -C=0 stretch at 1732.6 cm-1, asymmetric
C-H stretching at 2916.26, symmetric -C-H stretching at
2849.06 cm-1 and -CH2 rocking vibrations at 721.17 cm-1
[44]. The FTIR spectra of Tween 80 revealed —O-H stretch-
ing at 3497.15 cm-1, -CH2 stretching at 2859.12 cm-1,
-C=0 stretching at 1735.06 cm-1 and —H-O-H bending at
1642.03 [46]. The data was found to be in accordance with
reported data. This indicates no interaction between the drug
and the excipients.

A change in the encapsulation efficiency of the
niosomes was observed with change in the ratios of con-
centrations of Span 60 and Cholesterol. Higher surfactant
concentration led to higher drug encapsulation. The lack
of branching and unsaturated double bonds in Span 60
decreases permeability of niosomes. Further, increase in
the length of alkyl chain leads to better entrapment [47].
In their research, Mavaddati et al., reported that higher
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concentration of cholesterol leads to higher bilayer hydro-
phobicity and stability of the niosomes. As a result, higher
entrapment of drugs is seen. However, increase in the
amount of cholesterol after 25-50 mol % leads to disrup-
tion in the structure of vesicles. The drug and cholesterol
compete for incorporation in the niosome bilayer. As a
result, less amount of drug is encapsulated in the niosome
[48]. In their research, Barakat et. al reported that a com-
bination of span and tween lead to higher drug entrapment
of hydrophilic vancomycin compared to individual span
or tween. The polar head groups of the hydrophilic drugs
form hydrogen bonds the polar head groups of surfactants.
This results in a more hydrophilic bilayer membrane and
higher encapsulation of hydrophilic drugs [49].

Niosomes are novel nanovesicles. These non-ionic sur-
factant vesicles comprise of a membrane bilayer enclos-
ing a central cavity. This central cavity forms a depot for
hydrophobic and hydrophilic drugs. The release from the
niosome vesicles depends upon the surfactant and choles-
terol. High molecular weight surfactants such as Span 60
are less permeable than low molecular weight spans. As a
result, slow rate of drug release is observed with span 60.
Furthermore, the head (hydrophilic) of Span 60 reacts with
OH groups present in cholesterol. This leads to formation
of a hydrogen bond. This provides mechanical rigidity to
the vesicles [50]. As a result, the span 60 vesicles offer
controlled drug release.

The brimonidine niosomes showed the highest linearity
with Higuchi model of release kinetics, followed by Zero
order release kinetics and Korsemeyer-Peppas respectively.
The n value for Korsemeyer-Peppas plot was found to be
0.791 which was within the range of 0.45 — 0.89. This indi-
cates that the brimonidine niosome formulation follows a
non-Fickian drug release mechanism. In their study, Fetih
et al., prepared niosomal gels for treating corneal fungal
infections. Both the niosomes and the niosomal gel for-
mulation followed Higuchi drug release kinetics. Further,
the formulations showed a dominant non Fickian release
kinetics [51].

Silicone hydrogel contact lenses have a higher water
content than HEMA contact lenses. It makes them more
prone to microbial contamination. HEMA contact lenses
have optimal oxygen permeability for daily wear and are
more cost-effective than their silicone hydrogel counter-
parts. Planar Hioxifilcon A (ACME 55 Aspheric) con-
tact lenses were selected for this study. Hioxifilcon A is
formed by the copolymerization of Hydroxyethyl Methyl-
acrylate (HEMA) and Glycerol Methacrylate (GMA). The
presence of GMA increases hydroxyl groups and forms
strong bonds between these hydroxyl groups and water.
As a result, these contact lenses show less dehydration
than other HEMA based contact lenses [52]. Therefore,
these contact lenses prevent dry eyes and show improved
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comfort [53]. Further, the non-ionic nature of hioxifilcon
A contact lenses prevents protein adhesion due to high
charge repulsion [45].

A decrease in %transmittance of contact lenses was
observed with higher drug concentration. In their study,
Maulvi et. al, reported a decrease in %transmittance with
increased loading of Bimatoprost [5]. Mun et al. also
reported similar results wherein the loading of micelles in
HEMA contact lenses led to a decrease in transmittance
[54]. The decrease in transmittance is the result of drug
loading in contact lenses. The decrease in transmittance of
marketed preparation laden contact lenses might be because
of change in colour of the contact lens due to the greenish
yellow colour of the formulation. However, the values of
%transmittance were above 95% indicating high visual clar-
ity of the contact lenses.

The % swelling index of contact lenses reduced upon
increase in drug loading in contact lenses. In their research,
Xu et. al demonstrated a decrease in Swelling Index of
contact lenses upon loading of drug loaded micelles. This
decrease in Swelling Index was attributed to the incorpo-
ration of the micelles in the hydrophilic channels of the
contact lenses [11]. The values of Swelling Index were in
accordance with the reported 33—75% of marketed contact
lenses [54].

Niosome formulation laden contact lenses showed higher
concentration than lenses soaked in marketed prepara-
tion. This difference in drug loading is due to formation
of niosomes that leads to higher surface area of the drug
particles for a higher uptake. Higher loading of the drug
was achieved upon increasing the volume of the niosome
formulation from 0.7 ml to 2 ml. In their study, Maulvi et. al,
confirmed an increase in loading of drug with the increase in
concentration [13]. Further, the time of soaking of the con-
tact lenses is of utmost importance in drug loading by soak-
ing method. An increase in drug loading was obtained with
a soaking time of 7 days. However, no further increase was
observed beyond a week. This might be because of satura-
tion of the contact lens. The mechanism by which niosomes
increase drug loading in contact lenses is attributed to their
structure and composition. Niosomes can encapsulate both
hydrophilic and lipophilic drugs due to their bilayer struc-
ture, composed of non-ionic surfactants like polysorbates,
and cholesterol [1]. This characteristic allows niosomes
to accommodate a wide range of drug molecules, thereby
increasing the drug loading capacity of the contact lens.

The release of drug from the Brimonidine niosome laden
contact lenses was found to be two times slower than the
release observed for the drug niosomes. This reduced drug
release was attributed to the hydrophilic polymer of the con-
tact lens. It acts as a barrier and hinders the drug release.
The presence of a hydrophobic non-ionic surfactant in the
contact lens decreases the rate of water penetration. Further,

the formation of niosomes creates a diffusion barrier around
the drug molecules, hindering drug release. This prevents
the burst release effect, as observed in case of the marketed
preparation [12]. The brimonidine niosomes showed the
highest linearity with Higuchi model of release kinetics.
This was followed by Korsmeyer-Peppas and Zero order
release kinetics. The n value for Korsmeyer-Peppas plot was
found to be 0.748 which was within the range of 0.45 — 0.89.
This indicates that the brimonidine niosome formulation fol-
lows a non Fickian drug release mechanism.

The presence of tween 80 in the niosomes, that adheres
to the ocular surface and aids in sustained release of the for-
mulation [51, 55]. The Brimonidine niosomes laden contact
lenses offered comparable reduction in IOP to the marketed
formulation. The former showed an extended reduction in
IOP for up to 24 h even after removal of contact lens. The
inclusion of Tween 80 within the niosomes is a critical ele-
ment that contributes to the adhesion of these vesicles to
the ocular surface and facilitates the sustained release of
the drug formulation. This feature plays a significant role
in improving the bioavailability [56]. Tween 80 functions
as a surfactant, enhancing the stability and dispersibility
of the niosomes, thereby facilitating enhanced medication
penetration into the ocular tissues [57, 58]. Moreover, the
biocompatibility of this substance guarantees limited ocular
discomfort, rendering it a highly suitable option for ocu-
lar drug delivery systems. The utilization of water-soluble
surfactants, such as Tween 80, in niosomes has been found
to enhance ocular bioavailability. This is attributed to the
surfactants' ability to function as penetration enhancers,
facilitating the removal of the mucus layer and disruption of
junctional complexes between ocular tissue cells. This phe-
nomenon facilitates better drug absorption and distribution
within the ocular region, resulting in improved therapeutic
effects. In addition, the incorporation of surfactants within
niosomes can contribute to the extension of drug release
duration, so ensuring a persistent therapeutic impact and
diminishing the need for frequent administration.

Conclusion

The study has shown that incorporating hydrophobic and
hydrophilic surfactants to prepare niosomes enhances drug
loading in hydrophilic contact lens polymers like HEMA.
Loading drug-loaded niosomes into a Hema-based contact
lens takes about seven days. The amount of drug loaded in
the contact lens depends on the concentration of the drug
in soaking solution. Loading of niosomes in contact lenses
is more effective than loading hydrophobic drug solution.
Niosome-laden contact lenses offer a sustained release
effect and can reduce the dosing frequency of the drugs and
increase their ocular retention. The loading of niosomes does
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not significantly alter the desired % transmittance and the %
swelling index of the contact lens. Niosomes adhere to the
corneal surface and offer drug release even after removing
the contact lens. This strategy helps to overcome the issue of
overnight wear of the lenses and offers a significant reduc-
tion in IOP.
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