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Abstract. In this study, nanovesicles were developed for brimonidine tartrate by film hydration technique
and dispersed in viscous carbopol solution for ocular delivery. Scanning electron microscopy revealed
spherical shape of the vesicles. As high as 32.27% drug entrapment efficiency was achieved depending
upon the surfactant/cholesterol molar ratio (7:4 to 7:8). The vesicles were in the size range of 298.0—
587.9 nm. Release study showed a biphasic drug-release pattern for the lyophilized vesicular formulation
in buffered saline solution, i.e., initial burst release followed by gradual release over the period of 8 h. On
contrary, the isolated vesicles reduced the burst effect in 3 h by two to three times and the drug release
was comparatively slower at the intermediate ratio in both cases. With variation in cholesterol content,
the drug release followed either first order or Higuchi’s kinetics. Physically the lyophilized vesicular
formulations were more stable at refrigerated temperature. DSC and X-RD analyses indicated loss of
drug crystallinity in the vesicles. FTIR spectroscopy did not reveal any interaction between drug and
excipients. The lyophilized formulation showed better ocular hypotensive activity than marketed drops
on albino rabbits and in vivo efficacy was sustained up to 7.5 h. Furthermore, the formulation was found
to be non-irritant to the rabbit eye. Hence, the lyophilized vesicles, when dispersed in viscous carbopol
solution, had the potential in reducing dosing frequency and could improve patient compliance.

KEY WORDS: entrapment efficiency; hypotensive activity; nanovesicles; ocular drug delivery; release

kinetics.

INTRODUCTION

Glaucoma is a disease with a characteristic of higher
level of intraocular pressure (an IOP of 20.5 mmHg or
higher) and progressive optic nerve damage, which might
progressively hurt visibility (1,2). Patients under chronic
treatment with ocular antihypertensive drops predominantly
suffer from ocular surface disorders because of changes in
number of goblet cells and epithelial cells (3,4). Instillation of
eye drops can lead to increased tear production and
subsequent secretion of tear (5). The ocular residence time
of conventional drops is reduced to few minutes (6), and
the pre-corneal half-life of drugs from these pharmaceutical
formulations become short about 1-3 min due to high tear
fluid turnover (7). As a consequence, ocular bioavailability
of these drops is considered less than 5% and often less
than 1% (8).

Drug absorption occurs as a massive pulse entry
followed by rapid decline due to systemic absorption via
conjunctiva and nasal mucosa (9), which may result in
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some undesirable side effects (10). Thus to minimize the
problems associated with conventional eye drops, formula-
tion chemists are in search for the better ophthalmic drug
delivery system. In recent years, different ocular drug
delivery devices have been investigated such as insert
(11), emulsion (12), in situ gel (13), spray (14), nano-
particles (15), and vesicular systems (16,17). Currently,
vesicular systems such as liposomes (phospholipid vesicles)
and niosomes (non-ionic surfactant vesicles) are getting
considerable attention as a potential ocular drug delivery
system. Vesicular systems not only provide sustained and
controlled release of the medication at the corneal surface
but also prevent metabolism of the drug at tear/corneal
epithelium surface by various enzymes including esterases,
oxidoreductases (18,19). Vesicles have the advantages of
drops but have the ability of localizing and maintaining
drug activity at its site of action (19). However, non-ionic
surfactant vesicles are considered more advantageous than
phospholipid vesicles because of their low cost of prepara-
tion, chemical stability, biodegradability, biocompatibility,
and non-immunogenicity (20,21).

Chemically, brimonidine tartrate is 5-bromo-6-(2- imida-
zolidinylideneamino) quinoxaline L-tartrate. It is a water
soluble «, adrenergic agonist which works by reducing
aqueous humor production, and by increasing aqueous humor
outflow through the trabecular meshwork. Brimonidine binds
extensively and reversibly to melanin in ocular tissues without
any untoward effects (22). Recent studies have suggested that
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brimonidine can promote survival of injured retinal ganglion
nerve cells by activation of the a,-adrenoceptor in retina and/
or optic nerve (23). Hence, brimonidine tartrate is a potential
anti-glaucoma agent. Patients continuously taking brimoni-
dine generally suffer from sub-clinical inflammation in con-
junctiva and ocular allergy (24). Because brimonidine tartrate
is available in the market only in solution form as drops
(Alphagan Z 0.1%), the research should be continued for
better drug delivery options that allows slow and sustained
release of the drug. Under such circumstances, non-ionic
surfactant vesicles could be a possible alternative ocular
delivery system for the drug.

Many research workers have developed mucoadhesive
polymer (Carbopol 934P) coated or uncoated niosomal
formulation of timolol maleate (25,26), acetazolamide
(27,28), in order to obtain controlled intraocular pressure
lowering activity. To the best of our knowledge, no research
report is available with non-ionic surfactant vesicles of
brimonidine.

Therefore, the objective of our present investigation was
(a) to formulate and characterize mucoadhesive nanovesicu-
lar system of brimonidine tartrate, and (b) to evaluate its in
vivo potential in comparison to a marketed formulation. The
physical state of the drug, and the interaction between drug
and excipients in the vesicles were evaluated by differential
scanning calorimetry (DSC) and Fourier transform infrared
(FTIR) spectroscopy.

MATERIALS AND METHODS
Materials

Brimonidine tartrate was a gift sample from Sun
Pharmaceutical Industries Ltd., Gujarat, India. Span 60 was
purchased from Burgoyne Burridges and Co., Mumbai, India.
Cholesterol, Carbopol 940 (Acrylic acid copolymer/poly
(acrylic acid)) was purchased from Loba Chemie Pvt Ltd.,
Mumbai, India. Acetone, chloroform, sodium chloride, potas-
sium dihydrogen phosphate, and disodium hydrogen phos-
phate were procured from Qualigens Fine Chemicals.,
Mumbai, India. These commercially obtained analytical
reagents were used as received.

Preparation of Nanovesicular Formulation

Nanovesicles were prepared by thin film hydration
method as reported earlier (29). Span 60 and cholesterol in
different molar ratios of 7:4, 7:6, and 7:8 were dissolved in
10 ml of chloroform in a round bottom flask. The flask was
then attached to a rotary vacuum evaporator (Rolex India,
Mumbai, India) and the temperature of water bath was
maintained at 60°C. The flask was rotated at 150 rpm for 2 h.
The combination of heat and suction evaporated chloroform
and resulted in the formation of a thin film. The film was kept
overnight in vacuum desiccator for the removal of chloro-
form. Accurately weighed, 50 mg of brimonidine tatrate was
dissolved in 50 ml of 10 mM phosphate-buffered saline
solution (PBS, pH 7.4) and sterilized through 0.22 pm
membrane filter. The drug solution was added to the flask
containing the film and was rotated at 140 rpm for another 2 h
to peel off the surfactant/cholesterol film. The hydration of
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film led to the formation of vesicles. The vesicles were
sonicated for 1 h (Enertech Electronics Pvt. Ltd., Mumbai,
India) and were kept overnight at 4°C. The formulation was
lyophilized at a surfactant:cryoprotectant (sucrose) ratio of
1:2.5 after standard pre-freezing at —20°C (20). The whole
operation was carried out under aseptic condition in order to
achieve sterile products. The glass wares were sterilized by
autoclaving at 121°C for 15 min. The viscous nanovesicles
were prepared by dispersing lyophilized product and isolated
nanovesicles in 0.05% (w/v) carbopol solution in PBS to
reach final drug concentration to 0.1% (w/v). The carbopol
solution was sterilized by membrane filtration.

Determination of Residual Chloroform in Lyophilized
Nanovesicles

The level of residual chloroform in the optimized
lyophilized nanovesicles was determined by gas chromatog-
raphy/mass spectrometry (SHIMADZU GCMS-QP5050A,
GCMS-EI analysis). Approximately, 15 mg of vesicles was
dispersed in 50 ml of N, N-dimethyl formamide, sonicated,
filtered through 0.22-pm membrane filter and 20 pl of the
filtrate was injected directly into a capillary column. Calcu-
lation was based on a standard curve constructed with
standard chloroform solution.

Scanning Electron Microscopy

An aqueous dispersion of the vesicles was placed on
NEM adhesive tape, vacuum dried, and photographed under
scanning electron microscope at 30,000-100,000 magnification
(JEOL JSM-6360, Serial No: G5/11/42/08, JEOL Datum Ltd.,
Japan).

Particle Size Determination

The size of nanovesicles was determined using Zetasizer
(Ver. 6.00, Malvern Instruments Ltd., UK). The vesicular size
was measured based on light-scattering technique.

Determination of Un-entrapped and Entrapped Drug

Accurately weighed, 10 mg of the freeze-dried product
was dispersed in 10 ml PBS solution and cold centrifuged
(Remi Cooling Centrifuge, Mumbai, India) at 16,500 rpm for
1 h. The clear supernatant was analyzed spectrophotometri-
cally (UV1, Thermo Spectronic, UK) at 252 nm for un-
entrapped drug.

The vesicles were separated from the supernatant,
washed with PBS solution (2x5 ml), and centrifuged for
another hour. The drug entrapment efficiency of isolated
vesicles was determined by a slight modification of the
technique reported earlier (27). The amount of entrapped
drug was estimated by lysis of the vesicles. Few drops of
chloroform were added to the centrifuge tube to disrupt
the isolated vesicles. Certain volume of PBS solution was
added to extract the entrapped drug. Simultaneously, the
tube was maintained at a temperature of 60°C to evaporate
the organic solvent. The PBS solution containing entrapped
drug was filtered and analyzed for drug content with a
spectrophotometer (UV1, Thermo Spectronic, UK) at
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252 nm. The drug entrapment efficiency was calculated by
the following equation:

Entrapment efficiency (%) = [Amount of drug entrapped(mg)/
Amount of drug added(mg)] x 100

Viscosity Measurement

The viscosity of all formulations was determined by
Brookfield viscometer (Model DV-IT1+Pro, Middleboro,
USA) at 25°C. The spindle CPE 41 was rotated at different
angular velocity from 0.5 to 2 rpm. Each determination was
carried out in triplicate.

In Vitro Drug Release Study

In vitro drug release from freeze-dried product and
isolated nanovesicles was carried out by dialysis method.
Certain amount of freeze-dried product and isolated nano-
vesicles were reconstituted in pH 7.4 PBS solution to obtain a
drug concentration of 0.1%. One milliliter of the vesicular
dispersion was taken into dialysis sac (HiMedia LA398-30MT
dialysis membrane-135, molecular weight cut-off 12-14 kDa),
and both end of the sac was tightly bound with threads. The
sac was placed in a 100-ml Borosil beaker that served as the
receptor cell. Fifty milliliters of PBS solution (pH 7.4) was
added to the receptor cell and the solution was agitated
magnetically at 300 rpm. Care was taken so that the portion
of the sac containing the formulation dipped completely in
the buffer. The temperature of the system was maintained at
37+1°C. Five milliliters of the sample was withdrawn from
the receptor cell at specified time intervals and at each time,
the medium was compensated with equal volume of fresh
PBS solution. The samples were analyzed by UV spectropho-
tometer (UV1, Thermo Spectronic, UK) at 252 nm.

Kinetics of Drug Release

The data obtained from in vitro drug-release study were
fitted to different kinetic models: zero order (percentage drug
released vs. time), first order (logarithm of percentage drug
remaining to be released vs. time), and Higuchi’ model (percent-
age of drug released vs. square root of time). Linear regression
analysis was performed to detect the best-fit kinetic model.

Fourier Transform Infrared Spectroscopy

KBr pellets of pure drug, physical mixture of cholesterol/
drug/Span 60, dried blank lyophilized vesicles, and lyophilized
optimized formulation were made in a hydraulic press
(Kimaya Engineers, Maharastra, India). A pressure of
125 kg/em® was applied for 5 min and the pellets were
scanned in the range of 4,000-400 cm™ ' using PerkinElmer
instrument (Spectrum RXI-5.31, UK).

Differential Scanning Calorimetry Analysis
DSC thermograms of the samples were traced with

PerkinElmer instrument (Pyris Diamond TG/DTA, Singa-
pore) in an inert atmosphere of nitrogen (150 ml/min).
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Samples of 3-7 mg were heated from 30°C to 230°C at 15°
C/min. Platinum crucible with alpha alumina powder was
used as a reference standard.

X-Ray Diffraction Analysis

A wide angle X-Ray diffractometer (Ultima III, D/Max
2200, Japan) was used for X-ray diffraction (X-RD) analysis of
the samples under the following operating conditions: Cu-Ka
radiation; tube voltage of 40 kV; current of 30 mA; and at a
scanning rate of 5°/min. The diffraction patterns were recorded
over a diffraction angle range of 10-30°.

Stability Study

The stability study of the reconstituted optimized vesicular
formulation was conducted at different conditions of temper-
ature (room temperature and refrigerated temperature) for
3 months. Different parameters such as vesicular fusion, pH
variation, size distribution, drug leaching were examined.

In Vivo Intraocular Pressure Measurement on Rabbit

The optimized vesicular formulation was tested for its
intraocular pressure lowering activity on normotensive albino
rabbits (2-3 kg) and the results were compared to that of a
marketed brimonidine solution (0.1%). The animal experi-
ment was conducted in full compliance with local, national,
ethical, and regulatory principles and local licensing regula-
tions, as per the spirit of ethics committee. The animals were
housed at controlled temperature (25+2°C), and humidity
(60+5%), with a 12/12-h light-dark cycle. They had free
access to food and water. Institutional Animal Ethics
Committee (IAEC) (Registration no. 955/a/06 CPCSEA)
approved the pharmacodynamic study. The dispersion of
lyophilized product in carbopol solution, containing both
entrapped and un-entrapped drug was used in this study and
adjusted to a concentration of 0.1% brimonidine. The animals
were divided into two groups, each containing six rabbits.
Group I received vesicular formulation and Group II was
treated with the marketed formulation. The IOP was
measured at different intervals with a standardized tonometer
(Shi@tz, Germany). A single 50-ul dose of 0.1% brimonidine
preparation was instilled onto the corneal surface of rabbit’s left
eye; (30) then after 30 min, and subsequently every 1 h interval,
the IOP was measured for a period up to 7.5 h. The right eye was
left as a control in all the experimental animals. The ocular
pressure lowering activity was expressed similarly to that
reported by Winum and his associates (31) as the average
difference in IOP between the treated and control eye.

Eye Irritation Test

Three healthy albino rabbits (2.5-3 kg) were selected to
evaluate the ocular irritancy effects of the optimized niosomal
formulations. The animals were housed at a temperature and
relative humidity of 20+3°C and 50-60%, respectively, with
12-h light and 12-h dark cycle. For feeding, conventional
laboratory diets were used with an unrestricted supply of
drinking water. A single dose of 100-ul niosomal formulation
was instilled into the conjunctival sac of left eye of each
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Table I. The Effect of Span/Cholesterol Ratio on Vesicle Size, its Distribution, and Drug Entrapment Efficiency
Drug content in 10 mg lyophilized powder

Span/cholesterol z-average Theoretical amount Un-entrapped Entrapped Entrapment efficiency
molar ratio diameter (nm) PDI of drug (mg) drug (mg) drug (mg) (%) mean+SD

7:4 298.0 0.607 0.1724 0.1368+0.0004 0.0357+0.0061 20.71+3.52

7:6 587.9 0.504 0.1613 0.1105+0.0007 0.0521+0.0035 32.27+2.18

7:8 316.7 0.478 0.1515 0.1085+0.0025 0.0382+0.0011 25.24+0.73

animal (initially to one animal) and the untreated eye served
as a control. Each of the animals was observed visually with a
slit lamp for the severity of ocular reactions such as corneal
ulceration, iritis, conjunctival redness, and conjunctival
edema at various intervals of 1, 24, 48, and 72 h. The lesions
were scored at specific intervals according to Organisation for
Economic Co-operation and Development guideline 405 for
the testing of chemicals. The animal experiment was con-
ducted in full compliance with local, national, ethical, and
regulatory principles and local licensing regulations, as per
the spirit of ethics committee. This study was approved by
TAEC (Registration no. 955/a/06 CPCSEA).

Statistical Analysis
The differences in drug-release rate and drug entrapment
efficiency of nanovesicles was tested by one-way analysis of

variance (ANOVA): single factor using Microsoft Excel soft-
ware 2002. Difference was considered significant when p<0.05.

RESULTS AND DISCUSSION

Physicochemical Characterization of Brimonidine
Nanovesicular Formulation

It has been reported that ester type surfactant is less
toxic than ether type because ester-type surfactant generally

Fig. 1. Scanning electron micrographs of the brimonidine tartrate
nanovesicles having Span 60/cholesterol ratio of 7:6

gets degraded by esterase to triglycerides and fatty acid in
vivo (32). Hence, the anti-glaucomatic vesicles have been
formulated using Span 60 as a surfactant. It has also been
stated that a suitable molecular geometry and hydrophobicity
for bilayer vesicles formation could be achievable with the
addition of cholesterol into surfactants (33). The vesicles were
characterized for drug entrapment efficiency, size, shape, and
in vitro drug release. It was observed that increase in
surfactant/cholesterol ratio from 7:4 to 7:6 increased the drug
entrapment efficiency from 20.71% to 32.27%; however,
above the ratio of 7:6, the drug entrapment efficiency of the
vesicles decreased to 25.24% (Table I). Such differences in
drug entrapment efficiencies as well as drug content were
found to be statistically significant (p<0.05). Guinedi and his
co-workers (34) reported that an increase in Span 60/
cholesterol ratio from 7:4 to 7:6 increased acetazolamide
entrapment efficiency from 21.48% to 32.21%; however, the
same was decreased to 21.36% with further increase in Span
60/cholesterol ratio to 7:7. On contrary, the z-average
diameter (the mean diameter based upon the intensity of
scattered light) of the vesicles gradually increased from 298.0
to 587.9 nm with the increase in surfactant/cholesterol ratio
from 7:4 to 7:6. Further increase in span/cholesterol ratio
decreased the vesicle size to 316.7 nm (Table I). Polydisper-
sity index is a parameter that gives an estimate of the width of
distribution of the vesicles. The higher the polydispersity
index, the wider is the size distribution. This parametric value
was in the range of 0.478-0.607 (Table I), and was found to
follow bimodal intensity size distribution irrespective of the
ratio of Span 60 and cholesterol. Cholesterol generally
abolishes the gel to sol transition (35) resulting in vesicles
that are less leaky (36). Increase in cholesterol content results
in higher microviscosity which is indicative of more rigidity
of vesicular lamella (37). However, cholesterol content
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Fig. 2. In vitro drug-release profiles of lyophilized vesicular formu-
lation composed of different cholesterol content in pH 7.4 PBS
solution. Key: Span 60/cholesterol ratio: (black triangle) 7:8, (black
square) 7:4, and (black diamond) 7:6
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Table II. Effect of Span/Cholesterol Ratio on Drug Release Characteristics of Lyophilized Powder in pH 7.4 PBS Solution and Kinetic
Modeling of Drug Release Data

Zero order First order Higuchi model
Span/cholesterol 1509 (h)
molar ratio mean=SD Ko (%/h) s K; (b e Ky (h™1?) e
7:4 1.08+0.08 9.7317 0.9132 0.379304 0.9832 31.609 0.9885
7:6 1.58+0.18 9.6543 0.9287 0.297548 0.9970 31.191 0.9947
7:8 0.80+0.10 8.8244 0.9150 0.534066 0.9239 28.616 0.9874

K, zero order, K; first order, K;; Higuchi’s rate constant, 7 is the correlation coefficient

beyond a certain extent starts disrupting the regular bilayer
structure leading to lower drug entrapment efficiency (38).
Kapadia et al. (39) reported that increase in Span 60/
cholesterol ratio from 7:4 to 7:6 increased the size of
acyclovir-loaded vesicles from 3.69 to 3.76 pm; however at
ratio of 7:7, the same was found to decrease to 3.73 pm. In
this study, we noticed that the size of nanovesicles was
gradually increased with the increase in cholesterol con-
tent. It has long been realized that incorporation of more
cholesterol into the vesicles would yield larger particles
because of the reduction in fluidity of the bilayer. This
would enhance the rigidity of bilayer membrane above the
phase transition temperature, resulting in an increased
elastic modulus, which inhibited curving of the bilayer
(40,41). The larger size may also contribute to the higher
drug entrapment efficiency of the vesicles (37,42). Scanning
electron microscopy revealed that the vesicles were spher-
ical in shape and existed in disperse and aggregate
collections at all ratios. A representative photograph of
the vesicles has been displayed in Fig. 1.

The viscosity of ophthalmic solutions is often increased
to prolong their retention in precorneal area because the rate
of solution drainage decreases with increasing viscosity. Part
of the viscous solution is also incorporated in the precorneal
tear film and in the marginal tear strip (43). It is also true that
the products with a high viscosity are not well tolerated in the
eye, causing lacrimation and blinking until the original
viscosity of tear is regained. The drug diffusion from a viscous
formulation into eye becomes difficult. Finally, the ocular
administration is not so easy. A recent report indicated that
the niosomal suspension having an optimal viscosity of
1.20 cps could prolong the ocular residence time, compared
to solutions; and will not create lacrimation and blinking or
blurred vision (33). We examined that the dispersion of
lyophilized product in a merely viscous carbopol (0.05%)
solution offer viscosity of 3.38+0.16, 1.46+0.27, and 4.90+
0.26 cps, respectively, with their increasing cholesterol content
and therefore, the ocular niosomal formulation obtained at
the intermediate ratio could be most suitable for ocular
administration. Rheological study of the formulations con-
taining 0.05% carbopol exhibited pseudoplastic behavior as
evidenced by shear thinning and a decrease in viscosity with
increased angular velocity.

In Vitro Drug Release Behaviors
In vitro drug-release profiles of the 0.05% (w/v) carbopol

solution containing both un-entrapped and entrapped drug
(lyophilized product) have been illustrated in Fig. 2. The

time-point approach (#s9o,) was adopted to compare the drug-
release potential. The 509, values (i.e., the time required for
the release of 50% drugs) were 1.08+0.08, 1.58+0.18, and
0.80+0.10 h, respectively, for the formulations with their
increasing surfactant:cholesterol ratio (Table II). Higher
percentage of drug release at the initial stages could be due
to the presence of higher percentage of un-entrapped drug in
the formulations. A statistically significant difference was
observed in their f59, values and, hence, in their drug-release
potential (p<0.05). Following burst release, the vesicles
continued to liberate its content comparatively at a slower
rate up to 8 h. The formulation with 7:6 M ratios of Span 60
and cholesterol exhibited slower and extended drug-release
profile. The trend was followed by vesicular formulation of
Span 60 and cholesterol in the molar ratios of 7:4 and 7:8,
respectively. This is in good agreement with the fact that
cholesterol causes a decrease in density of head groups at the
interfaces of bilayer, and an increase in the package of
phospholipid tails in the middle of bilayer, thereby reducing
their permeability to encapsulated compound (44). Moreover,
it is reported that cholesterol in phospholipid vesicular
preparations could reduce the leakage of encapsulated
material by decreasing the membrane fluidity (45). However,
cholesterol beyond 50% starts disrupting the vesicular
membrane which serves as the reason for faster drug release
from the vesicles. In case of formulations with low and high
surfactant/cholesterol ratio, it was revealed that the release
kinetics of drug appeared to follow Higuchi’s release kinetics
(*>0.9874) because high correlation coefficient was observed
in the Higuchi’s plot rather than zero-order and first-order
models (Table II). But in case of formulation with
intermediate surfactant/cholesterol ratio, first-order Kinetic
model predominated (r*=0.9970) and this indicated that the
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Fig. 3. In vitro drug-release profiles of isolated vesicles composed of
different cholesterol content in pH 7.4 PBS solution. Key: Span 60/
cholesterol ratio: (white triangle) 7:8, (white square) T:4, (white
diamond) 7:6
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Table III. Effect of Span/Cholesterol Ratio on Drug Release Characteristics of Isolated Nanovesicles in pH 7.4 PBS Solution and Kinetic
Modeling of Drug Release Data

Zero order First order Higuchi model
Span/cholesterol ts509 (h)
molar ratio mean+SD Ko (%/h) e Ky (h'h s Ky (h1?) I
7:4 6.25+0.31 5.8994 0.9698 0.096956 0.9915 23.286 0.9945
7:6 7.53+0.23 6.1033 0.9834 0.091659 0.9908 23.751 0.9802
7:8 5.35+0.15 5.9164 0.9621 0.102944 0.9882 23.435 0.9935

Ky zero order, K; first order, K;; Higuchi’s rate constant, 7 is the correlation coefficient

drug release was dependent on concentration of drug
entrapped. The drug-release profiles of isolated vesicles in
PBS (pH 7.4) solution have been represented in Fig. 3. The
drug-release profile ran always slower at intermediate
surfactant/cholesterol ratio than those at low and high
ratios. The 59, values of the vesicles differ widely and such
differences were also statistically significant (p<0.05). It was
revealed that the release kinetics of drug appeared to follow
the mixed release kinetics of first order (+*>0.9882) as well as
Higuchi’s release kinetics (r*>0.9802). However, first-order
release kinetics (7*=0.9908) predominated at the intermediate
ratio (Table IIT). On the other hand, the best fit with higher
correlation (r*>0.9935) was found with the Higuchi’s
equation at low and high ratios, i.e., the drug release was
proportional to square root of time, indicating that the drug
release from vesicles was diffusion controlled.

Formulation Stability

The drug content of the formulations were determined
and it was observed that the percentage of drug leaching
(percent of un-entrapped drug) was increased by 8.43% and
24.13%, respectively, for the preparations stored at refriger-
ated temperature and room temperature. In addition, the pH
shifted from 7.35 to 6.69 and from 7.40 to 7.15, respectively,
for the formulations stored at room temperature and
refrigerated temperature. Thus no appreciable change in pH
was noted for the formulation stored at cold temperature;
however, the formulation stored at room temperature
exhibited a considerable shift in pH of the nanovesicular
suspension. Later, the formulation stored at cold temperature
was subjected to scanning electron microscopy and vesicular
size analysis. The z-average diameter of the vesicles was
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found to increase from 587.9 to 627.8 nm and the PDI
increased slightly from 0.504 to 0.589. Furthermore, the size
distribution of vesicles based on intensity of scattered light
was found to follow bimodal distribution (data not shown).
Hence, this result could not be considered as an evidence of
vesicular fusion because an increase in vesicle size and PDI
did not vary widely. Thus, we could suggest that the
nanovesicular formulation should be stored at refrigerated
temperature to maintain its better physical stability. This
formulation was considered optimum because of its compa-
ratively higher drug entrapment efficiency, slower drug-
release profile and good physical stability. Residual chloro-
form in the optimized lyophilized nanovesicles was deter-
mined to be 7 ppm and the value is well below the
International Conference on Harmonisation chloroform limit
of 60 ppm.

Compatibility of Drug in Nanovesicles

The interaction of drug with excipients in the optimized
formulation was studied by FTIR spectroscopy. The IR
spectra have been depicted in Fig. 4. The characteristics
peaks of pure brimonidine tartrate were found for —-NH
stretching at 3,224.45 cm !, —-CN stretching at 1,284.13 cm !,
carboxylate ions at 1,593.82 c¢cm™', -C=O stretching at
1,649.86 cm™' (11). Similar peaks were identified in the
spectrum of optimized formulation and physical mixture
with minor differences in frequencies. Hence, it can be said
that the drug had no interaction with excipients of the
vesicles. The physical state of drug in the optimized vesicles
was examined through DSC and X-RD analysis. The melting
endothermic transition of pure brimonidine was observed at
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212.84°C, which was very close to its reported melting point
(207-208°C) (46). In the thermogram of optimized
formulation, the melting endothermic peak appeared near
the melting temperature of brimonidine but it was
comparatively weak in nature (Fig. 5). X-RD analysis
revealed that the characteristics intense peaks of pure drug
appeared at scattering angles (26) of 11.72°, 12.36°, 18.78°,
21.2°, 23.92°, 24.42°, and 26.62° (Fig. 6). However, no such
intense peaks were found at these diffraction angles except
those that signaled weakly at 21.2°. Thus, the thermal
behavior coupled with the crystallographic data suggested
that the crystallinity of pure brimonidine has been reduced in
its entrapped form.

In Vivo I0P Assessment

It is usual that un-entrapped drug along with the
entrapped one may consolidate the efficacy of vesicular
systems in terms of biphasic bio-distribution profile. It could
provide initial burst effect followed by slow sustained release
(47). Williams and his co-researchers (48) exploited this
concept in formulating vesicles with its inherent un-entrapped
drug (sodium stibogluconate) producing better therapeutic
effect. Hence, the hypotensive effect of optimized lyophilized
vesicular suspension was compared with a marketed formu-
lation having the same concentration (0.1%) of brimonidine
tartrate. The decrease in IOP was measured as a function of
time. The ocular hypotensive activity was expressed as the
average difference in IOP between the treated and control
eye (Fig. 7). A difference in IOP of 16.55+0.69 mmHg was
observed initially for the marketed formulation and the
difference reduced rapidly to 2.85+0.67 mmHg at 3.5 h;
however, the optimized vesicular formulation did that in a
slower and controlled manner. A decrease in IOP was 16.77 +
1.25 mmHg initially, and the drug action continued up to 7.5 h
where a decrease in IOP of 6.3+1.48 mmHg was noted for the
optimized nanovesicular formulation. It was evident from in
vitro release study that this formulation released its 68%
content in 3.5 h. As a consequence, there was a quick fall in
IOP (16.77+1.25 to 7.36+1.40 mmHg in 3.5 h) and then
showed a sustained fall of IOP. Thus it was obvious that the
tested vesicular formulation showed significant IOP-lowering
activity for a prolonged period compared to that of a
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marketed solution. It was believed that the vesicles promoted
absorption by preferentially modifying the permeability
characteristics of drug through the cornea. Further, the drug
release from the vesicles, that follows first-order kinetics, will
increase the local concentration gradually at corneal surface,
depending on passive diffusion of drug molecule across the
corneal barrier. Surfactants (the chief constituent of vesicles)
act as a penetration enhancer as they can remove the mucous
layer and break junction complexes (49). In addition,
carbopol solution being viscous may increase the ocular
residence time of the vesicles leading to higher bioavailability
of drug.

Potential to Ocular Irritation

Initially, the optimum lyophilized formulation was
instilled into the left eye of one animal and was observed
for 3 days and the test did not reveal any corrosive or severe
irritant effects. Therefore, a confirmatory test was conducted
with two additional animals. However, the animals did not
develop any ocular lesions over the study period of 3 days
and the scores totalled zero for all the animals. Thus, it was
concluded that the optimized niosomal formulation was non-
irritant under the experimental conditions adopted.

CONCLUSIONS

In this study, we have developed nanovesicles of Span 60
by film hydration technique to deliver brimonidine tartrate
topically for the management of glaucoma. The variation in
Span 60/cholesterol molar ratio affected the properties of
vesicles. It was found that above a ratio of 7:6, the drug
entrapment efficiency and z-average diameter of vesicles
decreased. Highest drug entrapment efficiency of 32.27%
was achievable at a ratio of 7:6. At this composition, the drug
release from 0.05% carbopol-coated lyophilized vesicular
formulation in 10 mM PBS solution (pH 7.4) was compara-
tively slower and could be extended up to 8 h. However, the
drug-release rate was faster at the initial stages of the in vitro
study at all ratios of surfactant and cholesterol, and this was
solely due to the un-entrapped drug present in the formula-
tion. Even this formulation exhibited a solution viscosity of
1.46 cps and therefore could be applied easily to the eye.
Whereas the drug release from isolated vesicles suppressed
the burst effect as observed with lyophilized formulation and
the suppression was comparatively higher at the intermediate
ratio. Here, the advantage of initial faster release followed by
slower drug release of the lyophilized formulation at the
intermediate ratio of surfactant/cholesterol was exploited in
order to achieve a better therapeutic effect. Stability study
indicated that this formulation when stored at refrigerated
temperature offered maximum physical stability. FTIR spec-
troscopy revealed that the drug was relatively stable in this
formulation. DSC and X-RD analysis suggested that the
crystallinity of drug was reduced in the vesicles. The
optimized formulation showed a prolonged IOP-lowering
activity in albino rabbits compared to the marketed formula-
tion and exhibited no ocular irritation effects. Finally, it can
be concluded that viscous lyophilized nanovesicular formula-
tion could be an alternative drug delivery system for the
treatment of glaucoma.
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