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Abstract: Background: Development of polymeric micelles for the management of aller-
gic conjunctivitis to overcome the limitations of topical installation, such as poor patient 
compliance, poor stromal permeability, and significant adverse effects, increase precorneal 
residence time and efficacy, and also control the release of drug at the target site.  

Objective: The investigation was aimed at developing a polymeric micellar system of 
Azelastine HCl for Ocular Delivery.  

Methods: Drug loaded micelles of tri-block copolymers Pf 127 were prepared by Thin 
Film hydration method. The polymeric micelles formulations (F1 to F9) were assessed for 
entrapment efficiency, micelle size, in vitro permeation, ex vivo transcorneal permeation, 
in vivo Ocular Irritation, and Histology.  

Results: Optimized micelles formulation (F3), with the lowest micelle size of 92 nm, least 
polydispersity value of 0.135, highest entrapment efficiency of 95.30 ± 0.17%, and a cu-
mulative drug permeation of 84.12 ± 1.26% in 8h, was selected to develop pH-sensitive 
micelles loaded carbopol in situ gel. The optimized in situ gel (G4) proved to be superior 
in its ex vivo transcorneal permeation when compared with Market Preparation and pure 
drug suspension, exhibiting 43.35 ± 1.48% Permeation with zero-order kinetics (r2 = 
0.9944) across goat cornea. Transmission Electron microscopy revealed spherical polymer-
ic micelles trapped in the gel matrix. A series of experiments showed hydration capability, 
non-irritancy, and histologically safe gel formulation that had appropriate handling charac-
teristics.  

Conclusion: A controlled release pH-sensitive ocular formulation capable of carrying the 
drug to the anterior section of the eye via topical delivery was successfully developed for 
the treatment of allergic conjunctivitis. 
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1. INTRODUCTION  

Ophthalmic drug delivery systems (ODDSs) as 
eye drops and visual additions are linked to the  
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corneal surface to treat sicknesses of both the ante-
rior and posterior portions of the eye [1]. If visual 
infections are left untreated, life-changing visual 
disability and visual impairment may develop [2- 
4]. After organization, just 1%-5% of the medica-
tion achieves the ideal site of activity, making eye-
drop-based ODDSs extremely inefficient [5]. Poor 
visual bioavailability and the short duration of ac-
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tion limit the utilization of eye drops to illnesses 
found in the front fragments of the eye [6]. Vol-
ume loss occurs by eye blinking, nasolacrimal 
drainage, and systemic absorption by the conjunc-
tiva [7-9]. The simulation results showed that con-
tact-lens-based ODDSs are more effective than 
eye drops [10]. Clinical studies have shown that 
soft contact lenses can result in significantly higher 
drug penetration than subconjunctival injections, 
thereby increasing ocular drug bioavailability and 
minimizing side effects [11].  

Conventional treatments of posterior ailments 
such as posterior uveitis, diabetic macular edema, 
and age-related macular degeneration include in-
vasive and repetitive intravitreal injections and/or 
surgical implants [12]. It was recently demonstrat-
ed that sustained drug release from drug-loaded 
contact lenses enables significant drug levels to be 
achieved within tissues in the posterior segment of 
the eye. Because of their ability to enhance drug 
bioavailability and provide longer drug residence 
times, drug-eluting contact lenses may be used as 
an alternative to the methods commonly used to 
treat both anterior and posterior ailments of the 
eye [13]. Allergic conjunctivitis is caused by an 
allergen-induced inflammatory response in which 
allergens interact with IgE bound to sensitized 
mast cells resulting in the clinical ocular allergic 
expression. The pathogenesis of allergic conjunc-
tivitis is predominantly an IgE-mediated hypersen-
sitivity reaction. Activation of mast cells induces 
enhanced tear levels of histamine, tryptase, prosta-
glandins, and leukotrienes [14]. The drug loading 
capacity of polymeric microspheres is governed by 
the concentration of the polymer and the drug-
polymer ratio.  

Azelastine hydrochloride (AZT HCl) is a rela-
tively selective histamine H1 antagonist and inhib-
itor of histamine release and other mediators in-
volved in allergic response [15]. In vitro studies 
using human cell lines demonstrated that AZT HCl 
can inhibit mediators like leukotrienes and plate-
let-activating factor (PAF) which are involved in 
allergic reactions. Decreased chemotaxis and acti-
vation of eosinophil have also been demonstrated. 
In the present study, AZT HCl was selected as a 
model drug. It is available as an eye drop in the 
market as Azelast, SunPharma, India [16]. The an-
ti-allergic agent azelastine exhibits antagonistic 

activity against leukotrienes and platelet-activating 
factor, as well as inhibiting both the actions and 
the release of histamine. Azelastine is orally effec-
tive in various allergic disorders [17]. It is also 
available as a nasal spray, which provides rapid 
and long-lasting relief of nasal and ocular symp-
toms without sedation in children with seasonal or 
perennial allergic conjunctivitis [18]. In a new 
formulation as eye drops, azelastine HCl was 
found to be highly potent in double-blind studies 
in adults with allergic conjunctivitis [19, 20]. 

2. MATERIAL AND METHOD 

2.1. Material 

Azelastine HCl was obtained as a gift sample 
from Sun Pharma Pvt. Ltd. Ponta-sahib India. Plu-
ronic F127 was obtained from BASF Corporation, 
NJ, USA. Methanol, Acetone, Acetonitrile, and 
phosphotungstic acid were obtained from Quali-
gens FineChem.Pvt.Ltd., Mumbai, India. Sodium 
chloride and sodium hydroxide pellets were ob-
tained from Central Drug house Ltd. New Delhi, 
India. Carbopol 940 was purchased from Central 
Drug house Ltd. New Delhi, India. Sudan III Dye 
AR and dialysis membrane 150 were purchased 
from HiMedia Laboratories, Mumbai, India. 

2.2. Method 

2.2.1. Critical Micelle Concentration  
Critical micelle concentration of pluronic F-127 

was determined by dye micellization method using 
Sudan III dye. Stock solution of Sudan III (1% 
w/v) in water was prepared. 1 ml of Sudan III so-
lution was added to 2 ml of the polymeric surfac-
tant solutions of different concentrations in the 
range of 1-6 mg/ml. The samples were allowed to 
reach equilibrium by shaking for 24 h at 37°C 
[21]. The absorbance of polymeric surfactant solu-
tion was measured at 520 nm using UV/VIS spec-
trophotometer (Electronic India, 2375, Himachal 
Pradesh, India). The X-intercept of the linear fit 
for the plot of solubilized Sudan III versus poly-
mer concentration was used to determine the criti-
cal micelle concentration. 

2.2.2. Preparation of Azelastine HCl Loaded Pol-
ymeric Micelles 

Azelastine HCl polymeric micelles were formu-
lated by Thin Film hydration method. The amount 
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of Azelastine HCl drug and copolymer Pf 127 dis-
solved into the solvent, i.e. methanol acetone, and 
acetonitrile (10 ml), was varied according to for-
mulation design (Table 1). The mixture was trans-
ferred to a 250 ml round flask after stirring at 
room temperature for 1-2 hr. Then the solvent was 
evaporated at 50°C with the help of a rotary evap-
orator (Hicon®, New Delhi, India). Then thin film 
formation formed around the flask and further film 
was hydrated with 50ml distilled water before be-
ing heated at 60°C and the solution was stirred 
strongly at 37°C and rotated at 100 rpm until pol-
ymeric micelles containing Azelastine HCl were 
formed. Then the unentrapped drug was removed 
by dialysis. Dialysis was performed with dialysis 
bag (used dialysis membrane) of (2.6 nm), M. wt. 
cut off (12-16 kDa) (HImedia Ltd., Mumbai, In-
dia) until complete removal of the free form of the 
drug took place and then the solution was filtered 
with Cellulose nitrate filter paper (0.45 µm, Ser-
torrius A.G. 37070, Goettingen, Germany). All 
microparticulate impurities were removed and the 
filtrate contained a pure colloidal suspension of 
Azelastine HCl loaded polymeric micelles [22]. 

2.2.3. Entrapment Efficiency 
Entrapment efficiency (EE) was determined by 

1ml polymeric micellar formulation dissolved in 5 
ml ethanol to confirm complete micelle destruc-
tion and drug release. The volume makeup up to 
10 ml with pH 7.4 phosphate buffer. The Azelas-
tine HCl content was calculated spectrophotomet-

rically at 286 nm and % EE was calculated using 
the following equation: 

% EE = Amount of drug present in micelles /Total 
drug incorporated x 100  

2.2.4. Differential Scanning Calorimetry 

Thermogram of the sample was recorded by 
Differential scanning calorimetry [DSC Q20 
V24.4 Build 116 (Universal V4.5A TA instru-
ment)]. The sample was weighed directly in Alu-
minum (Al) pan and scanned at 50-300°C tem-
perature under the dry nitrogen environment at the 
heating rate of 10°C/mint. 

2.2.5. Particle Size 

The size of pluronic micelles and polydispersity 
index were measured by Zetasizer (Malvern In-
struments Ltd, Worcestershire, UK). The scatter-
ing angle was fixed at 173º and temperature was 
maintained at 25ºC. For analysis of particle size, 
each sample was diluted with deionized water and 
filtered through Millipore 0.45µm pore size mem-
brane.  

2.2.6. In vitro Permeation  
In vitro permeation was carried out using fabri-

cated Franz diffusion cell. Franz diffusion cell 
consists of donor and receptor compartment using 
dialysis membrane (Hi Media Ltd. India). 1 ml of 
Azelastine HCl loaded micellar formulation was 
placed in the donor compartment and the receptor 
compartment was filled with phosphate buffer pH 

Table 1. Characterization of Azelastine HCl loaded polymeric micelles (F1-F9). 

Formulation 

Code 

Amount of 

Drug in 

Formulation 

Water Mis-

cible Solvent 

Micelle Size 

(nm) 

Poly  

Dispersity 

Index 

%Entrapment 

Efficiency ± 

(SD) 

% CDP at 8
th

 

hr ± (SD) 

Best Fit 

Model 
r

2 
Value 

F1 2 Methanol 99.7 0.175 81.50 ± 1.06 70.52 ± 1.17 Higuchi 0.992 

F2 4 Methanol 97.6 0.181 84.24 ± 0.36 64.94 ± 1.17 Higuchi 0.993 

F3 6 Methanol 92.0 0.135 95.30 ± 0.17 84.12 ± 1.26 Higuchi 0.997 

F4 2 Acetone 103.9 0.231 73.52 ± 2.43 81.30 ± 1.16 Higuchi 0.994 

F5 4 Acetone 106.8 0.127 88.62 ± 1.45 78.12 ± 0.77 Higuchi 0.991 

F6 6 Acetone 104.7 0.237 93.04 ± 0.52 72.62 ± 2.39 Higuchi 0.981 

F7 2 Acetonitrile 121.3 0.135 69.36 ± 1.56 61.17 ± 0.90 Higuchi 0.988 

F8 4 Acetonitrile 123.9 0.166 73.48 ± 1.56 60.8 ± 2.51 Higuchi 0.987 

F9 6 Acetonitrile 129.4 0.223 79.01 ± 1.66 55.38 ± 0.94 Higuchi 0.986 
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7.4 continuously stirred with a magnetic stirrer. 
Donor and receptor chambers were separated by 
Dialysis membrane of pore size 0.22 µm (HIME-
DIA Ltd., Mumbai). The temperature was kept 
constant at 37 ± 1.0°C as mimic body conditions. 1 
ml of sample was withdrawn through the sampling 
port of the diffusion cell at 0, 1, 2, 3, 4, 6, 8, 10, 
and 12 hr time intervals and evaluated spectropho-
tometrically at 286 nm. An equal volume of fresh 
phosphate buffer pH 7.4 was replaced into the re-
ceptor compartment after each sampling. All re-
sults from in vitro permeation were reported as 
mean with standard deviation (n = 3) [23]. 

2.2.7. Selection of the Optimized Formulation 

The optimal formulation was selected on behalf 
of the high entrapment efficiency and percentage 
of cumulative drug release with lowest Polydisper-
sity index, optimal particle size, and Transmission 
Electron Microscopy. 

2.2.8. Transmission Electron Microscopy 

One drop of the micellar suspension was spread 
on a 400-mesh carbon-coated copper cxzgrid and 
the excess droplets were removed with filter paper. 
A drop of 4% w/v phosphotungstic acid solution 
was dropped into the grid. The negatively stained 
sample was air-dried at room temperature and ex-
amined at 4000 X magnification. TEM images 
were obtained at an acceleration voltage of 120 
kV. 

2.2.9. Preparation of Micellar Gel 

Aqueous formulations reduce drug concentra-
tion up to 10-fold as a result of blinking and tear 
drainage thus resulting in a decrease in ocular 
therapeutic efficacy. Thus the gel formulation was 
aimed in order to enhance the viscosity of best 
formulation by adding a polymer such as carbopol 
940 that will undergo sol-gel transition at ocular 
pH, thus enhancing the contact time of the drug 
with the cornea, improving therapeutic efficiency. 
Gel base solutions were prepared by dispersing 
different weighed amounts of carbopol 940 in de-
ionized water with continuous stirring until it gets 
completely dissolved and finally made up the vol-
ume using deionized water to obtain gel base 
strength of (0.1-0.5% w/v). The best selected pol-
ymeric micelles formulation (F3) equivalent to 0.6 
mg of Azelastine HCl containing polymeric mi-

celles was subjected to cooling centrifugation 
(REMI Instrument Ltd, Vasai, India) at 16000 rpm 
for 15 min and the pellets obtained were incorpo-
rated into the prepared 10 ml in situ gel base of 
different strength (0.1%-0.5% w/v) to get final in 
situ gel strength of 0.6 mg/ml [24]. Thus different 
formulations of Azelastine HCl loaded ocular pol-
ymeric micellar in situ gel were obtained using 
direct dispersion method and were coded as (G1- 
G5) as mentioned in Table 2. 

2.2.10. Clarity, pH and Drug Content  

The clarity of the developed gel formulations 
was determined before and after gelation by visual 
examination of the formulations under light alter-
natively against a white and black background. 
The pH of developed gel formulations was deter-
mined using Digital pH meter model 111 E 
(Hicon®, New Delhi, India). For drug content, 
weighed amount (100 mg) of Azelastine HCl load-
ed ocular polymeric micellar in situ gel formula-
tions were diluted using 5 ml of methanol. The 
resultant dispersion was vortexed using Vortex 
shaker (Hicon®, New Delhi, India) and shook for 
10 min. The volume was made up to 10 ml with 
methanol and analyzed via UV spectrophotometry 
at 286 nm. All readings were made in triplicate 
and represented as (± S.D). 

2.2.11. In vitro Gelation 

Prepared gel formulations were evaluated for in 
vitro gelation to identify the composition that is 
best suited for use as in situ gel. The in vitro gel-
ling efficiency was determined by mixing the in 
situ gel with STF (pH 7.4) in the ratio 25:7 (25 µl 
of PM-ISG’s and normal tear volume 7 µL) to 
mimic the in vivo ocular conditions equilibrated at 
37 ± 0.5°C. The gelation was assessed visually and 
simultaneously recorded the time required for ge-
lation, as well as the time taken for dissolution of 
the formed gel [25]. Flow behavior of the gelling 
system was determined by various signs obtained 
by visual inspection. 

2.2.12. Selection of Optimized Formulation 

Optimized formulation was selected on the ba-
sis of formulation that showed clarity, maximum 
gelling capacity along with maximum drug con-
tent. 
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Table 2. Formulation design of Azelastine HCl loaded in situ gel formulation of polymeric micelles as carrier 

system (G1- G5). 

Formulation Code 
Carbopol 940 

(%w/v) 

G5 Equivalent to Azelas-

tine HCl (mg) 

In situ Gel 

Strength (%w/v) 

G1 0.1 0.6 1 

G2 0.2 0.6 1 

G3 0.3 0.6 1 

G4 0.4 0.6 1 

G5 0.5 0.6 1 

 

2.2.13. Ex vivo Transcorneal Permeation 

The ex vivo transcorneal permeation study of 
optimized Azelastine HCl loaded polymeric mi-
celles, micelle loaded in situ gel, Azelastine eye 
drop (ITRAL; Jawa pharmaceuticals), and of pure 
drug suspension was performed using Franz diffu-
sion cell consisting of donor and receptor com-
partment using goat cornea. Cornea used in ex vivo 
permeation studies were obtained from goat eyes 
which were collected as the whole eyeball from 
local butcher shop immediately after the animal 
was slaughtered and transferred to the laboratory 
in Ringer’s salt solution within one hour of slaugh-
tering. The cornea was carefully excised along 
with 2-4 mm of surrounding scleral tissues and 
then washed with Ringer’s salt solution until 
washings were free from protein and adhering tis-
sues and then kept in freshly prepared simulated 
tear fluid (STF, pH 7.4). The upper compartment 
which served as donor compartment was filled 
with 2 ml of formulations equivalent to 0.6 mg/ml 
of Azelastine Hcl and lower compartment i.e., re-
ceptor medium filled with 10 ml of freshly pre-
pared STF and stirred continuously using a small 
magnetic bar. Both upper and lower compartments 
were separated by goat cornea (area 0.785 cm2) in 
such a way that its epithelial surface faced the do-
nor compartment and continuously remained intact 
with the release medium. The whole system was 
maintained at 37 ± 0.5°C to mimic in vivo ocular 
condition [26]. At a predetermined time interval, 1 
ml of aliquots were withdrawn and analyzed by 
UV spectrophotometry at 286 nm. An equal vol-
ume of fresh STF was replaced into the receptor 
compartment after each sampling. The cumulative 

amount of drug permeated through goat cornea 
was plotted as a function of time [27]. 

2.2.14. In vivo Ocular Irritation Studies 

Institutional Animal Ethics Committee guide-
lines were severely followed to carry out experi-
ments (MMCP-IAEC-20). Draize technique was 
used to perform in vivo ocular irritation studies. 
Under examination, Albino rabbits (2-3 kg) were 
placed in an animal house. Proper diet and water 
were given for 24 hr. 50 μl solution was intro-
duced in a single administration in the left eye of 
every rabbit while protecting the untouched eye as 
the control. The sterile G4 was introduced two 
times daily for a period of 21 days (1, 2, 3, 4, 7, 
10, 15, 18, and 21 days). The rabbits were exam-
ined periodically for redness, swelling, and water-
ing of the eye. 

2.2.15. Histology 

This study was performed to evaluate the effect 
of formulations on corneal structure and integrity. 
Whole eyeballs of goat were collected from the 
slaughterhouse and immediately transported to the 
laboratory in normal buffered saline in cold condi-
tion within 1h of slaughtering. Corneas from ex-
cised eyes were immediately rinsed with isotonic 
NaCl (0.9% w/v) solution for 1 min. and incubated 
for 30 min in the optimized G4 formulation at 
34°C, phosphate buffer saline (PBS) pH 7.4 as 
negative control, and 75% isopropyl alcohol in 
PBS as positive control were taken as reference. 
The corneas were washed with PBS pH 7.4 and 
immediately fixed with 10% v/v formalin solution 
for 24 h. The corneas were dehydrated with ethyl 
alcohol gradient (70-90-100%) and xylene, put in 
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melted paraffin, and solidified in block forms. 
Then, cross-sections (<1 mm) were made, mount-
ed on a glass slide and observed under a micro-
scope for any histological changes after staining 
with hematoxylin and eosin for any histological 
damage if any [28, 29]. 

2.2.16. Stability Study 

Stability test of micelles consisted of visual 
control and analytical measurement of drug con-
tent. For this purpose, Azelastine HCl loaded mi-
celles were placed in a climatic chamber at 25 ± 
2°C, 60% relative humidity for three months. Mi-
celle suspension was placed in an amber-colored 
bottle (5 ml) with a lid. Further, samples were tak-
en to determine the drug content at the beginning 
and at the end of three months. Drug content was 
measured spectrophotometrically at λmax 286 nm.  

3. RESULT AND DISCUSSION 

3.1. Critical Micelle Concentration  

The CMC values of Pf 127 were found to be 4 
mg/ml as shown in Fig. (1). Different CMC values 
calculated for pluronic in various literature reports 
depend on the method of determination. The litera-
ture reports we referred to indicated CMC value of 
Pf 10 mg/ml [26]. The increase in dye absorbance 
gives the evidence that its solubilization via incor-
poration into the micellar phase resulted in the ap-
pearance of micelles in the system. Below CMC 
dye did not dissolve, a heterogeneous mixture con-
sisting of water phase having low absorbance was 
obtained. An increase in the absorbance was seen 
as the concentration of polymeric surfactant was 
expanded until a sharp expression because of mi-
cellization procedure was recognized. Pf 127 pro-
pylene oxide (PO) has a chain length of 65.17. It 
was found that an increase in the length of the hy-
drophobic PO block elevates the net hydrophobi-
city of Pluronic molecule which favored the segre-
gation of the PO chains into the micelle core and 
resulted in a decrease in CMC value. Conversely, 
ethylene oxide (EO) chain length of Pf 127 was 
200.45. An increase in the length of the EO blocks 
increases the probability of contact of the PO units 
with the EO units within the core of the micelles. 
Therefore, the CMC value increases with an in-
crease in the hydrophilic EO block length. Thus, 
low CMC value of Pf 127 indicates its better sta-

bility against possible dilution by body fluids. Fur-
ther, on increasing the length of the hydrophobic 
segment the stability, as well as overall hydropho-
bicity of the amphiphilic block copolymer, also 
increased [30]. The reason for the selection of am-
phiphilic surfactants rather than common low mo-
lecular weight surfactants lies in its low CMC val-
ue which provides better stability. 

3.2. Preparation of Azelastine HCl Loaded  

Polymeric Micelles 

Azelastine HCl loaded polymeric micelles were 
prepared by using the thin film hydration method. 
Polymeric micelles have a high drug loading ca-
pacity. The solvent used in the preparation of the 
micelles can be essentially eliminated [31]. Differ-
ent parameters were examined for the selection of 
the best formulation. Parameters like particle size, 
entrapment efficiency and in vitro permeation 
studies of all the formulation.  

3.3. Micelle Size and Polydispersity Index of the 

Polymeric Micelles 

Table 1 shows the typical size distribution of 
Azelastine HCl loaded polymeric micelles of all 
formulations (F1-F9). The particle size of Azelas-
tine HCl loaded polymeric micelles varied in the 
range from 92 -129.4 nm with PDI value ranging 
from 0.135-0.223. The results showed that the 
amount of polymer and Azelastine HCl were criti-
cal parameters for governing particle size. Since 
particle size and uniform size distribution are the 
most pivotal parameters for topical delivery. For-
mulation F3 showed an optimum particle size for 
ocular delivery i.e. 92 nm with low PDI value of 
0.135. Mean particle size of Pf 127 developed mi-
celles (F1-F3) ranged from 92- 99.7 nm using 
methanol and 103.7- 106.2 nm (F4- F6) using 
Acetone and 121.3-129.4nm using Acetonitrile. 
This was observed as Pf 127 ethylene oxide (EO) 
chain was 200.45, and ethylene oxide (EO) chain 
governs the micelles aggregation number and mi-
cellar size. In general, for a fixed PO block, the 
block copolymers with a higher EO block content 
are less aggregated and have a smaller core size 
with same copolymer Pf 127. But different organic 
solvent, Acetonitrile and Acetone as an organic 
solvent were found to produce large-sized poly-
meric micellar particles rather than methanol. This 
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effect was observed due to the difference in misci-
bility between water and organic solvent because 
methanol possesses high water miscibility rather 
than Acetonitrile and Acetone [31]. And within the 
same copolymer, the effect of varying drug: co-
polymer weight ratio was observed on micelles 
size. Also the effect of varying drug: copolymer 
weight ratio was observed on micelles size i.e. first 
it increased in size with an increase in drug: co-
polymer weight ratio then on further increasing 
ratio, it decreased in size. The further increase in 
drug: copolymer weight ratio leads to precipitation 
of drug and decrease in its loading capacity into 
micellar core thus, decrease in polymeric micelles 
size [32]. Thus formulation F3 with the optimum 
size range of polymeric micelles particles for ocu-
lar delivery with low PDI value indicating a nar-
row and mono-disperse pattern. 

3.4. Entrapment Efficiency 

The drug entrapment efficiency was found to be 
in the range of (69.36 ± 1.56-95.30 ± 0.17) as 
shown in Table 1. As Azelastine HCl weight ratio 
against triblock copolymer (Pf 127) with methanol 
was increased from 2/500 mg to 4/500 mg in (F1-
F3), drug entrapment efficiency increased from 
(81.50-95.30%), with increase in acetone from 
2/500 mg to 4/500 mg in (F4-F6), drug entrapment 
efficiency increased from (73.52-93.04%), and 
with increase in acetonitrile from 2/500 mg to 

4/500 mg in (F7-F9), drug entrapment efficiency 
increased from (69.36-79.01%). Lowering of drug 
entrapment efficiency was observed on further in-
creasing drug- copolymer weight ratio due to pre-
cipitation of drug thus overcoming its loading ca-
pability into micellar core [23]. Using Pf 127 and 
methanol as organic solvent (F1-F3), higher en-
trapment efficiency was observed than other for-
mulations. Drug and copolymer weight ratio is 
slightly affected by the type of organic solvent 
used to prepare polymeric micelles. This result 
was observed for better interaction of the drug 
with a hydrophobic core formed by copolymer 
with methanol and thus better drug loading rather 
acetonitrile and acetone.  

3.5. Differential Scanning Calorimetry 

To study the binding strength of Azelastine HCl 
in the micelles, differential scanning calorimetry 
(DSC) was performed. The thermogram of Azelas-
tine HCl displayed a sharp endothermic peak at 
226.95°C as shown in the Fig. (2). The DSC ther-
mogram of Pf 127 showed an endothermic peak at 
54.31°C. This broad peak is attributable to dehy-
dration of the EO chains with increased tempera-
ture. In the case of F3, the DSC thermogram of 
Azelastine HCl micelles showed an endothermic 
peak at 54.91°C and at 232.88°C [33]. As ex-
plained in literature, high loading of a poorly solu-
ble drug into micelles normally leads to the crys-

 

Fig. (1). CMC determination of Pf 127 using Sudan III dye. 
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Fig. (2). DSC thermogram of Pluronic F-127, Azelastine HCl loaded polymeric micelles (F3) and Azelastine HCl. 

tallization of the loaded drug, whereas drug mole-
cules are present in the molecularly dispersed state 
at low loading. 

3.6. In vitro Permeation 

The in vitro drug permeation profiles (Fig. 3) 
were used to determine % cumulative drug perme-
ated (CDP) at 8th h. The %CDP varied widely be-
tween 55.38 ± 0.94-84.12 ± 1.26%. F3 displayed 
maximum CDP of 84.12 ± 1.26% probably due to 
the small size of micelles and optimum entrapment 
efficiency. The determinants of this variability 
may be attributed to micelle size and PDI that was 
in turn affected by drug: copolymer weight ratio 
and type of organic solvent used. Thus F4-F9 pre-
pared with Acetone and Acetonitrile as organic 
solvent produced large-sized micelles than metha-
nol (F1-F3). This led to incomplete drug permea-
tion which varied from 55.38 ± 0.94-84.12 ± 
1.26%. 

The in vitro permeation profiles were fitted to 
various kinetic models, however, most of the for-
mulation subjected followed Higuchi model as 
shown in Table 1 indicating that released drug in 
the shell is rapidly replaced by the drug available 
in the core of the reservoir meaning thereby, the 
drug concentration will not change as a function of 
time. Although percent cumulative drug permea-
tion of F3 was more than 82% and fitted best to 
Higuchi model. F3 was selected as the optimized 
one with maximum entrapment efficiency (95.30 ± 
0.17%), i.e. more than 90 %, describing homoge-
neous polymeric micelles suggest that drug-
polymer interaction leads to more regular poly-
meric micelles with micelle size 92 nm. Thus, F3 
was selected for in situ gel formulation containing 
optimum size range of polymeric micelles parti-
cles for ocular delivery indicating mono-disperse 
unimodal pattern with the highest encapsulating 
capability [34]. 
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3.7. Selection of Optimized Formulation 

Formulation F3 showed the highest percent 
cumulative drug permeation (90.28 ± 0.31%) en-
trapment efficiency (95.30 ± 0.17%) with opti-
mum particle size (92 nm). Thus, F3 formulation 
was considered as the best among all twelve mi-
celle formulations and this optimized formulation 
was incorporated into gel after characterization. 

3.8. Transmission Electron Microscopy 

Transmission electron microscopic image of F3 
indicated spherical shaped particles with narrow 
size distribution as shown in Fig. (4). All the parti-
cles were less than 130 nm, a size particularly 
suitable for ocular delivery.  

3.9. Preparation of Azelastine HCl Loaded Mi-

cellar In situ Gel 

The optimized Azelastine HCl loaded polymer-
ic micelle formulation F3 was further incorporated 
into pH controlled carbopol 940 in situ gelling sys-
tem by direct dispersion method with the aim of 
achieving more controlled release of polymeric 
micelles from the gelling system. 

3.10. Characterization of Azelastine HCl Load-

ed Micellar In situ Gel 

3.10.1. Clarity, pH and Drug Content 

As we are developing a pH triggered ocular in 
situ gel, clarity, pH, and gelling capacity become 
the important prerequisite parameters. Thus, the 
formed gel should be clear and not cause blurring 
of vision. As for a successful in situ gelling sys-
tem, the pH of the solution should be such which 
allows easy installation of a liquid solution that 
will undergo sol to gel transformation on exposure 
to ocular physiological conditions. Thus, Carbopol 
940 with satisfactory attributes of viscosity and 
gelling capacity was selected as pH-sensitive in-
situ gelling agent [35]. The results of clarity, pH, 
and gelling capacity of G1 to G5 mentioned in G4 
containing 0.4% w/v concentration of carbopol 
940 exhibited rapid gel formation and remained so 
for an extended period of time. Solutions having 
concentration below 0.5% exhibited free-flowing 
liquid at non-physiological conditions and G5 was 
more viscous. On visual observation, no contami-
nation was found and all formulations (F1-F5) 
were transparent. The pH of all formulations be-
fore gelation was more towards the acidic side 
(3.20 ± 0.60 to 3.80 ± 0.30) and after gelation it 

 

Fig. (3). Comparative in vitro drug permeation profiles of Azelastine HCl from developed polymeric micelles (F1-
F9) and pure drug suspension in STF pH 7.4 using Franz diffusion cell. 
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Fig. (4). TEM image of optimized Azelastine HCl polymeric micelles (F3). 

Table 3. Characterization of Azelastine HCl loaded polymeric micellar in situ gel (G1-G5). 

Formulation 

Code 

Carbopol 

940 (%w/v) 

Gelling 

Time (Seconds) 
pH of Sol pH of Gel 

%Drug  

Content 

G1 0.1% -_______ 3.20 ± 0.60 6.90 ± 0.11 77.89 ± 0.98 

G2 0.2% 79.6 ± 4.42 3.38 ± 0.12 6.98 ± 0.28 78.16 ± 5.88 

G3 0.3% 66.6 ± 3.70 3.55 ± 0.47 7.0 ± 0.45 80.91 ± 2.47 

G4 0.4% 48.6 ± 4.94 3.62 ± 0.41 7.2 ± 0.25 83.22 ± 2.39 

G5 0.5% 55.3 ± 4.77 3.80 ± 0.30 7.1 ± 0.54 79.22 ± 1.71 

 
shifted to 6.90 ± 0.11 to 7.1 ± 0.54 (Table 3). This 
confirms the ability of sol to gel transition on ocu-
lar instillation. Moreover, formulations within a 
pH range of 6.8 to 7.4 are considered safe and ac-
ceptable for ocular delivery. The drug content var-
ied in the narrow range of 77.89 ± 0.98 to 83.22 ± 
2.39%. These features were acceptable but the gel-
ling characteristics are of utmost importance for in 
situ gelling systems. 

3.11. In vitro Gelation 

The gelling ability increased on increasing car-
bopol concentration and G4 containing 0.4% w/v 

concentration of carbopol exhibited rapid gelation 
with the least gelling time of 48.6 ± 4.94 seconds 
(Table 3). The higher the polymer concentration, 
the stronger will be the expanded polymeric net-
work. Gelation mainly occurs due to increase in 
ionization as a result of increased pH which in turn 
results in electrostatic repulsion between adjacent 
carboxyl groups and the subsequent expander pol-
ymeric network of carbopol 940, thus showing 
better gelation capacity in comparison to other in 
situ gel formulations. On further increasing the 
concentration of carbopol, stiffer gel was found to 
be formed due to hydrophobic nature, backbone of 
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carbopol 940 which may form hydrophobic inter-
chain aggregation and this cross-linking phenome-
non may result in the formation of more viscous 
gel with higher viscosity, the resulting solution 
becomes highly acidic and cannot be neutralized 
even by the buffering action of tear fluid [33].  

3.12. Selection of Optimized Formulation 

Hence, formulation G4 with maximum gelling 
capacity and highest drug content was considered 
as best amongst the Azelastine HCl loaded micel-
lar in situ gel formulations. It was further charac-
terized for ex vivo transcorneal permeation, in 
vitro antifungal activity, irritation potential, and
histological study. 

3.13. Ex vivo Transcorneal Permeation Study 

The ex vivo transcorneal permeation plot of G4 
was compared against the plots of F3, market 
preparation, and Azelastine HCl pure drug suspen-
sion. G4 was able to sustain the release and 
achieved permeation of 50.71 ± 0.87% in 8h (Fig. 
5). This clearly indicates that the gel matrix did 
not impede the release of Azelastine HCl loaded 
polymeric micelles from G4 [26]. The results are 
quite in contrast to the permeation profiles ob-
tained with market preparation and Azelastine HCl 
suspension and were able to achieve only 14.64 ± 

0.61% and 9.8 ± 0.45% cumulative drug permeat-
ed (CDP) (Table 4). Compared to marketed eye 
drops and Azelastine HCl pure drug suspension, 
M5 exhibited 5.87 folds and F5 exhibited 4.89 
folds increase in ex vivo permeation across goat 
corneal membrane that was significantly higher 
than both marketed eye drops and Azelastine HCl 
pure drug suspension claiming the efficiency of 
polymeric micelles. On fitting the data to various 
kinetic models, both F3 and G4 followed zero-
order kinetics. 

3.14. In vivo Ocular Irritation 

Eye irritation potential of the introducing agent 
is practically divided into four grades: non-
irritating, slightly irritating, moderately irritating, 
and severely irritating. Non-irritating ranges be-
tween 0-3; slightly irritating between 4-8; moder-
ately irritating between 9-12; and severely irritat-
ing between 13-16 [20]. The eye irritation range is 
determined by separating the total range of all rab-
bits by the number of rabbits tested. The observed 
eye irritation range in the control is 0.38 and the 
range of the G4 is 0.72, which shows good ocular 
tolerance [36]. Besides irritation, irregular clinical 
signs or no ocular harm relating to the cornea, iris, 
or conjunctivae were noticeable. Moreover, no wa-
tering, no redness, and swelling of the eye were 

 

Fig. (5). Comparative ex vivo drug permeation profiles of Azelastine HCl loaded polymeric micelles (F3), Micelle 
loaded in situ gel (G4), Marketed preparation (MP) and Azelastine HCl pure drug suspension in STF pH 7.4 using 
Franz diffusion cell. 
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observed for both control and G4. Generally, the 
outcomes of this in vivo Ocular Irritation study 
discovered that G4 is safe and harmless for ocular 
application.

3.15. Histology  

The effect of optimized in situ gel formulation
G4 on the structural integrity of corneal epithelial 
tissue was evaluated using histological sections of 
the cornea. Fig. (6a-c) represents cross sections of 
freshly excised goat corneas after 8h treatment 
with PBS pH 7.4 (negative control), 75% isopro-
pyl alcohol (positive control), and optimized in 
situ gel formulation G4, respectively.  

After incubating corneal cross-section in 75% 
isopropyl alcohol, an irritant 6(b), widening of nar-
row intercellular spaces with deformation, distor-
tion of superficial epithelial cells, and finally de-
tachment from the tissue assembly were observed. 

Incubation of cornea with G4 6(c) did not show 
any destructive effect on corneal epithelium as 
well as on stromal structure while maintaining in-
tact corneal structure and integrity [26, 36]. The 
above effect shown by optimized formulations was 
found to have a similar effect as shown after incu-
bating corneal tissue in PBS pH 7.4 6(a). The 
above results indicated the ocular safety of poly-
meric micelles in situ gel formulation on corneal 
structure and integrity. 

3.16. Stability Study 

Stability test of optimized micellar formulation 
(F3) was performed. The formulation exhibited no 
significant difference in drug content at zero 
(90.77 ± 0.926) and at 3rd month (89.39 ± 3.60) 
indicated no chemical degradation, sedimentation, 
and phase separation took place during this time. It 
is concluded that micelles formed by amphiphilic 

Table 4. Ex vivo permeability parameters of micellar formulation (F3), micelle loaded in situ gel (G4) and 

marketed preparation of Azelastine HCl across goat cornea. 

Formulation Code % CDP (8
th

 h) 
% Enhancement 

Ratio (ER) 
r

2
 Value 

Permeation  

Kinetics 

F3 50.71 ± 0.87 5.87 0.9963 Zero order 

G4 43.35 ± 1.48 4.89 0.9944 Zero order 

MP 14.64 ± 0.61 1.38 0.9632 Zero order 

Azelastine HCl  
suspension 9.8 ± 0.45 - 0.9879 Zero order 

 

 

Fig. (6). Histological cross section of excised goat cornea, (a) PBS pH 7.4 (negative control) (b) 75% isopropyl 
alcohol (positive control), (c) G4. 
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block copolymer (Pf 127) maintained their integri-
ty until it reached the aqueous humour due to low 
critical micelle concentration (CMC) value.  

CONCLUSION  

Polymeric micelle loaded in situ gel of Azelas-
tine HCl (G4) can be considered as an effective 
and superior alternative topical dosage form that 
overcomes the drawbacks associated with market-
ed preparation of Azelastine HCl and also mini-
mizes systemic side effects linked to oral admin-
istration of Azelastine HCl without compromising 
safety and patient compliance. The developed 
formulation shows a longer duration of action (up 
to 8 hr) without any irritation and corneal toxicity. 
The system proved to have better permeability 
than the marketed preparation and capable of car-
rying the drug to the anterior segment of the eye 
via topical delivery. Furthermore, presence of car-
bopol 940 as in situ gelling polymer results in an 
increase in residence time of drug over the corneal 
surface due to the transformation of polymeric mi-
celles (F3) into a gel and is not associated with 
limitations of conventional eye drops, i.e., not 
easily eroded or cleared by tear. Thus, Pf 127 mi-
celles have the potential to be carriers of the hy-
drophobic drug to the anterior segment of the eye 
and capable of treating allergic conjunctivitis. 
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