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Abstract

Glaucoma is a common progressive eye disorder and the treatment strategies will benefit 
from nanoparticulate delivery systems with high drug loading and sustained delivery of 
intraocular pressure lowering agents. Niosomes have been reported as a novel approach to 
improve drug low corneal penetration and bioavailability characteristics. Along with this, 
poor entrapment efficiency of hydrophilic drug in niosomal formulation remains as a major 
formulation challenge. Taking this perspective into consideration, dorzolamide niosomes were 
prepared employing two different loading methodologies (passive and remote loading methods) 
and the effects of various formulation variables (lipid to drug ratio, cholesterol percentage, drug 
concentration, freeze/thaw cycles, TPGS content, and external and internal buffer molarity 
and pH) on encapsulation efficiency were assessed. Encapsulation of dorzolamide within 
niosomes increased remarkably by the incorporation of higher cholesterol percentage as well 
as increasing the total lipid concentration. Remote loading method showed higher efficacy for 
drug entrapment compared to passive loading technique. Incorporation of TPGS in bilayer led 
to decrease in EE; however, retarded drug release rate. Scanning electron microscopy (SEM) 
studies confirmed homogeneous particle distribution, and spherical shape with smooth surface. 
In conclusion, the highest encapsulation can be obtained using phosphate gradient method and 
50% cholesterol in Span 60 niosomal formulation.
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Introduction

Glaucoma is a progressive optic neuropathy 
which is characterized by an increase in the 
intraocular pressure (IOP) following damage 
to ganglionic cells and the optic nerve (1, 2). 
The rise of IOP associated with glaucoma is 

caused by the imbalance between the aqueous 
humor fluid production in the eye and its outflow 
through the trabecular meshwork in Schlemm’s 
canal (3). Medications are prescribed to decrease 
the amount of aqueous humor produced by the 
ciliary body or to increase its outflow through the 
trabecular meshwork, through the uveoscleral 
pathway, or through a surgically created pathway 
(2, 4). 

Clinical experiments suggest that the 
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conventional methods of treating glaucoma 
(ocular drops) are associated with poor 
bioavailability of the active ingredients to the 
ophthalmic receptors. The causes of poor ocular 
drug bioavailability (<1% ) from conventional eye 
drops are high tear fluid turnover, nonproductive 
absorption, unstable residence in the cul-de-sac, 
and the relative impermeability of the drugs to 
corneal epithelial membrane (5, 6).

Various researches have been performed to 
overcome the disadvantages of conventional 
glaucoma treatments (6, 7). Among them, 
colloidal drug delivery systems including 
liposomes (8, 9), niosomes (10), and polymeric 
nanoparticles (11), can increase ocular 
bioavailability of administered drugs. Most of 
these ophthalmic delivery systems can prolong 
and control drug actions at the corneal surface 
and prevent enzymatic drug metabolism (6, 
7). Moreover, the presence of surfactant and 
cosurfactant could enhance drug permeability 
(12-14).

Niosomes and liposomes are two versatile 
bilayer vesicles made of non-ionic surfactants 
and phospholipids, respectively (15, 16). 
Although there is a great interest in liposomes, 
they have limitations such as chemical instability 
due to the oxidative degradation, limited shelf 
life, phospholipid impurity, and high cost 
(15). Niosomes have been investigated as an 
alternative to liposomes. Niosomes are defined 
as microscopic lamellar structures obtained 
during hydration of nonionic surfactants and 
cholesterol mixture (17, 18) and proposed as a 
novel carrier for ocular delivery (19, 20). 

Dorzolamide HCl is a carbonic anhydrase 
inhibitor, which is administered for open angle 
glaucoma. Its dosage form is 0.2% w/v (2 mg/mL) 
eye drop that is administered 2-3 times daily. Tear 
turnover, blinking, and enzymatic degradation 
in tear fluid influence the drug efficiency to the 
extent that only a few percentages of the instilled 
drug become available for absorption (21, 22).

The objective of the present study was to 
encapsulate dorzolamide HCl in niosomal 
formulation for ocular delivery. In the current 
study, the niosomal vesicles were formulated 
by both thin film hydration and phosphate 
gradient methods. The latter was reported for 
encapsulation of doxorubicin in liposome by 

Fritze et al. (23). In current study, many factors 
that may influence drug entrapment have been 
examined and optimized. To the best of our 
knowledge, the present study is the first report on 
using phosphate gradient method to encapsulate 
drugs in niosomal vesicles and also studying 
the effect of d-α-tocopheryl polyethylene 
glycol 1000 succinate (TPGS) incorporation in 
niosomal formulations.

Materials and methods
Materials
Dorzolamide HCl was kindly donated by Sina-

Darou Pharmaceutical Company, Tehran, Iran. 
Sorbitan monostearate (Span 60), cholesterol 
(99%), and d-α-tocopheryl polyethylene glycol 
1000 succinate (TPGS) were all purchased from 
Sigma–Aldrich, UK. Di-ammonium hydrogen 
phosphate salts, chloroform, hydrochloric acid, 
2-propanol, 4-(2-hydroxyethyl)-piperazine]-
ethanesulfonic acid (HEPES), di-sodium 
hydrogen phosphate heptahydrate (Na2HPO4. 
7H2O), potassium dihydrogen phosphate 
(KH2PO4), potassium chloride, and sodium 
chloride were all supplied by Merck, Germany. 
Cellulose dialysis tubing (molecular weight 
cutoff 12,000 Da) was purchased from BioGene, 
USA.

Niosome preparation
Thin film formation
Nonionic surfactant (Span 60) and cholesterol 

were accurately weighed, and dissolved in 5 mL 
chloroform, and the solvent was evaporated 
under reduced pressure using a rotary evaporator 
at 65 °C to form thin lipid film on the inner 
flask wall. Evaporation was continued for 2 h to 
remove residual solvent (24).

Drug loading process
In order to encapsulate dorzolamide in 

niosomal formulations two methods of thin film 
hydration, as a passive loading method, and 
phosphate gradient, as a remote loading method, 
were investigated.

Passive loading method
Niosomes containing dorzolamide were 

prepared by thin film hydration method, as 
described previously by Baillie et al. (25). After 
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thin film formation, as mentioned above, the dried 
film was then hydrated by desired pre-heated 
amount of phosphate buffer saline containing 
various concentration of drug at 65 °C for 1.5 
h. During hydration step, niosomal suspensions 
were sonicated in a bath sonicator to reduce the 
size. Formulations were allowed to anneal and 
stabilize for 1 h at the room temperature and then 
were left to mature overnight at 4 °C. 

Phosphate gradient (remote) loading method 
To encapsulation of dorzolamide using 

phosphate gradient method (23), thin film was 
formed as mentioned above, and the film was 
then hydrated using di-ammonium hydrogen 
phosphate with same condition as above 
mentioned for the passive method. Empty 
niosomal suspensions were sealed in dialysis 
bag (MW: 12,000 Da) and immersed into an 
isotonic HEPES buffered saline (HBS), 140 
mM NaCl, 10 mM HEPES to replace the extra-
niosomal buffer. The process was continued for 
4 h. Subsequently and also the desired amount 
of dorzolamide HCl was added to the niosomal 
dispersion. The loading process was carried out 
at 60-65 °C for 1 h. 

Freeze/thaw process of formulations
To study the effect of freeze/thaw cycles on 

EE (%), each dispersion (2 mL) was frozen for 5 
min at -196 °C in liquid nitrogen bath and then 
thawed for 5 min at 65 °C in a water bath, which 
caused the lipid bilayer to break upon cooling 
and reform upon heating.

Niosome characterization
The prepared niosomes were characterized 

regarding encapsulation efficiency (EE %), size, 
morphology, and in vitro drug release profile. 

Determination of dorzolamide entrapment 
efficiency    

Vesicles containing dorzolamide were 
separated from unencapsulated drug by dialysis 
bag. Niosomal suspensions were placed in the 
dialysis bag which was then placed in beaker 
containing phosphate-buffered saline (PBS, pH 
7.4) with volume more than 100 times greater 
than inner bag volume with constant stirring for 
1 h in 4 °C. For vesicle digestion, 2-propanol was 

added, and then the suspensions were sonicated 
in a bath sonicator for 10 min. The solutions were 
measured spectrophotometrically at 254 nm and 
dorzolamide concentration was determined.

The EE was calculated as follow:

EE (%) = (amount of dorzolamide 
encapsulated)/(total amount of dorzolamide)

In-vitro release profile
The in vitro release of dorzolamide HCl 

from niosomal formulation was determined by 
membrane diffusion method (24, 26). In brief, 
the presoaked dialysis bag containing 0.5 mL 
of the niosomal formulations was suspended 
in the beaker containing 20 mL of PBS (pH 
7.4) and stirred (200 rpm) at 37 ± 0.5 °C. At 
predetermined time points, desired amount of 
the sample was withdrawn from the beaker and 
analyzed by UV spectrophotometer.

Size and morphology characterization 
The morphology, size, and size distribution 

of niosomal vesicles were analyzed by field 
emission scanning electron microscopy (SEM, 
model S4160, Hitachi) and dynamic light 
scattering after appropriate dilution. 

Statistical Analysis
The results were analyzed by one-way 

analysis of variance (ANOVA) followed by 
Tukey’s pairwise test at 5% significance level. P 
values< 0.05 were considered significant.

Results and Discussion

Thin film hydration (passive) method
Thin film hydration is the most simple, 

repeatable, and extensively studied method to 
prepare multilayer vesicles (MLV). To optimize 
the niosomal formulations with regard to size, 
two formulations were prepared at the rotary 
evaporator rotational speed of either 60 rpm or 
150 rpm and the vesicular size was examined by 
dynamic light scattering (Figure 1). As shown 
in Figure 1 by increasing the rotational speed 
from 60 to 150 rpm, the average particle sizes 
decreased from 800 to 150 nm. Furthermore, 
different periods of hydration time (0.5, 1, 1.5, 
and 2 h) were investigated to improve EE. EE 
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remained unchanged regardless of hydration 
time (data not shown).

The influence of some important variables 
including lipid to drug ratio (L/D), cholesterol 
percentage, drug concentration in hydration 
medium, the number of freeze/thaw cycles, and 
TPGS content on EE (%) of dorzolamide HCl in 
niosomal formulation was investigated.

  
Effect of lipid to drug ratio (L/D)
To investigate the influence of lipid to drug 

ratio on EE (%), different L/D ratios (10, 20, 30, 
and 40) were examined. As shown in Table 1, 
dorzolamide entrapment efficiency increased 
from 1.8 ± 0.3 to 23.5 ± 0.5%, by increasing 
L/D from 10 to 30 (P ˂ 0.001), however, by 
increasing L/D from 30 to 40, EE did not 
significantly increase. Similar results were 
obtained by Dadashzadeh and her coworkers, 
reported an increase in the EE of hydrophilic and 

hydrophobic drugs with increasing total lipid 
concentration (27-30). Although increasing the 
total lipid level causes increase in the EE of drug 
molecules, in some cases, it leads to increase 
in system viscosity which is not desirable. 
Further increase of lipid/drug molar ratio was 
not investigated because the amount of lipid and 
surfactant that could be administered for a given 
drug dose is limited. High lipid and surfactant 
doses may raise concerns of toxicity, reduce 
the economic feasibility of pharmaceutical 
scale production, and worsen the physical 
characteristics of the dosage form.

Effect of Span to cholesterol ratio 
In order to find the role of cholesterol content 

on EE, various ratios of Span 60 to cholesterol 
were examined (Table 1, F3, F6, F7, and F8). 
When cholesterol molar ratio increased from 
10% to 40%, the EE (%) significantly increased 

Table 1. Influence of formulation variables on EE (%) of niosomes prepared by thin-film hydration method (n = 3, mean ± SD).

Formula L/D Span/cholesterol Drug Concentration (mg/mL) EE (%)

F1 10 70/30 0.5 1.8 ± 0.3

F2 20 70/30 0.5 5.6 ± 0.6

F3 30 70/30 0.5 23.5 ± 0.5

F5 40 70/30 0.5 24.5 ± 0.7

F6 30 80/20 0.5 18.1 ± 0.8

F7 30 60/40 0.5 27.5 ± 0.5

F8 30 50/50 0.5 24.3 ± 0.7

F9 30 60/40 1 20.2 ± 0.9

F10 30 60/40 2.5 7.7 ± 2.0

Figure 1. The effect of rotational speed on nanoparticles size, A) 150 rpm and B) 60 rpm.
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from 18.1 ± 0.8 to 27.5 ± 0.5 (P ˂  0.001). Similar 
results were obtained for encapsulation of 
anthracyclines into liposomes (31). Increase in 
the cholesterol content of the bilayer  resulted in 
increase of the bilayer rigidity, higher stability, 
and reduced permeability of the system (32), 
and hence increased drug retention into the 
niosomal vesicles. However, when amounts of 
cholesterol increased further from 40 to 50% 
molar ratio, the opposite result was observed 
(Table 1). This could be due to the fact that 
the cholesterol amounts in a certain level start 
distorting the bilayer structure leading to loss of 
entrapped drug (33). Therefore, at this step, 40% 
cholesterol was chosen as the optimum content.

Effect of drug concentration
We hypothesized that the saturation and the 

hydration media with drug can push the drug 
to be encapsulated within the vesicular system 
as previously reported by EL-Samaligy et al. 
(34) and Mokhtar et al. (35). To determine the 
influence of drug concentration on EE (%), 
various dorzolamide concentrations (0.5, 1, 2.5 
mg/mL) were studied (Table 1). It was observed 
that by increase in the drug concentration from 
0.5 to 2.5 mg/mL, the drug EE (%) decreased 
from 27.5 ± 0.5 to 7.7 ± 2.0% (P ˂ 0.001). 

Effect of freeze/thaw cycles
To study the effect of freeze/thaw cycles on 

EE (%), after niosomal vesicles formation by 
thin film hydration method, each dispersion (2 
mL) was frozen for 5 min at -196 °C in liquid 
nitrogen bath and then thawed for 5 min at 65 °C 
in a water bath, which caused the lipid bilayer 
to break upon cooling and reform upon heating. 

The cycle was repeated 1 to 4 times (Table 2).
This study was performed on the formulations 

containing 30% cholesterol, because the increase 
in cholesterol percentage could lead to increase 
in the rigidity of the bilayer and as a result led 
to disrupting the bilayer during freeze-thaw 
procedure. As shown in Table 2, the EE (%) of 
the niosomal formulation increased from 23.5 ± 
0.5 to 28.3 ± 1.5% during freeze-thaw process. 
In second freeze-thaw cycle, the EE (%) was not 
changed. But, after the third freeze-thaw cycle, the 
EE (%) was significantly decreased (P < 0.001). 
Zhao and Lu reported increase in the EE (%) of 
the encapsulated drug during freeze-thaw cycles 
(36). Similar result was reported by Buchanan et 
al suggesting that, during disruption and fusion 
occurred in freeze-thaw procedure, the EE (%) 
of the NF-κB decoy oligonucleotides increased 
(37). In this study marginal improvement in EE 
was observed.

Effect of TPGS content
Vitamin E TPGS is a surfactant that has been 

used as a drug solubilizer, emulsifier, absorption 
enhancer, and as a vehicle for drug-delivery 
(38). Using TPGS as a coating material on 
the liposomal vehicle was studied to enhance 
cellular uptake and target drug delivery. This 
surfactant, with high HLB value related to large 
head group, was suggested to be a good vehicle 
for encapsulation of hydrophilic drugs like 
dorzolamide HCl, and using TPGS as a part of 
niosomal vesicles was reported in this study for 
the first time.  

By incorporation of 10% TPGS content in 
niosomal formulations (F15), the EE (%) of 
dorzolamide non-significantly decreased from 

Table 2. Influence of freeze thaw cycles on EE (%) of niosomes prepared by thin-film hydration method (n = 3, mean ± SD).

Formula L/D Span/cholesterol Drug Concentration 
(mg/mL)

Number of freeze–thaw 
cycles EE (%)

F3 30 70/30 0.5 0 23.5 ± 0.5

F11 30 70/30 0.5 1 28.3 ± 1.5

F12 30 70/30 0.5 2 28.3 ± 0.8

F13 30 70/30 0.5 3 16.4 ± 0.6

F14 30 70/30 0.5 4 13.0 ± 0.7
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27.5 ± 0.5 to 26.5 ± 1.7%.

Phosphate gradient (remote) method
According to the previous section, the 

maximum EE (%) achieved by thin film 
hydration method was ~28%. Although thin-
film hydration is a simple, repeatable, and most 
studied technique, one of the disadvantages of 
this method is its relatively poor EE (5-15%) for 
hydrophilic drugs, like dorzolamide HCl. In other 
studies, brimonidine tartrate and acetazolamide 
as anti-glaucoma drugs were encapsulated in 
niosomal vesicle by thin film hydration method, 
and the maximum EE was reported to be 32.27% 
and 32.21%, respectively (39, 40).

Compared with passive loading, pH gradient 
method possesses the advantage of high EE and 
high drug loading rate (31). One of the commercial 
liposomal formulation that encapsulated by pH 
gradient was MyocetTM (liposomal doxorubicin) 
with EE above 95% (31).

Niosomal preparation by using remote 
loading (i.e. pH gradient method) may have 
higher EE than passive loading (i.e. thin film 
hydration method). As a similar result, urea gel 
was encapsulated in niosomes by using both 
thin film hydration and pH gradient methods, 

maximum EE(%) values were 13.4 ± 1.2% and 
52.9 ± 2.3%, respectively (41). The phosphate 
gradient method was first introduced by Fritze 
et al. for encapsulating doxorubicin HCl in 
liposomal vesicles and was reported to be more 
efficient than pH gradient method (23). In the 
present study, dorzolamide HCl was encapsulated 
in niosomal vesicles by using phosphate gradient 
method.

To optimize niosomal formulation prepared 
by phosphate gradient method, some important 
factors were evaluated including intravesicular 
phosphate concentration, interior and exterior 
pH values, L/D, Span 60 to cholesterol ratio, 
drug concentration, and TPGS (%) content.

Effect of intravesicular phosphate 
concentration 

For studying the effect of intravesicular 
phosphate concentration, di-ammonium 
hydrogen phosphate with different concentrations 
of 200, 250, and 300 mM (pH 6.5) was used as 
hydration medium (F16, F17, and F18, Table 
3).  We expected that as the molarity of di-
ammonium hydrogen phosphate increased, 
the EE (%) of dorzolamide HCl increased, but 
as shown in Table 3, in 250 and 300 mM, no 

Table 3. Influence of formulation variables on EE (%) of niosomes prepared by remote loading method (n = 3, mean ± SD).

Formula

di-Ammonium 
hydrogen 

phosphate's 
molarity(mM)

di-Ammonium 
hydrogen 

phosphate's pH

pH of 
Hepes-Saline L/D Span/

cholesterol

Drug 
concentration

(mg/mL)
EE (%)

F16 200 6.5 7.8 10 60/40 0.5 32.1 ± 1.3

F17 250 6.5 7.8 10 60/40 0.5 NF*

F18 300 6.5 7.8 10 60/40 0.5 NF*

F19 200 5.5 7.8 10 60/40 0.5 NF*

F20 200 6 7.8 10 60/40 0.5 NF*

F21 200 6.5 7.3 10 60/40 0.5 31.2 ± 1.0

F22 200 6.5 8.3 10 60/40 0.5 31.6 ± 1.6

F23 200 6.5 7.8 15 60/40 0.5 36.0  ± 0.6

F24 200 6.5 7.8 20 60/40 0.5 NF*

F25 200 6.5 7.8 15 50/50 0.5 39.6 ± 0.4

F26 200 6.5 7.8 15 60/40 2 47.7  ± 1.3

*Vesicles were not formed.
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vesicle was formed.

Effect of different interior pH values
To investigate the effect of the interior pH, 

200 mM di-ammonium hydrogen phosphate 
with different pH values (5.5, 6, and 6.5) was 
used as an interior buffer during hydration 
process (F16, F19, and F20, Table 3). We 
expected that by increasing the pH gradient, the 
EE (%) of dorzolamide HCl would improve, but 
as shown in Table 3 in pH values of 5.5 and 6, 
stable vesicle was not formed.

Effect of different exterior pH values
The effect of exterior pH values on the drug 

EE (%) was investigated by using HEPES buffer 
saline with different pH values as external buffer 
(F16, F21, and F22). But as data shown in Table 
3, changing external pH did not have significant 
effect on EE (%) (P ˃ 0.05). 

Effect of L/D
To investigate the effect of lipid to drug 

ratio on remote loading method, formulations 
with L/D = 10, 15, and 20 were prepared. By 
increasing lipid to drug ratio from 10 to 15, 
EE (%) increased from 32 to 36 (F16 vs. F23) 
(P = 0.029). In L/D = 20, stable vesicle was 
not formed. The effect of lipid to drug ratio 
on concentration of vesicles was discussed 
previously (Section 3.1.1) for passive loading 
and similar results were observed for remote 
loading. In remote loading with L/D of 15 which 
was half of the used L/D in passive loading, we 
achieved higher EE.

Effect of Span 60 to cholesterol ratio
Similar to passive loading, to investigate the 

effect of Span 60 to cholesterol ratio on achieved 
EE (%) in remote loading method, formulations 
with Span/cholesterol of 60/40 and 50/50 were 
prepared and characterized. When cholesterol 
molar ratio increased from 40% to 50%, the EE 
significantly improved from 36.0 ± 0.6% to 39.6 
± 0.4% as shown in Table 3.

 
Effect of drug concentration 
As shown in Table 3, by increasing drug 

concentration from 0.5 to 2 mg/mL, (F25 and 
F26), the EE (%) of dorzolamide increased 

from 36 to 48 (P ˂ 0.001). This was in contrary 
with the observed results in thin film hydration 
method (Section 3.1.3).

Effect of TPGS content
Similar to thin film hydration method 

incorporation of 10% TPGS to bilayer 
composition resulted in significant decrease in 
EE (P ˂ 0.001). As the TPGS content increased 
from 0 to 10%, EE (%) significantly decreased 
from 47.7 ± 1.4% to 19.8 ± 0.9%.

 In-vitro release 
Besides efficient loading, the drug release 

rate is also a critical factor for a drug delivery 
system. Controlling release of the drug from 
vesicles is really important, because prolonging 
drug retention on the eye surface could lead to 
increase drug bioavailability and therapeutic 
effect. The effect of TPGS content on drug 
release was studied. Moreover, in-vitro drug 
release from the niosomal formulation prepared 
by thin film hydration and phosphate gradient 
methods was examined. As shown in Figure 
2, by incorporating 10% TPGS in niosomal 
formulations, the rates of drug release decreased 
significantly. After 8 hour the amounts of drug 
release from formulation without TPGS was 
90.3 ± 7.6%, however incorporating 10% TPGS 
decreased amount of drug release to 74.7 ± 4.6%. 
It is assumed that the TPGS surfactant acts as a 
steric stabilizer at the niosomal bilayer.

Drug release from the formulation prepared 
by phosphate gradient method was slower than 
the one prepared by thin film hydration method 
(Figure 2). In niosomal formulation prepared 
by thin film hydration, after 1 hour 14.8 ± 
3.6% of drug released from formulation, while 
in phosphate gradient method, the amounts of 
released drug after 1 hour was 5.7 ± 6.4%. As 
data shown, after 8 hours the amounts of drug 
released from thin film hydration method and 
phosphate gradient method were 90.3 ± 7.6 
and 49.4 ± 5.4%, respectively. Two synergistic 
effects may play roles in loading of dorzolamide 
by means of the salt gradient, both of which 
could result in the fact that drug molecules pass 
the lipid membrane slower. On the one hand, 
loading is driven by protonation and charging 
of drug within the niosomes; on the other hand, 
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it is driven by precipitation of dorzolamide 
in the hydrophilic interior of the vesicle when 
the drug concentration exceeds its solubility. 
These explanations were also reported for drug 
entrapped liposomes prepared by remote loading 
methods (23, 31). 

Scanning electron microscope (SEM) 
characterization 

The surface morphology of the niosomes 
composed of Span 60 and cholesterol in 60: 
40 molar ratio prepared by transmembrane 
phosphate gradient method was shown in Figure 
3. The prepared nanoparticles were spherical in 
shape and uniform in size. Particle size ranged 
from 150 to 300 nm.

Conclusion 

In the present study, the effect of variable 
parameters on EE of dorzolamide HCl in 
passive loading (thin film hydration method) 
and remote loading (phosphate gradient method) 
was investigated for the first time. In thin film 
hydration method, L/D, cholesterol content, 
drug concentration, number of freeze/thaw 
cycles, and TPGS incorporation were studied. 
In phosphate gradient method, intravesicular 
phosphate concentration, interior and exterior 
pH values, L/D, total cholesterol amount, drug 
concentration, and TPGS (%) were analyzed. 
The results showed maximum dorzolamide 
encapsulated in niosomal formulation prepared 

Figure 2. Effect of TPGS content and niosomal preparation method on the in vitro release of dorzolamide from vesicles. F7: formulation 
prepared by passive loading method; F15: formulation containing 10% TPGS prepared by passive loading method; F23: formulation 
prepared by remote loading method.
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Figure 3. Scanning electron microscopy (SEM) micrograph of niosomes composed of Span 60 and cholesterol in 60: 40 molar ratio 
prepared by transmembrane phosphate gradient.
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by thin film hydration and phosphate gradient 
methods were 28.3 ± 1.5% and 47.7 ± 1.3%, 
respectively.

References

Bae HW, Lee KH, Lee N, Hong S, Seong GJ and 
Kim CY. Visual fields and OCT role in diagnosis of 
glaucoma. Optom. Vis. Sci. (2014) 91: 1312-9.
Donegan RK and Lieberman RL. Discovery of 
molecular therapeutics for glaucoma: Challenges, 
successes, and promising directions. J. Med. Chem. 
(2016) 59: 788-809.
Francis BA, Singh K, Lin SC, Hodapp E, Jampel 
HD, Samples JR and Smith SD. Novel glaucoma 
procedures: a report by the American Academy of 
Ophthalmology. Ophthalmology (2011) 118: 1466-80.
Toris CB. Pharmacotherapies for glaucoma. Curr. Mol. 
Med. (2010) 10: 824-40.
Gaudana R, Jwala J, Boddu SH and Mitra AK. Recent 
perspectives in ocular drug delivery. Pharm. Res. 
(2009) 26: 1197-216.
Lavik E, Kuehn MH and Kwon YH. Novel drug 
delivery systems for glaucoma. Eye (Lond). (2011) 25: 
578-86.
Knight OJ and Lawrence SD. Sustained drug delivery 
in glaucoma. Curr. Opin. Ophthalmol. (2014) 25: 112-
7.
Hathout RM, Mansour S, Mortada ND and Guinedi 
AS. Liposomes as an ocular delivery system for 
acetazolamide: in vitro and in vivo studies. AAPS 
PharmSciTech. (2007) 8: 1.
Kouchak M, Bahmandar R, Bavarsad N and Farrahi F. 
Ocular dorzolamide nanoliposomes for prolonged IOP 
reduction: in-vitro and in-vivo evaluation in rabbits. 
Iran. J. Pharm. Res. (2016) 15: 205-12.
Aggarwal D, Pal D, Mitra AK and Kaur IP. Study of 
the extent of ocular absorption of acetazolamide from 
a developed niosomal formulation, by microdialysis 
sampling of aqueous humor. Int. J. Pharm. (2007) 338: 
21-6.
Warsi MH, Anwar M, Garg V, Jain GK, Talegaonkar S, 
Ahmad FJ and Khar RK. Dorzolamide-loaded PLGA/
vitamin E TPGS nanoparticles for glaucoma therapy: 
Pharmacoscintigraphy study and evaluation of 
extended ocular hypotensive effect in rabbits. Colloids 
Surf. B Biointerfaces (2014) 122: 423-31.
Zeng W, Li Q, Wan T, Liu C, Pan W, Wu Z, Zhang G, 
Pan J, Qin M, Lin Y, Wu C and Xu Y. Hyaluronic acid-
coated niosomes facilitate tacrolimus ocular delivery: 
Mucoadhesion, precorneal retention, aqueous humor 
pharmacokinetics, and transcorneal permeability. 
Colloids Surf. B Biointerfaces (2016) 141: 28-35.
Abdelkader H, Ismail S, Hussein A, Wu Z, Al-Kassas 
R and Alany RG. Conjunctival and corneal tolerability 
assessment of ocular naltrexone niosomes and their 
ingredients on the henʹs egg chorioallantoic membrane 
and excised bovine cornea models. Int. J. Pharm. 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(2012) 432: 1-10.
ElMeshad AN and Mohsen AM. Enhanced corneal 
permeation and antimycotic activity of itraconazole 
against Candida albicans via a novel nanosystem 
vesicle. Drug Deliv. (2015) 1-9.
Abdelkader H, Alani AW and Alany RG. Recent 
advances in non-ionic surfactant vesicles (niosomes): 
self-assembly, fabrication, characterization, drug 
delivery applications and limitations. Drug Deliv. 
(2014) 21: 87-100.
Honda M, Asai T, Oku N, Araki Y, Tanaka M and 
Ebihara N. Liposomes and nanotechnology in 
drug development: focus on ocular targets. Int. J. 
Nanomedicine (2013) 8: 495-503.
Marianecci C, Di Marzio L, Rinaldi F, Celia C, Paolino 
D, Alhaique F, Esposito S and Carafa M. Niosomes 
from 80s to present: the state of the art. Adv. Colloid 
Interface Sci. (2014) 205: 187-206.
Rajera R, Nagpal K, Singh SK and Mishra DN. 
Niosomes: a controlled and novel drug delivery 
system. Biol. Pharm. Bull. (2011) 34: 945-53.
Shukr MH. Novel in situ gelling ocular inserts for 
voriconazole-loaded niosomes: design, in vitro 
characterisation and in vivo evaluation of the ocular 
irritation and drug pharmacokinetics. J. Microencapsul. 
(2016) 33: 71-9.
Gaafar PM, Abdallah OY, Farid RM and Abdelkader 
H. Preparation, characterization and evaluation of 
novel elastic nano-sized niosomes (ethoniosomes) 
for ocular delivery of prednisolone. J. Liposome Res. 
(2014) 24: 204-15.
Loftsson T, Jansook P and Stefansson E. Topical drug 
delivery to the eye: dorzolamide. Acta Ophthalmol. 
(2012) 90: 603-8.
Ponticello GS, Sugrue MF, Plazonnet B and Durand-
Cavagna G. Dorzolamide, a 40-year wait. From an 
oral to a topical carbonic anhydrase inhibitor for the 
treatment of glaucoma. Pharm. Biotechnol. (1998) 11: 
555-74.
Fritze A, Hens F, Kimpfler A, Schubert R and Peschka-
Suss R. Remote loading of doxorubicin into liposomes 
driven by a transmembrane phosphate gradient. 
Biochim. Biophys Acta. (2006) 1758: 1633-40.
Arzani G, Haeri A, Daeihamed M, Bakhtiari-
Kaboutaraki H and Dadashzadeh S. Niosomal carriers 
enhance oral bioavailability of carvedilol: effects of 
bile salt-enriched vesicles and carrier surface charge. 
Int. J. Nanomedicine. (2015) 10: 4797-813.
Baillie AJ, Florence AT, Hume LR, Muirhead GT 
and Rogerson A. The preparation and properties of 
niosomes--non-ionic surfactant vesicles. J. Pharm. 
Pharmacol. (1985) 37: 863-8.
Sohrabi S, Haeri A, Mahboubi A, Mortazavi A and 
Dadashzadeh S. Chitosan gel-embedded moxifloxacin 
niosomes: An efficient antimicrobial hybrid system for 
burn infection. Int. J. Biol. Macromol. (2016) 85: 625-
33.
Bajelan E, Haeri A, Vali AM, Ostad SN and 
Dadashzadeh S. Co-delivery of doxorubicin and PSC 

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)



 Hashemi Dehaghi M et al. / IJPR (2017), 16 (2): 413-422

422

833 (Valspodar) by stealth nanoliposomes for efficient 
overcoming of multidrug resistance. J. Pharm. Pharm. 
Sci. (2012) 15: 568-82.
Haeri A, Alinaghian B, Daeihamed M and 
Dadashzadeh S. Preparation and characterization of 
stable nanoliposomal formulation of fluoxetine as a 
potential adjuvant therapy for drug-resistant tumors. 
Iran. J. Pharm. Res. (2014) 13: 3-14.
Haeri A, Sadeghian S, Rabbani S, Anvari MS, 
Boroumand MA and Dadashzadeh S. Use of remote 
film loading methodology to entrap sirolimus into 
liposomes: preparation, characterization and in vivo 
efficacy for treatment of restenosis. Int. J. Pharm. 
(2011) 414: 16-27.
Haeri A, Sadeghian S, Rabbani S, Anvari MS, Erfan 
M and Dadashzadeh S. PEGylated estradiol benzoate 
liposomes as a potential local vascular delivery system 
for treatment of restenosis. J. Microencapsul. (2012) 
29: 83-94.
Lewrick F and Suss R. Remote loading of 
anthracyclines into liposomes. Methods Mol. Biol. 
(2010) 605: 139-45.
Grit M and Crommelin DJ. Chemical stability of 
liposomes: implications for their physical stability. 
Chem. Phys. Lipids. (1993) 64: 3-18.
Hui SW and He NB. Molecular organization in 
cholesterol-lecithin bilayers by X-ray and electron 
diffraction measurements. Biochemistry (1983) 22: 
1159-64.
El-Samaligy MS, Afifi NN and Mahmoud EA. 
Evaluation of hybrid liposomes-encapsulated silymarin 
regarding physical stability and in vivo performance. 

(28)

(29)

(30)

(31)

(32)

(33)

(34)

Int. J. Pharm. (2006) 319: 121-9.
Mokhtar M, Sammour OA, Hammad MA and 
Megrab NA. Effect of some formulation parameters 
on flurbiprofen encapsulation and release rates of 
niosomes prepared from proniosomes. Int. J. Pharm. 
(2008) 361: 104-11.
Zhao YZ and Lu CT. Increasing the entrapment of 
protein-loaded liposomes with a modified freeze-thaw 
technique: a preliminary experimental study. Drug 
Dev. Ind. Pharm. (2009) 35: 165-71.
Buchanan KD, Huang SL, Kim H, McPherson DD and 
MacDonald RC. Encapsulation of NF-kappaB decoy 
oligonucleotides within echogenic liposomes and 
ultrasound-triggered release. J. Control Release (2010) 
141: 193-8.
Guo Y, Luo J, Tan S, Otieno BO and Zhang Z. The 
applications of Vitamin E TPGS in drug delivery. Eur. 
J. Pharm. Sci. (2013) 49: 175-86.
Maiti S, Paul S, Mondol R, Ray S and Sa B. 
Nanovesicular formulation of brimonidine tartrate 
for the management of glaucoma: in vitro and in vivo 
evaluation. AAPS PharmSciTech. (2011) 12: 755-63.
Guinedi AS, Mortada ND, Mansour S and Hathout 
RM. Preparation and evaluation of reverse-phase 
evaporation and multilamellar niosomes as ophthalmic 
carriers of acetazolamide. Int. J. Pharm. (2005) 306: 
71-82.
Lakshmi P and Bhaskaran S. Phase II study of topical 
niosomal urea gel-an adjuvant in the treatment of 
psoriasis. Int. J. Pharm. Sci. Rev. Res. (2011) 7: 1-7.

(35)

(36)

(37)

(38)

(39)

(40)

(41)

This article is available online at http://www.ijpr.ir


