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INTRODUCTION 
Dry eye, which is either the reduction of tear 
production or the excessive evaporation of the tear 
causes damage to the surface of the eye. Dry eye has 
 

 
 
 a wide range of symptoms including mostly foreign 
body sensation, burning, redness, and pain (1-9). Dry  
eye is a very common eye disease, and it affects  

ABSTRACT 
Dry eye is both a common symptom and a disease. It is known that the ophthalmic emulsion of the 
immunomodulator cyclosporine-A (Cyc-A) has a positive effect on this condition but its’ absorption to 
intraocular tissues is limited. Nanosuspension is a drug formulation that aims to increase the bioavailability. 
The aim of this study was to develop a Cyc-A nanosuspension formulation for a better intraocular 
absorption via ocular delivery and to investigate the effectiveness of the formulation by comparing it with 
two marketed ophthalmic emulsions (Restasis® and Depores®). Two types of Cyc-A loaded Eudragit S100 
nanosuspension (A and B) were prepared. Drug formulations were applied to both eyes of 20 male Albino 
New Zealand rabbits with an interval of 12 hours for 14 days. In vitro drug release was tested using a 
dialysis sac and quantitative analysis was performed by HPLC for evaluating Cyc-A amounts in all 
formulations. Although all four formulations had similar particle size and polydispersity indexes, 
nanosuspension B which had a positive zeta potential value, had released more Cyc-A than other 
formulations. It was showed that Cyc-A loaded nanosuspension formulations which had good ocular 
tolerability could be a better alternative to commercial formulations for the treatment of dry eye. The 
nanosuspensions have ideal mean particle size range with a positive surface charge for ophthalmic 
applications of Cyc-A. 
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about 4.3 million people over the age of 50 In the 
United States with a prevalence of 7% in females and 
4% in males (3,5,10-13). 
Although the pathophysiology of dry eye syndrome 
(DES) is not fully understood; even today, it has only 
known that this syndrome is a part of the 
immunologically mediated inflammation affecting the 
lacrimal gland and ocular surface (14). It is estimated 
that the ophthalmic emulsion of Cyclosporine A (Cyc-
A), as an immunomodulatory agent, inhibits the 
synthesis and release of proinflammatory cytokines 
like TNF-α and IL-6. This inhibition positively affects 
the underlying inflammatory pathology which causes 
DES (12,14-16). 
 
 
 
 
 
 
 
 
The effect and the distribution of ophthalmic 
microemulsion forms of Cyc-A in ocular tissues have 
been investigated in various animal studies. Cyc-A 
accumulates the extraocular tissues more than 
intraocular tissues, especially in the cornea. 
However, the cornea acts as a barrier and it limits 
Cyc-A absorption. This limitation causes to the slow 
release of Cyc-A to the corneal epithelium and other 
tissues (17). 
Nanosuspension is a pharmaceutical dosage form 
which is prepared by spreading drug particles in 
submicron sizes in the formulation. The aim of 
nanosuspension preparation is to increase the 
solubility of the drug by reducing the particle size and 
increasing the surface area of the drug particles in 
order to achieve higher drug absorption at the 
targeted tissues. Nanosuspension is not only improve 
the drug solubility, but also changes the 
pharmacokinetics of the drug. It also increases drug 
safety and efficacy. Among the benefits of the 
nanosuspension form, the increased absorption of 
water-insoluble drugs, achieving the desired dose 
concentration at the targeted tissue and having high 
physical/chemical stability can be considered (18-20). 
Although Cyc-A has being used for a long time, there 
are still several studies which focus on increasing the 
concentration of the drug in the eye. In this regard, 
determination of intraocular absorption of Cyc-A is 

extremely important in terms of efficacy of DES 
treatment.  
The aim of this study was to develop new Cyc-A 
nanosuspension formulations for a better intraocular 
absorption via ocular delivery and to investigate the 
intraocular absorption of the formulations by 
comparing them with two marketed ophthalmic micro 
emulsions (Depores™ and Restasis™ which are 
accepted to be bioequivalent). 
 
METHODS 
Materials 
Cyc-A (≥98.5% TLC), acetonitrile (HPLC grade), and 
methanol (HPLC grade) were purchased from Sigma- 
 
 
 
 
 
 
 
 
Aldrich. Depores 0.05% microemulsion (Deva 
Holding Inc.) and Restasis 0.05% microemulsion 
(Allergan) were purchased commercially. Eudragit 
RS 100 was purchased from Röhm Pharma, GmbH, 
Darmstadt, Germany. All other chemicals were of 
analytical grade and commercially available. 
 
HPLC analysis 
Instruments and chromatographic conditions 
A high-performance liquid chromatography (HPLC) 
system (Shimadzu, Kyoto, Japan), which was 
equipped with LC-20AD pump, SIL-20AC 
autosampler, Chromolith column (C-18, 150 × 4.6 
mm, 5 μm), and SPD-M20A UV detector was used for 
the determination of absorbed Cyc-A concentration 
was used. The column temperature was 50oC. The 
wavelength was set to 205 nm. The mobile phase 
was a mixture of 200 ml %0,1 trifluoroacetic acid 
(TFA) containing water and 800 ml acetonitrile. The 
flow rate was 1.0 mL/min. The method was found to 
be linear (r2 = 0.998), reproducible, and sensitive 
(LOD=0,001microgram/ml, LOQ=0.01microgram/ml). 
 
Standard solutions 
Stock solutions of Cyc-A were prepared in methanol. 
Series of standard standards were prepared in water. 
 
 
 

Table 1. Concentration of Cyc-A in Depores, Restasis and Nanosuspension formulations. 

Formulations Depores Restasis Nanosuspension A Nanosuspension  
B 

Cyc-A (mg/ml) 0,50±0,2 0,51±0,2 0,52±0,3 0,54±0,2 
              All values represented as mean values (n=3, ± Standard deviation (SD)0029) 
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Sample preparation 
250 microliters (μl) sample of aqueous humor was 
added to 1 ml of acetonitrile. After mixing 30 seconds, 
the mixture was centrifuged for 5 min at 10.000 rpm. 
Then 1 ml of supernatant was taken and samples 
were dried under nitrogen stream. Then it was 
recovered with 200 μl of a mixture of 65 % 
acetonitrile, 15 % H2O, and 20 % ethanol. Finally, 10 
μl of samples were injected into the HPLC. 
 
 
 
 
 
 
 
 
Preparation and the characterization of Cyc-A 
nanosuspension formulations 
 
Preparation of nanosuspension A: Cyc-A 
nanosuspension which contained Eudragit RS 100 
was prepared by using a quasi-emulsion solvent 
evaporation technique (21). The drug (15 mg) and 
polymer (240 mg) were dissolved at room 
temperature in ethanol (2.85 ml). The solution was 
slowly injected with a syringe at 0.5 ml/min into 30 ml 
water containing Tween 80 (0.02%, w/v) and 
benzalkonium chloride (BAK) (0.1%, w/v) and it kept 
at a low temperature in an iced-water bath. During the 
injection, the mixture was vigorously stirred by an 
Ultra-Turrax disperser at 25.000 rpm. The solution 
immediately turned into a pseudo-emulsion of the 
drug and polymer in the aqueous phase. The counter-
diffusion of ethanol and water in the emulsion turned 
into micro and nano-droplets respectively. The 
gradual evaporation of the organic solvent causes in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

situ precipitation of the polymer and Cyc-A with the 
formation of matrix-type nanoparticles (21,22). Then, 
the mixture was left under vacuum at 4oC for 24 
hours. Finally, the mixture was filtered through a 0.2 
micrometer membrane. 
 
Preparation of nanosuspension B: The same 
preparation technique that was used nanosuspension  
 
 
 
 
 
 
 
 
 
A was also used without adding BAK for the  
preparation of nanosuspension B. 
 
Cyc-A contents of nanosuspension formulations 
HPLC analysis was performed in order to measure 
Cyc-A concentrations in Restasis, Depores, 
nanosuspension A, and nanosuspension B. 
 
Analysis of particle size and zeta potentials of 
nanosuspensions 
The mean particle size and zeta potential of the 
prepared nanosuspensions were measured by using 
Litesizer 500 (Anton Paar, Austria). Samples were 
subjected to the particle size analyses before the 
experiments and they were diluted 10-20 times with 
particle-free (filtered) distilled water. 
The encapsulation efficiency (EE) of nanosuspension 
was indirectly measured. Nanosuspension was  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Characterization of Depores, Restasis, and Nanosuspension B formulation. 
 

Formulations Particle Size (nm) Polydispersity Index Zeta Potential (mV) 
Depores 384,3 31,3 % -26,3 
Restasis 203,4 25,1 % -36,6 
Nanosuspension B 365,8 37,6 % 27,5 

 
 
 
 
 

 
Figure 1. In vitro Cyc-A release profile of Depores, Restasis, and Nanosuspension B formulation as ng/ml (Error bars represent SEM, n=3). 
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centrifuged for 20 minutes at 10.000 rpm, then the 
supernatant was collected and analyzed by HPLC. 
The amount of encapsulated drug % (EE%) was 
obtained by dividing the total Cyc-A in the solution to 
the total Cyc-A in the supernatant. 
 
In vitro Cyc-A release studies 
In vitro Cyc-A release was determined by using a 
dynamic dialysis bag diffusion technique The dialysis 
sac (molecular weight cut-off 12.000 Da, Sigma) was 
filled with 0.5 mL of nanosuspension and it was 
immersed into 200 mL of saline at 37oC. The solution 
was stirred with a magnet at 25 rpm. 1 mL aliquots 
were withdrawn and replenished with the fresh 
solution at predetermined time intervals. Finally, Cyc-
A amounts were determined by using HPLC.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In vivo animal study 
Male Albino New Zealand rabbits (n=20) were 
included into the in vivo study which was approved by 
Gazi University Local Ethics Committee for Animal 
Experiments (G.U.ET-17.012) The whole study was 
conducted in accordance with the Basic & Clinical 
Pharmacology & Toxicology policy for experimental 
and clinical studies (23). 
All rabbits (2-3 kg) were housed in an air-conditioned 
room (22 ± 2oC and 55 ± 5% relative humidity, and 
with a light/dark cycle of 12:12). They were allowed to 
access standard food and tap water ad libitum. The 
rabbits were randomly divided into four groups (n=5) 
(Group 1: Depores, Group 2: Restasis, Group 3: 
Nanosuspension A, and Group 4: Nanosuspension 

B). A drop of drug formulation was applied to both 
eyes of rabbits with an interval of 12 hours for 14  
days. At the end of 14 days, anesthesia was provided 
with Atropine (0.1 mg/kg, SC), Xylazine (5 mg/kg, IM), 
and Ketamine (50 mg / kg, IM). Aqueous humor 
aspiration was performed from both chambers of the 
rabbits in a sterile condition. Then, Cyc-A 
concentrations were measured by using HPLC. The 
dose in the eye drop was determined by HPLC and 
the effective Cyc-A amount in the eye was calculated 
by diving the actual drug amount in the eye chamber 
with the dose in the applied formulation. 
 
Ocular irritation test 
Two male Albino New Zealand rabbit were used for 
ocular irritation test. This test was performed by using  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
only nanosuspension B as eye irritations such as 
swelling, discharge, and redness of the conjunctiva 
were observed during initial nanosuspension 
application. Nanosuspension B formulation was 
applied to the animals and their eyes were checked 
for two weeks with regard to ocular irritation. A drop 
of the drug was applied on both eyes of the rabbits 
with an interval of 12 hours for 14 days. Two rabbits 
were used as a control group. 
 
Statistics 
Drug release profiles were compared by using F1 and 
F2. F1 (Difference factor) and F2 (Similarity factor) 
were calculated for each formulation. F=0-15 and 

Table 3. Cyc-A concentrations for Depores, Restasis, and Nanosuspension formulations after in vivo tissue (eye) 
penetration tests.  
 

Formulations Depores Restasis 
Nanosuspension A Nanosuspension B 

Cyc-A concentration in 
formulations (mg/ml) 

0.50±0.2 0.51±0.2 0.52±0.3 0.54±0.2 

Cyc-A concentration in 
aqueous humor (mg/ml) 

0,12±0.6 0.1±0.4 0.02±0.01 0.16±0.06 

Released  
Cyc-A% at 300 minutes 
(mg) 

25±0.4 19,5±0.6 4±0.04 30.4±2.3 

All values represented as mean values (n=3, ± Standard deviation (SD)) 
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F2=50-100 values were accepted to be similar. F1 (1) 
and F2 (2) values were calculated as follows: 
 

𝒇𝟏 =
∑ [𝑹𝒕%𝑻𝒕]𝒏
𝒕#𝟏
∑ 𝑹𝒕𝒏
𝒕#𝟏

∗ 𝟏𝟎𝟎           (1) 

	
𝒇𝟐 = 𝟓𝟎 ∗ 𝟏𝟎𝟎

*𝟏+𝟏𝒏∑ (𝑹𝒕%𝑻𝒕)𝟐𝒏
𝒕#𝟏

           (2) 

 
All data were also compared with Kruskal Wallis and 
Mann-Whitney U post-hoc test. (p< 0.05). 
 
RESULTS 
Comparison of cyclosporine-A (Cyc-A) 
formulations 
We prepared two different nanosuspension 
formulations of Cyc-A as nanosuspension A and 
nanosuspension B. Result of HPLC analysis showed 
that nanosuspension B contained much more amount 
of Cyc-A comparing Depores, Restasis, and 
nanosuspension A (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Particle size analysis, zeta potentials and EE % 
Although all formulations had similar particle size and 
polydispersity index, nanosuspension B had a 
positive zeta potential values comparing with 
Depores and Restasis. The EE% value was found to 
be higher than 95% for nanosuspension B. Lower 
values were obtained when BAK was present in the 

formulations. All values were reports as mean values 
of 12 measurements. SD values were less than 0.1 
for all (Table 2). 
 
Drug release profiles 
Cyc-A is a hydrophobic substance and its water 
solubility is quite low. We decided to perform drug 
release studies in saline solution at 37o in order to find 
potential formulation effect as we did not able to 
differentiate any formulation when we used an 
alcoholic dissolution medium. Although it was found 
that Restasis had higher in vitro Cyc-A release profile 
comparing other formulations, Nanosuspension B 
had a better percentage of in vitro Cyc-A release 
profile (Figure 1 and 2).   
All F1 and F2 values were found to be out of the range 
(0-15 and >50) except F2 values for Depores and 
Restasis (F2= 91.414). These results indicated that in 
vitro Cyc-A release profile of nanosuspension B 
formulation was higher than Depores and Restasis as 
nanosuspension B dissolved rather rapidly 
comparing other formulations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Animal studies 
In vivo tissue (eye) penetration tests showed that 
Nanosuspension B had the highest Cyc-A 
concentration in aqueous humor comparing other 
formulations (Table 3) Also, it was found that 
Nanosuspension B had the best Cyc-A release profile 
(Figure 3 and 4).  

 
Figure 2. Percentage of in vitro Cyc-A release profiles for Depores, Restasis, and Nanosuspension B formulation (Error bars represent 
SEM, n=3). 

 

111 



J Basic Clin Health Sci 2021; 3: 107- 116    Duran T et al Ophthalmic Administration of Cyc-A Nanosuspension 
 

 

There was no adverse effect found after application 
of Depores and Restasis. However, eye irritations 
were observed during initial experiments using 
Nanosuspension A application so ocular irritation test 
was performed just by using Nanosuspension B. 
Nanosuspension B formulation was applied to the 
rabbits and their eyes were checked for two weeks. A 
drop of Nanosuspension B was applied to both eyes 
of rabbits for 12 hours for 14 days. There were no 
swelling, discharge, and redness of the conjunctiva 
observed during the experiment and also at the end 
of 14 days (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
The global market for artificial tears is projected to 
reach US$2.0 billion by 2024, driven by the rising 
incidence of DES which is over the years has become 
one of the major public health concerns. DES is rising 
in public with the increase in the use of digital screens 
such as tablets, cell phones, computer screens, etc. 
which causes prolonged exposure to the blue light. 
Also, an increase in refractive and cataract surgeries, 
global climate changes, and the prolonged lifetime in 
humankind rise the incidence of DES. 
Cyc-A is an alternative treatment to artificial tears as 
it is an immunomodulatory agent that can cure DES 
or at least lower the daily usage of artificial tears. 
Ophthalmologists have used Cyc-A not only in 
keratoconjunctivitis sicca caused by the Sjögren 
syndrome but also in mild to severe DES cases. Cyc-

A is generally administered one to two drops a day to 
the eyes for a period of six months.  Cyc-A has also 
other labeled indications such as vernal 
keratoconjunctivitis and atopic keratoconjunctivitis in 
which Cyc-A doses should be higher. The vernal 
keratoconjunctivitis is a severe and chronic disease 
which can damage the corneal tissue and cause the 
loss of vision. Atopic keratoconjunctivitis is a rare but 
potentially serious condition that will also damage the 
corneal tissue and cause the loss of vision.  
There are some other indications in which Cyc-A is 
used as off label for preventing patients from graft  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
versus host disease (GVHD) after corneal 
transplantation, for the treatment of corneal haze 
which is a complication of the laser refractive surgery, 
for the treatment of acute conjunctivitis in Stevens-
Johnson Syndrome, and finally for the treatment of 
Adenoviral keratoconjunctivitis.   
GVHD is still one of the major complications of 
corneal transplantation surgery. To prevent GVHD, 
long term topical steroids are prescribed to the 
patients. Not proven yet but some clinicians also add 
Cyc-A to the therapy for the additive 
immunomodulatory effect.  Photorefractive 
keratectomy and its variants are refractive surgery 
technics, in which laser beams are applied to the 
anterior stroma just below the bowman layer and in 
some cases, corneal haze can be seen for three 
months after the surgery. Corneal haze is believed to 

 
Figure 3. Comparison of Cyc-A concentrations in aqueous humor (red) and formulations (blue) including Depores, Restasis, 
Nanosuspension A, and B (Error bars represent mean±SEM, n=5). 
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be caused by multipotent stem cells which are 
activated in the stroma by the laser beams or by the 
migration of the ones from the blood circulation to the 
stromal tissue. The corneal haze is a challenging 
complication of refractive surgery. For the treatment, 
prolonged use of topical steroids and artificial tears 
and high dose of Vitamin-C are preferred. Some 
ophthalmologists add Cyc-A to the treatment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stevens-Johnson Syndrome is a self-limiting disease 
so that controlling the acute phase is very important. 
Topical steroids and Cyc-A micro emulsion can 
control acute conjunctivitis. Adenoviral 
keratoconjunctivitis is also a challenging disease for 
the ophthalmologists as the virus is very potent and 
sad but there is no treatment available. However, the 
use of topical steroids is controversial and the 
treatment depends on the immunity of the patients. 
Some ophthalmologists use Cyc-A with topical 
steroids for the treatment of the subepithelial 
opacities in stage 2 adenoviral keratoconjunctivitis 
and anterior stromal opacities in stage 3 adenoviral 
keratoconjunctivitis but delivering Cyc-A to the target 
tissues is always a problem for the eye because of 
the corneal and conjunctival epithelial barriers which 
prevent Cyc-A to pass through the underlying tissue 
compartments. 
In our study, two different nanosuspension 
formulations of Cyc-A were prepared as 
nanosuspension A and B. It was observed that 
Nanosuspension A application which was prepared 

with BAK caused lower Cyc-A concentration in 
aqueous humor comparing Nanosuspension B. It was 
evaluated that BAK which was used for reducing the 
surface tension of the formulation might trigger 
decrease in nasolacrimal drainage. BAK as a surface-
active agent has also antiseptic effect but it was 
observed that nanosuspension A application caused 
eye irritation in our study. Although there were studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 which used same amount of surface-active agent in 
the literature, our study was the one which observed 
eye irritation. It was concluded that eye irritation was 
the negative effect of the surface-active agent based 
nanosuspensions which were prepared without 
nonsteroidal anti-inflammatory ingredients which 
could reduce the inflammation (24).  
Therefore, we prepared nanosuspension B without 
using BAK. We performed ocular irritation test for 14 
days by using 2 rabbits. We observed the potential 
presence of eye symptoms including swelling, 
discharge, and redness of the conjunctiva for 14 days 
but none of the subjects exhibited any irritation after 
nanosuspension B applications.  
The characterization of formulations such as the 
particle size, polydispersity index, EE, and zeta 
potential is also an important feature that regulates 
the saturation solubility, dissolution rate, physical 
stability, and the biological performance. Particle 
sizes of formulations were found to be similar in the 
study. The polydispersity index is a measure of the 
distribution of molecular mass in a given polymer 

 
Figure 4. The in vivo test results of Cyc-A release for Depores, Restasis, Nanosuspension A, and B (Error bars represent 
mean±SEM, n=5). 
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sample (25). The polydispersity index of a 
nanosuspension should be as low as possible for 
long-term stability (26). All formulations that we used 
in the study had similar polydispersity indexes 
ranging from 25 to 37%, therefore, it was concluded 
that all of them were comparable. It was also 
concluded that particle distribution and polydispersity 
indexes of all formulations in these ranges were not 
have any negative effect.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It was noticed that nanosuspension B had a positive 
value of 27,5 mV. This finding is critical as it is well 
known that biological membranes including eye 
tissue membranes have a negative surface potential. 
Membrane potential (also known as transmembrane 
potential or membrane voltage) is the difference in 
electric potential between the interior and the exterior 
of a biological cell. With respect to the exterior of the 
cell, typical values of membrane potential are ranging 
from –40 mV to –80 mV (25). Therefore, a particle 
having a positive surface potential is more likely to 
interact with tissue cell membranes and it may find a 
better opportunity to stay at the surface and to release 
the drug for a longer period. It can be also penetrating 
through the cell membranes with higher amounts 
(27). This might be the exact reason why we obtained 
a better value with nanosuspension B. 
Although lower values were obtained when BAK was 
present in the formulations including Depores, 
Restasis, and nanosuspension A, the encapsulation 
efficiency of nanosuspension B was found to be 
higher than 95%. It was concluded that preparation of 
a formulation without a surface active agent like BAK 
resulted in significant enclosure of Cyc-A into the 
nanoparticles.    
Finally, there were no adverse effects observed after 
the application of Depores, Restasis, and 

nanosuspension B like studies which performed  
intravenous administration of Cyc-A 
nanosuspensions to dogs and rabbits (28,29). 
In this study, two types of Cyc-A containing 
nanosuspensions were prepared by the quasi-
emulsion solvent evaporation technique, which is an 
easy, inexpensive, and readily scalable method to 
prepare nanoparticles. Then, we investigated the 
potential of Cyc-A loaded Eudragit S100 based 
nanosuspension formulations for ocular delivery of 
Cyc-A by comparing them two marketed ophthalmic 
emulsion including Depores and Restasis. 
In vitro Cyc-A release profile tests showed that Cyc-
A loaded Eudragit S100 based nanosuspension 
formulation without BAK had higher Cyc-A release in 
mean of percentage comparing two marketed 
ophthalmic Cyc-A emulsions which had similar 
particle size and polydispersity index. However, 
nanosuspension B had a positive zeta potential which 
could be the reason of higher Cyc-A release. 
Nanosuspension B was also found as the highest 
Cyc-A concentration in aqueous humor with a good 
ocular tolerability profile.    
The nanosuspensions have ideal mean particle size 
range for ophthalmic applications with a positive 
surface charge. Besides, they enable corneal 
adhesion and they have good stability upon storage. 
Therefore, it is concluded that Cyc-A loaded Eudragit 
S100 based nanosuspension which contains Cyc-A is 
an ideal candidate for the treatment of the dry eye. 
 
CONCLUSION 
In this study, two type of Cyc-A containing 
nanosuspensions were prepared by the quasi-
emulsion solvent evaporation technique which is an 
easy, inexpensive, and readily scalable method to 
prepare nanoparticles. Then, we investigated the 
potential of Cyc-A loaded Eudragit S100 based 
nanosuspension formulations for ocular delivery of 
Cyc-A by comparing them two marketed ophthalmic 
emulsion including Depores and Restasis. 
In vitro Cyc-A release profile tests showed that Cyc-
A loaded Eudragit S100 based nanosuspension 
formulation without BAK had higher Cyc-A release in 
mean of percentage comparing two marketed 
ophthalmic Cyc-A emulsions which had similar 
particle size and polydispersity index. However, 
nanosuspension B had a positive zeta potential which 
could be the reason of higher Cyc-A release. 
Nanosuspension B was also found as the highest 

 
Figure 5. The physical appearance of the rabbit eye after 14 days  
of Nanosuspension B application. 
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Cyc-A concentration in aqueous humor with a good 
ocular tolerability profile.    
The nanosuspensions have ideal mean particle size 
range for ophthalmic applications with a positive 
surface charge. Besides, they enable corneal 
adhesion and they have good stability upon storage. 
Therefore, it is concluded that Cyc-A loaded Eudragit 
S100 based nanosuspension which contains Cyc-A is 
an ideal candidate for the treatment of the dry eye. 
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