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Abstract
Background: Cataract is considered the leading cause of 
visual impairment. Recently, Rosmarinic Acid (RA) shows 
potential benefits for pharmacologic treatment of cataract. 
Unfortunately, due to its low permeation to the lens, liposomes 
have been used to overcome of its solubility and improve 
efficiency.

Methods: In the current study, different formulations of 
liposome incorporating Sodium Deoxy Cholate (SDC) were 
prepared by ethanol-injection method. Liposomes were 
characterized by Dynamic Light Scattering (DLS), Scanning 
Electron Microscopy (SEM), UV-visible spectroscopy, 
encapsulation efficiency, in vitro drug release, and release 
kinetics. Finally, stability of liposomes was performed.

Results and discussion: RA liposome showed variable Nano 
metric size distribution from 136 nm to 44 nm and 
demonstrates spherical morphology. The highest loading 
efficiency of liposomal RA was 52% and illustrated 73%
release its payload after 9 hours. Liposomes show good 
stability at 5, and 25°C following 6 months.

Conclusion: The results illustrated that RA liposome would be 
a great tool to enhance the penetration of hydrophobic agent 
through the cornea and improve therapeutic outcomes. In vivo 
experiments should be confirmed our current in vitro results.

Keywords: Rosmarinic acid; Sodium deoxycholate; Liposome; 
Cataract

Introduction
The opacification of the lens, called cataracts, is responsible for 

degrading visual acuity as a consequence of scattering the light as it 
passes through the lens. The ocular lens plays a pivotal part in 
focusing the light on to the retina, and its clarity is essential for visual 
acuity. In 2020, the prevalence of cataracts had been 15.2 million

cases among over 50 years globally. It has been estimated by the year 
2050; approximately 50 million people in the United States will suffer 
from cataracts. According to statistics, cataracts will increase with 
passing years. Cataracts are considered the underlying cause of 
blindness globally. When the average age of the earth's population is 
on the rise, cataract-induced blindness and visual dysfunction will 
increase dramatically [1]. Currently, the only viable treatment for 
cataracts is surgery, including removing the opaque lens and replacing 
it with an artificial one which has a huge impact on improving the 
patient's quality of life. Undoubtedly, cataracts have far-reaching 
repercussions for countries in terms of social and economic burdens, 
for example, the increasing rate of automobile accidents due to 
reduced visual acuity [2]. Nonetheless, surgery is not a choice in 
developing countries due to the lack of facilities, ophthalmologists, 
and funds [3]. It should be noted that posterior capsular opacification 
is a common complication of cataracts, and sometimes, a second 
intervention is necessary [4].

A study conducted by Chemerovski-Glikman, et al. suggested that 
Rosmarinic acid can restore the transparency of the lens due to its 
amyloid destabilization effect and remolding lentic protein aggregate. 
They have developed an ex vivo assay for screening anti-cataract 
medications. They found that Rosmarinic acid completely restores the 
clarity of the human cataractous lens in ex vivo and delays cataract 
formation in selenite-induced cataracts in the newborn rat model [5]. 
Previous studies have reported that Rosmarinic acid also able to bind to 
oligomers of Aβ and alpha-synuclein by interfering with protein 
aggregates in neurodegenerative disease [6]. Tsai and colleagues 
carried out a study to assess the protective effect of Rosmarinic acid on 
selenite-induced cataracts in Sprague-Dawley rat pups. They 
administered RA intraperitoneally to different groups of animals. They 
measured antioxidant parameters (NQO1, SOD, HO-1, and Nrf2), the 
GSH levels, and antioxidant enzymes activities (GSH-Rd, catalase, and 
GSH-Px) and observed that they were downregulated. Moreover, they 
illustrated that injection of RA could reduce the severity of the opaque 
lens and decrease the oxidative damage in the lens [7]. Rosmarinic 
Acid (RA) is composed of caffeic acid and 3,4-dihydroxyphenylacetic 
acid esterification is derived from Lamiaceae family. It is isolated from 
Rosmary (Rosmarinus officinalis) and other plants. It is widely used as 
radical scavenger that acts as antioxidant to prevent formation of lipid 
peroxidase [8]. The antioxidant activity of RA depends on 
polyphenolic groups that are free radical scavengers. Kuo and 
colleagues investigate the antioxidant and anti-apoptotic activity of RA 
by decreasing the level of ROS and Malondial-Dehydrate (MDA) as 
well. They illustrated that the potential
glioprotective effect of RA on H2O2 induced oxidative stress in 
astrocytes [9]. The role of oxidant activity in the onset of cataract has 
been published in the literature. Furthermore, antioxidants serve 
potential treatment for cataract treatment [10].

Liposomal formulation was used significantly for the ophthalmic 
drug delivery. They mainly composed of phosphatidylcholine and 
other component such as sodium deoxycholate to make them unique 
for their usage. Liposomes can reduce the total amount of drug 
required. They are considered biodegradable and more compatible to 
the body [11]. Sodium deoxycholate has been widely used as a 
penetration enhancer for many delivery routes and protects drug from 
degradation [12] Dai, et al. show that liposomes containing Sodium 
deoxycholate improve the transport of tacrolimus through the cornea 
by 3-4 fold [13]. Shen and Tu prepared liposomes containing sodium
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deoxycholate by reverse phase evaporation model. They illustrated 
that delivery of ganciclovir to the transcorneal was 3-9 fold as 
compared to free ganciclovir [14].

On account of above consideration, first, we prepared RA liposome 
incorporating sodium deoxycholate by ethanol injection method which 
possesses safety, simplicity, and repeatability. Then, formulations were 
characterized in terms of particle size, zeta potential, PDI, 
encapsulation efficiency. In vitro release study was evaluated by 
dialysis bag and UV-visible spectroscopy.

Materials and Methods
Rosmarinic Acid (RA), Soy Phosphatidyl Choline (SPC), and 

Sodium deoxy Cholate (SDC) were purchased from Sigma Aldrich 
(St. Louis, Missouri, USA). All other chemicals used were of 
analytical grade.

Preparation of formulations
The composition of different liposome formulations are displayed 

in table 1. RA liposomes were prepared by ethanol-injection method. 
Briefly, 100 µg/ml of soy phosphatidylcholine, 2.5 µg/ml of 
Rosmarinic acid and sodium deoxycholate were dissolved in 1 ml 
absolute ethanol at 80°C, and then ethanolic solutions were rapidly 
injected into 20 ml of distilled water under heating to 80°C, resulting 
the formation of multivesicular vesicle dispersion. The solutions were 
stirred for 20 minutes at 80°C to evaporate ethanol from the solutions 
[15]. Afterwards, 20 ml of the prepared liposome were sonicated by a 
probe Sonicator (Heidolph, Germany) for obtaining optimized time 
and amplitude using a 19 mm needle probe titanium tip as shown in 
figure 1. Centrifugation for 15 min at the speed of 15,000 rpm (MPW, 
MED INSTRUMENTS-150R, and Germany) was applied for 
liposome purification. Finally, liposomes were filtered with a 0.22 µm 
membrane filter.

Figure 1: Schematic illustration of the preparation of Nano
liposomes loaded with RA.

Sonication method
Sonication procedure was conducted in order to obtain acceptable

size distribution, since particles smaller than 200 nm are preferred for
ocular applications. Suspension containing 2.5:1 (w/v) SPC: SDC was
subjected to 5, 10, 15, 20 min of sonication treatment with different
amplitudes (15, 25% of full power). Formulations were kept in an ice
bath to prevent from heating during sonication [16].

Characterization of formulations
Particle size, Zeta potential, and Poly Dispersity Index (PDI).

The liposomal dispersion was homogenized by vortexing and 
diluted 1:10 (v/v) with freshly filtrated (0.2 µm) distilled water before 
size measurement. Each sample was analyzed in triplicate. The 
Malvern Zetasizer Nano Series gave information about the average 
size based on intensity, volume, and the number of liposomes, Poly 
Dispersity Index (PDI), and zeta potential [17].

Encapsulation efficiency
The amount of Rosmarinic acid loaded into liposome formulation 

was measured utilizing a UV-visible spectrophotometer. First, for 
plotting the calibration curve, different concentration of Rosmarinic 
acid ethanolic solutions (1, 2, 5, 8, 10, 12, 14 µg/ml) were prepared 
[18]. To determine the encapsulation efficiency of the liposomal 
formulations, prepared lipid vesicles were separated from the 
(unseparated) drug by centrifugation at 14,000 rpm for 15 min; in 
these conditions, the liposomes remained suspended, and the free drug 
precipitated [19]. Small aliquots of liposomes (50 µl) were diluted in 
950 µl methanol, were subjected to sonication until liposomes 
disruption, and quantified spectrophotometrically at 327 nm, which 
corresponded to the maximum absorbance of RA. Hence, 
encapsulation efficiency was measured using following equation:

Morphological characterization of liposomes using Scanning
Electron Microscopy (SEM)

For the morphological observation, 1 ml of the sample was placed
in the sample holder and dried in a desiccator in order to dry. Then the
sample was coated with a 5 nm gold layer using a rotary pumped
coater, and the morphology was observed by a mira 3 te scan [20].

Release rate of rosmarinic acid from liposome
The release test was evaluated by the release of Rosmarinic acid

from encapsulated liposome. In brief, 2 ml of liposomal solution was
loaded into a dialysis bag (MW, 12000), then two ends were clipped
and placed in 400 ml of fresh PBS medium (pH 7.4) at 60 rpm under
sink conditions. At specific periods, 2 ml of the samples were
withdrawn and 2 ml of fresh PBS buffer was immediately replaced.
The released RA amounts were analyzed by UV/vis
spectrophotometer at 327 nm. Drug concentration was calculated
using a standard calibration curve (R²=0.9987) and expressed as a
cumulative percent of drug release. The release study was performed
in triplicate [21].

Kinetic release study: The release mechanism of Rosmarinic acid
from the liposomes was interpreted by four classic models including
zero-order (Eq 1), first-order (Eq 2), Higuchi (Eq 3), Korsmeyer-
Peppas (Eq 4), and Hixon-Crowell (Eq 5) models [22]:

Zero order model-Mt/M ∞=Kt………(eq 1)

First-order model-Log Mt/M ∞=Kt………(eq 2)

Higuchi model-Mt/M ∞=Kt1/2………(eq 3)

Korsmeyer-Peppas-Mt/M ∞=Ktn………(eq 4)
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Hixon-Crowell model-(Mt/M ∞) 1/3=Kt………(eq 5)

Where Mt is the cumulative amount of released drug at time t, Mt /
M∞ is the fraction of drug released, and k is the constants for each 
models.

Stability: Storage stability was investigated under two different 
conditions (4°C and 25°C ± 60% relative humidity). Different 
parameters such as particle size, zeta potential, and poly dispersity 
index in residual RA were measured at regular intervals. The initial 
amount of RA in the formulations was 100% [23].

Statistical analysis

  Statistical analysis of the data was conducted using Microsoft®
Excel 2016. Data were reported as mean ± Standard Deviation (SD).

Results

Sonication treatment

Firstly, for achieving suitable particle size probe sonication was 
applied to formulations. Results illustrated that sonication procedures 
were capable to decrease particle size. The data as shown in table 1. 
Particle size was reduced by increasing both sonication time and 
amplitude. The particle size of Nano liposomes reached 108, 100.7, 
79.1, and 70.9 nm after a 5, 10, 15, and 20 min-treatment and 25% 
amplitude treatment respectively. It is suggested that high-power 
sonication results in mechanical vibration and generate powerful waves,

inducing smaller particle. However, increasing time may result in the 
degradation of particles, so 5 min sonication treatment and 25%
amplitude was selected for further studies.

The mean particle size showed minor variation with respect to the 
liposome component. Among formulations, F9, showed the lowest 
particle size which correlated to the lack of SDC in the formulation?
The highest particle size was obtained in the case of F2.

All formulations except F2 were decreased with decreasing content 
of SDC. The PDI values obtained in this work ranged from 0.247 to 
0.089. The highest PDI value was 0.247, corresponding to the F2 
formulation, whereas the smallest PDI value was obtained from the F4 
formulation. The PDI values of F5 and F6 were more or less the same.

The zeta potential varied between F1 and F9 formulations. The zeta 
potential of the study was constantly negative except for f9 
formulation. For F1 and F2 formulations, the zeta potential is bigger 
than -30 mv. Encapsulation efficiencies of RA in different formulations 
are presented in Table 1. As illustrated, efficiencies varied between 
51.81 ± 0.59% and 11.87 ± 0.56%. The highest encapsulation 
efficiencies for RA related to F2 and there was statistically significant 
difference between F1 and F2 (p<0.05). As demonstrated, the 
encapsulation efficiencies of liposomes decreased with decreasing 
content of sodium deoxycholate from 35 to 0 µg/ml. whereas, with 
increasing amount of SDC from 35 to 40 µg/ml leads to decreasing 
encapsulation efficiencies. The lowest encapsulation efficiencies 
corresponded to F9 (Table 2).

Amplitude (%) Sonication time (min) Vesicle size (nm) PDI Zeta Potential

0 0 768.2 ± 12.4 0.245 ± 0.032  -47.1 ± 1.4

15 5 212.1 ± 0.4 0.323 ± 0.30 -45.2 ± 0.5

10 1934 ± 1.7 0.214 ± 0.019 -45.3 ± 0.4

15 186.1 ± 1.5 0.288 ± 0.008 -52.1 ± 0.7

20 138.3 ± 0.8 0.331 ± 0.002 -48.2 ± 0.6

25 5 108 ± 3 0.129 ± 0.012 -36.07 ± 0.45

10 100.7 ± 2.4 0.142 ± 0.020 -41.5 ± 1.0

15 79.1 ± 1.7 0.230 ± 0.042 -39.2 ± 1.9

20 70.9 ± 1.6 0.215 ± 0.019 -42.4 ± 0.1

10 100.7 ± 2.4 0.142 ± 0.020 -41.5 ± 1.0

15 79.1 ± 1.7 0.230 ± 0.042 -39.2 ± 1.9

20 70.9 ± 1.6 0.215 ± 0.019 -42.4 ± 0.1

Formulations
code

RA SPC

(µg/ml)

SDC Mean particle
size (nm)

PDI Zeta Potential
(mv)

Encapsulation
Efficiency (%)

(µg/ml) (µg/ml)

F1 25 100 40 108 ± 3 0.129 ± 0.012 -36.07 ± 0.45 32.5 ± 1.01

F2 25 100 35 136 ± 3 0.247 ± 0.022 -32.83 ± 0.71 51.81 ± 0.59

F3 25 100 30 128 ± 1 0.231 ± 0.01 -28.8 ± 0.36 42.27 ± 0.15
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   Table 1: Vesicle size (nm), PDI, and Zeta-Potential (mv) of Nano liposomes prepared by sonication treatment Particles size, Zeta potential, 
and PDI.



F4 25 100 20 97 ± 1 0.089 ± 0.009 -24.63 ± 0.61 38.86 ± 0.29

F5 25 100 16 76 ± 2 0.152 ± 0.022 -22.43 ± 1.2 31.02 ± 0.66

F6 25 100 12 63 ± 2 0.159 ± 0.024 -21.17 ± 0.59 21.11 ± 0.27

F7 25 100 8 56 ± 1 0.123 ± 0.013 -17.6 ± 0.77 17.34 ± 0.59

F8 25 100 4 54 ± 1 0.11 ± 0.03 -11.2 ± 1.1 12.11 ± 0.34

F9 25 100 0 44 ± 1 0.21 ± 0.008 1.2 ± 0.63 11.87 ± 0.56

SEM image
The shape of the optimized RA-loaded Nano liposomes was 

evaluated using SEM. It should be noted that the SEM images were 
taken by F2 formulations, which showed optimal characteristics based 
on particle size, zeta potential, encapsulation efficiencies (Figure 2).

Figure 2: SEM imaging of liposomes

In vitro release of RA liposome
The release study is presented in figure 3. The data showed that 

cumulative release percentage of free Rosmarinic acid and Rosmarinic

acid liposome remarkably differed. Approximately all amount of free
Rosmarinic acid was released after 6 h, while the Rosmarinic acid
liposome displayed a sustain release, which nearly 73% of contents
was release at the same time.

Figure 3: In vitro cumulative release of RA from RA solution and 
optimal liposomes formulations. All values represent mean ± SD 
(n=3). Note: (       ) RA solution, (         ) RA liposome.

Kinetic release study
The in vitro drug release profile was applied in different 

mathematical models and was interpreted in the form of graphical 
presentation and evaluated by the correlation coefficient (R2) 
represented in (Table 3). Korsmeyer-Peppas best fitted model.

Model Equation R2

Zero-order y=6.2198x + 29.06 R2=0.687

First-order y=-0.0556x + 1.8429 R2=0.8396

Higuchi y=0.9607x - 10.759 R2=0.8575

Krosmeyer-Peppas y=0.0243x + 0.2438 R2=0.8902

Hixson-Crowell y=0.5025x + 1.1173 R2=0.5985

Table 3: Kinetic analysis of liposome RA
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Stability

Particle size was measured following 6 months of storage at 4, and 25°
C to study stability. No significant changes in the particle size of 
lyophilized liposomes were seen after reconstitution. Initially, the 
average particle size was 136 nm. Following 6 months the average 
particle size was 143 and 150 nm at 4 and 25°C, respectively (Table 4).

Discussion

Nano liposomes have several advantages including, increase drug 
concentration in ocular tissues, increasing corneal permeation, and 
controlling drug release [24]. The main aim of the current study was to 
investigation of novel RA Nano liposomes prepared by ethanol 
injection method which possess suitable physicochemical 
characteristics. Because of low water solubility of RA and poor 
bioavailability, encapsulation of RA into liposomes can enhance 
bioavailability and increasing stability of phenolic compounds. 
Liposomes were prepared by ethanol injection method because of 
safety, rapidity, and reproducibility. Different liposomal formulations 
(F1-F9) were prepared and characterized such as particle size, zeta 
potential, PDI, and encapsulation efficiencies. Furthermore, surface 
morphology was characterized by SEM. It is a well-established fact 
that particles smaller than 200 nm, showed higher penetration to the 
eye (about 50-fold) compared than micron-sized particles [25]. 
Furthermore, particle size affect encapsulation efficiencies and drug 
release [26]. In this study all formulations showed smaller than 200 
nm particle size. However, Formulation F3 was considered to be 
optimum, which is prepared by a 35 µ g/ml SDC. It showed an 
average particle size of 136 ± 3 nm and higher encapsulation 
efficiencies (51.81 ± 0.59). The most interesting result in this study 
was found when the concentration of SDC increased from 35 to 40 µ g/
ml. In this state, the particle size decreased from 136 ± 3 to 108 ± 3
nm. This phenomenon is in agreement with previous reporting that
increasing the content of SDC resulted in smaller vesicles [27]. This
could be explained based on the fact that micelles start to form instead
of vesicles with an increase in SDC concentrations. The size of the
Nano liposomes prepared by our method was smaller than similar

work that who have worked on the liposomal formulation of RA using 
the lipid film hydration method 18.

Poly Dispersity Index (PDI) is utilized to evaluate size distribution 
of formulations, which affects directly to stability. An acceptable 
range of PDI is 0.3 or less, meaning that 66.7% of all nanoparticles 
have same distributions [28]. In this study, the amount of SDC 
incorporation had no obvious impact on the mean PDI of the vesicles. 
However, all PDI formulations were in the acceptable range.

An important parameter used in this study was zeta potential which 
measures the overall charge of vesicles in a medium and showing the 
stability of Nano liposomes. Generally, formulations less than -30 mV 
and greater than 30 mV is the stable, which demonstrate a good 
stability and prevent aggregation. In this work, all formulation showed 
negative zeta potential except F9 formulation. The relatively positive 
zeta potential of F9 was not amazing in that liposome due to lack of 
SDC. The reason for negative charge is related to the presence of SDC 
in the formulation and also with increasing amount of SDC, the 
negative charge was increased. It is uncertain that whether the 
carboxylic acid of RA is contributed to zeta potential or not, so it can 
be assumed that the net charge of vesicle surface is depend on SDC 
because of neutral charge of SPC. It should be noted that, increasing 
electrostatic repulsion between the particles led to decreased particles 
aggregation, which displays a longer shelf-life and more stability.

The encapsulation efficiencies of RA in liposomes prepared by 
ethanol injection was relatively varied and ranged from 12 to 52%. In 
general, encapsulation efficiency was observed to be linked to the 
particle size. In this study, the behavior of the encapsulation 
efficiencies was nearly similar to particle size and amount of SDC. For 
instance, when particle size decreased as a result of declining amount 
of SDC, encapsulation efficiencies decreased too. This could be 
explained by the fact that, the gradual rise in entrapment efficiency 
might also result from enhanced viscosity of the micellar system, 
supporting the stability of the internal aqueous phase and limiting the 
interaction with outer aqueous media.

Similar to particle size, the result of this study confirmed that 
increase in surfactant concentration directly correlate to encapsulation 
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Conditions Time (Months) Average Size (nm) Polydispersity Index Zeta Potential (mV)

4°C ± 0.5°C/60 % ±  5 % RH1 Initial 136 ± 3 0.247 ± 0.022 -32.83 ± 0.71

1 141.6 ± 3.2 0.234 ± 0.001 -33.41 ± 1.65

3 139.2 ± 6.7 0.331 ± 0.089 -34.7 ± 2.41

6 143 ± 2.6 0.341 ± 0.002 -36.42 ± 1.32

25°C ± 2°C/60 % ± 5%  RH1 

Conditions

Initial 136.81 ± 2.54 0.276 ± 0.056 -33.12 ± 0.71

1 140.5 ± 1.2 0.221 ± 0.005 -32.54 ± 1.21

3 143.2 ± 1.3 0.229 ± 0.003 -33.79 ± 0.31

6 150 ± 1.6 0.267 ± 0.002 -31.52 ± 1.7

Time (Months) Average Size (nm) Polydispersity Index Zeta Potential (mV)

Note: Relative Humidity (RH1)

Table 4: Storage stability of RA liposome under different conditions (4°C and 25°C).



efficiency, may be due to the increased solubility of the drug. But, 
higher SDC concentration (above a 35 µ g/ml) reduced the 
encapsulation efficiencies. This phenomenon could be related to drug 
leakage which affected by micelles formation above certain 
concentration and shown in the particle size. Similarly, Arafat et.al. 
Developed a Nano sized liposomes containing Sodium Deoxy-
Cholate. They announced that drug encapsulation is correlated to 
particle size [27].

The SEM micrograph gives important information regarding 
spherical shape of the Nano liposomes and also revealed the presence 
of nanoparticles with particle sizes smaller than 200 nm.

Taking into account that liposomes prepared the 35 µg/ml are at an 
optimum concentration. Therefore, this formulation was used in the 
next step to evaluate the release study and also for stability 
evaluations.

In order to develop an efficient delivery system with desired release 
characteristics, it is crucial to calculate the rate of drug release. 
Because, in vitro release conditions (37°C and pH often predict the in 
vivo performance of formulations. The results indicate that slow 
release of liposomes RA was mainly owing to its hydrophobic nature 
of RA which loaded in the bilayer of liposome. The rapid release of 
free RA may be contributed to lack of bilayer structure which cause 
delay in the release of RA.

The release kinetics seems to that Korsmeyer-Peppas best fitted 
experiment in the basis of correlation coefficient (R²=0.8902). It can 
be concluding that RA released from vesicles according to diffusion 
and erosion controlled release. Therefore, at the initial time, liposomes 
might expand to some degree and allow the RA diffuse through the 
interface to the medium.

Stability studies for six months were performed to evaluate the 
ability of the prepared formulations to protect its physicochemical 
properties. The optimized formulation (F2) was stored at 4, and 25°C. 
High physical stability of the formulations was seen during these 
periods. It is important to mention that liposomes remained 
unchanged, neither flocculation nor sedimentation. The result 
demonstrates that liposome RA were stable at 4, and 25°C for 3 
months. However, biological assessment for the efficacy of current 
formulation should be evaluated.

Conclusion
Rosmarinic acid as a potential anti-cataract agent was loaded into 

liposomes, and its physicochemical characteristics were evaluated. 
The morphology of the obtaining formulation was spherical. The 
encapsulation efficiency of RA was ~52%, and its release behavior 
displayed a delayed release compared to free RA (73% compared to 
100% in 9 hours). Finally, physical stability revealed that formulation 
was stable after 6 months. Consequently, this delivery system can be 
effective for delivery of RA to the anterior segment of the eye.
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