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Introduction

Ophthalmic diseases, especially conditions of retina, resulting in both structural and function-
posterior segment of eye encompass a range of al deficiencies in the eye."* The case of optic dis-
conditions affecting the vitreous, choroid and orders escalate rapidly owing to diabetes melli-
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tus, an aging demographic and various lifestyle
factors.>® These conditions profoundly affect
patients’ visual experiences and standard of life,
become a major public health concern.’

The cure typically employed as remedy for dor-
sal regions of the optic predominantly consists of
Lumitin therapies, in addition to glucocorticoids
and antioxidants.’ Further, periocular and intra-
ocular injections are the alternative strategies,
can more accurately focus on the impacted area
and provide extended drug efficacy.!* Howev-
er, these techniques are associated with certain
disadvantages, including discomfort, non-inva-
siveness as well as the potential for infection and
haemorrhage. The most prevalent method for
addressing ocular conditions is through the top-
ical administration.!* !* Nevertheless, these med-
ications frequently face challenges in effectively
penetrating the deeper tissue layers at the site of
the lesion due to the ocular physiological and an-
atomical barriers.'* 15

Ultraflexible nanovesicular system, a form of
flexible liposomal system, showcases an innova-
tive strategy for administering medicament in
posterior region of ocular diseases, specifically
for conditions that struggle with inadequate ab-
sorption through the ocular physiological and
anatomical hurdles.'** By enhancing drug pene-
tration and prolonging its retention at the target
location, nano-transfersomes can enhance treat-
ment effectiveness and minimise the necessity
for invasive techniques such as intravitreal injec-
tions.?0-22 Additionally, retinoic acid is a derivative
of a class of lipid-soluble compounds that exhibit
improved permeability across the ocular barri-
er.? It traverses various barriers within the eye,
including the blood-retina barrier (BRB), by em-
ploying specific transporters and mechanisms.?*
This examination focuses on forming and assess-
ing the localised nano-transfersome drug carrier
made of retinoic acid, designed for treating pos-
terior region ocular ailments.

Methods

Retinoic acid was attained as gift sample from
pharmaceutical company and soya phosphati-
dyl choline (PC) was bought from Himedia Lab-
oratory, Mumbai. Ethanol, chloroform from CDH
Chemical Pvt Ltd. New Delhi. Dialysis membrane
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of Mol. Wt. cutoff 1200 was bought from Himedia
Laboratory, Mumbai. Double distilled water was
processed newly and used whenever required.
Rest of the various reagents and compound di-
rected were of analytical grade.

Preparation of retinoic acid loaded
nano-transfersomes

The appropriate quantity of soya PC, retinoic acid
and surfactant (span 20) were taken in flask, af-
ter that ethanol was added with manual shaking.
The formation of thin film took place by using a
rotary evaporator for 15 minutes at 25 °C, with a
pressure of 600 mm Hg at a spin rate of 100 rpm.
Subsequently, the liquid was separated in the
presence of nitrogen gas.?® The film was set in a
desiccator for a minimum of 12 h to discard re-
maining solvent, later film was hydrated with the
prepared 10 ml of simulated tear fluid (STF) pH
7.4, through simple oscillation for 30 min. Follow-
ing this, the mixture was stirred for an additional
30 min. using an orbital shaker. The nano-trans-
ferosomes were then examined under a micro-
scope. The nano-transferosomal suspension con-
taining retinoic acid was stored in a refrigerator
at 4 °C until characterisation.

Refining of nano-transfersomes

The refining of the transferosomal composition
carrying retinoic acid was done by adjusting dis-
tinct composition and method parameters, such
as the lipid to surfactant ratio, ethanol volume,
retinoic acid quantity and stirring duration. A
range of formulations (F1-F14) was developed
utilising these parameters and refined upon the
average vesicle diameter and percentage entrap-
ment capacity.’®

In vitro examination of retinoic acid
loaded nano-transfersomes

Vesicle size, size distribution and surface charge

The vesicles diameter, arrangement and its exte-
rior charge were estimated using the Photon Cor-
relation Spectroscopy (PCS) technique (Malvern
Zeta master, ZEM 5002, Malvern, UK). The Zeta
potential of the Nano-transfersomes was deter-
mined based on the Helmholtz-Smoluchowsky
equation, interpreted from their electrophoretic
mobility. To evaluate the vesicle diameter, distri-
bution and Zeta potential, various formulations
of retinoic acid-filled nano-transfersomes were
diluted with a 0.9 % NaCl solution. The hydrated
formulation was then placed into a cataphoretic
cuvette for Zeta potential measurement.?’
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Percentage entrapment capacity (% EC)

To find out the entrapment capacity, a 10 mL
suspension of retinoic acid-loaded nano-trans-
fersomes by centrifuging at 15,000 rpm for one
hour, facilitating the parting of the deceived drug
from the unentrapped portion as a result clear
phase discard from the unentrapped drug, the
settled material containing the entrapped drug
was lysed by methanol and thereafter analysed
through UV spectrophotometer (Labindia 3000+)
at a wavelength (A_ ) of 282 nm and percent of
retinoic acid within the formulation was calculat-
ed by below equation:?®

Therotical drug content - Practical drug content
Therotical drug content

% EC = x 100

The total amount of retinoic acid, represented
as practical drug content, was derived from the
quantity present in both the supernatant and
sediment.

In vitro drug release study

The best nano-transfersome composition (F12)
was selected for study, performed by dialysis dif-
fusion technique with a dissolution test appara-
tus. The dissolution medium employed was arti-
ficial tears fluid (ATF) with a pH of 7.4 in which
cellulose acetate membrane molecular weight
cut-off of 12,000-14,000 was utilised for the di-
alysis process, ensuring the drug’s permeation
while retaining the nano-transfersomal vesicles.
Prior to use, the membrane was immersed in ATF
for 12 h. A volume of 4 mL of the nano-transfer-
somal dispersion was introduced into a glass
cylinder measuring 8 cm in length and 1 cm in
diameter, with the dialysis membrane secured at
the opening of the cylinder using a thread. Each
glass cylinder was linked with the shaft of the
dissolution tester (USP Dissolution Tester, Labin-
dia DS 8000) and submerged into a 50 mL beaker
containing 10 mL of ATF as the dissolution medi-
um, ensuring it did not reach the base of the bea-
ker. The beakers were subsequently placed in the
dissolution tester liner, which contained approx-
imately 100 mL of water to maintain a tempera-
ture of 37 £ 0.5 °C. The glass cylinders were set to
rotate at a consistent speed of 20 rpm. At speci-
fied time intervals (0, 1, 2, 3,4, 5,6, 7,8, 9, 10, 11
and 24 h); 1 mL of the dissolution medium was
extracted. The samples were replaced with fresh
dissolution medium to maintain constant volume.
Drug concentrations in samples were analysed
using spectrophotometrically at wavelength of
drug 282 nm. The release experiments were car-
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ried out in triplicates and the mean + SD were re-
corded. During each sampling interval, samples
are withdrawn and replaced by equal volumes of
fresh receptor fluid on each sampling.?’

Various kinetics approaches were employed to
find the results, elucidating the extricate process.
The zero-order rate kinetics featuring where the
medication extricates frequency is free of its
concentration. Conversely, the first-order kinetic
pertains to systems where the medication extri-
cate frequency is subject on concentration. Higu-
chi articulated that medication extricate from an
insoluble matrix follows a time-dependent meth-
od described by the square root of time, based
on Fickian diffusion. Additionally, Korsmeyer et
al established a straight forward mathematical
relationship that describes medication extricate
from a polymeric system.*°

Surface morphology by transmission
electron microscope (TEM)

The most effectively optimised formulation (F12)
of an ultraflexible nanovesicular system contain-
ing retinoic acid was diluted to a ratio of 100:1,
applied to a copper 300-mesh grid for duration of
15 minutes and subsequently fixed using glutar-
aldehyde for 3 minutes. After washing, the sam-
ples were stained with a lead citrate solution for
3 minutes. Imaging was conducted using a JEOL
JEM F-200 electron microscope from Japan at a
magnification of 100,000 times.3!

Measurement of viscosity and pH

The flow characteristics of the retinoic acid-load-
ed ultraflexible nanovesicular formulations were
assessed using a Brookfield viscometer (Brook-
field Engineering Laboratories, Stoughton, MA,
United States, with software) and a small sam-
ple adapter (spindal and chamber SC4-18/13R)
between the percentage torque values of 10 to
100.%2 Using a pH indicator (Eutech waterproof
pHTestr® 10), the pH range of the retinoic acid
contained in different ultraflexible nanovesicular
composition was measured directly in samples at
room temperature (37 °C = 2 °C).33

Stability studies

Drug-loaded nano-transfersomes F12 formula-
tion was subjected to a stability investigation for
three weeks at two distinct temperatures: room
temperature (25-28 °C * 2 °C) and refrigeration
temperature (4.0 °C + 0.2 °C). To inhibit any in-
teraction between the composition and the con-
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tainer’s glass, the formulation that was the topic
of the stability investigation was kept in a boro-
silicate container. The following equation and the
UV Visible Spectrophotometer (Shimadzu 1900
Japan) were used to analyse the formulations for
drug concentration (% DC) and further for any
physical changes and vesicular size using (Mal-
vern Zetamaster, ZEM 5002, Malvern, UK) weekly
up to 3 weeks. Formulation was examined three
times and the average value was calculated as the
outcome.?*

% DC = Concentration x Dilution factor x Volume of formulation
Total amount of drug added

Ocular irritation/tolerance test
(Hahner-Embryonen-Test: HET)

The HET, referred to as the hen’s egg test on cho-
rioallantoic membrane (HET-CAM), serves as an
appropriate alternative to animal testing (Draise
test). In this method sample is implemented on
the CAM, where responses such as haemorrhage,
intravascular coagulation, or ruptured blood ves-
sels are evaluated microscopically over a speci-
fied time limit.>® Above sensitisation happened
after the mucosal administration of the sample,
applied directly to the CAM of a hen’s egg. In or-
der to conduct the test, fertilised eggs from Gal-
lus domesticus, aged 10 days, were incubated for
duration of 24 hours at a temperature of 37.5 °C
and a relative humidity of 55 %. Further, the egg-
shell and the inner membrane of chicken eggs
were removed in advance, allowing the CAM that
separates the embryo from the air chamber to be
visible. Two groups were utilised to ascertain the
irritation score (IS). Each group comprised of 3
chicken eggs. One group assigned for the positive
controls (internal standard) and another group
was assigned as treated group. A solution of 0.1
N NaOH in distilled water, recognised for its irri-
tative characteristics, was utilised as a reference
point (positive controls) for assessing the poten-
tial for irritation. An equivalent of 0.05 % reti-
noic acid containing ultraflexible nanovesicular
formulation (F12) was administered to the CAM.
Following a 5-minute exposure, the membrane
was washed with 5 mL of isotonic NaCl solution
and the intensity of each reaction (n = 3) was doc-
umented. The duration in seconds for the onset of
haemorrhage (h), lysis (I), or coagulation (c) was
recorded and expressed as ocular irritation index
(OlIs). The ocular irritation index [OII] was deter-
mined?® using the following formula:

o < BOTNX5 | @O1-H)x7  (301-h)x9
300 300 300
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The subsequent classification has been estab-
lished: OIl < 1.0 was categorised as slightly ir-
ritating; 1.0 < OII < 5.0 was deemed moderately
irritating; 5.0 < OI I < 9.0 was classified as irri-
tating; and 9.0 < OIl < 21 was considered severely
irritating.

Statistical analysis

The data obtained were displayed as the mean +
standard deviations (SD) utilising Excel software
and SPSS version 27. All experiments were con-
ducted in triplicate (n = 3). Significance was es-
tablished as p < 0.05 following the execution of
Student’s t-test and ANOVA.

Results

Preparation and optimisation of retinoic
acid containing nano-transfersomes

A number of retinoic acid-loaded nano-transfer-
somes (F1-F14) were produced using a modified
lipid film hydration technique. In the current
study, Span 20, similar to other edge activators,
functioned as an edge modulator, decreasing the
interfacial tension between the lipid bilayer of
the nano-transfersome and the surrounding en-
vironment.*” This reduction enhances the flex-
ibility of the vesicles, enabling them to navigate
through ocular barriers and deliver the drug to
deep layers of eye. Phosphatidyl choline, utilised
in the formulation of nano-transfersomes, is a
phospholipid that inherently self-assembles into
vesicles in aqueous environment, thereby creat-
ing the bilayer structure characteristic of trans-
fersomes.?® This phospholipid enhances drug en-
capsulation, improves penetration and facilitates
drug delivery particularly for the posterior seg-
ment of the eye. Moreover, ethanol functions as a
co-solvent, assisting in the solubilisation of lipids
and serving as a permeation enhancer, thereby
augmenting the ocular permeability to pharma-
ceuticals by traverse the anatomical barriers of
the eye to access the posterior segment.®® This
disturbance promotes the penetration of drug
molecules into and through the stratum corneum,
the outermost layer of the cornea, along with the
conjunctiva, enables the nano-transferosomes
to enter the eye. Retinoic acid is a hydrophobic
substance and nano-transfersomes, due to their
lipid-based structure can enhance the solubility
of retinoic acid, enabling a greater concentration
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Table 1: Optimisation studies: Optimisation of the retinoic acid-loaded nano-transfersomes has been carried
out by adjusting the lipid to surfactant ratio, the volume of ethanol, the concentration of retinoic acid and the

duration of stirriing and responses were observed in terms of entrapment efficiency and vesicular size

Composition Soya PC: Span20 Ethanol Medicament Average vesicle % entrapment
code (% w/v) (mL) (% wiv) diameter (nm) capacity
F1 05:05 10 1.0 225.65 +5.15 71.65 +2.22
F2 1.0:0.5 10 1.0 185.65 + 4.22 75.23 +2.56
F3 1.5:05 10 1.0 298.85 + 6.43 69.98 + 212
F4 2.0:05 10 1.0 265.74 + 5.45 65.85 + 3.23
F5 2.0:05 5 1.0 212.25 + 4.89 76.58 + 3.28
F6 20:05 10 1.0 185.65 + 4.48 74.65 = 2.28
F7 20:05 15 1.0 225.65 + 4.97 69.98 + 1.98
F8 2.0:05 20 1.0 268.98 + 5.45 65.45 + 1.27
F9 2.0:05 10 1.0 165.45 + 4.58 7812 +1.65
F10 2.0:05 10 1.5 215.56 = 5.16 65.56 + 2.26
F11 2.0:05 10 2.0 241.32 +5.38 67.85 + 3.23
Stirrer time (min)

F12* 1.5:1.0 30 1.0 155.32 + 4.45 7912 +2.23
F13 2.0:1.0 20 1.0 178.86 + 5.21 63.32 £ 218
F14 25:1.0 10 1.0 189.98 + 4.37 5447 +1.55

*Best optimised retinoic acid-loaded nano-transfersome formulation;

to be delivered. Table 1 presents the optimisation
parameters and responses regarding % EC and
vesicle size for all evaluated experimental trials.
It was noted that a higher ratio of lipid and an
extended stirring duration in the experimental
trials resulted in increased entrapment capacity
(% EC) and a decrease in vesicular size during the
optimisation study as observed for F12 formula-
tion. It could be due to the increased volume of
lipids available for encapsulating the substantial
quantity of the drug.*® Further, the act of stirring
generates shear forces that can break apart larg-
er vesicles, leading to a smaller and more uniform
distribution of particle sizes.

Investigation of vesicle size, size
distribution, polydispersity index (PDI)
and surface charge

The size of the particles was significantly affect-
ed by the quantity of lipid utilised, ranging from
155.32 +32 nm to 298.85 + 6.43 nm as the concen-
tration of phospholipid increased. The optimised
formulation, specifically F12, exhibited a particle
size of approximately 155.32 + 4.45 nm (Figure
1). These findings can be elucidated through the
principles of PCS technique. PCS assesses Brown-
ian motion, which is directly related to particle
size. Typically, PCS focuses on measuring parti-
cles suspended in a liquid medium, where the dif-
fusion rate of particles is influenced by their size;
smaller particles diffuse more rapidly while larg-

er particles do so at a slower rate. This measure-
ment is achieved by analysing the fluctuations in
the intensity of scattered light, detected through
an appropriate optical setup.** Moreover, Figure 1
indicates the value of low PDI i.e. 0.393 for the op-
timised retinoic acid loaded nano-transfersome
(F12). A low PDI of nano-transfersomes is essen-
tial for maintaining homogeneity and stability,*?
being integral part for enhancing medicament
administration. This boosts both stability and
drug entrapment, ultimately promoting efficient
medicament administration to the posterior re-
gion of optic. The dimensions of the nano-trans-
fersomes, which are directly associated with PDI,
can influence their capacity to traverse the pos-
terior region of optic, thus being intended target
for medicament administration. The capacity of
nano-transfersomes to engage with the retina
and other posterior structures is contingent upon
their surface properties, such as Zeta potential.
Surface charge, also known as Zeta potential
(&-potential) of the best composition (F12) was
found to be -36.5 mV (Figure 2).

Assurance of % EC

The captured capacity of the best composition
(F12) was observed to be 79.12 * 2.23 %. The
ideal concentration of phospholipid, combined
with span-20 (a lipophilic surfactant), is essential
for effective drug encapsulation, as these com-
ponents create the vesicle membrane. Retinoic
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Figure 1: Average particle size and size distribution curve of optimised formulation F12 along with value of PDI
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Figure 2: Mean Zeta potential results and curve of Zeta potential of optimised formulation F12
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acid, which is a hydrophobic drug, can typically
be integrated into the phospholipid bilayer of the
nano-transfersome due to its capacity to parti-
tion into and remain within the lipid membrane.
This partitioning process improves entrapment
efficiency and safeguards the drug against degra-
dation. It was noted that (Table 1) lower levels of
ethanol can enhance entrapment by minimising
vesicle size and boosting stability; however, ex-
cessive ethanol may result in lipid layer leakage
and reduced entrapment. Additionally, prolonged
stirring times of 10, 20 and 30 minutes were not-
ed to result in slight increases in entrapment,
with values of 54.47 + 1.55 %, 63.32 + 2.18 % and
79.12 * 2.23 %, respectively.

In vitro medicaments extricate profiling

The in vitro retinoic acid release investigations
were conducted on the optimised nano-trans-
fersomal formulation i.e. F12 (Table 2). The data
from the medicament extricate indicated the re-
lease of 12.25 * 0.45 %, 19.98 * 0.65 %, 26.65 *
0.32 %, 32.25 = 0.41 %, 41.15 = 0.78 %, 48.89 +
0.95 %, 55.65 + 0.62 %, 65.58 £ 0.71 %, 72.32 *
0.36 %, 88.56 = 0.21 %, 92.65 + 0.24 % and 98.89
+045%atthel,2,3,4,5,6,78,9,10, 11 and 24
h of the study period, respectively.

The release profile of retinoic acid from na-
no-transferosomes has been demonstrated to ex-
ceed only 40 % within a period of 6 h exhibited
prolonged drug release while around the 98 % of
the drug was released within 24 hours (Table 2)
from a nano-transferosome drug delivery system
demonstrates a swift and effective drug release

Table 2: In vitro medicament extricates of best F12 nano-trans-
fersome composition

Cumulative medicament
extricate (%) (Mean + SD)

00.00 = 0.00
12.25+0.45
19.98 + 0.65
26.65 = 0.32
32.25=0.41
4115+0.78
48.89 = 0.95
55.65 + 0.62
65.58 + 0.71
72.32 = 0.36
88.56 = 0.21
92.65=0.24
98.89 = 0.45
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profile. This biphasic release pattern may prove
especially beneficial for administering medica-
tions to the posterior segment of the eye, where
prolonged release is frequently required for man-
aging conditions such as diabetic retinopathy and
age-related macular degeneration.

In vitro drug transport kinetics data
analysis

Kinetic values for drug release have been pro-
duced to facilitate the application of mathemati-
cal models in the release kinetics of an optimised
nano-transfersome formulation loaded with ret-
inoic acid (F12). For example, data including the
square root of time, logarithmic time, cumulative
drug release (%), logarithmic cumulative drug
release (%), cumulative drug remaining (%) and
logarithmic cumulative drug remaining (%) has
been generated (Table 3) to create graphs for the
zero order, first order, Higuchi model and Kors-
meyer-Peppas model.

To assess the drug release according to zero-or-
der kinetics, a graph was created for optimised
formulation (F12) illustrating the relationship
between time and cumulative drug release per-
centage (Figure 3). The correlation coefficient
(R?) for the zero-order drug release kinetics
was determined to be 0.763, indicating a moder-
ate level of fit. This suggests that the model em-
ployed is effective in capturing the trend of drug
release from the nano-transfersome. It implies
that approximately 76.3 % of the variability in
cumulative drug release can be accounted for by
the selected model, while the remaining 23.7 %
is attributed to other factors or variations not in-
cluded in the model. Based on the graph, it can be
concluded that the drug release did not adhere to
zero-order release kinetics, as evidenced by the
moderate to lower value.

According to first-order drug release Kinetics,
the rate of drug release is directly proportional
to the concentration of the drug.*® This implies
that a higher concentration of the drug results in
a correspondingly higher release rate, while a de-
crease in drug concentration leads to a reduction
in the release rate. To investigate the first-order
release kinetics of the nano-transfersome for-
mulation (F12), a graph was created plotting the
logarithm of the percentage of drug remaining
against time (Figure 4). From the graph present-
ed, it can be inferred that the drug release close-
ly adheres to first-order release kinetics, as evi-
denced by a high R? value of 0.942.
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Table 3: Mathematical treatment of in vitro medicament extricates for F12 nano-transfersome composition

Cumulative Log cumulative Cumulative Log cumulative
. Square root . medicament medicament medicament medicament
Time (h) of time (\/h) Log time extricate extricate residual residual
(%) (%) (%) (%)
1 1.000 0.000 12.25 1.088 87.750 1.943
2 1.414 0.301 19.98 1.301 80.020 1.903
3 1732 0.477 26.65 1.426 73.350 1.865
4 2.000 0.602 32.25 1.509 67.750 1.831
5 2.236 0.698 4115 1.614 58.850 1.770
6 2.449 0.778 48.89 1.689 51.110 1.709
7 2.645 0.845 55.65 1.745 44.350 1.647
8 2.828 0.903 65.58 1.817 34.420 1.537
9 3.000 0.954 72.32 1.859 27.680 1.442
10 3.162 1.000 88.56 1.947 11.440 1.058
1 3.316 1.041 92.65 1.967 7.350 0.866
24 4.898 1.380 98.89 1.995 1.110 0.045
e N s A
s A4 y=4.510x + 19.14 g 1207 y=2497x - 8.563
< 120 - R*=0.763 2 100 - R2=0.895
2 g
g 100 - —t; ° 80
5 801 5°
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Figure 3: In vitro zero order release kinetic for optimised for-
mulation (F12)
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Figure 4: In vitro first order release kinetic for optimised formu-
lation (F12)

To examine the Higuchi model of drug release ki-
netics for the formulated F12 nano-transfersome,
a graph was created illustrating the relationship
between cumulative percentage of retinoic acid
release and the square root of time (Figure 5).

Figure 5: In vitro Higuchi model release kinetic for optimised
formulation (F12)
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Figure 6: In vitro Krosmeyer - Peppas model release Kinetic for
optimised formulation (F12)

A high correlation coefficient indicates that the
drug release mechanism is likely diffusion-based.
The Higuchi model characterises drug release
from a matrix system, especially when diffusion
is the primary mechanism.** The graph suggested
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Table 4: Regression (R2) evaluation information of nano-transfersomal composition F12

Optimised Zero order Firstorder  Higuchi’s model Pzg;z’g%gaa
formulation R2 R2 R?
F12 0.763 0.942 0.895 0.951

that the drug release is closely aligned with Higu-
chi drug release Kinetics, as evidenced by a sig-
nificant value. This indicates that approximately
89.5 % of the variability in drug release can be
accounted for by the Higuchi model. Although it
is not a perfect fit, a value of R? = (0.895 is still
regarded as relatively high, implying that the Hi-
guchi model serves as a credible framework for
elucidating the drug release mechanism, which
likely involves diffusion from a matrix system.

The Korsmeyer-Peppas approach, which is a pow-
er law model, serves as a mathematical frame-
work for describing drug release, especially in
controlled release situations. It examines the
kinetics of medicament extricate by taking into
account both diffusion and erosion processes.*®
To investigate the medicament extricate kinet-
ics through Korsmeyer-Peppas model, a graph
was created plotting log cumulative drug release
percentage against log time. From the graph
presented (Figure 6), it can be inferred that the
medicament release closely adheres to Korsmey-
er-Peppas drug release kinetics, as evidenced by
the highest correlation coefficient value (R? =
0.951). Additionally, the Korsmeyer-Peppas mod-
el's R? value of 0.951 suggested a strong fit of the
model to the drug release data, indicating that the
action of medicament extricate which was likely
controlled by diffusion, with possible contribu-
tions from the erosion or swelling of the polymer
matrix.

A suitable mathematical model for the study of
in vitro drug release was identified based on the
highest correlation coefficient value. The in vitro
drug release profile of retinoic acid embedded
in nano-transfersomes was fitted to four distant
mathematical approaches and assessed using the
correlation coefficient R% The outcomes of all
four models are presented in Table 4.

Transmission electron microscopic
appearance of nano-transfersome

The images obtained indicated that nano-trans-
fersomes loaded with retinoic acid exhibited
spherical, oval and elongated shapes, appearing
as multilamellar bilayer vesicles (Figure 7). The

Figure 7: Transmission electron microscope (TEM) image of op-
timised nano-transfersome formulation F12 at a magnification
of 100,000x

nano-transferosomes presented a consistent sys-
tem of unique, nearly spherical particles charac-
terised by smooth surfaces and loose aggregates,
maintaining their spherical shape even under the
challenging conditions of TEM analysis. Further-
more, the measured size corresponded with the
results acquired through PCS. These images con-
firmed the successful formulation of nano-trans-
fersomes.

Viscosity and pH measurement

Nano-transfersomes, which are flexible vesicles,
must have an appropriate viscosity to ensure ef-
fective application and retention on the ocular
surface, while also maintaining a physiological
pH to prevent irritation and guarantee drug sta-
bility. The viscosity measurements of the retino-
ic acid-loaded nano-transfersome formulations
(F1-F12) are presented cp in Table 5, revealing a
range from 20.0 + 2.1 to 48.0 = 1.8 cP. It was not-
ed that an increase in lecithin concentration typ-
ically results in higher viscosity, as evidenced by
formulations F12 to F14, which, having a greater
ratio of phosphatidyl choline, exhibited viscosi-
ty values of 45.9 + 1.2 to 48.0 + 1.8. Additionally,
surfactants, functioning as edge activators, can
enhance viscosity by forming micellar aggre-
gates, thereby creating a denser network. The pH
level of the retinoic acid-loaded nano-transfer-
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some formulation must be assessed to ensure its
suitability for ocular applications. The pH values
for all retinoic acid-loaded nano-transfersome
formulations, specifically F1-F14, varied from 5.0
+0.5t0 7.0 £ 0.1, as illustrated in Table 5.

Table 5: Viscosity and pH of different retinoic acid loaded na-
no-transfersome formulations ie F1-F14

Formulation Viscosity at 37 °C = 2 °C (cP) pH
code (Mean + SD) (Mean = SD)
F1 20.0+ 2.1 6.6+0.2
F2 222+12 5.8+0.1
F3 21.7+2.8 52+05
F4 250=x19 50+05
F5 28.3+1.2 6.5+0.8
F6 255+23 56+0.6
F7 29.2+27 6.2+04
F8 30012 6.9+0.1
F9 394+19 61+02
F10 401 +45 70+0.2
F11 35741 7005
F12 459+1.2 6.5+0.2
F13 443+24 6.8+0.5
F14 48.0+1.8 7.0+01

*Data are presented as mean+SD, n=3;

Assurance of stability

The stability assessment of the optimised reti-
noic acid-loaded nano-transfersome (F12) was
conducted under two distinct temperature con-
ditions: 4.0 °C £ 0.2 °C and room temperature,
specifically 25-28 °C + 2 °C, over duration of 3
weeks.*® The average particle size, percentage of
drug content and physical appearance were ana-
lysed at the 1st, 2nd and 3rd weeks of storage as
shown in Table 6.

The size of the particles in retinoic acid load-
ed nano-transfersomes increased significantly
(p < 0.05) during the final week of storage at a
temperature range of 25-28 °C + 2 °C, whereas
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it remained consistently around 200 nm at
refrigerated conditions (4.0 °C + 0.2 °C). The
changes in the size may be due to that the smaller
vesicles have the tendency to inclined and dissolve
followed by deposit onto larger vesicles, resulting
in the growth of the larger ones while the smaller
ones vanish. Moreover, nano-vesicular system
can aggregate, leading to an increase in their
size. This phenomenon is frequently observed at
elevated storage temperatures or in the presence
of specific ions. Elevated temperatures typically
expedite these processes, resulting in more
pronounced size alterations.

The retinoic acid content in the F12 formulation
did not show a significant decrease throughout
the stability study, which lasted up to 3 weeks
under both temperature conditions. Addition-
ally, no notable changes were observed in the
physical appearance of the retinoic acid-loaded
nano-transfersome formulation over the 3-week
period, except at the temperature range of 25-28
°C £ 2 °C, where turbidity was noted by the end of
the week.

Ocular tolerance assay (HET-CAM
irritation test)

Given the delicate nature of the eye, the ocular
tolerance test serves as an essential assessment
for formulations designed for ocular application.
In the HET-CAM irritation test conducted on the
CAM of a hen’s egg, the irritation potential of
0.05 % retinoic acid loaded nano-transfersome
(F12) and the positive control (0.1 N NaOH) was
evaluated, followed by the determination of the
irritation score expressed in terms of the ocular
irritation index (OII). For the eggs treated with
the positive control (0.1 N NaOH) solution, the ir-
ritation score was recorded at 20.25 * 1.12, indi-
cating significant irritation characterised by hae-
morrhage, lysis and coagulation of blood vessels.
In contrast, the eggs treated with the optimised
retinoic acid loaded nano-transfersome (F12),

Table 6: Characterisation of optimised formulation of nano-transfersomes (F12) for stability studies up to 3 weeks

Characteristic U )

1st 2nd 3rd
Temperature 40+02°C 25-28+2°C 40+02°C 25-28+2°C 40+02°C 25-28+2°C
Average particle size* (nm) 155.32 +4.45 175.56 + 3.43 165.32 +2.49 314.65+4.87 174.35 +5.84 358.65+4.99
% DC* 7912 £223 7852240 78.45+252 7795+3.08 78.21+370 77.62+4.39
Physical appearance No ngargggant No (S;Lgargggant No (S;Lgargggant Slightly turbid No g:]ganriggant Turbid

*Mean =+ SD; (n = 3); DC: drug content;
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exhibited an irritation score of 0.5 £ 0.2, thereby
confirming that the formulation was non-irritant.

Discussion

By embedding the retinoic acid within the lipid
bilayer of nano-transfersome, it is protected from
the surrounding aqueous environment, which
prevents degradation and preserves its active
form. Ultimately, this can aid in the absorption of
retinoic acid into ocular cells.*” The optimisation
of the retinoic acid-loaded nano-transfersomes
involved adjusting the lipid to surfactant ratio,
the volume of ethanol, the concentration of ret-
inoic acid and the duration of stirring, resulting
in improved entrapment efficiency and reduced
vesicular size with the F12 formulation.

The impact of varying concentrations of phos-
phatidyl choline and the stirring duration in
the orbital shaker during the preparation of na-
no-transfersomes on particle size was evaluat-
ed. An increase in phosphatidyl choline concen-
tration resulted in a corresponding increase in
particle size, while the concentration of span-20
remained low and constant. The specific surfac-
tant utilised, such as span-20, has the potential
to influence the particle size of the resulting na-
no-transfersomes. Research indicated that span-
20 is associated with smaller particle size. The
negatively charged lipid exerts an electrostatic
attraction towards the drug, which is anticipated
to separate the phospholipid head groups, there-
by leading to an increase in particle size.*8

A significantly high &-potential (generally ex-
ceeding + 30 mV) signifies excellent stability and
claimed to inhibit the aggregation of nano-trans-
fersomes.* This negative charge may assist in
overcoming the repulsive negative charges pres-
ent on the corneal surface, thereby promoting
drug penetration and improving delivery to the
posterior region of eye.

Increased stirring duration for the preparation
of nano-transferosome has improved entrapment
efficiency by facilitating effective mixing and in-
teraction among the formulation components,
resulting in a more consistent distribution of the
retinoic acid within the lipid bilayer. Consequent-
ly, this optimises the likelihood of the drug being
encapsulated within the nano-transferosomes.
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Additionally, the deformability properties of na-
no-transfersomes could improve the penetration
of retinoic acid through barriers such as the cor-
nea and sclera. Their exceptional deformability
enables them to navigate through tight spaces,
rendering them ideal for targeting the posterior
segment of the eye.*°

Findings of kinetic analysis indicated that the dif-
ferent models examined, the Korsmeyer-Peppas
model emerged as the best-fitting model, demon-
strating the highest degree of correlation coeffi-
cient, leading to the conclusion that the extricate
action is diffusion-controlled to deliver the drug at
posterior region of eye. The notion of ultra-flexi-
bility is based on the ability of vesicles to navigate
through ocular barriers and effectively deliver
the medication to the posterior segment of the
eye without undergoing rupture. TEM imaging
has verified that nano-transfersomes successfully
passed through pores without collapsing, thereby
preserving the encapsulated retinoic acid.

An increase in lecithin concentration correlates
with an increase in the viscosity of the retinoic
acid-loaded nano-transfersomes.”* Moreover, the
pH levels between 5 and 8 are appropriate for
ocular use as this range is deemed non-irritating
which was further confirmed by HET-CAM irrita-
tion test.>

The nano-transfersome formulation loaded with
retinoic acid demonstrated an acceptable vesicu-
lar size, percentage of retinoic acid content and
physical appearance when maintained at tem-
peratures of 4.0 °C = 0.2 °C and 25-28 °C = 2 °C
over a period of 3 weeks for storage stability
analysis.

Conclusion

s N
The present study highlights the significant
potential of retinoic acid-loaded nano-trans-
fersomes, which are also referred to as ultra-
flexible nanovesicular systems for ocular me-
dicament distribution, particularly for therapy
of posterior region of optic diseases such as di-
abetic retinopathy (DR) and age-related mac-
ular degeneration (AMD). The optimisation
of retinoic acid-loaded nano-transfersomes
was achieved by modifying the formulation
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and process parameters, including the lipid to
surfactant ratio, ethanol volume, retinoic acid
concentration and stirring duration. The im-
pact of the formulation components and their
respective concentration on the characteris-
tics of the formulation was assessed in terms
of mean vesicle diameter and percentage cap-
tured capacity. The optimised F12 composi-
tion was reduced to nanoscale, demonstrat-
ing a particle size of approximately 155.32 *
4.45 nm and an entrapment efficiency of 79.12
+ 2.23 %. Additionally, a low PDI of 0.393 for
the optimised F12 formulation indicates that
the nano-transfersomes have preserved their
homogeneity and stability. Moreover, the &-po-
tential of -36.5 mV further emphasises excel-
lent stability and is believed to prevent the
aggregation of the F12 nano-transfersome
formulation. In parallel, in vitro drug release
studies revealed that approximately 40 %
of retinoic acid was released over a 6 h peri-
od, demonstrating a prolonged drug release,
while nearly 98 % of the medicament was
extricate within 24 h. These results suggest
that the release mechanism is diffusion-con-
trolled, effectively delivering the drug to the
posterior region of the eye, aligning well with
the Korsmeyer-Peppas release kinetic model.
The F12 formulation exhibited spherical, oval
and elongated shapes, resembling multilamel-
lar bilayer vesicles and showcased a consis-
tent system with unique, smooth surfaces and
loose aggregates while maintaining integrity.
Furthermore, it displayed suitable physico-
chemical properties such as viscosity and pH
for ocular drug delivery, complemented by low
ocular irritability potential, high biocompati-
bility and retention. The nano-transfersome
formulation loaded with retinoic acid showed
an acceptable vesicular size, percentage of
retinoic acid content and physical appearance
when stored at temperatures of 4.0 °C + 0.2
°C and 25-28 °C * 2 °C over a time period of 3
weeks. In the HET-CAM test, eggs treated with
the optimised retinoic acid-loaded nano-trans-
fersome (F12) exhibited an irritation score of
0.5 = 0.2, confirming that the formulation is
non-irritating. Overall, as demonstrated in the
HET-CAM assay, the physicochemical parame-
ters and drug entrapment in the nano-trans-
fersome render the composition safe and ap-
propriate for non-invasive drug delivery to the
inner eye structures, facilitating access to in-
ner eye tissues. However, ongoing studies such
as long-term stability assessments, sterility
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testing and in vivo investigations are essential
for a deeper knowing the action and efficacy
of the system in delivering the medicament to
the posterior region of eye.
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