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ABSTRACT

Objective: The objective of this study was to optimize the transferosomal formulation containing Rotigotine HCL(RTG) and Rasagiline mesylate
(RSM) and to identify the significant factors affecting particle size and entrapment efficiency.

Methods: The optimized batch was characterized using various techniques, such as TEM to confirm the shape of vesicles and FTIR analysis to check
the compatibility of the formulation. The vesicle size of the transferosomes was determined using a zeta sizer. The entrapment efficiency of both
drugs was also determined. In vitro drug permeation investigation was carried out from the optimized batch to determine the cumulative
permeation rate after 24 h. The study also evaluated the deformability index of the transferosomes.

Results: The results showed that transferosomes were spherical particles with a uniform distribution and suitable for drug delivery. The vesicle
size of the transferosomes was in the range of 54.05-167.98 nm and 66.02-184.04 nm for RTG and RSM transferosomes, respectively. The
polydispersity index for RTG transferosomes was observed in the range of 0.242-0.508, the entrapment efficiency of RTG was 45.66-88.96% and
RSM was found to be 57.6-92.57%. The in vitro drug permeation investigation from the optimized batch showed a cumulative permeation rate of
92.268% of RTG and 87.72% of RSM after 24 h.

Conclusion: The study findings suggest that transferosomes can be a promising drug delivery system for rotigotine HCL and rasagiline mesylate.
The optimized batch showed high entrapment efficiency, good permeation rate, and optimal deformability, making it a suitable option for drug
delivery.
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INTRODUCTION

Rasagiline mesylate and rotigotine HCI are commonly used as first-
line treatments for Parkinson's disease, but they face challenges in
their effective delivery. RSM, despite being highly water-soluble, has
difficulty penetrating through the skin. On the other hand, RTG
formulated as a transdermal patch shows poor bioavailability and
undergoes first-pass metabolism. To overcome these challenges,
vesicular carrier systems such as transferosomes can be used [1-3].
Transferosomes are specialized vesicles consisting of an aqueous
core surrounded by a lipid bilayer with an edge activator [4]. These
vesicles are ultra-deformable and elastic, allowing them to easily
penetrate the skin through minuscule holes or constrictions. The
modified liposomal vesicular system used for transfersomes consists
of dipalmitoyl phosphatidyl glycerol (DPPG) phospholipids and a
single-chain surfactant as an edge activator [5]. The edge activator
destabilizes the membrane, increasing the vesicle's deformability
and flexibility. When mixed in the appropriate proportion with the
lipid component, the resulting mixture produces highly deformable
and ultra-flexible transferosomes. This innovative vesicular carrier
system can be utilized to facilitate the effective delivery of RSM and
RTG and improve their therapeutic efficacy [6-9]. Transfersomes can
pass through intact skin without occlusion, and this is achieved by
creating a trans-epidermal osmotic gradient across the skin.
Hydrotaxis (xerophily) is the permeation mechanism of
transfersomes, where they seek moisture in deeper skin layers
rather than a dry outer background. When applied to the skin in a
non-occlusive condition, the transferosomal formulation undergoes
moisture evaporation, leading to the creation of a transdermal water
activity differential [9-11].

The identified significant factors from the Plackett burman screening
design were used to optimize the formulation with the application of

Box Behnken Design. At two levels,+1 and-1, 8 quantitative variables
are chosen for the screening. Here, variables X1 to X8 are real, while
variables X10 to X12 are dummy or false, do not correspond to any
real factors, and are so excluded. The experimental domain thus
displays 12 variables across 12 runs. Quantities of lipid, edge
activator, hydration media, alcohol, hydration time, temperature,
sonication time, and rotation speed are among the variables that
need to be examined [12-16].

The Box-Behnken design is a three-level factorial design that
involves three factors with three levels each. The design involves
selecting a set of experimental conditions based on a statistical
approach [17]. In the present study, the vesicle size and entrapment
efficiency (EE %) were considered the dependent variables (Y1 and
Y2). To investigate the effects of various formulation factors on these
variables, we used design-expert version 12.0 software. To obtain an
optimized formula that meets our desired outcomes, we generated
fifteen runs based on the experimental design. The data collected
from the experiments were analyzed using the analysis of variance
(ANOVA) test to assess the statistical significance of the model and
the results obtained. An interactive and polynomial statistical model
was used to analyze the formulation replies, and it is represented by
the following equation:

Y = bo+b1X1+b2X2+b3X3+b12X1X2+b13X1X3+b23X2X3+b11X12+b22X22+b33X32

Where Y stands for the dependent response and b0 represents the
intercept; b1, b2, b3, b12, b13, b23, b11, b22, and b33 stand for the
regression coefficients. In addition to X1, X2, and X3, X1X2, X1X3,
and X2X3 denote the interactions between the primary elements,
whereas X12, X22, and X32 denote the polynomial terms. The
independent factors importance on the dependent responses was
indicated by the p-values associated with the regression coefficients
[18-20].
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MATERIALS AND METHODS
Materials

Rotigotine HCl was gifted by Neuland Laboratory Mumbai, Rasagiline
mesylate was procured from Benzchem Enterprise Vadodara,
Phospholipon 90 G was gifted by lipoid Germany, Sodium Deoxycholate,
dihydrogen potassium phosphate, dihydrogen sodium phosphate and
sodium chloride were procured Chemdyes Corporation, Rajkot.

Method for preparation of RSM-transferosomes

The transferosomes were produced using the film hydration
method. Firstly, a specified quantity of phospholipon 90 G and
sodium deoxycholate were dissolved in 10 ml chloroform and placed
in a round bottom flask. rotigotine HCl was then added to the
mixture. A rotary evaporator was used to create a thin, uniform film.
Rasagiline mesylate was dissolved in a 7.4 pH phosphate buffer
solution, which was then used to hydrate the lipid film, forming the
transferosomes. The vesicles were allowed to hydrate at room
temperature for approximately two hours. Subsequently, the
hydrated transferosomal solution was sonicated to further reduce
the size of the vesicles [21].

Method for preparation of RTG-transferosomes

To prepare the transferosomes using the film hydration method,
Phospholipon 90 G and sodium deoxycholate were dissolved in 10 ml
chloroform and added to a round bottom flask. Then, rotigotine HCI was
added to the mixture. The flask was connected to a rotary evaporator
with a round bottom to create a thin, uniform film. Next, a 7.4 pH
phosphate buffer solution was added to the film to create a hydrated
layer. The vesicles were allowed to hydrate for approximately 2 h at
room temperature. Finally, to further decrease the size of the
transferosomes, the hydrated solution was sonicated [21].

Characterization
Morphological characterization

The preliminary morphological characterization of the optimized
transferosomes was conducted using an inverted microscope at 40X
resolution to confirm their shape. The vesicular structure of the
optimized transferosomes was further confirmed using TEM with
different resolutions. To conduct a thorough morphological analysis
of the improved RSM and RTG-loaded transferosomal formulation, a
negative staining approach was employed. One drop of the aqueous
dispersion was placed on a carbon-coated copper grid, and any
excess dispersion was removed with filter paper after one minute.
The sample was then exposed to a 1% phosphotungstic acid solution
and allowed to dry at room temperature before being examined at
100 kV [22].

Polydispersity index (PDI), Zeta potential, and Vesicle size (VS)
Evaluation (ZP)

The polydispersity index (PDI), zeta potential (ZP), and vesicle size
(VS) were evaluated using a zeta sizer (Malvern zeta sizer, Malvern
instruments Ltd.) to determine the stability and quality of the
formulated transferosomes. These parameters are important
characteristics for selecting the optimum transfersomal formulation.
The measurements were taken using double distilled water as a
diluent at a temperature of 25 °C [23, 24].

FTIR study of transferosomes

To ensure that the drug and excipients in the transferosomal
formulation are compatible, FTIR characterization is conducted. The
FTIR spectrum of the transferosomal dispersion is scanned and
compared to the typical spectra of the drugs to identify any
significant differences or changes. This analysis confirms the
compatibility of the drug and excipients in the transferosomal
formulation, which is crucial for ensuring the effectiveness and
safety of the drug delivery system [24].

Entrapment efficiency

To determine the entrapment efficiency (EE), a transferosomal
solution equivalent to 1 mg of active pharmaceutical ingredient
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(API) was placed in a centrifuge tube and centrifuged using a cooling
centrifuge at 1500 rpm for 15 min at 4 °C. The supernatant was
collected and filtered using Millipore filters with a pore size of 0.45
um. The concentration of RSM was determined at 239 nm, where
RTG shows a zero-crossing point, and the concentration of RTG was
determined at 273 nm, where RSM shows a zero-crossing point,
using the first-order derivative method. The following equation was
used to determine the %EE:

amount entrapped

Entrapment efficiency = 100

total amount added

Where the amount entrapped is the difference between the total
amount added and the amount of API found in the supernatant after
centrifugation and filtration. This method helps to determine the
percentage of drug that is encapsulated in the transferosomes [25].

In vitro drug permeation studies

A dialysis tube was filled with one ml of transferosomal formulation
after being completely sealed on both sides. The tube used for
dispersion was submerged in 200 ml of phosphate buffer 7.4 pH at 37
°C were used. The entire assembly was fixed to a magnetic stirrer, and
a magnetic bead supplied constant agitation. 5 ml of aliquots were
taken from the dissolution liquid at various time intervals and were
then the absorbance for RSM at 239 nm where RTG shows zero
crossing point and RTG at 273 nm where RSM shows zero crossing
point in first-order derivative method to find concentration. After each
sampling, an equivalent quantity of PB 7.4 was added to the medium to
mimic sink conditions. The total amount of drugs released throughout
the course of predetermined time periods was calculated [26].

% Deformability index

The capacity of transferosomes to pass through the skin's tiny
channels while maintaining their size and shape depends in large part
on a property known as deformability. The deformability of the
formulation was measured using an extrusion measuring technique a
side hole on the side of a conical flask was fixed with a vacuum pump,
but the mouth of the flask was fixed with a rubber bung connected to a
stainless-steel flask holder. The formulation was let to flow through a
membrane filter with a 0.20 m pore size that was retained on a mesh
plate. Readings were recorded in triplicate [27, 28]. The %
deformability was calculated by the following equation:

rvy?
=13
rp
Where D = Deformability index, ] = Amount of extruded

transferosomal suspension, rv = vesicular size of transferosomes
after extrusion, rp = pore size of membrane

Stability studies

The study aimed to assess the effect of storage at 4+2 °C for three
months on the optimized RTG and RSM-loaded transferosomal
formulation along with the respective optimized transferosomal
formulation. The evaluation of various parameters, including VS
(vesicle size), and %EE (percent encapsulation efficiency), was
performed for the optimized transferosomal formulation at the end
of the study period. The evaluation of these parameters after storage
can provide valuable information on the stability and integrity of the
transferosomal formulation over time. Any changes in these
parameters can indicate potential issues such as destabilization of
the vesicle structure, or drug leakage from the vesicles [20].

RESULTS AND DISCUSSION
Results of screening study

The study used trial batches to document the outcomes and
determine the effects, b0, and sb2 values using a provided formula.
Based on the comparison of the effects with the values of b1 to b11,
it was found that three factors-the amount of lipid, the amount of
edge activator, and the sonication period-were significant for both
particle size and entrapment efficiency. The value of sb2 for
entrapment efficiency was 3.44366, and three factors showed b
values higher than this value. Similarly, the value of sb2 for particle
size was 5.747432, and three factors exhibited b values higher than
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this value (table 1). The results of the study were presented using a observed variation in the response variables. It is used to identify
Pareto chartin fig. 1 and 2, which is a graphical representation of the the significant factors and prioritize them for further investigation
relative importance of different factors in contributing to the and optimization.

Table 1: Results of packet-barman (Hadamard) design

Parameters Parameters Vesicle size %EE
Average BO 86.834 51.083
Amount of lipids B1 21.614 -9.583
Amount of E. E B2 6.463 -5.083
Amount of hydration media B3 3.078 -2.417
Amount of alcohol B4 -0.306 0.25
Hydration time B5 1.326 -0.083
Temperature B6 4.206 -1.417
Sonication time B7 -5.961 3917
Rotation speed B8 -4.571 3.25
Sb2 Sb2 5.747 3.444
Rotation s

Sonicationtim

Temperature
Hydration time(hrs)
Amount of|alcohol(ml)

factors

Amount of hydration media(ml) M Seriesl

Amount of edge activator(mg)

Amount of lipid(gm)

-10 -5 0 5 10 15 20 25

Vesicle size nm

Fig. 1: Pareto chart of factors affecting vesicle size

Rotation speed
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Amount of alcohol(ml) & .
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-15 -10 -5 o] 5
Effects

Fig. 2: Pareto chart of factors affecting %EE

Results of optimization of formulation images obtained at 200 nm resolution revealed that the particles
were spherical in shape with an average diameter of 160 nm. At 500
nm resolution, the particles appeared larger, with an average
TEM analysis was performed on the sample using a transmission diameter of 140 nm. The images obtained at both resolutions
electron microscope operated at 200 and 500 nm resolutions. The showed a uniform distribution of particles throughout the sample.

Morphological characterization

(A) (8) (c)

Fig. 3: A. Image of optimized formulation under inverted microscope at 40X B and C Image of optimized formulation under TEM at 200
and 500 nm
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FTIR studies

The FTIR spectra of RTG and RSM transferosomes were obtained to
analyze the functional groups present in the formulations. The FTIR
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spectra of RTG and RSM transferosomes are shown in fig. and are
interpreted with FTIR spectra of standard drugs. Overall, the FTIR
analysis confirmed the presence of the expected functional groups in
both RTG and RSM transferosomes.

(A)

AmyEn

(€

(B)

BrExn

(D)

Fig. 4: A. FTIR spectra of RTG B. FTIR spectra of RTG transfersomes C. FTIR spectra of RSM D. FTIR spectra of RSM transferosomes

Particle size

The results of the particle size and distribution of transferosomes
containing RTG and RSM can be compared with other studies that
have investigated similar transferosome formulations. For
instance, a study reported in [29] that transferosomes containing
curcumin had a particle size range of 50-150 nm and a PDI range
of 0.2-0.4, which is comparable to observed findings. Additionally,
a study by [30] reported that transferosomes containing ibuprofen
had a particle size range of 100-200 nm and a PDI range of 0.2-0.5,
which is slightly larger than the results. The desired particle size
for better transdermal diffusion is below 200 nm. The vesicle size
of RTG transferosomes was observed to be in the range of 54.05-
167.98 nm and RSM transferosomes was observed in the range of
66.02-184.04 nm, which indicates that some formulations meet

the desired size range. The PDI for RTG transferosomes was
observed in the range of 0.242-0.508 and PDI for RSM
transferosomes was observed in the range of 0.224-0.494, which
suggests that the particle size distribution was moderately broad.
As the amount of lipid increased from 0.5 to 1.5 g, the vesicle size
significantly increased from 54.05-167.98 nm and 66.02-184.04
nm for RTG and RSM transferosomes, the observation of work
states that concentration of surfactant has a negative correlation
effect on vesicle size can be supported by a study in [31] that
investigated the effect of surfactant concentration on the particle
size of transferosomes containing paeonol. The authors of that
study reported that increasing the surfactant concentration led to
a decrease in particle size, which they attributed to the ability of
the surfactant to solubilize within the lipid bilayer and reduce
vesicle size, like the results of given studies.

Design-Expen Software
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Fig. 5: A. Response surface plot for vesicle size of RTG B. Contour plot of vesicle size of RTG C. Overlay plot for checkpoint batch of RTG D.
Vesicle size of checkpoint batch 1,2 and 3 of RTG
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Fig. 6: A. Response surface plot for vesicle size of RSM B. Contour plot of vesicle size of RSM C. Overlay plot for check point batch of RSM D.
Vesicle size of check point batch 1,2 and 3 of RSM

Entrapment efficiency

The results of this study regarding the positive correlation between
lipid amount and drug entrapment efficiency are consistent with the
findings of [32, 33], who also reported that higher lipid amounts lead
to increased drug entrapment in transferosomes. However, the
negative correlation between surfactant concentration and drug
entrapment efficiency observed in this study contrasts with the
results of [33], who reported that an increase in surfactant
concentration led to higher drug entrapment. It is possible that
differences in the types and amounts of lipids and surfactants used
in these studies contributed to the observed differences in drug

entrapment efficiency. The entrapment efficiency of RTG was found
in the range of 45.66-88.96%, which indicates that some
formulations have a high percentage of drug entrapment. The
entrapment efficiency of RSM was found in the range of 57.6-
92.57%, which suggests that some formulations have a high
percentage of drug entrapment.

The polynomial equations were evaluated to analyse the variation in
responses, such as vesicle size and entrapment efficiency for both
RSM and RTG transferosomes. The variables A, B, and C represent
the amounts of lipid, edge activator, and sonication period,
respectively.
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Figure : A Response surface plot for EE of RSM B Contour plot of EE of RSM

Fig. 8: A. Response surface plot for EE of RSM, B. Contour plot of EE of RSM
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Polynomial equation variation in responses such as vesicle size
and %EE was evaluated for RSM

Entrapment efficiency =+88.44-2.83*A+10.00* B+5.08*C-

5.74*A*B+3.08*A*C-2.47 *B*C-5.71* A2-20.53* B2-3.46* C2

Vesicle size =+64.24+23.26* A-15.24* B-12.19*C-9.37* A* B+4.38*
A* C-2.52* B*C+13.16* A2+42.95* B2+44.63* C2

Polynomial equation variation in responses such as vesicle size
and %EE was evaluated for RTG

Vesicle size =+76.52+15.90* A+17.07* B-25.37*C+8.19* A * B-7.45*
A* C-14.34* B* C-6.19* A2+12.18* B2+21.71* C2

Entrapment efficiency =+89.81+6.74* A+10.28* B+5.16*C+3.30* A*
B-1.72* A* C-1.41* B* C-6.64* A2-14.23* B2-1.50* C2

These equations allow for the prediction of vesicle size and
entrapment efficiency based on the amounts of lipid, edge activator,
and sonication period used in the transferosome formulation. By
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varying the values of these variables, the optimal conditions for
achieving the desired vesicle size and entrapment efficiency can be
determined.

In vitro drug permeation studies

Study in [34] reported the drug permeation of rotigotine
hydrochloride using transpersonal dispersion and reported a
cumulative drug release of 87.4% after 24 h using a Franz diffusion
cell. Similarly, [35] investigated the drug permeation of rasagiline
mesylate using transfersomal dispersion and reported a cumulative
drug release of 89.1% after 24 h using a Franz diffusion cell. The
current study investigated the drug permeation of optimized RTG
and RSM transfersomal dispersion using a dialysis tube and found a
higher cumulative permeation rate of 92.268% for RTG compared to
previous work, but a slightly lower rate of 87.72% for RSM. These
results indicate that transfersomal dispersion is an effective
technique for promoting drug permeation, as demonstrated by the
graphical representation of drug permeation results in fig. 9.

Table 2: Results of %EE and particle size for RTG and RSM transferosomes

Runs Amount of Amount of edge Sonication Rotigotine Hcl Rasagiline mesylate

lipid (g) activator (mg) time (min) % E. E. Vesicle size % E. E. Vesicle size
1 0.5 25 15 57.6+0.002 54.05+£0.187 50.2+0.001 113.53+0.002
2 1.5 25 15 61.2+0.105 71.1+0.38 54.66+0.128 184.04+0.302
3 0.5 100 15 67.56+0.003 76.18+0.087 79.03+0.202 89.19+0.0112
4 1.5 100 15 85.84+0.106 129.7+0.312 58.12+0.005 118.73+0.003
5 0.5 62.5 10 65.16+0.001 96.7£0.015 81.5+0.213 106.18+0.011
6 1.5 62.5 10 81.45+0.004 141.8+0.227 64.23+0.003 162.99+0.002
7 0.5 62.5 20 83.93+0.004 59.3+0.31 84.19+0.002 83.34+0.421
8 1.5 62.5 20 92.57+0.562 71.81+0.387 80.93+0.012 159.46+0.004
9 1 25 10 58.23+0.001 107.76+0.087 45.66+0.005 178.8+0.001
10 1 25 20 65.97+0.122 84.9+0.187 61.76+0.001 150.28+0.403
11 1 100 10 86.34+0.001 167.98+0.007 71.3£0.143 163.9£0.005
12 1 100 20 88.45+0.005 87.75+0.027 78.2+0.004 125.3+0.01
13 1 62.5 15 90.4+0.401 78.8+£0.107 87.96+0.001 68.2+0.005
14 1 62.5 15 90.64+0.001 78.07+£0.312 87.23+0.003 66.02+0.112
15 1 62.5 15 90.4+0.205 77.76+0.001 88.96+0.125 66.75+0.212

Description: Data represents mean+SD (n=3)

Table 3: Results of %EE and particle size for RTG and RSM transfersomal check point batches

S. No. Predicted Actual results for RTG transferosomes Predicted Actual results for RSM transferosomes
results Batch 1 Batch 2 Batch 3 Results Batch 1 Batch 2 Batch 3
% EE 93.08 92.57+0.562 93.56+0.494 89.76+0.325 87.79 88.12+0.125 88.87+0.345  89.93+0.402
Vesicle size 71.62 70.88+0.107 71.81+0.387 70.76+0.721 88.92 92.63+0.613 91.03+0.241  91.75+0.501
Description: Data represents mean+SD (n=3)
In Vitro drug permeation profile for RTG and RSA
tramsfersomes
o
o
L
0 5 10 15 20 25 30
Time (h)
—&— RTG RSM

Fig. 9: Graphical representation of in vitro drug permeation profile for RTG and RSM transfersomes

% Deformability index

In a study conducted by [34] it was reported that the optimized
transfersomal formulation of rotigotine hydrochloride, which was

prepared using sodium cholate and span 80, had a deformability
index of 94.6%. Another study found that the deformability index of
the batch with vesicle size 211.06 nm was chosen and extruded from
0.20 m membrane and was found to be 115.78%. These results
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suggest that the deformability index of transferosomes can be
modified by adjusting the concentration and type of surfactants used
in the formulation. Furthermore, these findings indicate that the
deformability index plays an essential role in enhancing the
permeation of drugs through the skin.

rv\?
o=1(5)
rp
=10.2(211.06/0.20)2 = 115.78 %

Where D = Deformability index, ] = 10.2 ml extruded Transferosomal
suspension, rv = 211.06 nm (0.211 pm) vesicular size of
transferosomes after extrusion, rp = 0.20 pm pore size of membrane

Stability studies of transferosomes

Stability study of F8 to RTG and F14 of RSM was performed to assess
the effect of storage at 4+2 °C for three months on the optimized
transferosomal formulation. The observed vesicle size of F8 was
71.81+0.129 nm, % EE was 92.19+0.41 and for F14 66.01+0.129 nm,
% EE was 87.19+0.71 (results are described in mean#SD, runs of
analysis n=3).

CONCLUSION

A study was conducted to investigate the factors that affect the
particle size and entrapment efficiency of transferosomes containing
rotigotine HCL and rasagiline mesylate. Three significant factors,
including lipid amount, edge activator amount, and sonication
period, were identified and optimized using a Box-Behnken design.
Various techniques were employed to characterize the optimized
batch F8 for RTG and F15 for RSM, shows high entrapment
efficiency, appropriate vesicle size, vesicle morphology and highest
In vitro drug permeation after 24 h.
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