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Hypertension seems to be a disorder that needs consideration for developing a
transdermal drug delivery system (TDDS) because it requires long and continuing therapy.
Olmesartan Medoxomil is an antihypertensive medication which has substantial first pass
metabolism results in low oral bioavailability. In order to prevent oral complications, the
production of elastic vesicles for improving Olmesartan Medoxomil transdermal distribution
was the focus of this paper's study. Using a 21.3! full factorial design and different edge
activators in varying quantities, elastic vesicles formulas were created. The formulae's zeta
potential (ZP), particle size (PS), polydispersity index (PDI), entrapment efficiency percentage
(EE%), and amount of drug released after six hours (Q6h) were all described. Utilizing Design
Expert® software, the ideal formula (F4) was determined, revealing EE% of 81.00+1.22%, PS
of 287.30+1.43 nm, PDI of 0.18+0.03, ZP of -39.61+1.10 mV, and Q6h of 47.15+1.10%. The
histological investigation verified the safety of the optimum elastic vesicles.
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INTRODUCTION

The biggest organ in the human body is
thought to be the skin. It has benefits over other
delivery methods from a pharmaceutical
perspective, such as avoiding first-pass
metabolism, fewer variations in plasma drug
levels for repeated administration, and high
patient compliance.*

However, owing to the characteristics of
the skin, transdermal distribution presents a
difficult method for the drug molecule to
intrude on the appearance of its therapeutic
function. The primary barrier to drug transit is
the stratum corneum (SC), which has a
thickness of 10 to 15 pum. The medications'
physicochemical characteristics play a critical
role in determining their capacity to traverse
the SC, which requires pharmaceuticals with a
molecular weight of less than 500 g/mol and a
log P value of 1-3 to permeate.?
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Olmesartan medoxomil has a restricted
oral bioavailability of 26% and is classified as
a class Il drug in the Biopharmaceutics
Classification System because of its significant
first-pass metabolism and poor solubility.
During absorption, ester hydrolysis bioactivates
Olmesartan medoxomil to produce active
olmesartan.

Further, Olmesartan medoxomil has been
previously identified as a promising candidate
for transdermal drug delivery. It has a
molecular weight (MW) of 4355 g/mol, a
melting point of 184.14°C ® and a biological
half-life of 10-15 h.* Despite the many
advantages of the skin as a site of drug
delivery, only few drugs are currently available
in the market as transdermal drug delivery
system. This is because the inherent limitation
of transdermal drug absorption which is
imposed by the outermost layer of the skin the
stratum corneum (SC).°
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Research has  demonstrated  that
Olmesartan medoxomil 's effectiveness is
significantly greater than several other
recommended antihypertensive medications.
Another method for administering Olmesartan
medoxomil is to incorporate the medication
into  submicroscopic vesicles administered
transdermally.  This obscures the drug
molecules and delivers the medication to the
systemic circulation in a regulated fashion, so
avoiding first pass metabolism.®

Olmesartan medoxomil has been included
in several nanovesicles such as bilosomes
containing sodium taurocholate and Brij
surfactant.”  Furthermore, another  study
performed for enhancing the transdermal
permeability using vesicles of high malleability
as transethosomes.2 Moreover, Hathout et al
fabricated  nanoemulsion  for  enhancing
Olmesartan medoxomil bioavailability and
proved their speculation using pharmacokinetic
studies on experimental animals. °

Phospholipid vesicles with an aqueous
compartment surrounded by one or more lipid
bilayers are known as liposomes. Many papers
instead link liposomes to topical medication
administration, despite the fact that only a
small number of studies have explored the
feasibility of transdermal drug delivery using
liposomes. 1

Cevec et al.' established a novel kind of
liposomes called transferosomes as a drug
delivery vehicle made up of an edge activator
and phospholipid bilayer. The produced
vesicles have flexibility due to the presence of
edge activators, which reduces the likelihood of
them rupturing, particularly when injected
topically. Both hydrophobic and hydrophilic
entities can surround medicinal molecules with
a broad range of solubility within
transferosomes. Without experiencing
appreciable loss, it can flex and pass through
the small constriction (between five and ten
times smaller than its own diameter). This great
deformability facilitates improved vesicle
penetration.!?

Furthermore, the vesicles' surfactant may
cause the lipid and protein packing inside the
SC to become unbalanced. Several studies have
demonstrated that stiff liposomes were less
successful than transferosomes for transdermal
medication delivery. However, a number of
investigations revealed that the transferosomes
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were unable to reach the stratum corneum's
bottom layers.

Conversely, phospholipid and ethanol
make up ethosomes, which were created by
Touito et al.®® Because ethanol interdigitates
the lipid bilayer of vesicles, enhancing drug
penetration through the skin, ethosomes can
also improve the fluidity of lipids in the
stratum corneum.

Therefore, the current study's objectives
were to assess the safety of elastic vesicles
when applied to the skin, as well as the
potential of these vesicles to increase
Olmesartan Medoxomil's transdermal
permeability. In order to do that, many factors
affecting the features of vesicles were
investigated using full factorial 2%.3! design
and Design Expert® software to determine the
ideal formulation.

Entrapment efficiency percentage (Y4),
particle size (Y2), polydispersity index (Y3),
and zeta potential (Ys) were chosen as
dependent factors, and edge activator type (Xa1)
and amount (Xz) were examined as
independent variables. The best elastic vesicles
were assessed in terms of stability and shape.
Additionally, male Wistar rats were used in
histopathology investigations of Olmesartan
Medoxomil from the ideal elastic vesicles.

MATERIALS AND METHODS

Olmesartan  Medoxomil,  Phospholipid
from soya bean, Sodium deoxycholate (SDC),
were purchased from Sigma Aldrich Chemical
Co. (St. Louis, USA). Tween 80 (T80),
chloroform, and methanol were obtained from
El-Nasr Pharmaceutical Chemicals Co. (Cairo,

Egypt).

Preparation of Olmesartan Medoxomil
loaded elastic vesicles

Utilizing the thin film hydration approach,
vesicles were created utilizing two edge
activators, Tween 80 and  Sodium
deoxycholate, in different dosages (5, 15 and
25 mg). First, 10 milliliters of chloroform were
used to dissolve the phospholipid (100 mg) and
edge activator with Olmesartan Medoxomil (25
mg) in a long-necked, round-bottom flask. A
thin clear coating of vesicles was generated by
slowly evaporating the organic phase at 60°C
using a rotatory evaporator (Rotavapor,



Heidolph VV 2000, Burladingen, Germany) at
90 rpm while keeping pressure under vacuum
for 30 minutes. For 45 minutes, the film was
hydrated with 10 mL of hydration media (bi-
distilled water). To obtain mature vesicles, the
vesicles dispersion was kept overnight at 4°C.*

Characterization and optimization of
Olmesartan Medoxomil loaded elastic
carriers Determination of entrapment
efficiency percentage (EE%)

Using a cooling centrifuge (Sigma 3K 30,
Germany), the wvesicular dispersion for the
prepared formulae was centrifuged at 20,000
rpm for 1 hour at 4°C. Next, methanol was
used to lyse the pellet, and a UV-Vis
spectrophotometer (Shimadzu UVv1650
Spectrophotometer, Koyoto, Japan) was used to
evaluate it at Amax 257 NM. ® EE% was found
using the direct approach. 6

Determination of particle size (PS),
polydispersity index (PDI) and zeta potential
(ZP)

Using a Malvern Zetasizer 2000 (Malvern
Instruments Ltd., UK), the mean PS, PDI, and
ZP of the vesicle’s dispersions were calculated
for the produced formulae. Following dilution,
the measurements were carried out. By
observing the particles' electrophoretic motion
in the electrical field, the ZP evaluation was
completed. Every measurement was done three
times.'’

Determination of amount of drug release
The shaking water bath was used for six

hours at 37°C to measure the amount of

medication released. Plastic cylindrical tubes

with an area of 3.14 cm? were filled with 2 mL
samples of the best elastic vesicles, each
containing 5 mg of Olmesartan medoxomil. 50
mL of release media that composed of pH 7.4
phosphate buffer saline (PBS) (60%v/v) and 40
% ethanol (v/v) was used to submerge the
formulations.® In this volume, the sink state
was preserved. At 1, 2, 3, 4, 5, and 6 hours,
aliquots were removed. A uv
spectrophotometer with a Amax Of 257 ° nm was
used to evaluate aliquots of Olmesartan
Medoxomil. Three experiments were carried
out.

Assessment of the influence of different
formulation parameters using 2%.3! full
factorial design

Using minimum experimental runs, a
complete 213! full factorial design was
employed to identify the impact of various
factors on the characteristics of Olmesartan
Medoxomil loaded elastic vesicles
dispersions.® Two elements were assessed in
the chosen design: one had two levels (Xi: edge
activator type), and the other had three levels
(X2: edge activator amount). As dependent
variables, the EE% (Y1), PS (Y2), PDI (Y3), and
ZP (Y4) were identified (Table 1). To generate
Olmesartan Medoxomil loaded elastic vesicles,
all potential combinations were tried in the
experiments (Table 1). The experimental data
were analyzed using Design Expert® software
version 11 (Stat Ease, Inc., Minneapolis,
Minnesota, USA) to independently source the
major impacts of these components, and then
analysis of variance (ANOVA) was used to
determine the significance.

Table 1: 2.3 Full factorial design for optimization of Olmesartan Medoxomil loaded elastic vesicles.

Factors (independent variables) Levels

Xi: Edge activator type T80 SDC
X2: Edge activator amount (mg) | 5 15 25
Responses (dependent variables) Constraints

Yi: EE (%) Maximize

Y2: PS (nm) Minimize

Ys: PDI Minimize

Y4 ZP (mV) Maximize

Abbreviations: EE%; entrapment efficiency percent, PS; particle size, PDI; polydispersity index, and

ZP; zeta potential.
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Optimization of Olmesartan Medoxomil
loaded elastic vesicles

The desirability function which predicts
the optimal levels of selected components was
developed in order to identify the best
formulation to be chosen for additional
research. Achieving the lowest PS and PDI and
the highest EE% and ZP (as absolute value)
were the criteria established for choosing the
best formulation.

Transmission electron microscopy (TEM)

Using a transmission electron microscope
(Joel JEM 1230, Tokyo, Japan), the
morphology of the ideal elastic vesicles was
investigated. A thin layer of the vesicular
dispersion was applied to a copper grid covered
with carbon, dyed with 1.5% phosphotungstic
acid, and observed. and photographed.®

Differential scanning calorimetry (DSC)

Through the use of purified indium as a
calibration, differential scanning calorimetry
(DSC-60, Shimadzu Corp., Kyoto, Japan) was
used to undertake a thermal examination of
both the ideal elastic vesicles and pure
Olmesartan ~ Medoxomil.  Each  sample,
weighing about 5 mg, was placed in typical
aluminum pans and heated between 10 and
250°C at a scanning rate of 5°C per minute
while an inert nitrogen flow was in place (25
mL/min).%°

Stability studies

Optimum elastic vesicles were stored at
4°C 45 days. Samples from each formulation
were withdrawn at 0 and 45 days. Stability was
evaluated by comparing the initial
measurements with results obtained after
storage. The EE%, PS, PDI, ZP and Q6h (%)
from the vesicles were measured as described
previously.  Statistical  significance  was
analyzed by Student’s t-test using SPSS®
software 22.0. Difference at p<0.05 was
considered significant.?

Histopathological study

The study design was approved by the
ethical committee of the Mazaya University
College, (reference number = (PI) 105).
Animals were divided into two groups where
group one acted as control, while group two
was treated with the optimum elastic vesicles.
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The treatment period lasted one day. After
being fixed for 24 hours in 10% formol saline,
skin samples were cleaned, and alcohol was
used to dehydrate them. Following a 24-hours
period at 56°C, the specimens were cleaned in
xylene, embedded in paraffin wax blocks, and
sectioned using a sledge microtome (Rotary
Leica RM2245, USA) at a thickness of 4 mm.
Using light microscopy, the specimens were
deparaffinized and stained with hematoxylin
and eosin stains for histological analysis.
(Axiostar plus, Zeiss, New York, NY).?

RESULTS AND DISCUSSION

Results
Analysis of factorial design

Two independent variables were studied:
the edge activator type (X1) and edge activator
amount (mg) (Xz); dependent variables
included EE% (Y1), PS (Y2), PDI (Y3), and ZP
(Ys). The experimental results were analyzed
using Design Expert® software (Stat Ease, Inc.,
Minneapolis, MN) version 11 to source
independently the main effects of these factors,
which were then analyzed using analysis of
variance (ANOVA) to determine the
significance of each factor. The two-factor
interaction (2 FI) model was used, and it was
seen that the anticipated R? values were in
reasonable agreement with the adjusted R? in
all responses, with reference to the design
analysis results in Table 2. The overall mean is
a more accurate predictor of the reaction,
according to the PDI's anticipated R? value,
which is negative. Referring to design analysis
results in Table 2, the model selected was two-
factor interaction (2FI) and it was noted that
the predicted R? values were in reasonable
agreement with the adjusted R? in all responses
results can be shown in Table2, all responses
exhibited acceptable adequate precision with a
ratio larger than 4.

The effect of formulation variables on EE%

Depending on the lipid composition and
qualities, encapsulating bioactive inside
phospholipid formulations provides the optimal
delivery, improved stability, protection, and
permeability.?® The effect of the independent
variables, edge activator type (Xi) and edge
activator amount (mg) (Xz) on the EE% of
Olmesartan Medoxomil in elastic vesicles is



shown in Table 2,3 and is graphically
illustrated as 3-D surface plots in Fig. 1A. It is
observed that edge activator type (Xi) had a
significant effect on EE% (p<0.0001).

When comparing Tween 80-containing
formulas to SDC formulations, the EE% was
greater. This is consistent with the findings of
Aboud et al. and could be explained by the
edge activators' HLB values, which are,
respectively, 15 and 23.4 for T80 and SDC.? It
is commonly recognized that lipophilic drugs
would be better entrapped by edge activators
with lower HLB values since they are more
lipophilic.?®

This explains why formulations including
Tween 80 had higher EE% of Olmesartan
Medoxomil, a highly lipophilic medication
with a log P value of 5.6. Moreover, Tween
80's extremely hydrophobic alkyl chains

interact with the vesicles' hydrophobic domain
to produce more compacted vesicle layers,
which stops drugs from leaching from
vesicles.?The EE% of Olmesartan Medoxomil
would decrease, however, if edge activators
with higher hydrophilicity, such as SDC,
formed fewer stiff vesicles because of their
bigger polar head groups and greater drug
solubilization in the aqueous medium during
production.?

Regardless of the type of edge activators,
the edge activator's EE% was maximum at 5
mg, but at 25 mg, the drug's EE% was
drastically reduced. The findings corroborated
those of Ezzat et al.,%” who found that EE% fell
as phospholipid concentration dropped. This
might be explained by a reduction in the
amount of space available for drug loading into
the vesicles.®

Table 2: Output data of the 21.3! full factorial analysis of elastic vesicles formulations and predicted
and observed values for the optimum elastic vesicles.

Responses EE% PS (nm) PDI ZP (mV)
Adjusted R? 0.999 0.999 0.996 0.944
Predicted R? 0.998 0.999 0.991 0.988
Adequate precision 143.22 490.83 52.23 60.00
Significant factors X1, X2 X1, X2 X1, X2 Xy, X2
Predicted value of 81.00 287.16 0.185 -39.90
optimum formula
Observed value of 80.60 287.31 0.182 -39.00
optimum formula

Abbreviations: EE%, entrapment efficiency percentage; PS, particle size; PDI, polydispersity index;

and ZP, zeta potential.

Table 3: Experimental runs, independent variables, and measured response of the 2.3* full factorial
experimental design of elastic vesicles.
Edge
Edge activator | activator EE% PS (nm) DI 7P (MV)
type amount
(mg)
F1 T80 5 81.00+2.00 411.00x£2.00 0.040+0.001 | -31.00%1.00
F2 T80 15 80.98+1.89 387.00£3.00 0.210£0.120 | -30.50£1.50
F3 T80 25 77.00£1.00 338.00£2.00 0.030+0.001 | -24.30%£1.20
F4 SDC 5 81.00+1.23 287.90+£2.10 0.180+0.002 | -39.60£1.23
F5 SDC 15 59.00+0.12 232.00£2.00 0.150+0.003 | -34.00%£2.00
F6 SDC 25 54.00£1.00 215.00£3.00 0.020£0.100 | -28.00£2.00

Note: Data represented as mean = SD (n=3).
Abbreviations: EE%, entrapment efficiency percentage; PS, particle size; PDI, polydispersity index and

ZP, zeta potential
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Fig. 1: Effect of edge activator type (X1) and edge activator amount (Xz) on EE%, PS, PDI, and ZP of

elastic vesicles.

The effect of formulation variables on PS
The z-average diameter, which indicates
the particles' mean hydrodynamic diameter %’
was measured and presented in Table2,3 and
graphically illustrated in 3-D surface plots
(Fig. 1B). It is noticeable that both edge
activator type (X1) and edge activators amount
(mg) (X2), influenced significantly (p<0.0001)
the PS of the vesicles. The PS for formulae
prepared by Tween 80 was higher than that of
identical formulations prepared by other edge
activators, taking into account the type of edge
activator. Yeo et al.?® reported that a decrease
in the hydrophilic component of SAA is
connected to an increase in the PS of vesicles
when the edge activator HLB value drops. As a
result, Tween 80, which had the lowest HLB
value (18), produced the highest PS.
Furthermore, compared to the similar
formulations prepared with SDC, the Tween
80-made formulae with an alkyl chain length of
18 carbon atoms displayed greater vesicular
diameters. However, due to steric repulsion
between the charged molecules exposed from
the vesicle membrane's outer layer, the smallest
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vesicles were produced when anionic SDC was
incorporated into the vesicle bilayer. As a
result, the vesicles would be smaller due to an
increase in the curvature of the vesicle
membrane. Furthermore, as was already
indicated, the modest PS was also explained by
the high HLB value of SDC (23.4).%
Comparing the edge activator amount at
25 ratios to the other 2 ratios, it produced the
smallest PS with regard to edge activator
amount (mg) (X2) (p<0.0001). Phospholipids
are known to have a cylindrical form due to the
size of their hydrophobic tails. Furthermore,
the amphiphilic head group of the edge
activators molecule requires more space than
the hydrophobic tail's cross section area, which
is why the molecule resembles a cone. The
hydrophobic tails of the cone-shaped edge
activators insert into the lipid bilayers and
engage with the lipid polar fragments through
their head groups. This process occurs when
the edge activators interact with lipid bilayers.
Lipid edge activators aggregates become more
curved as the amount of edge activators grows
because of the difference in the hydrophobic



chain lengths of phospholipid and edge
activators. Thus, the PS is reduced as a result
of the cone-shaped edge activators' disruption
of the densely packed lipid bilayers. The data
also showed that, for every formula, the PS
matched the quantity of medication entrapped
in the vesicles. Consequently, the decline in
EE% would provide an additional rationale for
the reduced PS of vesicles.?

The effect of formulation variables on PDI

The width of unimodal size distributions is
measured by the PDI. Further, PDI was
measured and presented in Table 2,3 and
graphically illustrated in 3-D surface plots
(Fig. 1C). A homogeneous dispersion is
indicated by a value of 0, whereas a completely
heterogeneous polydisperse population is
indicated by a value of 1. Factorial analysis of
variance showed that both independent
variables, edge activator type (Xi1) and edge
activator amount (Xz), showed significant
effect on PDI with p values of (p<0.0001) for
both factors. A PDI that is considered
acceptable should be less than 0.5. The
produced vesicles' polydispersity indices were
often minimal, as can be seen from the data,
indicating strong homogeneity and a narrow
size distribution. *°

The effect of formulation variables on ZP

Because of electrostatic repulsion, charged
vesicles with a ZP of (>[30jmV) are less likely
to aggregate.®® As demonstrated in Table 2,3
and visually represented as response 3-D
graphs in Fig. 1D, the ANOVA findings
indicated that both independent variables edge
activator type (X1) and edge activator amount
(mg) (X2) showed a significant effect on ZP
(p<0.0001). It was shown that utilizing Tweens
instead of SDC reduced the ZP of vesicles.
More OH ion adsorption will take place at the
surfactant with a lower HLB value (a more
nonpolar interface), which will lead to an
increase in ZP. Furthermore, Tweens' (CHy-
CH,-O), created hydrogen bonds with water
molecules, which decreased ZP values. *

In addition, when compared to other
tweens, the addition of anionic SDC produced
the greatest ZP values. Following ionization in
water, SDC produces an electric double layer
by being adsorbed on the particle/water
contact. Furthermore, non-ionic edge activators

produce lower ZP because they have a more
significant impact on spreading the diffuse
layer. Anionic edge activators, on the other
hand, are held up more firmly around the
particle and as a result have less of an impact
on the diffuse layer's thickness, maintaining
greater ZP values.®

With respect to edge activator amount
(X2), vesicles with the lowest amount of
surfactant exhibited the most negative ZP.
Although, phospholipid heads cause the
negative ZP value in water even though they
are zwitterionic and so technically uncharged at
neutral pH. Makino et al.** proposed that the
direction of the dipole joining the positive
charge of the choline group and the negative
charge of the phosphatidyl group in a lipid
molecule's head group is responsible for the
charge of the phospholipid bilayer. According
to a report, the head group is orientated so that
the phosphatidyl group is outside and the
choline group is inside in a medium with low
ionic strength, producing a negative surface
charge.

Selection of the optimized formulation

A set of criteria was first established in the
Design Expert® software (Stat Ease, Inc.,
Minneapolis, MN) version 11 in order to
choose the best formula. Particles having the
highest EE%, ZP (absolute value), and lowest
PS and PDI were given preference according to
these parameters. The primary effects of these
parameters were separately found through the
use of Design Expert® to examine the
experimental data. An analysis of variance
(ANOVA) was then performed to ascertain the
importance of each element. The formula that
satisfied the predetermined criteria was the best
one. The ideal elastic vesicles had a ZP of -
39.60+1.23 mV, PDI of 0.180+0.002, PS of
287.90+2.10 nm, and EE% of 81.00+1.23%.
The expected and observed responses of were
compared and are displayed in Table 2 to
verify the validity of our experiment. There
was a strong correlation found between the
actual and anticipated values for the optimum
formula F4 that contained 5 mg SDC.

Characterization of the optimum formula
In-vitro drug release

When predicting a drug's in-vivo
performance, the release profile is a crucial
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indicator. High surface area and a faster rate of
disintegration are the outcomes of PS
decrease.®® Q6h for the optimum elastic
vesicles and Olmesartan Medoximil suspension
is displayed in Fig. 2. Additionally, the results
indicated that the optimum elastic vesicles
containes SDC that provides higher release
percent compared to Olmesartan Medoximil
suspension. This is likely due to the fact that
SDC created the small PS vesicles, increasing
the total surface area and, thus, the release
rate.?* Furthermore, the inclusion of SDC led to
the formation of mixed micelles including
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phospholipid and improved Olmesartan
Medoximil's aqueous solubility in the aqueous
phase. %

Morphology of vesicles

TEM examination was used to examine
the external morphology of the obtained
optimum elastic vesicles formulation. Elastic
vesicles' morphological shape revealed that
they were spherical and had a consistent size
distribution (Fig. 3). The Zetasizer-determined
vesicle sizes did match the TEM data fairly
well.
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Time (h)

6 8

Amount of Olmesartan medoxomil released (%)

— Olmesartan medoxomil Suspension

— Optimum Formula

Fig. 2: In-vitro drug release for Olmesartan Medoxomil and the optimum formula.
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1

Fig. 3: Transmission electron micrograph for the optimum elastic vesicles.
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Differential scanning calorimetry (DSC)

The ideal -elastic vesicles and pure
Olmesartan  Medoxomil thermograms are
displayed in the Fig. 4. Pure Olmesartan
Medoxomil's DSC scan revealed a single
endothermic peak at 184.14°C.*" Drug
entrapment in vesicles may be indicated by the
absence of the drug's distinctive peak in the
optimal elastic vesicle's DSC thermogram.
Hydrogen bond formation, Van der Waals
attractive forces, or dipole-dipole forces at the
drug's hydroxyl groups as well as those of the
phospholipid and SDC are likely examples of
these interactions. The development of a
vesicle with an advantageous shape and
structure that has good stability.

Stability study

During storage, lipid vesicular
formulations have a tendency to fuse and
disintegrate, changing PS, PDI, and ZP.
Additionally, these modifications result in a
decrease in the EE% and medication leakage

Endothermic

Heat flow (H/g)

from the vesicles.®® Vesicles were visually
inspected for aggregation and appearance
changes. Furthermore, it was determined what
EE% of 82.00+1.62%, PS of 289.70+3.13 nm,
PDI of 0.19+0.05, ZP of -38.71+2.10 mV, and
Q6h of 48.15+2.10%. After 45 days at 4°C,
statistical analysis showed that there was no
discernible change between the fresh and
preserved vesicles in terms of EE%, PS, PDI,
ZP and Q6h. These results suggest that the
ideal elastic vesicles are stable.

Histopathological study

Permeation enhancers are thought to be a
key barrier to transdermal delivery due to skin
irritation.*® When compared to untreated skin
sections (group 1), light microscopy analysis of
groups Il which were treated with the optimum
elastic vesicles, respectively, revealed no
histological alterations in epidermal and dermal
cells (Fig. 5). These results showed that the
ideal elastic vesicles had a tolerable level of
acceptability.

I

0 50 100

150 200 250

Temperature (°C)

— Olmesartan medoxomil

— Optimum Formula

Fig. 4: Differential scanning colorimetry for Olmesartan Medoxomil and the optimum formula.
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Fig. 5: Histopathological study for the optimum elastic vesicles compared to the negative control.

Conclusion

In this study, we developed elastic vesicles
as a transdermal Olmesartan Medoxomil
delivery method. In accordance with the 2.3
full factorial design, six formulations were
created using the thin film hydration process.
These formulations were then utilized to
choose the best elastic vesicles, which had
spherical morphology, a good drug EE%,
minimal PS, high Olmesartan Medoxomil
release percent, and good ZP values.
Additionally, DSC experiments on elastic
vesicles verified that Olmesartan Medoxomil
was entrapped within the structure of the
vesicles. Additionally, the in-vivo histological
investigation verified that optimum elastic
vesicles did not cause irritation when applied to
rat skin. The findings therefore indicated that,
since elastic wvesicles bypass Olmesartan
Medoxomil's significant first pass metabolism
and do not cause oral issues, they could be
regarded as a potential  transdermal
administration strategy. To prove that elastic
vesicles are therapeutically effective in
humans, more research is required.
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