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Abstract

Spanlastics are nanovascular drug delivery systems that use surfactants, including hydrophilic and hydro
phobic medicines. Spanlastics enhance the ability of medicines to enter the body and provide a continuous release
over extended periods. These vesicles possess a high degree of elasticity and flexibility, enabling to improve the
transport tation of medications through different methods of administration. Rizatriptan Benzoate is prepared as
spanlastics nanovesicles.Box-Behnken design was employed using Design- Expert® version 13.0.5.0 software
(Stat-Ease, USA). The three independent variables were: (X1: Span®60 amount), (X2: Cremophor EL 40 amount),
and (X3: sonication time). The dependent variables or responses were (Y1: Vesicle size), (Y2: PDI), and (Y3:
Entrapment efficiency). The spanlastic formulations were developed using a response surface central composite
design and formulated using an ethanol injection. The formulations were analyzed to identify the optimal formula
with a minute particle size, lower PDI, and a high EE%. The optimized formula underwent additional analysis
using zeta potential measurement, in-vitro release profile, Fourier Transform Infrared (FTIR) Analysis, Field
Emission Scanning Electron Microscopy (FESEM), Differential Scanning Calorimetry Analysis (DSC), and X-
ray Diffraction Analysis (XRD).The improved formulation exhibited a particle size of 84.98+ 2.036 nm, a PDI of
0.1993+ 0.045 and an EE% of 53.69+1.08%. There is a little discrepancy between the observed and predicted
values. The zeta potential was -22.37+ 0.74. The optimum formula showed an appropriate release of 88.5+1.23%
over 6 hours. The compatibility analysis demonstrated that Rizatriptan Benzoate is compatible with the other
excipients. Furthermore, the drug molecule was seen to exist in an amorphous condition within the spanlastic
formula. Analysis of the vesicle shape revealed that it was nearly spherical. In summary, spanlastics have been
considered as a possible delivery method for Rizatriptan Benzoate that might enhance its administration.
Keywords: Cremophor EL 40, Rizatriptan Benzoate, Nanovesicles, Span® 60, Spanlastics .
Introduction

Spanlastics are an innovative drug delivery spa_nlastlc formulations; . fo_r example, edge
device encapsulating medication in a bilayer within activators enhance the flexibility of these systems,
the core cavity. The term "Spanlastic” (a enabling the vesicles to pass through membrane

combination of "Span* and "Elastic") was coined in barriers @. Ali M M et al. formulated intranasal

2011. Spanlastics are viscoelastic vesicles formed
by combining a vesicle builder with an edge
activator (EA). EA interacts with the vesicle bilayer
to alter its structural integrity, flexibility, and fluidic
properties and can transport hydrophilic and
hydrophobic  medications.  The  hydrophilic
pharmaceuticals are enclosed in the interior
hydrophilic compartment, while the outside lipid
layer encases the hydrophobic drugs ©. The formed
spanlastics nanovesicles have garnered growing
attention as a potential nanotechnology for
medication delivery such as Rizatriptan benzoate
(RNB).These vesicular carriers are a special type
that may be used to transport drugs to specific sites
in the body, such as the eyes, mouth, skin, nose, and
nails. This ability is due to the specific properties of

spanlastic nanovesicles for rasagiline mesylate brain
delivery ® The research employed the Design-
Expert® program. A Box-Behnken design with three
factors and three levels was utilized, employing
response surface methodology, to investigate the
impact of various variables on the chosen
formulation. The formulation had been previously
determined to have the highest desirability .
Migraine is a form of episodic neurological disorder
distinguished by a pulsating headache that often
affects one side of the head and is often
accompanied by feelings of nausea and vomiting.
The standard treatment of migraine typically
consists of nonsteroidal anti-inflammatory drugs
(NSAIDs), ergot alkaloids, and 5-HT receptor
agonists (triptans). RNB, along with other triptans,
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acts as an agonist on the 5HT1B/1D serotonin
receptors and is regarded as the leading treatment for
migraines. Nevertheless, the primary disadvantages
of RNB oral formulations are the delayed initiation
of effects and limited absorption into the
bloodstream (40%) caused by the initial liver
metabolism &9 The objective of this work was to
develop RNB as soft nano vesicular carriers, known
as spanlastics, and examine the relationship between
formulation parameters using Box-Behnken design
with three independent variables were: (X1: Span®
60 amount), (X2: Cremophor EL40 amount), and
(X3: sonication time) and the dependent variables as
follows: Y1 represented vesicle size, Y2 represented
PDI (polydispersity index), and Y3 represented
entrapment efficiency. The ultimate goal was to
create an appropriate spanlastics nanovesicular
system for RNB that enhances the ability of
medicines to enter the body.
Materials and Methods
Materials

RNB was supplied by Baoji Guokang Bio-
Technology CO., LTD, China, and Cremophore EL
was purchased from Hyper-Chem LTD CO,
China.Span®60 was purchased from Xi'an Sonwu
Biotech Co.Ltd, China Ethanol was purchased from
Thomas Baker, India, and Deionized Water was
purchased from Bainat al rafidain office, Irag.
Methods
Rizatriptan
preparation

RNB spanlastic was prepared using the
ethanol injection method. In summary, 10 ml of pure
ethanol was utilized to dissolve RNB and Span® 60.
The alcoholic solution was heated and then
gradually injected into a preheated (70°C) water
solution (10 ml) containing previously dissolved
Cremophor EL 40 (an edge activator). The stirring
process was prolonged by subjecting the mixture to
magnetic stirring for 1 hour, ensuring all the ethanol
had completely evaporated. The dispersion was
subjected to probe sonication (QSonica, LLC, USA,
30% amplitude) at different times to enhance the
formation of a finely dispersed and uniform mixture
while preventing aggregate formation ),
Ultimately, the formulations were stored in a
refrigerator until they were examined.

Benzoate  loaded  spanlastics
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In vitro characterization
Determination of vesicle size and PDI

The diluted formulation's vesicle size and
polydispersity index (PDI) were measured using a
Zetasizer from Malvern Instruments Ltd, United
Kingdom. The measurements were performed at a
temperature of 25+2 °C. To achieve precise
measurements, the samples were diluted by a factor
of 10 using distilled water before analysis .
Determination of RNB entrapment efficiency
(EE%)

The entrapment efficiency (EE %) of RNB
using spanlastics vesicles was determined using
ultrafiltration. RNB that was not captured was
isolated from the spanlastics dispersion using the
ultrafiltration method. Four mL of the spanlastics
dispersion was added to the sample reservoir of the
Amicon® Ultra-4 centrifugal filter (with a molecular
weight cutoff of 10 kilo Daltons) from Merck
Millipore Ltd. The mixture was then centrifuged at
6000 rpm using (Hettich centrifuge) for 30 minutes
at room temperature. The removed filtrate from the
spanlastics preparation contained unentrapped
RNB, which was not properly encapsulated within
the spanlastics. To quantify the quantity of
medication that was not trapped, the filtrate was
examined using a UV spectrophotometer (model
UV-19001 PC, Shimadzu, Kyoto, Japan) at a
wavelength of 228 nm. The measurements were
conducted three times. The EE percentage was
calculated using equation 110),

EE% =

Amount of total drug—Amount of unentrapped drug %

amount of total drug

100% (Equation 1)

Studying the influence of different formulation
variables using the Box-Behnken design

Box-Behnken design was employed using
Design- Expert® version 13.0.5.0 software (Stat-
Ease, USA). The three independent variables were:
(X1: Span® amount), (X2: Cremophor EL 40
amount), and (X3: sonication time). The dependent
variables or responses were (Y1: Vesicle size), (Y2:
PDI), and (Y3: Entrapment efficiency), as shown in
Table 1. Fifteen formulations with 3 center points of
RNB spanlastics were prepared based on the above
software, as shown in Table 2.

Table 1. Dependents and independent variables used in Box-Behnken design

Dependent variables

Levels

X1: Span® 60 amount

40 mg, 70 mg and 100 mg

X2: Cremophor EL 40

10 mg, 30 mg and 50 mg

X3: Sonication time

0 min, 4 min and 8 min

Y1: Vesicle size Minimize
Y2: PDI Minimize
Y3: Entrapment Efficiency Maximize
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Table 2. Design of RNB spanlastic formulations using Box-Behnken design software

Formula Span® amount Cremophor EL 40 Sonication time
1 70 50 8
2 70 50 0
3 70 30 4
4 70 10 0
5 70 10 8
6 70 30 4
7 40 50 4
8 70 30 4
9 40 10 4
10 100 30 8
11 100 10 4
12 40 30 0
13 100 30 0
14 100 50 4
15 40 30 8
Statistical ~ Optimization of RNB Loaded 7.4). The quantity of RNB was determined using a

Spanlastics Formulation

The selection of the optimum formula in this
model was determined by minimizing the vesicle
size and PDI and maximizing EE%. The actual
responses (Y1, Y2, and Y3) were compared to the
statistically predicted values, and the percentage
relative error was determined using Equation 2 9,
This was done to validate the improved method.
% Relative error = (predicted value -observed value)
x 100/predicted value (Equation 2)
The efficacy of the revised nano formula was
assessed  using  additional  characterization
experiments.
Characterization of the optimized formula
Zeta potential of the optimum RNB-loaded
spanlastics

The net charges of the chosen RNB-loaded

spanlastic nano vesicular formulations were
determined by analyzing their zeta potentials. These
zeta potentials can be utilized to assess the stability
of the wvesicular formulations. The diluted
spanlastics dispersion was introduced into a
disposable cuvette of a Zetasizer analyzer (Malvern
Instruments, UK) equipped with software to detect
electrophoretic mobility 2,
In-vitro release profile

The quantity of RNB liberated from the RNB
solution and chosen spanlastics formula over a
duration of six hours was determined utilizing the
dialysis bag technique. Briefly, a certain spanlastic
dispersion volume, equivalent to 14.53 mg RNB
(14.53 mg of RNB equivalent to 10 mg rizatriptan),
was selected from the available formulation and
transferred into dialysis bags made of cellulose
membrane with a molecular weight cutoff range of
8000-14000). The dialysis bags were placed in a
paddle (type I1- dissolving equipment) with 500 mL
of freshly made phosphate buffer solution (pH =

127

UV visible spectrometer with a detection
wavelength of 225 nm (3),
Fourier Transform Infrared (FTIR) Analysis

The FTIR study was conducted by
combining the optimal formula, physical
combination, and drug alone with a tiny quantity of
dry KBr powder. This mixture was then crushed into
a clear disc, and spectra were collected in the region
of 4000-500 cm™. The spectra were analyzed to
confirm the absence of any interaction between the
medicine and the excipients that might potentially
occur throughout the procedure @4,

Field Emission Scanning Electron Microscopy
(FESEM)

The surface morphology of the optimal
spanlastics formula was analyzed using a field
emission scanning electron microscope (FESEM).
Following the dilution of one milliliter of
nanodispersion with deionized water, a small
amount of the diluted sample was applied to
aluminum slabs and left to dry for a specific
duration. The dry samples were coated with a thin
coating of Au/Pd using a sputter coater.
Subsequently, they were observed with a Field
Emission Scanning Electron Microscope (FESEM)
at different magnifications .

Transmission Electron Microscopy (TEM)

The morphological properties of the
optimum drug nanosuspension were examined using
a transmission electron microscope (TEM). The
specimen was made by diluting a small amount of
the chosen compound with distilled water and then
allowing it to evaporate on a copper grid coated with
carbon. Subsequently, it was analyzed using a
transmission electron microscope (TEM) of the
(Zeiss Supra 40vp, Germany). The transmission
electron microscope (TEM) enabled researchers to
observe and analyze the morphology of the
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nanovesicles, as well as any other characteristics
found in the sample 617,
Differential Scanning Calorimetry Analysis

The DSC method was utilized to evaluate
the thermotropic characteristics and thermal
behavior of the pure drug RNB, the RNB optimum
lyophilized formula, and the physical mixture with a
molar ratio of 1:1 between the drug and other
excipients. A sample weighing approximately 5 mg
was placed in aluminum pans and heated at a rate of
10 °C per minute. The temperature range during the
experiment ranged from 25 °C to 300 °C 19,
X-ray Diffraction Analysis

X-ray powder diffraction tests were
conducted to assess the degree of crystallinity of the
medication in pure form and in RNB lyophilized and
physical mixture of the optimum formula.
The measurements were conducted by placing the
samples in glass sample holders. The scan range
used was 20 = 5 - 80. The operating voltage and
current were set at 40 kV and 30 mA, respectively.
Data was collected with a step width of 0.05° and a
detector resolution in diffraction angle (20) between
5°C and 100°C at room temperature 19,
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Results and Discussion
Effect of formulation variables on vesicle size and
PDI

Predicting the factors that affect the action of
pharmaceutical products is challenging. However,
recent studies on the specific formulation have
indicated that particle size is the most influential
factor in determining the biological activity of each
drug. This is because particle size controls the
delivery of the drug to its intended target @, The
spanlastics that were generated consisted of vesicles
with a nano-sized range, with a mean ranging from
568.7 nm to 25.34 nm. An ANOVA study was
conducted to assess the impact of independent
variables on vesicle size. The results indicate that the
span amount (X1), Cremophor EL 40 amount (X2),
nd sonication time (X3) have significant effects on
vesicle size (P < 0.0001). Table 2. shows vesicle
size, PDI, and EE% of the prepared RNB spanlastics
formulas, as well as Figures 1, 2, and 3 display 3D
charts illustrating the impact of independent
parameters on vesicle size.

Table 2. Vesicles size, PDI, EE% of the prepared RNB spanlastics formula

Vesicle size* (nm) PDI* EE (%)*

39.2+1.7 0.2841+0.017 43.289+0.61
241.7+6.51 0.3264+0.21 54.211+1.25
129.3+5.12 0.2738+0.021 50.866+1.81
332.4+6.93 0.1477+0.014 68.267+1.03
180.7+2.64 0.145+0.011 56.031+0.61
169.7+5.51 0.1224+0.025 53.085+1.25
25.34+0.69 0.1582+.019 36.297+0.59
151.5+5.51 0.3197+0.021 51.746+1.62
116.7+2.31 0.3141+0.022 52.051+3.03
380.5+5.52 0.1503+0.013 67.461+1.54
557.5+7.32 0.5774+0.029 66.223+0.64

84+4.11 0.2673+0.009 47.729+1.89
568.7+1.71 0.4798+0.022 70.589+1.59
291.4+4.73 0.2275+0.028 63.244+00.25
74.73+4.25 0.2059+0.31 43.741+1.31

*Results as mean + SD, n=3
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Figure 2. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL40 (B) and sonication
time (C) on the vesicle size of RNB spanlastics formulations ((A, C) effects on vesicle size).
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Figure 3. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the vesicle size of RNB spanlastics formulations) ((B, C) effects on vesicle size).

The predicted R? value (0.8909) showed
satisfactory concurrence with the adjusted R? value
(0.9036), suggesting a strong correlation. The
polynomial equation that demonstrates the relation
between particle size and independent formulation
factors is as follows: Particle size (Y1) = +177.79 +
187.17 A — 73.71 B — 68.96 C + 84.57Whereas A:
Span® 60, B: Cremophor EL 40 amounts, and C:
sonication time.It can be concluded that there is a
substantial correlation between the amount of Span®
60 (X1) and the particle size (p < 0.0001). The
results confirm the hypothesis that surfactants with
longer alkyl chains produce vesicles with greater
sizes @V, According to Bhardwaj P. et al., Span® 60
produces the largest vesicles because it contains the
longest alkyl chain without any unsaturation ?2, The
study found that increasing the amount of
Cremophor EL 40 (X2) has a significant positive
effect on vesicle size (P < 0.05). Increasing the
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concentration of Cremophor EL 40 will result in a
reduction in vesicle size since increased surfactant
concentration promotes the formation of smaller
droplets and is attributed to the enhanced migration
of surfactant molecules from the oil phase to the
aqueous phase, so effectively reducing the size of
the drug particles @®® Regarding the impact of
sonication time (X3) on vesicle size, it was observed
that the efficiency of probe sonication in reducing
vesicle size is significantly boosted by increasing the
sonication period since ultrasound mechanical
waves can cause cavitation or bubble formation in
the vesicle membrane, the results demonstrated that
longer sonication duration resulted in a decrease in
the particle size. Increasing the duration of
sonication resulted in the release of higher levels of
sonication energy. This, in turn, facilitated the quick
and uniform dispersion of the organic phase into
nanovesicles ?42).  An analysis of variance
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(ANOVA) revealed that the effect of sonication time
on vesicle size was statistically significant (p<0.05).
Effects of Formulation Variables on PDI

The Polydispersity index (PDI) quantifies
the degree of uniformity in the compositions. A
formulation with a PDI (Y2) value near 0 implies a
homogeneous population, whereas those with a PDI

Design-Expert® Software
Factor Coding: Actual
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. Design poarts sbove predicted value
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value near 1 imply a heterogeneous system. The PDI
values observed in our study ranged from 0.1224 to
0.5774, which suggests the presence of
monodisperse  systems ©@®,  The ANOVA
investigation reveals no statistically significant
impact of any independent factors on the values of
PDI (p< 0.05). As depicted in figures (4,5 and 6).

Figure 4. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL40 (B) and sonication
time (C) on the PDI of RNB spanlastics formulations ((A, B) effects on PDI).
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Figure 5. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the PDI of RNB spanlastics formulations ((A, C) effects on PDI).
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Figure 6. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the PDI of RNB spanlastics formulations ((B, C) effects on PDI).
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Effects of formulation variables on entrapment
efficiency

The entrapment efficiency of the produced
spanlastics formulation ranged from 36.279 % to
70.589 %. The obtained results refer to the
significant effect of variables on entrapment
efficiency (p < 0.0001). The predicted R2 (0.8895)
was in a reasonable agreement with the adjusted R2
(0.9076), indicating a good correlation. The
polynomial equation that demonstrates the relation
between EE% and independent formulation factors
is as follows: Entrapment efficiency % (Y3) = 56.66
+10.59 A—-6.07 B—3.78 C . There is a statistically
significant increase (p <0.0001) in plastics EE% as
the amount of Span® 60 increases. The higher
amount of Span® 60(X1) resulted in a substantial
increase in EE% (Y2) at a p-value of less than
0.0001. This can be attributed to the solid state,
hydrophobic character, and high phase transition
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temperature (53°C) of Span® 60?".The proportion
of EE decreased dramatically (p < 0.05) as the
amount of the Cremophor EL 40 (X2) increased; the
smaller particles exhibited lower entrapment
efficiency and enhancement of the hydrophilic
properties of the nanovesicles since the HLB value
of Cremophor EL 40 is 14, so resulting increase
membrane fluidity and may lead to more creation of
transitory hydrophilic holes inside the bilayer @9,
The impact of size reduction procedures,
specifically probe sonication, on drug leakage
percentage is demonstrated. As the size reduces, the
drug encapsulation efficiency (EE%) also falls,
leading to higher rates of drug leakage relative to
larger vesicles @9, Sonication time exhibited a
significant impact (p <0.05) on the percentage of
entrapment of RNB within the vesicles. Figures 7,8
and 9 present 3D graphs depicting independent
variables' influence on the EE%.

AAEEAN
AAENN

100
0 80 @
20 70
60
50 A Spanamount img)

10 40

Figure 7. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the EE% of RNB spanlastics formulations ((A, B) effects on EE%b).
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Figure 8. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the EE% of RNB spanlastics formulations ((A,C) effects on EE%).
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Figure 9. 3D-surface plots for the effect of the amount of Span®60 (A), Cremophor EL 40 (B) and sonication
time (C) on the EE% of RNB spanlastics formulations ((B, C) effects on EE%b).

Statistical optimization RNB loaded spanlastics
formulation

The optimal formula was determined by
integrating numerical and graphical optimization
techniques  with  desirability  criteria.  The
optimization study calculates a set of desirability
functions for each response variable based on the
selected criterion of either maximizing or
minimizing. The estimated answers (Y1, Y2, and
Y3) may be converted into a desirability value that
increases in line with the attractiveness of the
corresponding reaction using the desirability
approach. The desirability value is a numerical
measure ranging from zero to one. A formula with a
desirability value of 1 is completely desired,
whereas a grade of 0 indicates complete
undesirability. The best formula has the greatest

10 -

intensity {Percent)

O Y '
(8 B | 1 1C

—Sample 1 [Steady state]

)

desired value G%. The optimized formula was
selected by design with a higher desirability of 0.91
and contained 56.0152 mg of Span® 60 and 10 mg
of Cremophor EL 40, with a sonication time of 8
minutes. It was predicted to have a vesicle size of
89.5765 nm, PDI 0.26664, and EE% of 54.0014.
The optimized formula (actual value) was evaluated
and compared to the predicted values (Figure 10).
The optimized formula showed vesicles of 84.98+
2.036 nm size, PDI 0.1993% 0.045, and EE% of
53.69+ 1.08%. The vesicle size exhibited a percent
error of 0.051%, whereas the PDI displayed a
percent error of 0.25%, and the EE% showed a
0.0057% percent of error. The small level of error
suggests that the central composite model is
sufficient and highly effective in optimizing
predictions.

/\

r a 4

100 1«03 Tes04

Size (d.nm)

Figure 10. Vesicle size of the optimum formula (Actual value)
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Characterization and Evaluation of Optimized
Formulation
Zeta potential
spanlastics
The optimal RNB-loaded plastic exhibited
a zeta potential of (-22.37+ 0.74 mV). Specifically,
ZP is a factor for forecasting the stability of

of the optimum RNB-loaded

Spanlastics for delivery of rizatriptan benzoate

nanoparticles over the long term; it represents the
electric potential and surface charge of the
nanoparticles during synthesis. Given the ZP values,
Nanoparticles are unable to aggregate at larger
concentrations due to the electrostatic repulsion of
the attractive Vander Waals forces GV, Figures 11
demonstrate the optimum formula's zeta potential.

3e+05 =
2.50+05 —~
) 2e+05 -
[=
2
o
U 1.5e+05 -
o}
<
I Te+05 -
Se«04
L& By ) T
200 100

r T ]
(&) 100 200

Zeta Potential (mV)

- Sample 1

Figure 11. Zeta potential of the optimum formula

In-vitro release profile

The spanlastics optimum formula showed
less drug release (88.50+1.23%) compared to pure
drug solution (90.69 +2.03%) at 6 h. The lower
percentage of RNB released from the optimum
formula, compared to the pure drug solution, may be
due to RNB being entrapped in the lipophilic region
of the Span® 60 bilayers, as well as the long alkyl
chain length of Span® 60 along with the presence of
Cremophor EL 40, the combination results in the
formation of a high-order semisolid state and
impermeable bilayer causing RNB to be released

more slowly from spanlastics than from the pure
RNB solution, a different explanation for the drug's
enhanced release is the inclusion of a surfactant,
which functions as an edge activator or bilayer
softening agent responsible for deformability and
softness of the spanlastics leading to a better release
from the vesicles G132, ANOVA analysis revealed a
significant decrease in the release profile (p< 0.05)
of the RNB spanlastic formula compared to the
corresponding drug solution. Figure 12 represents
in-vitro drug release (%) of RNB solution and RNB
optimum in phosphate buffer solution at pH 7.4 at
37°C.
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Figure 12. In vitro drug release (%) of RNB solution and RNB optimum in phosphate buffer solution at pH

7.4 at37°C
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Fourier Transform Infrared (FTIR) Analysis
FTIR spectroscopic examination is valuable
for determining the compatibility of medicine with
different excipients. Furthermore, the FTIR analysis
is an effective technique for examining any

Spanlastics for delivery of rizatriptan benzoate

alterations in the drug's structure caused by exposure
to rigorous and challenging conditions during the
formulation process @, The FTIR spectra of pure
RZB powder revealed distinct peaks, as shown in
Table 4.

Table 4. Distinctive peaks of pure Rizatriptan Benzoate ¢4

Functional groups Peaks (cm™)

C-C bending 671.23

C-H bending 887.26

C-C stretching 945.12

C=0 stretching of carboxylic acid 1292.31
C-N stretching 1064.71& 1138.00
C-H bending 1458.18&1373.32

C=N stretching 1504.48

N-H bending 1566.20

C=C stretching in aromatic ring 1604.77

C=C bending 2210

Figures 13 illustrate the FTIR analysis of
pure RNB, lyophilized form, and physical mixture
of the optimum formula, respectively. The RNB
optimum formula and physical mixture exhibited no

4000 3200 2000

1800

ﬁ 1699 29
1SS Ye08 03

significant alterations in their functional group
regions, with only minor fluctuations in intensity
and amplitude ¢,

156811

1000 800 &00 40
em-

Figure 13. FTIR spectrum of pure RNB (F1), optimum formula (F2), and the physical mixture (F3)

Field emission- scanning electron microscopy
(FESEM)

The size and shape of the nanoparticles were
assessed using a field emission scanning electron
microscope (FESEM). Figure 14 displays the
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pictures of the nanovesicles obtained for the selected
formula. The image depicted minuscule particles
exhibiting a smooth surface and uniform particle
size, distinguished by its small and consistent
dimensions (637,
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Figure 14. FESEM of the optimum formula

Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) is
a commonly used technique for examining and
displaying objects at the nanoscale, providing more
resolution than alternative approaches. This
advantage is attained by employing a high-energy
electron beam with a wavelength that is shorter than
that of light. Transmission electron microscopy

(TEM) enables thorough analysis of materials and
biological samples at the nanoscale, offering vital
information on their structure and shape (839,
Figure 15 displays the TEM pictures of the chosen
spanlastics optimum formula. The photos display
spherical vesicles within the nanometer size range,
illustrating the nanostructure vesicular structure.

Figure 15. TEM images of the optimum formula

Differential Scanning Calorimetry Analysis
Differential scanning calorimetry (DSC)
allows for the precise measurement of any processes
involving the consumption or generation of energy,
such as endothermic and exothermic phase changes.
DSC is a highly effective method for studying the
melting behavior and crystalline state of
nanocarriers and raw materials “9.
DSC analysis of RNB (Figure 16) revealed an
endothermic peak at 184.43 °C, which corresponds
to its melting point (MP), this finding is consistent
with previous investigations “Y.Figure 17 displays a
thermogram of the lyophilized form of the optimum
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formula, the absence of the medication's
characteristic melting point peak can be attributed to
the even distribution of the drug within the
spanlastics nanovesicular system and the dilutional
impact of mannitol, this explains the presence of a
peak at 163.65°C which belong to mannitol “?.DSC
analysis of the physical combination (Figure 18)
containing RNB and excipients in a 1:1 molar ratio
revealed the presence of a distinct melting peak of
RNB at 174.54 °C and a melting point of span 60
(60.10°C). However, the intensity of this peak was
lower compared to that of pure RNB. The
pronounced spike suggests that the substance was in
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its crystalline state. The movement of the melting rather than suggesting any potential incompatibility
endotherm of the mixture may be caused by the “3),
combination of active and excipient ingredients
D8C
mw
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Figure 16. DSC Thermogram of RNB
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Figure 17. DSC Thermogram of lyophilized form of the optimum formula
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Figure 18. DSC Thermogram of the physical mixture
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X-ray Diffraction Analysis

Figure 19 illustrates X-ray diffraction
(XRD) patterns used to analyze the crystalline
characteristics of the pure drug RNB. The XRD
patterns of RNB show prominent diffraction peaks
at 20 values of 20.73°, 25.11°, 44.60°, and 51.25°
4 The dispersion of the lyophilized spanlastic
formula in (figure 20) had peaks at 26 values of
20.73°, 25.11°, 44.60°, and 51.25, became very low
in intensity and approximately disappeared. The
strongest peaks of 9.8°,20°, and 25° are attributed to

Spanlastics for delivery of rizatriptan benzoate

mannitol, which is utilized as a cryoprotectant in
freeze drying “®. The physical mixture had distinct
peaks of RNB, albeit their intensity was reduced
compared to the pure medication. The majority of
the prominent peaks associated with the drug RNB
have vanished, suggesting a transformation from a
crystalline state to a disordered amorphous or
molecularly dispersed form. This indicates the
potential inclusion of the drug molecule into the
spanlastics formula, which could explain the
reported high entrapment efficiency “6),

RNB
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Figure 8. XRD diffractograms of RNB, lyophilized formula, and physical mixture of the optimized formula

Conclusion

The research findings demonstrate the
successful formulation of RNB as a spanlastics
formulation. This innovative strategy enhances the
ability of medicines to enter the body and provide
sustained release for prolonged durations compared
to traditional methods. The RNB spanlastics
formulation was improved utilizing the Box-
Behnken design. The optimized formula exhibits a
small vesicle size, lower dispersity Index, and high
entrapment, and the soluble amorphous form of the
RNB moiety, resulting in a high in vitro release
percentage of over 90% during a 6hour period.
Additionally, it has a favorable zeta potential, which
suggests a well prepared and stable formulation.
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