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associated diseases. Methodology: The fundamental focus of the study is to develop the sumatriptan
intra-nasal nano-ethsomal gel by film hydration technique with the aid of QbD principles that govern
the varied compositions and blends of polymers like HPMC K100M and Phospolipon 90G to develop a
Keywords sustained release dosage form. Results and discussion: The preliminary FT-IR and DSC studies

Film hydration, vesicle size, revealed no interactions between the drug and their physical mixtures. The present study considered
zeta potential, intranasal

delivery, ex vivo permeation,
central composite design consideration during the optimization of the ethosomal formulations utilizing 3% central composite

three observable responses: vesicle size, zeta potential, and percent drug release after 24 h, taken into

designs (CCD). The vesicle size (122.23 nm), zeta potential (-40.2 mV), and drug release percentage
(92.61 %) for all formulations were seen in the F12 batch after 24h. The p-XRD and SEM studies
indicated that the nano-ethosomal gel was stable. The stability studies indicated the preparation of a
more stable formulation for the parameters under the study protocol. Conclusion: Using a novel intra-
nasal brain targeting approach by adapting the film hydration technique, the current issues might be
addressed, and the drug's duration of residence at the absorption site uptake substantially increase. To
efficiently modify the drug's residence through the intra-nasal route, this work focuses on developing a
nano-ethosomal gel loaded with sumatriptan.

INTRODUCTION is often associated with nausea, vomiting, and gastric stasis,
Sumatriptan is a potent and selective serotonin (5-HT1B/1D)  \yhjch makes the oral route unsuitable. It is also reported that the
receptor, agonist also known as 1-[3-[2-(dimethylamino) ethyl]- o4 pioavailability of SUT is only 14% due to the hepatic first-

1H-indol-5-yl]-N-methylmethanesulfonamide. It is a second-  hass effect, and the half-life is 2-3 h, so it requires frequent

generation triptan and is used in the acute treatment of migraine  5qministration [2]. As an episodic condition of a migraine, later
attacks with or without aura and cluster headaches [1]. Migraine o may become chronic, so there is a need to develop a
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sustained release dosage form as an alternate route of
administration [3-5]. Sumatriptan (SUT) narrows brain blood
vessels by activating serotonin receptors, naturally occurring
brain chemicals [5, 6]. Although several good migraine
treatments have been created utilizing nasal delivery, most have
not been proven commercially viable [7-9]. Some triptans can
be administered nasally, demonstrating effective and fast action
for relieving migraine attacks. (SUT) has low penetration to the
nervous system (CNS). SUT exhibits
bioavailability, ranging from 14% to 20%, with a shorter half-
life of 1.7 h, coupled with its poor oral bioavailability, making it
a potential target for nanotechnology delivery to improve its
bioavailability. Migraines can vary significantly from person to
person regarding triggers, symptoms, and treatment response.
Some patients may not respond to first-line treatments, such as
over-the-counter prescribed triptans [8].
Migraines are often chronic conditions requiring ongoing
management, which can be burdensome for patients regarding
time, effort, and emotional strain [6]. Since the main target is the
brain, the intranasal route can be chosen to represent the optimal
delivery to the brain; additionally, this route will reduce its
systemic side effects. To overcome these restrictions, a nano-
formulation that targets the brain and delivers a prolonged
release of medication is required. Such approaches that may be
used to circumvent the blood-brain barrier and operate as a
medication carrier is the nano-ethosomal drug delivery system,
is facilitated via the olfactory lobes route [8, 9]. Ethosomes are
special liposomes manufactured utilizing a highly concentrated
alcohol solution [10]. This study progresses, using the screening
design of Taguchi followed by optimization by 32 central
composite design (CCD) to construct and improve SUT-loaded
ethosomal gel. Using HPMC K100M as a mucoadhesive agent,
poloxamer 407 as a gelling agent, and Phospholipon 90G as a
phospholipid, the prepared optimized ethosomes were assessed
and subsequently integrated into thermo-sensitive gel form.

central low oral

medications or

MATERIALS AND METHODS
Materials

Sumatriptan (SUT) was obtained as a free sample from Sun
Pharma Ltd., Mumbai, India. Phospholipids, i.e., Phospholipon
(90G) (10, 20, 40 mg/ml), and HPMC K100M (2% wi/v), were
purchased from Sigma Aldrich. Ethanol, methanol, propylene
glycol, acetonitrile, and other solvents were purchased from
Merck Ltd., India. All other chemicals and reagents were
obtained from local suppliers and of analytical grade.

Methods

Pre-formulation studies

Solubility studies

Acetone, ethanol, DMSO, distilled water, phosphate buffers 6.8
and 7.4, 0.1N HCI, methanol, acetonitrile, DMF, PEG 200, and
400 were all used to test the drug's solubility. Each solvent was
mixed with a suitable amount of the SUT, and the mixture was
shaken for 72 hours in a mechanical shaker (Model:
Reciprocating (Horizontal) 50111001 Rivotek, Riviera Glass
Pvt. Ltd.) in a water bath at a temperature maintained at
3740.5°C. The drug’s complete solubilization in the vials was
regularly checked. To get rid of any drugs that were intractable
or immiscible, all mixes were permitted to be put into centrifuge
tubes [11, 12].

UV estimation of SUT (SUT) in acetonitrile

100 mg of SUT was carefully weighed and fully dissolved in 10
mL acetonitrile, and the volume was then increased to the
needed mark of 100 mL to provide a stock solution of 1000
pg/ml (ppm). Then, employing acetonitrile, 10 mL of the
standard working solution was diluted to 100 mL to obtain a 100
pug/ml (ppm) concentrated solution (Model no. UV-visible
spectrophotometer UV-1800 Labindia Ltd., Mumbai, India).
These solutions were carefully scanned at 200-400 nm
wavelengths. The UV corresponding scan spectrum curve was
recorded down the corresponding wavelength, having the
maximum absorbance marked for additional dilutions of 2, 4, 8,
10, 12, 14, and 16 pg/mL concentrated solutions. The maximum
wavelength of AmaxWas found to be 228 nm. Serial dilutions were
done, and the calibration curve was constructed from 2 to 16
ug/mL with an R? value of 0.9778 at Amax 228 nm [13].

UFLC-based estimation of SUT

A Shimadzu liquid chromatographic system with a photodiode
array (PDA) detector and an ODS C18 (50 x 3mm; 5 pm)
chromatographic column was used to refine the technique. The
final optimized trail was obtained using acetonitrile and water
(70:30%vV/v) as the mobile phase, with a flow rate maintained at
0.5mL/min and a run length of 8 minutes. The injection volume
was retained at 20uL with a column oven temperature of 40°C.
A PDA detector with a maximum wavelength of 268 nm was
applied for chromatographic detection. Ultimately, this novel
method is beneficial for the drug SUT [14], with a retention time
(Rt) of 4.643 minutes and no peak interference [15].
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FT-IR

FT-IR spectrometry (Shimadzu Analytical Pvt. Ltd., India,
Model No. Shimadzu IR affinity-1) showed that the drug
sumatriptan (SUT) has physical interactions. Potassium bromide
was used to create the FT-IR spectra of various physical
mixtures of drugs with Phospholipon 90G, HPMC K100M, and
the optimized F12 formulation. Transmittance from 4000 to 400
cm-1 was computed to assess the drug-excipient interaction.
Peak matching was used to determine if there was any
interaction between the pure drug and the other excipients [12].

DSC

To investigate the drug's compatibility with the phospholipid,
(Model No. DSC (Differential Scanning Calorimetry)
(SHIMADZU DSC-60). Ltd) was used. In aluminum pans, dried
nitrogen was used as the effluent gas to warm each specimen (10
mg). The physical combinations of SUT with Phospholipon 90G
and HPMC K100M and the optimized F12 formulation were
ascertained using DSC thermogram analysis [13].

Identification of quality target product profile (QTPP) and
critical quality attributes (CQAS)

A quality-based design (QbD) driven approach was used to
develop the formulation. A quality target product profile (QTPP)
was first established to formulate the dosage with enhanced
performance and therapeutic advantages. Garg et al., to achieve
an optimal formulation of nanosized ethosome-based hydrogel
formulations of methoxsalen for enhanced topical delivery
against vitiligo, the mass of phospholipid and ethanol were
considered CMAs, and five responses such as vesicle size,
percentage of drug entrapment (PDE), percentage of drug
leakage (PDL), permeation flux (J), and skin deposition (SD)
were considered CQAs. To achieve an efficient formula, the

authors suggested an amount of 2-2.5 for PDL and 5.5-6.5 for J
in the CQAs section. As shown in Table 1, primary
consideration was given to dosage type (sustained), dosage form
(intra-nasal gel), and drug release. Essential CQAs were
identified as quality characteristics of flexible vesicles, including
formulation and physical attributes, to fulfill the requirements of
defined QTPP. The most important quality criteria that were
found to be responsible for the product's performance were the
cumulative drug release at 24 h, vesicle size, and the zeta
potential [14].

Formulation of sumatriptan loaded nano ethosomal gel
Using varying quantities of phospholipid (Phospholipon 90G)
(20, 30, 40 mg/ml), ethanol (10, 15, and 20 %wi/v) as a
harvesting solvent, propylene glycol (10% v/v), drug (20 mg),
and water (gs 100 % w/w), drug-loaded ethosomal gel was made
using the traditional thin film hydration process. Phospholipid
was dissolved in a 250 ml round-bottom flask containing a 2:1
v/v ratio of chloroform to methanol. The vacuum was initiated
after 30 seconds to extract the solvent entirely. The mixture
above was kept constant by heating above the lipid transition
temperature (55+2 °C) at 60 rpm until complete evaporation,
provided the condenser was refrigerated for effective removal of
the organic solvent. After that, the film was hydrated for 30
minutes at 55 £ 2 °C, above the lipid transition temperature,
using medication and propylene glycol mixed in ethanolic
solution. The lipid was fully swelled to produce vesicular
dispersion and then maintained at room temperature for two
hours. After that, the obtained dispersion was exposed to three
cycles of 15 minutes each (15 s on/off cycle) of probe sonication
(Rivotek Ultrasonic Sonicator, Mumbai, India) for 45 minutes.
After that, the formulation was refrigerated for further
characterization [15, 16].

Table 1: Quality target product profile (QTPPs) and critical quality attributes (CQASs) for developing sumatriptan loaded

intra-nasal ethosomal gel

QTTPs | Target CQAs Predetermined | Justification
target
Dosage | Sustained release Cumulative drug > 80%-95% Sustained drug release is the study's objective and is
type dosage forms release at 24h (%) important for better drug absorption.
Dosage Intra-nasal Vesicle size 100-200 nm Highly critical factor as its role in the permeation and
form Ethosomal gel (nm) retention of bio-actives in the intra-nasal route.
Dosage Stable nano Zeta potential +20-40 mV Highly critical factor as its role in ensuring the
Stability ethosomes stability of the formulation.
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Table 2: Factor analysis of materials and process variables using FMEA (Failure Mode and Effects Analysis) tool during the

reparation of sumatriptan loaded intra-nasal ethosomal gel

Process parameters Risk priority number | Severity | Occurrence | Detectability
(RPN) (S) (0) (D)
Concentration of phospholipid (Phospholipon 90G) (mg/ml) 294 7 6 7
Temperature 32 4 2 4
Volume of aqueous phase (ml) 36 6 3 2
Concentration of ethanol (% v/v) 392 7 8 7
Stirring speed(rpm) 140 4 5 7
Stirring Time (min) 150 6 5 5
Stirring type 120 5 4 6
Sonication speed per time 168 6 4 7

Table 3: Design matrix for the influential factors screening as per Taguchi Design, along with the experimental results of

selected CQAs

Run

Factor 1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Responsel Response2 Response 3

Level 1 of

Level 2 of

Level 2 of

Level 1 of

Level 1 of

Level 2 of

Level 2 of

1 A B C D £ F G 66.85 259.45 -9.5
Level 2 of Level 2 of Level 1 of Level 2 of Level 1 of Level 1 of Level 2 of
2 A B C D £ E G 39.23 435.46 -4.1
Level 2 of Level 1 of Level 2 of Level 1 of Level 2 of Level 1 of Level 2 of
3 A B C D £ E G 47.45 365.36 -5.4
Level 1 of Level 1 of Level 1 of Level 2 of Level 2 of Level 2 of Level 2 of
4 A B C D £ F G 87.23 202.9 -15.2
Level 2 of Level 1 of Level 2 of Level 2 of Level 1 of Level 2 of Level 1 of
5 A B C D £ F G 50.36 315.23 -6.5
Level 1 of Level 1 of Level 1 of Level 1 of Level 1 of Level 1 of Level 1 of
6 A B C D £ E G 79.58 232.56 -12.5
Level 2 of Level 2 of Level 1 of Level 1 of Level 2 of Level 2 of Level 1 of
7 A B C D £ E G 40.23 385.22 -4.2
Level 1 of Level 2 of Level 2 of Level 2 of Level 2 of Level 1 of Level 1 of
8 A B C D £ F G 58.34 295.47 -75
Response 1: Cumulative drug release at 24h (%); Response 2: Particle size (nm); Response 3: Zeta Potential (mV)
S No. Factors Codes | Low level (-1) High level (+1)
1 Concentration of phospholipid (Phospholipon 90G) (mg/ml) A 10 20
2 Concentration of ethanol (% v/v) B 5 15
3 Stirring speed (rpm) C 1000 2000
4 Stirring time (min) D 30 60
5 Stirring type E Mechanical Magnetic
6 Sonication speed per time (Hz/Minute) F 1000/10 2000/20
7 Drying time(min) G 10 20

Analysis of risk assessment

Risk assessment studies were used to examine several quality
aspects related to ethosomes. The Ishikawa fishbone diagram for
ethosomes creation was used in the process. The primary goal is
to explore the cause-and-effect connection between several

process parameters (PPs) and Critical material characteristics
(CMAs), as well as the anticipated impact of these on the
exosomes CQAs. Failure mode and effect analysis (FMEA) was
used to identify the critical risk variables that significantly
impacted the chosen CQAs [17, 18]. The risk priority number
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(RPN) was determined by assigning rank order scores (Ranging
from 1 to 10), as depicted in Table 2, to the material and process
parameters attributes based on severity (S), occurrence (O), and
detectability (D) through an extensive literature survey, prior
knowledge, and brainstorming exercises.

Using Taguchi orthogonal array (OA design) for
preliminary screening

To determine the most significant element or factors preventing
the CQAs, an initial evaluation was carried out using a Taguchi

design consisting of seven components and two tiers, as shown
in Table 3. Eight different formulations for the Taguchi design
of the experiment matrix were created and constructed, along
with an assessment of the CQAs that were given. An ANOVA
was used to determine each aspect's overall importance, as
shown in Table 4. To assess the crucial components, the p-value
was finally actualized [19].

Table 4: Summary of ANOVA for factor screening and its significance as per Taguchi design

— i p-values of obtained from screened responses
Cumulative drug release at 24h (%) | Vesicle size (nm) | Zeta potential(mV)

Concentration of phospholipid

. 0.0044* 0.0036* 0.0078*
(Phospholipon 90G) (mg/ml)
Concentration of ethanol (% v/v) 0.0122* 0.0005* 0.0125*
Stirring speed (rpm) 0.0236* > 0.1000 0.0245*
Stirring time (min) >0.1000 > 0.1000 0.125
Stirring type 0.226 0.0826 > 0.1000
Sonication speed per time (Hz/Minute) | 0.0269* 0.0025* 0.0265*
Drying time(min) 0.069 0.0269* 0.0365*

*Significant values, i.e., less than o value (0.05)

Statistical optimization of ethosomal intranasal gel of SUT
by central composite design

To maximize the many essential material properties impacting
the response variables or critical quality attributes, a two-factor,
three-level Central Composite design was used, as shown in
Table 5. Three distinct degrees of variation were observed in the
concentration of Phospholipon 90G (mg/ml) (X1) and
Concentration of Ethanol (% v/v) (X2), which were identified as
separate essential material qualities. Three dependent quality
attributes were evaluated: vesicle size (Y3), Zeta potential (Y2),
and Cumulative drug release at 24h (%) (Y1). Thirteen batches
were made, with four center points for each block. Design Expert
software (Design Expert 13, Stat-Ease, Minneapolis, MN) was
fitted with the acquired data.

Response surface studies were performed to understand the
connection between the variables and their interaction, and
contour plots and (3D) response surface plots were generated.
Second-order polynomial models were created and put into a
multiple linear regression model to determine the impact of
various CMAs on CQAs. Design validation was carried out
using analysis of variance (ANOVA) [20]. Quality attribute
constraints were established at goal levels, and potential

formulation composition was ascertained using Design Expert
software's checkpoint analysis and desirability technique. A
numerical optimization process using the desirability function
was used to choose the best formulation [21, 22].

Characterization of SUT-loaded ethosomes
Entrapment efficiency
When the deformable vesicles, or ethosomes, were separated
from the solution using the centrifugation procedure, the drug
entrapment effectiveness of the ethosomes was recorded. The
estimated process included extracting 10 milliliters of SUT-
loaded ethosomal dispersions and centrifuging them for one hour
at -4°C for 50,000 rpm using a cooling centrifuge (Model: Eltec
Lab RC 4815). The centrifugation dialysis procedure partially
removes the unentrapped free medication [23]. The supernatant
liquid was collected and subjected to UV spectrophotometric
analysis at a wavelength of 228 nm (UV 1800, Shimadzu, Japan)
to determine the presence of the free drug, calculated, as shown
in Equation 1.

% Entrapment ef ficiency

Total drug quantity — Quantity of free drug 100
= x

quantity of total drug
[Eq.1]
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Table 5: Different formulation composition of sumatriptan loaded intra-nasal ethosomal gel of obtained thirteen
experimental runs as per central composite design (CCD) along with the obtained CQAs responses
Runs | Sumatriptan Factor 1 (X1) Factor 2 (X2) Response Response Response
(mg) (Y1) (Y2) (Y3)
1 20 0 0 62.35 -30.4 190.33
2 20 -1 0 27.34 -12.6 320.66
3 20 0 -1 34.69 -19.6 298.61
4 20 -1 30.22 -15.4 318.52
5 20 1 75.69 -314 135.26
6 20 0 0 59.68 -30.9 202.33
7 20 -1 -1 15.92 -6.5 568.3
8 20 0 0 52.66 -27.6 219.6
9 20 0 0 45.01 -25.9 350.3
10 20 0 1 72.65 -32.6 149.67
11 20 1 -1 35.66 -20.3 294.78
12 20 1 1 92.61 -40.2 122.33
13 20 0 0 40.11 -22.3 260.3
Coded and actual levels
Independent Variables Low (-1) Medium (0) High (+1)
A: Concentration of Phospholipon 90G (mg/ml) 20 30 40
B: Concentration of ethanol (% v/v) 10 15 20

Vesicle size, polydispersity index (PDI) and zeta potential
determination

The Malvern equipment (Model: Malvern ZETASIZER NANO
ZS Malvern ZEN3600 RED) was equipped with (PCS) photon
correlation spectroscopy to measure the vesicle size. This
spectroscopy was assumed to estimate and evaluate the particle
size and zeta potential. Typically 10-200 nm nanoparticles can
effectively pass through biological barriers, such as the blood-
brain barrier (BBB). The length of particles influences their
distribution,  cellular uptake, and therapeutic
effectiveness. The polydispersity index was computed, and a
size distribution was provided. Zeta potential levels significantly
impact the homogeneity within the ethosomal dispersion [24-
26].

overall

Scanning electron microscopy (SEM)

The improved formulation's morphologic analysis was carried
out using a TEM (JEOL JEM1230, Tokyo, Japan) running at an
80 kV accelerating voltage. A single droplet of dispersion was
applied to the surface of a copper grid covered with carbon,
which was allowed to stick to the carbon substrate for a minute.

Any remaining dispersion was then eliminated using a filter
paper tip [27].

Powder X-ray Diffraction (p-XRD)

The diffraction experiments were performed using a powder X-
ray diffractometer (Model: Rigaku, Japan, Smart Lab 9 kW).
The samples were scanned for powder XRD after exposure to
nickel-filtered CuKa radiation (40 kV, 30 mA). The data were
plotted as peak height (intensity) vs. time (h) using SUT pure
medication and improved ethosomal formulation [28].

In-vitro release studies of SUT-loaded ethosomal gel

The drug release from various SUT-loaded ethosomal gels was
investigated using the USP Dissolution Test device (Pharma
Test Dissolution Tester, Germany). In this in-vitro drug release
investigation, the dialysis bag diffusion technique (Himedia;
Dialysis Membrane-60; Average flat width: 25.27 mm, Average
diameter: 15.9 mm with 10000 kDa-12000 KDa with 5 mL
capacity) was utilized for SUT loaded ethosomal gel, which is
equal to 2 mg SUT. Five milliliters of each formulation were put
into a dialysis membrane, sealed, and submerged in 150 mL of
0.1N HCI under sink conditions for the first 2 h. After that, it
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was submerged for 24 hours in a 7.4 pH phosphate buffer
solution. The system was kept at 37°C with 500 rpm continuous
magnetic stirring. After that, samples (2 mL) were taken out at
pre-arranged intervals (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 24 hours) and
replaced with 0.1 N HCl and pH 7.4 phosphate buffer. to sustain
sink conditions, UV spectrophotometrically measured at Amax
228 nm with a blank of PBS (pH=7.4). The findings were
reported as means (n = 3 + SD) [29].

Ex vivo skin permeation studies

Research on ex vivo permeation was carried out on the goat nasal
cavity, obtained from a local slaughterhouse [30-32]. The goat
nasal cavity's mucosa was separated from it. After removing the
cartilage and blood, the isolated nasal mucosa was washed and
preserved in newly made phosphate-buffered saline (pH 6.4).
Six systems of Franz diffusion cells with thermostat capabilities
were used for the experiment. Nasal tissues were chosen for the
investigation and immersed for one hour in the diffusion
medium (Phosphate-buffered saline, or PBS; pH 7.4). While the
receptor compartments were filled with phosphate buffer pH 7.4,
the donor compartment of Franz diffusion cells was covered
with nasal tissues with an operational permeation area of 2 x 2
cm?, The investigation was conducted with an ideal stirring
speed of 34 £ 1°C [31, 32]. Concurrently, 200 ul of SUT-laden
ethosomal gel, or 2.5 mg, was put into the donor compartment.
Samples (0.5 mL) were removed from the receptor compartment
and replaced with new buffer for 24 h at the predetermined
intervals of 1, 2, 4, 6, 8, 12, and 24 h. At 268 nm, the samples
examined wusing a UFLC. Under steady-state
circumstances, the effective permeability coefficient (mm/s)
across the goat nasal mucosa was computed using Equation 2:

Permeability coef ficient = <%) ss X% ...[Eq.2]

Where (dc/dt) ss (ug ml™ s 1) is the change of concentration
under steady state; A (cm?) is the permeation area; V (ml) is the
volume of the receiver compartment; and Cd (ug ml™?) is the

were

initial donor concentration.

Stability analysis

Stability experiments were conducted on optimized ethosomal
formulation in order to assess the impact of various storage
conditions. For the duration of the investigation, the
formulations were maintained at room temperature (25 + 2 °C/60
+ 5% RH) and refrigerated condition (4 £ 2 °C). Physical and
chemical stability of the formulation were assessed at intervals

of 0, 1, 3, and 6 months. Analysing drug release at 24 hours,

vesicle size, effectiveness

percentage allowed for the study of physical stability [33].

and formulation entrapment

RESULTS AND DISCUSSION

Solubility study analysis

The drug solubility in several solvents is shown in Figure 1A.
The solubility of SUT is maximum in acetonitrile (5326.5+0.25
pg/ml) and acetone (2695.36+£0.69 pg/ml) among all other
solvents. The RPN bar graph representation of different factors

is shown in Figure 1B
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Figure 1: Mean solubility of SUT in different solvents (A),
and RPN bar graph representation of different factors (B)

Spectrophotometric estimation of SUT in 0.1N HCI
Following a comprehensive examination of the interference
caused by solvents, SUT was determined spectrophotometrically
against Acetonitrile, and a calibration curve was created for SUT
at Amax 228 nm. As shown in Figure 2 (A-C), the correlation co-
efficient (R?= 0.9778) and linear correlation in the 2-16 pg/ml of
SUT range were calculated.
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Figure 2: UV spectra of pure drug of sumatriptan in
acetonitrile (A), standard curve of sumatriptan at 228nm
(B), and UFLC chromatogram of sumatriptan at £max 268nm
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FT-IR Studies

The bands resulting from C=0 stretching (1081 cm™), tertiary
amine (3104 cm™?), C-N stretching (1298 cm™, 1236 cm™), C-
S stretching (634 cm™), N—H stretching (3376 cm™) are present
in the pure SUT. The similar intensity peaks were also observed
in the case of F12 optimized formulation batch along with the
additional peaks were observed in physical mixtures which
could be due to the presence of polymers and indicated that there
was no chemical interaction between sumatriptan and other
selected excipients. Therefore, this indicated there is no
interactions between the pure drug and the excipients. The FT-
IR spectra of pure drug SUT (A) FT-IR spectra of Phospholipon
90G (B) FT-IR spectra of HPMC K100M (C) FT-IR spectra of
physical mixture of SUT + Phospholipon 90G + HPMC K100M
(D) FT-IR spectrum of F12 formulation (E) are shown in Figure
3 (A-E).

DSC Studies

Figure 4 (A-D) is a representation of DSC thermograms. The
DSC spectra of pure drug Sumitriptan showed one endothermic
peak at 169.2°C, which is associated with melting point, with
corresponding onset and end set temperatures of 164.5°C and
173.9 °C. In addition, the lyophilized formulation (F4) had a
pronounced endothermic peak at 152.25 °C, with start and end
set temperatures ranging from 146.71°C to 157.72°C. These

results suggested that SUT and the other ingredients in the
formulation doesn’t exhibited interactions.

Hmmann Hmasisa
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Figure 3: FT-IR spectra of pure drug SUT (A), FT-IR
spectra of Phospholipon 90G (B), FT-IR spectra of HPMC
K100 (C), FT-IR spectra of physical mixture of SUT +
Phospholipon 90G + HPMC K100M (D), and FT-IR
spectrum of F12 formulation (E)

c D
Figure 4: DSC plot of pure drug SUT (A), DSC plot of
Phospholipon 90G (B), DSC plot of SUT+ Phospholipon 90G
(C), and DSC plot of F12 formulation (D)
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Utilizing central composite design and response surface
methodology for statistical optimization

The ANOVA and lack of fit were also statistically tested on the
model. A substantial p-value was found in the model terms
(0.05), and the model was best suited. The outlines of the central
composite model were determined by fitting it into an
appropriate mathematical model, particularly a quadratic model,
demonstrating interaction effects among the variables. The
direct effect of selected independent factors,
Concentration of Phospholipon 90G (mg/ml) (A) and
concentration of ethanol (%v/v) (B), with additional impact of
these individual variables on observed responses cumulative
drug release at 24 h (%), and zeta potential (mv) and vesicle size
(nm). Moreover, entrapment and drug release were significantly
impacted by the Phospholipon 90G content. According to
published research, there is a positive correlation between the
concentration of Phospholipon 90G and the vesicle size along
with drug release. The concentration of ethanol acts as a
permeation enhancer within the range of (3 %w/v) that has a
significant influence on the drug release. Phospholipon 90G
(within the range of 5 %) also contributes to the stability aspect
of the ethosomes, because they influence the particle size and
entrapment efficiency of the formulation. Drugs that are
lipophilic have a tendency to dissolve more readily in lipid,
which increases the effectiveness of drug release [34]. Since
SUT is lipophilic by nature, it dissolves easily in Phospholipon
90G, indicating that Phospholipon 90G concentration is the
primary factor influencing the entrapment efficiency of the
formulation [35]. The optimal formulation, Formulation 12,
demonstrated the maximum drug release with the desired vesicle
size as shown in the 2D and 3D plots of Figure (5) (A-F).
Meanwhile, the ethanol concentration simultaneously plays a
synergistic role in solubilizing lipophilic drugs, subsequently
enhancing entrapment efficiency and drug release of the
ethosomal vesicles [36]. The mathematical model elucidates the
quadratic polynomial equations 3 to 5 for individual responses
using equations 3 to 5.

such as

Cumulative Drug Release 24h (%)
= +41.634+19.06 *+ A+ 14.41+«B + 10
=12.15%*AB ..............|[Eq. 3]
Zeta potential(mV)
= +42.33 + 22.63 * A + 25.29 * B[Eq. 4]
Vesicle size(nm)
=+4221.61—-70.87%*A —55.45*B
—50.49 % AB ... e e oo . [EQ. 5]

2D and 3D response surfaces' interpretations

Effect of the factor on cumulative drug release 24 h (%)
Figure (5) (A and B). show the contour plot and 3D plot for the
CQA cumulative % drug release 24 h. Comparing these
formulations, trial run No. 12 seemed to have the greatest
percentage of drug release, at 92.61%. Run 7 shows a minimum
value of 15.92%, indicating more than 90% drug release in 24 h.
Based on the simulations, this reddish zone is predicted to be
prevalent at a high level (+1) of Phospolipon 90G conc. and a
high level (+1) of ethanol concentration. However, the blue zone
with the least amount of drug release was shown to be prevalent
at low levels (-1) of Phospolipon 90G conc. and ethanol
concentration.

Effect of the factor on zeta potential (mV)

Figure (5) (C and D) show the contour plot and 3D plot of the
CQA % zeta potential. A comparison of these formulas indicated
that trial run No. 12 seemed to have the greatest zeta value at -
40.2 mV the bluish zone, which is expected to be prevalent at a
high level (+1) of Phospolipon 90G concentration and a high
level (+1) of ethanol concentration, represents the highest zeta
values, whereas run number seven has the least at -6.5 mV.
However, the presence of the light reddish zone was seen at low
levels (-1) of Phospolipon 90G concentration and ethanol
concentration.

Effect of the factor on vesicle size (nm)

Figure 5 (E and F) shows the CQA vesicle size's contour plot
and 3D plot. A comparison of these formulations revealed that
trial run No. 12 seemed to have the smallest vesicle size,
measuring 122.33 nm. Run No. 7 has the largest vesicle size,
measuring 568.3 nm. This dark blue zone indicates the least
vesicle size and is expected to be prevalent at a high level (+1)
of Phospolipon 90G conc. and a high level (+1) of ethanol
concentration. However, the largest vesicle size was seen in the
light red zone, prevalent at low levels (-1) of Phospolipon 90G
concentration and ethanol concentration, respectively.

Analyses overlay plots to establish the design space

The optimized SUT ethosomal gel, shown as an overlay plot in
the figure, was created using the central composite design and
included 20 mg SUT:40 mg/ml of Phospholipon 90G and
20%uv/v of ethanol concentration. Figure 6 illustrates the region
where changing the concentrations of independent factors may
maximize the outcomes of dependent variables. The area shown
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in the graph offers many passes that provide the optimal factor
values to guarantee the viability of each operational restriction
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Figure 5: 2D Contour plots and 3D response surface plots of selected independent factors on"selected dependant factors such
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Vesicle size, polydispersity index, and zeta potential

The zeta-sizer instrument analyzed the particle size of all
formulations. It was found that some formulations showed a
larger particle size. The optimized size range for the F12
formulation was found to be (122.33nm), i.e., for run 12, as
shown in Figure 7 (A), which indicates that this vesicular size
range will be effective in the drug permeation and absorption
through the intranasal route for brain targeting. The developed
SUT-loaded ethosomal gel was spherical with uniform particle

size distribution. The zeta potential results for the respective
formulation were (-40.2mV) for run 12, as shown in Figure 7
(B). A higher absolute zeta potential (positive or negative)
indicates greater stability due to stronger electrostatic repulsion
between particles, while lower values suggest a tendency for
aggregation. Table 6 shows the obtained values for all 13
formulations on the different characterization parameters, and
Figure 8 (A-D) represents the bar diagrams for the reported
values.

Table 6: Characterization data of thirteen different formulations of sumatriptan-loaded intra-nasal ethosomal gel

Formulation code | Zeta potential (mv) | Polydispersity index | Vesicle size (nm) | Entrapment efficiency (%0)
F1 -30.4+0.29 0.369+0.45 190.33+0.65 65.29+0.29
F2 -12.6+0.69 0.325+0.33 320.66+0.26 29.67+0.35
F3 -19.6+0.03 0.258+0.25 298.61+0.36 33.64+0.96
F4 -15.4+0.26 0.297+0.64 318.52+0.59 32.36+0.78
F5 -31.4+0.09 0.345+0.02 135.26+0.05 78.12+0.72
F6 -30.9+0.66 0.224+0.09 202.33+0.02 56.01+0.36
F7 -6.5+0.36 0.129+0.53 568.3+0.04 20.14+0.69
F8 -27.6+0.90 0.397+0.04 219.6+0.08 44.08+0.55
F9 -25.9+0.06 0.373+0.33 350.3+0.06 43.97+0.08
F10 -32.6+0.03 0.459+0.64 149.67+0.54 69.45+0.06
F11 -20.3+0.09 0.449+0.96 294.78+0.66 45.98+0.32
F12 -40.2+0.26 0.423+0.33 122.33+0.64 75.69+0.29
F13 -22.3+0.22 0.29+0.02 260.3+0.69 33.69+0.07
Average values (n =6 + SD) Standard deviation
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Figure 7: Particle size distribution (A) and zeta potential curves of optimized formulation F12 batch (B)

Scanning electron microscopy (SEM)

Morphological analysis indicates that SEM was used to
investigate spherical multilamellar vesicles better. Drug-loaded
vesicles with a smooth and spherical form are confirmed by
SEM micrograph Figure 9. The creation of distorted spherical

ethosomes may be caused by the hydrophobic effect, which
forms vesicles when aqueous (ethanol and water) and non-polar
substances (lipids) are maintained in touch with one another by
external pressures (stirring).
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Figure 8: Bar graph representation of characterization parameters such (A) Polydispersity index (B) Vesicle size (hm) (C)
Zeta potential (mV) (D) % Entrapment efficiency

Figure 9: SEM image of optimized batch (F12)
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Figure 11: In-vitro % drug release of 13 formulated batches of SUT-loaded ethosomal gel. Average values (n =6 + SD)

standard deviation

Powder X-ray Diffraction (p-XRD)

The XRD patterns of optimized SUT-loaded ethosomal gel and
that of the pure drug are shown in Figures 10A and
B, respectively. Pure-drug SUT showed sharp peaks at the
diffraction angles such as 6.9°, 8.3°, 9.9°,19.6° 20.3°, 21.3°,
25.2°, and 26.4°, indicating a typical crystalline pattern.
Optimized SUT-loaded ethosomal gel showed a gradual
reduction, i.e., the minimal peak intensity at those angles,
indicating an amorphous form.

In-vitro release studies of drug-loaded ethosomal gel

Figure 11 suggests a similar drug release profile from gel
formulation consisting of HPMC K100M and poloxamer 407.
However, drug release after 12 h was more due to the varied
ethanol concentration that acted as a permeation enhancer.
Optimized ethosomal (SUT) shows a significant in vitro drug
release of 96.21% in 24 h compared with the pure drug solution.
The Phopholipon 90G concentration at a high level (+1)
contributed significantly to the release behavior of the ethosomal
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formulation. The ‘n’ values for a solution and gel formulation
were 0.689 and 0.675, respectively, more than 0.5, indicating
that the formulated ethosomal gel exhibits the non-Fickian
release behavior for the F12 optimized formulation. The release
mechanism by curve fitting analysis and the response parameters
for SUT loaded ethosomal gel formulation.

EX vivo skin permeation studies

Figure 12 shows the permeability coefficient of SUT-loaded
ethosomal gel formulation across the nasal mucosa with respect
to the exposed time of contact with mucosal tissues. Permeation
studies on different formulations clearly indicate the
permeability of the drug-loaded gel through the nasal mucosa.
Ex vivo permeability studies (n=6) demonstrate the identical
release profile as in vitro studies where the mucoadhesive agents
were the rate-determining.
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Figure 12: Ex-vivo permeation data of F12 formulation
batch. Average values (n =6 + SD) standard deviation

Stability studies

The P-value is more than 0.05, the value for all the CQAs,
indicating there is no significant change. Hence, it can be
concluded that the optimized ethosomal gel of SUT was found
to satisfy the stability criteria, as there was no substantial change
in the CQAs during the study period.

CONCLUSION
In this study, the ethosomal gel of SUT with better

dermatological qualities was effectively generated using QbD
and DoE principles. The study confirmed that the application of
DoE helped identify and optimize the critical processes and

material parameters to achieve the desired end product quality
criteria. The use of ethosomal intra-nasal gel can aid in the
development of patient-compliant and stable vesicles for
improved therapeutic benefits, as high concentrations of ethanol
and Phospholipon 90G have been identified as the primary
critical material attributes that influence vesicle size, entrapment
efficiency, and drug release. It was found that with the increase
in the Phospholipon 90G concentration of more than 5%, the
vesicle size was significantly increased, which may be due to the
aggregations of the particles; similarly, the ethanol concentration
exhibited a dominant role in the permeability of the drug through
the intra-nasal mucosa for brain targeting.
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LIST OF ABBREVIATIONS
CCD: Central Composite design

CQAs: Critical quality attributes

EE: Entrapment efficiency

FT-IR: Fourier-transform infrared spectroscopy
FMEA: failure mode and effect analysis

ICH: The international council for harmonization
QTPP: Quality target product profile

RH: Relative humidity

SD: Standard deviation

SEM: Scanning electron microscopy

SUT: Sumatriptan

TPPs: Target product profiles

UFLC: Ultra-fast liquid chromatography

UV: Ultraviolet Spectroscopy
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