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Background: Frovatriptan succinate (FVT) is an effective medication used to treat migraines; however, available oral formulations
suffer from low permeability; accordingly, several formulations of FVT were prepared.

Objective: Prepare, optimize, and evaluate FVT-BE formulation to develop enhanced intranasal binary nano-ethosome gel..
Methods: Binary ethosomes were prepared using different concentrations of phospholipid PLH90, ethanol, propylene glycol, and
cholesterol by thin film hydration and characterized by particle size, zeta potential, and entrapment efficiency. Furthermore, in-vitro,
in-vivo, ex-vivo, pharmacokinetics, and histopathological studies were done.

Results: Regarding FVT-loaded BE, formula (F9) demonstrated the best parameters from the other formulas; with the lowest particle
size (154.1+4.38 nm), lowest PDI (0.213+0.05), highest zeta potential (-46.94+1.05), and highest entrapment efficiency (89.34
+2.37%). Regarding gel formulation, G2 showed the best gel formula with drug content (99.82+0.02%) and spreadability (12.88 g/
em?). In-vitro study results showed that, in the first 30 minutes, around 22.3% of the medication is released, whereas, after 24 hours,
about 98.56% is released in G2.

Conclusion: Based on enhancing the bioavailability and sustaining the drug release, it can be concluded that the Frovatriptan-Loaded
Binary ethosome Gel as nano-delivery was developed as a promising non-invasive drug delivery system for treating migraine.
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Introduction
Migraines are among the most frequent headaches, affecting 17-18% of females and 6% of males. It is distinguished by
attacks of acute unilateral headaches, nausea, and possibly a phobia of sounds or light." The recurrent incidence of severe
nausea, poor gastrointestinal (GI) absorption, or vomiting in migraineurs makes it more difficult to administer oral
medications.”” The intranasal approach is easy for the individual to use, painless, free from sterility restrictions, and non-
invasive; it improves medication intake uniformity and speed while avoiding issues with self-injections and is created to
address the shortcomings of the oral route.® Although several good migraine treatments have been created utilizing nasal
delivery, most have not been proven commercially viable.” '* Some triptans can be administered nasally, demonstrating
effective and fast action for relieving migraine attacks.'> FVT has low penetration to the central nervous system (CNS).'°
The terminal elimination half-life of FVT is around 26 hours, and it remains consistent regardless of age, gender, or renal
function;'” this suggests that frovatriptan may be especially suitable for people who experience protracted migraines and those
who frequently experience migraines again. Nevertheless, FV T exhibits low oral bioavailability, ranging from 22% to 30%. ' This
long half-life, coupled with its poor oral bioavailability, makes it a potential target for nanotechnology delivery to improve its
bioavailability. Since this direct main target is the brain, the intranasal route was chosen to represent the optimal delivery to the

brain; additionally, this route will reduce its systemic side effects. FVT exhibits no impact on cytochrome P450 (CYP450)
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isoenzymes, making it improbable that it will influence the metabolism of other medications. Age, renal function, and mild to
severe hepatic impairment do not require any dosage modifications.'”"”

Ethosome is a special liposome manufactured utilizing a highly concentrated alcohol solution.?® The binary ethosome
(BE), which are improved ethosome, is made by mixing ethanol and propylene glycol in a particular ratio.”' BE are more
flexible, more effective at encapsulating drugs, have a larger drug loading capacity, and have better intrinsic dermal
penetration-enhancing properties than liposomes.'> BE in the nasal passages can be a local carrier for slowly released
hydrophilic and lipophilic medications.*

While intranasal (IN) drug delivery is an attractive option,”® the challenge for the formulator is great when
attempting to find a method to infiltrate the mucus lining of the nasal canal without inflicting irreversible tissue
damage. The main disadvantages are small nasal cavity capacity (0.2 mL), anterior leakage, and mucociliary
clearance, which might impair the effectiveness of the nasal medication delivery system.?*2® In situ, gels provide
several advantages over typical gels, such as being simpler to produce, injectable as a liquid, and able to remain
on the nasal cavity’s surface for a longer time owing to gelling and mucoadhesion.?**° The current study aims to
prepare, optimize, and evaluate FVT-BE formulation to develop enhanced intranasal binary nano-ethosomes.

Materials and Methods

Materials

Frovatriptan succinate (CAS Number: 158930-17-7) was purchased from Pharmaffiliates (Catalogue number: PA
06 83000, India), Poloxamer 407 was purchased from Sigma-Aldrich® Solutions, Germany (CAS Number: 9003-
11-6, ID: 16758), Carbopol 934 was purchased from HiMedia Laboratories LLC, USA (stock keeping unit:
GRMo6761), (Hydroxypropyl)methyl cellulose K100 was purchased from Otto Chemie Pvt. Ltd., India (CAS:
9004-65-3, HSN Code: 39123919, and Code: H 1815), and Dialysis Membrane-135 was purchased from HiMedia
Laboratories LLC, USA (stock keeping unit: LA398), phospholipon ® 90H [Phospholipids, hydrogenated, with
70% phosphatidylcholine] was purchased from Pharma Excipients ™ (CAS-No. 97281-48-6), the remaining
chemicals and reagents were of analytical grade and procured from local vendors.

Formulation and Characterization of BE Formulations

Formulation of BE

Binary ethosomes were formulated using the standard mechanical dispersion thin-film hydration approach with a rotating
flash evaporator (IKA® - Werke GmbH & Co0.KG, Germany). PL 90H, cholesterol, propylene glycol (PG), and the drug were
dissolved in ethanol (1040 mL), placed in the rotary evaporator flask, and allowed to rotate at 60 rpm for 20 minutes; this
allowed the drug-lipid layer to settle in the flask’s interior after ethanol evaporation, and the flask was left overnight in
a desiccator to evaporate any lingering ethanol. Hydro ethanol solutions of varying concentrations were used to rehydrate the
drug-lipid film by spinning it at 100 rpm for 30 minutes at a temperature higher than the lipids’ glass transition temperature.
Then, probe sonication (SH 70G, Bandelin Sonopuls UW 2070, Berlin, Germany) was used for roughly 25 minutes at
a frequency of 5 minutes each cycle 3 sec interval time, and ten cycles to transform the vesicles into unilamellar vesicles. The
finished ethosome formulation was kept cold in the fridge; the formulas are illustrated in Table 1.

Characterization of FVT-Loaded BE Dispersion

Measurement of vesicle size and polydispersity and zeta potential BE’s particle size and zeta potential were determined using
Zetasizer Malvern Ultra Red, Worcestershire, UK). Polydispersity index and zeta size of BE were measured at 254+1°C by diluting
50 uL of the vesicle dispersions with 50 pL of deionized DW in folded capillary cell DTS 1070 before taking any readings; each
sample had three independent estimates. Zeta potential (ZP) was measured in a reusable universal dip cell kit.*’

Determination of Entrapment Efficiency (EE%)
The ultracentrifugation technique was used to determine the EE% of BE formulations. Samples were centrifuged (Sigma
3-30KHS, Sigma Laborzentrifugen GmbH, Germany) for 3 hours at four °C and 25000 revolutions per minute (rpm).
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Table | Formulation and Characterization of BE Formulations

Formula | PL (w/v) | Ethanol (mL) | PG (w/v) | Ch (mg) | PBS (Up to mL)
| 0 0 0 45
2 3 0 0 0 45
3 | 20 5 | 45
4 2 20 7.5 | 45
5 3 20 10 | 45
6 4 20 15 | 45
7 | 10 5 | 45
8 | 20 7.5 | 45
9 | 30 10 | 45
10 | 40 15 | 45
I 2 10 5 0.5 45
12 2 20 7.5 1.5 45
13 2 30 10 1.5 45
14 2 40 15 2 45
15 4 10 5 | 45
16 4 20 7.5 | 45
17 4 30 10 | 45
18 4 40 15 | 45
19 3 10 5 | 45
20 3 20 7.5 | 45
21 3 30 10 1.5 45
22 3 40 15 | 45
23 | 10 10 | 45
24 2 20 10 | 45
25 3 30 10 | 45

Abbreviations: PL, Phospholipon® 90H [PL90H], PBS, Phosphate-buffered saline, Ch, cholesterol, PG,
Propylene glycol.

The supernatant was used to calculate EE% was calculated using the following Equation, and the FVT concentrations in

the supernatant were measured by UV spectrophotometer (Perkin-Elmer, A35, Waltham, MA, USA) at 255 nm.***

EE (%) _ Wintialdrug *Wfreedrug <10
Wintialdrug

Effect of Different Variables on FVT BE

Effect of Different Amounts of Phosphatidylcholine

F1,F3,F7,F8,F9,F10, and F23 (containing 0-40% ethanol) were created with 1% w/v concentrations of PLOOH, PG (0—15%); in
addition, F2, F5, F19, F20, F21, F22, and F25 (containing 0-40% ethanol) were created with 3%, w/v concentrations of PLOOH,
and PG (0-15%). F4, F11, F13, F14, and F24 (containing 10—40% ethanol) were created with 2% w/v concentrations of PLOOH
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and PG (5-15%); while F6, F15, F16, F17, and F18 (containing 10-40% ethanol) were created with 4%, w/v concentrations of
PL90H, and PG (5-15%), were used to see the effect of formula variables on particle size and EE%.>*

Effect of Different Amounts of Cholesterol
To illustrate the effect of cholesterol on particle size and EE%, the formulas F2, F11, F9, F21, and F14 were created
using 0, 0.5, 1, 1.5, and 2 mg of cholesterol.>>

Incorporation of Optimized Formulation (F9) into Intra-Nasal Gel Formulations
Preparation of Intra-Nasal Gel Formulations from F9

Poloxamer 407 was dispersed in 80 mL of cold Distilled water and allowed complete hydration overnight. Then,
Carbopol or HPMC powder was added gradually to the poloxamer dispersion. At the same time, on a magnetic stirrer
(Intelli-Stirrer MSH-300i, Biosan, USA), the FVT BE dispersion was added to this dispersion, and the volume was
completed with distilled water,**® as illustrated by Table 2.

Characterization of FVT BE Gel

pH and Visual Appearance

The pH must be considered one of the most crucial elements to formulate FVT effectively. The gel used nasally should have a pH
close to that of the nose so as not to irritate. The pH of the BE gel was determined using a digital pH meter.** Visual examination
was used to assess the homogeneity, the presence or absence of any aggregation in its physical appearance.’'

Measurement of Spreadability by Parallel-Plate Technique

The precise quantity of FVT BE gel required on a clear glass slide was weighed (300 pL). Another slide was placed on
top of the gel-coated one. Loading gel included placing a 100 g weight on the top slide, which caused the gel to spread
evenly throughout the slides and leave no traces on the sides. Pulley was secured to the top slide with a constant weight
attached.**** The time it took for the top slide to travel the distance between the two slides was recorded, starting at zero
seconds. Spreadability is found in the following Equation:

_MxL
T

S

Spreadability (S), Mass (M), Length (L), and Time (T) are all variables that determine how far a glass slide can be slid in
a given amount of time.

Determination of Gelation Temperature
The visual inspection method was used to determine the gelation temperature of the prepared FVT BE gel.**

Table 2 Formulation of FVT BE-Loaded Gel from the Optimized Formula (F9)

Formulation F9 dispersion Poloxamer Carbopol HPMC DW (mL)
(mL) (2.5 mg/mL) | 407 (g) 934 (g) K100 (g)
Gl 10 14 0.5 - 100
G2 10 14 1.0 - 100
G3 10 14 1.5 - 100
G4 10 14 - 0.5 100
G5 10 14 - 1.0 100
Gé 10 14 - 1.5 100
G7 10 14 1.0 1.0 100

Abbreviations: DV, distilled water; HPMC, (Hydroxypropyl) methylcellulose.

4 https: Nanotechnology, Science and Applications 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Hamzah and Kassab

Thermostatically controlled digital magnetic stirring at a rate of 10°C /min was used to raise the temperature of a beaker
that contained 10 mL of FVT BE. The beaker was tilted to visualize gelation, and the temperature at which the beaker
was tilted at 90 degrees and did not flow due to the gel formation was recorded as the gelation temperature.

Drug Content

The drug content of formulations was evaluated in triplicate with a double-beam UV visible spectrophotometer (Shimadzu
UV-1800). One milliliter of the formulation was placed in a 10-milliliter volumetric flask, and the remaining 9 milliliters were
double-distilled water. A 1 mL sample was prepared by diluting the original solution with 10 mL of double-distilled water. As
a last step, a UV-visible spectrophotometer*® was used to determine the absorbance of the solution after it was created.

Evaluation of FVT BE F9 and G2 Gel

Differential Scanning Calorimetry

BE was optimized via thermal analysis of FVT powder, poloxamer 407, PL, FVT BE dispersion F9 (lyophilized), and
FVT BE optimized gel (spread and allowed to dry) using a 4000 model from VEGA, Tescan, EasyProb, and Czech Reb.
Aluminum pans were used to dry the samples (10 mg each) using dry nitrogen as the flowing gas. These thermograms
were obtained between 20-300 °C, with the temperature rising at 20 °C per minute.*’

Fourier Transform Infrared Analysis

To examine the drug, phospholipid, physical mixture, and optimal loaded BE formulations, FT-IR spectrometer 8300,
Lambda Scientific, Australia; we opted for the diamond horizontal attenuated total reflectance (ATR) sample attachment
(PerkinElmer, France). A 4-cm resolution was used to scan the samples between 4000 and 6000 cm. '8

Morphology by Scanning Electron Microscopy (SEM)

Utilizing scanning electron microscopy (SEM), the morphology of FVT BE was examined (SEM, Hitachi, Tokyo, Japan) by
diluting a drop of BE formulation was diluted in double-distilled water (DW) (1 in 100) and then air-dried on a sample holder.
A range of magnifications and accelerating voltages, up to 15,000 volts, were then used to examine the sample under vacuum.*’

In vitro Release Study
The release study was conducted on the FVT solution (2.5 mg), the optimized BE (F9), and the selected BE gel prepared from F9

1.°° A diffusion membrane

(G2). The researchers studied the diffusion of drugs in different formulations using a Franz diffusion cel
with a molecular weight cut-off range of 12,000-14,000 kDa was employed for dialysis. The dialysis membrane was immersed in
a phosphate buffer solution with a pH of 6.4 for 24 hours before the commencement of the test. The diffusion cell was filled with
21 mL of phosphate buffer solution at a pH of 6.8, and a dialysis membrane was affixed to the cell. The gel, which contained
a medication corresponding to a dosage of 2.5 mg, was applied to the donor chamber. A circulating water bath regulated the 32—
34°C temperature. Samples of 1 mL were extracted at various time intervals (0.5, 1, 3, 6, 12, and 24 hours) and subsequently
substituted with an equal volume of the new solution. These samples were then filtered, and the quantity of the drug present was

measured using a UV-visible spectrophotometer set at a wavelength of 255 NM.

Ex-Vivo Drug Permeation Study

The animal handling was done in accordance with both the Office International des Epizootics (OIE) principles on animal ethics
guidelines and AVMA guidelines.’' The euthanasia procedure involved the intravenous administration of pentobarbital sodium
(100 mg/kg) to three healthy lambs at the age of 6 months. Following the demise of the subjects, the lambs underwent decapitation.
Subsequently, the distinct components of the nasal cavity, namely the nasal concha and septum, were submerged in a solution
consisting of PBS medium supplemented with 5% double antibody and 1% amphotericin and gentamicin. Subsequently, the
distinct variations of the nasal cavity were carefully placed into a 50 mL centrifuge tube pre-filled with phosphate-buffered saline
(PBS) and antibiotics. Following the agitation of the container, it was subjected to a series of washing procedures, repeated 3 to 4
times. Each wash cycle was conducted for a duration of 5 to 10 minutes. After the completion of the process, the washed nasal
tissue was carefully transferred onto a sterile plate. The nasal mucosa tissue was carefully removed using ophthalmic scissors and
tweezers.
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Furthermore, a segment of the nasal mucosa is extracted and carefully positioned on a fresh, clean plate, ensuring that the
surface is upward. Subsequently, the nasal mucosa is processed, transforming it into consistently shaped circular tissue blocks with
a diameter of 8 mm, employing a tissue sampler. The nasal cavity is multifaceted, featuring diverse mucosal thicknesses and
epithelial features across several regions. The current research has concentrated on the mucosa located on the inferior nasal concha
within the respiratory region of the nasal cavity. On average, around 40 specimens of mucosal tissue can be procured from the
nasal cavity of sheep that are six months old. The mucosal tissue underwent pretreatment and was subsequently positioned on
a 12-hole transwell apparatus, with the mucosal surface oriented upward. The membrane of the top chamber filter had a pore
diameter measuring 0.4 pM. Approximately 600 pL of culture media was introduced into the complete transwell device, with
a thickness of only half that of the mucosal tissue. The tissue was cultured at 37°C and in an atmosphere containing 5% carbon
dioxide. The culture medium was refreshed regularly.”>>*

The ex-vivo study was conducted on the FVT solution (2.5 mg), the optimized BE (F9), and the selected BE gel prepared from
F9 (G2). At 34 degrees Celsius, 12 milliliters of phosphate buffer saline (pH 6.8) were added to the acceptor chamber and agitated
with a magnetic stirrer. After incubating the donor part for 30 minutes, selected formulations (FVT solution, F9, and G2) were
added. One mL aliquots of samples were taken out at regular intervals up to 24 hours and replaced with phosphate buffer saline pH
6.8. As the dust settled, a spectrophotometer set to 255 nm was used to examine the samples. The drug formulations’ permeability
coefficients (in cm/s) were determined with the use of the following formula,

v

d
Permeability coefficient = (dc> SS)(A—Cd

C
Where, (dc/dt)s (ug mL ™" s™') change of concentration under steady-state; A (cm?) is the permeation area; V (mL)
the volume of the receiver compartment; and Cq (ug mL ™" is the initial donor concentration.”*

Histopathological Evaluation of Mucosal Tissue

After being treated in PBS (pH 6.8) or a diffusion chamber with the gel formulation, tissue samples were histo-
pathologically examined. A 10% buffered formalin solution (pH 6.8) was used to fix the tissue. After being broken into
smaller pieces and put on glass slides, paraffin blocks were stained with hematoxylin and eosin. A pathologist unaware of
the Study’s objectives examined tissue slices under a light microscope for ex vivo and drug permeation studies.>

In vivo Brain Targeting Study

FVT pharmacokinetic and brain distribution studies were established for intranasally delivered FVT BE gel G2 and FVT
intravenous solution. The study includes a total of 78 Female rats (Wister albino rats), weighing 180-220 g, aged 2—3 months;
these rats were randomly divided into three groups: group A (6 rats considered a negative control, which will be sacrificed early to
obtain plasma and brain tissue to calibrate the HPLC to measure the drug concentration), group B (includes 36 rats, divided into six
groups each contain six rats at each time of administration of the drugs, after 30 minutes, after 1 hour, after 3 hours, after 6 hours,
after 12 hours, and after 24 hours) given FVT IV solution at dose 0.257 mg/kg, and group C (includes 36 rats, divided into six
groups each containing six rats at each time of administration of the drugs, after 30 minutes, after 1 hour, after 3 hours, after 6
hours, after 12 hours, and after 24 hours) given FVT binary ethosome in situ gel intranasally (IN) at dose 0.257 mg/kg, as
illustrated in Figure 1. Following completion of therapy, all animals were anesthetized intraperitoneally (I.P.) with 80 mg/kg of
ketamine and 10 mg/kg of xylazine. Following total anesthesia, all rats were sacrificed by carbon dioxide.’'® After the end of
each group’s experimental period, dissection was done for the euthanized rat, and the plasma and brain tissue were removed and
weighed for further analysis.

The rats were obtained from the (Animal Facility of the College of Pharmacy — Baghdad University, Baghdad, Iraq), housed
in polypropylene cages under a temperature-controlled environment (25 °C), with an inverted light-dark cycle (12/12 hours),
and acclimated for ten days before starting the experiment at the same center where the rats were obtained (Animal Facility of
the college of pharmacy — Baghdad University, Baghdad, Iraq). The animals were maintained on a standard pellet diet and free
access to water ad libitum supplied by the Animal Facility of the College of Pharmacy — Baghdad University.
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Figure | Particle size and zeta potential of optimal TVF loaded BE (F9).

Dosing
The usual human dose of FVT is 2.5 mg (per 60 kg) per day; based on the Reagan-Shaw study,”’ this dose is converted to
animal dose (rat) based on the following equation:>’

HED (™2 = AED (™2 Animal Kn
kg kg / Human K,

HED is the human dose, AED is the animal dose, and K, is the conversion factor (for human adults, it is 37, and for rats, it is 6).5 7
Based on this equation, the animal dose was 0.257 mg/kg.

Sample Preparation for Analysis

Plasma Treatment

Utilizing a cooling centrifuge (Z216MK, Hermle Labortechnik GmbH, Germany). The blood sample was centrifuged for
10 minutes at 4000 rpm to separate the plasma, then stored at 80 °C. For the sake of analysis, 500 pL of each of the
plasma samples was combined with 100 pL of the “internal standard DILT solution” (1000 ng/mL) and 1 mL of
“acetonitrile”. The mixture was vortexed for 30 seconds (Vortex, IKA MS3 Digital, Germany) and then centrifuged for
15 minutes at 6000 rpm. HPLC was used to determine the amount of FVT in the supernatant.”®

Brain Treatment

Each piece of the obtained tissue from the rat brain was homogenized (Heidolph Diax 900, Germany) for one minute at
25,000 rpm with three times the volume of ordinary saline. Brain homogenates underwent the same processing steps as
plasma samples to determine their FTV content.>”

HPLC Analysis of FVT-Succinate

The HPLC system (Agilent Technologies 1200 series, Germany) consisting of a G1315D diode array detector, an LC-G
1311A solvent delivery pump with a 20-uL loop, and a rheodyne sample injector was employed. The mobile phase,
which was composed of “acetonitrile and potassium phosphate buffer” (10 mM) 35:65 (v/v), was adjusted to pH 5.5 with
orthophosphoric acid and ran on an Agilent® TC-C18 column (250 mm 4.6 mm LD, particle size 5 m) at 30 °C. The
injection volume was 50 L, and the elute was seen at 255 nm with a 1 mL/min flow rate.®’
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Pharmacokinetic Analysis

Using the WinNonlin® application, the determination of pharmacokinetic parameters Cmax, Tmax, AUCy 340, t12, and mean
residence time (MRT) in both plasma and brain was done for each treatment (was calculated as the ratio between the area under the
first moment curve and the corresponding AUC.360min) (Version 2, Pharsight Co., Mountain View, CA, USA). Following
intravenous injection, the absolute (F,) and relative (F;) bioavailabilities of FVT were estimated using the following equations:®'

_ AUCg6O min (IN)

== X100
AUC360 min (IV)

a

 AUC4) i (IN) x Dosery

- X100
AUC54 1nin(IV) x Dosen

T

To evaluate brain targeting efficiency, two indices, namely drug targeting efficiency (DTE%) and brain drug direct
transport percentage (DTP%), were calculated using the following equations:®'

AUCbmin)
AUCplo0d
=L X100

AUCbmin I
AUCplo0d

DTE% = (

(Bin—Bx)
X

DTP% = X100

(Biv)
(Prv)

Where “Bx” represents the brain “AUC” fraction contributed by systemic circulation through the blood-brain barrier
following (IN) administration, By is the AUCq_ 349 (brain) following IV administration, Py is the AUCy 349 (blood)

following IV administration, By is the AUC( 360 (brain) following IN administration, Ppy is the AUC( 360 (blood)
45,62

BX = X100

following IN administration.

Ethical Consideration
The University of Baghdad approved the study — College of Pharmacy, Research Ethical Committee (approval name:
RECAUBCP532022G, approval date: 5-2-2022).

Sample Size and Randomization

For sample size computation, program G Power was utilized®® based on Cohen’s principles.®* A table of random integers
was used to construct the groupings at random; the animals were placed in labeled containers and given tail tags to
minimize misunderstanding.®®

Statistical Analysis

The current study used GraphPad Prism version 10.0.1 for the statistical analysis. The descriptive statistics were reported
as mean + standard deviation (S.D.). The independent s-test was applied to verify the significance of the difference
between the studied groups, followed by the post hoc Tukey’s test. The differences between the groups were considered
significant statistically when the P-value was <0.05.

Results and Discussion

Characterization of FVT BE

Effect of Different Amounts of Phosphatidylcholine, Cholesterol, and Ethanol

As seen in Table 3, regarding EE, the highest value was seen on F9, which was statistically significant compared to the other
formulas, see Figure 2. Regarding PS, two formulas (F9 and F15) showed statistically the lowest PS compared to other formulas,
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Table 3 Characterization of FVT Loaded BE

Formulation EE% PS PDI ZP

FlI 63.98+2.18" 352.69+5.37° 0.413£0.017 —24.39+0.21°
F2 69.31+0.98 494.83+2.64° 0.521£0.06* —22.59+1.05
F3 80.51+0.98° 200.37£2.64° 0.294+0.06* —32.132.16°
F4 69.82+3.06 265.49+2.84° 0.367+0.03" —38.37+0.36°
F5 59.38+2.14° 326.49+9.62° 0.473+0.04* —20.46+0.49°
F6 72.34£261° 264.72+7.34° 0.196£0.02° —43.9420.12¢
F7 54.29+0.94¢ 268.31£9.31¢ 0.37520.01% —28.49+2.04°
F8 69.42%1.52* 220.59+6.52° 0.322+0.06* -31.27£2.31°
F9 89.34+2.37° 154.1+4.388 0.213+0.05° —46.94£1.05¢
FI0 75.96%3.16" 210.34£1.98 0.487+0.03* —26.59+0.05°
Fl 78.35+2.38" 254.95+2.35¢ 0.203+0.05° —38.3720.07°
FI2 62.54+0.97° 235.67£10.59' 0.386+0.04* —26.04+0.04°
FI3 49.370.35¢ 433.92+2.46" 0.49520.01° —29.380.05°
Fl4 45.1243.59 376.22+8.37' 0.512+0.03* —39.07+0.28°
FIS 74.39+1.05% 147.351.398 0.418+0.05° 227423
Flé 70.34£2.13* 234.51x831° 0.229£0.01° —44.27%2.03¢
FI7 65.39+3.05* 295.37+7.26/ 0.324+0.03° —33.1541.06°
FI8 64.51+2.03 235.67+6.29° 0.367+0.05° —36.411.34
FI9 69.42%1.52% 220.59+6.52° 0.322%0.06*° -31.2742.31°
F20 60.53+2.37° 394.28+4.38' 0.413+0.05* -32.13£2.1¢°
F21 55.96+3.16° 210.34£1.98" 0.487+0.03* —26.59+0.05*
F22 68.35+2.38* 254.95+2.35% 0.361+0.05* —28.37£0.07°
F23 62.54+0.97° 235.67£10.59' 0.386+0.04* —26.04+0.04°
F24 49.37+0.35% 433.92£2.46" 0.49520.01° —29.380.05°
F25 75.12+3.59" 295.22+8.37 0.268+0.03° —39.07+0.28°
p-value <0.000| <0.001 <0.00| <0.001

Notes: A column with different letters indicates significant differences (<0.05) [’
I<0.05;cvsd e tehiigoos dvsefehiigog, evstehiicops fysehiigos; 8vshiicoos5;hvsiic,05; v 1<0.05].

avsb,c,d‘e‘f,g.h,i,j<005,bvsc,d,e,f.g.h,i‘
=U.Uo,

Abbreviations: EE, entrapment efficiency; PS, particle size; PDI, polydispersity index; ZP, zeta potential.

see Figure 3. Regarding PDI, F6, F9, F11, F16, and F25 showed statistically lower PDI values than other formulas, see Figure 4.

Regarding ZP, F6, F9, and F16 showed statistically highest negative charge compared to other formulas, as illustrated in Figure 5.

Based on these findings, it is obvious that F9 had the best parameters out of the other formulas, see Figure 1.

Entrapment Efficacy (EE)
Because there is more lipid phase accessible to integrate the lipophilic FVT, the EE% changed from 80.51 & 0.98 to 59.38
+2.14% with an increase in PL 90H concentration from 1 to 4% w/v in F3, F4, and F5, respectively.33 The entrapment
somewhat decreased (72.344+2.61%) when the PL90H concentration was raised to 4% in F6; this could result from the
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Figure 2 Entrapment efficiency (%) of various BE formulas [a column with different letters (a, b, ¢, d, e, and f) indicates significant differences (<0.05)].
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Figure 3 Particle size (nm) of various BE formulas [a column with different letters (a, b, ¢, d, e, f, g, h, i, and j) indicates significant differences (<0.05)].
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Figure 4 Polydispersity index of various BE formulas [a column with different letters (a, and b) indicates significant differences (<0.05)].

likelihood of vesicle aggregation.’® When the PLOOH concentration was held constant at 1% w/v, an increase in the
percentage of ethanol from 10% in F7 to 20% in F3 resulted in a significant increase in the EE%, with values of (54.29 +
0.94% versus 80.51 = 0.98%), when the ethanol percentage was further increased to 30mL (F9) or 40mL (F10), the
EE percent increased significantly, with values of 89.34+2.37% and 75.96+3.16%, as demonstrated in Table 1 and
Table 3. Formulas containing 2% PL, F4, F11 to F14, with an increase in ethanol concentration (from 10 to 40 mL), the
EE% showed a significant reduction in value with higher ethanol contractions. More FVT can be trapped because
ethanol, a co-solvent, makes FVT more soluble in the hydroalcoholic core and the vesicle membrane. It makes the bilayer
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Figure 5 Zeta potential of various BE formulas [a column with different letters (a, b, ¢, and d) indicates significant differences (<0.05)].

membrane more fluid, which improves FVT encapsulation. The vesicle membrane became more porous when the ethanol
concentration was raised to 30% or 40%; however, the EE percent fell due to drug leakage.®® EE is a crucial
characteristic for gauging the intra-nasal drug delivery system and, by extension, its distribution potential. Because of
its lipophilic nature, FVT is encased in a non-polar lipid bilayer. The aggregation and leaking of BE and the size of the
vesicles themselves are strongly impacted by the formulation’s physical stability, which in turn is affected by the ethanol
and phospholipid contents. Vesicles leaked at high ethanol and propylene glycol concentrations, lowering the % EE and
preventing the encapsulated drug from penetrating the intra-nasal layers.*°

Particle Size (PS)

PS ranged from 147.35+1.39 nm to 494.83+2.64 nm. As the concentration of PL90H increases and ethanol concentration
remains constant (F3 to F6, 20 mL ethanol, and F9, F13, and F17, 30 mL ethanol), PS size increases with higher PLOOH
in the formula. At 1% PL90H, as ethanol volume increases (10 to 30 mL), PS decreases (F7, F8, and F9). These results
strongly suggest that phospholipids and ethanol do not interact with one another.

Also, the development of a hydrocarbon phase with interpenetrating capabilities suggests that ethanol and propylene
glycol may have a disproportionate impact on vesicle size. Intra-nasal drug administration is greatly aided by smaller
vesicles (300 nm) that can quickly pass through the mucus barriers and reach deep layers. FVT BE formulations with
a vesicle size of 200 nm have been reported to be capable of intra-nasal penetration. FVT-loaded BE that have been
prepared may pass through many mucus layers since their size is less than 200 nm.®’

Nanoparticles, colloidal systems, and surfactants have been used to improve the brain absorption of active compounds
such as tacrine, insulin, and human growth hormones. Vesicular carriers such as liposomes and niosomes based on
amphiphilic compounds have also been investigated for nasal delivery to the brain. Recently, the approach of using

modified phospholipid vesicles has received significant attention.®®

Polydispersity Index (PDI) and Zeta Potential (ZP)

The generated dispersions had PDI values between 0.196 and 0.521 and ZP between —20.46+0.49 to -46.94+1.05 mV. At
1% PL90H and ethanol volume between 10 to 30 mL, PDI was reduced (higher PL90H shows the opposite effect), while
at 40 mL ethanol, PDI started to increase. Fixing ethanol volume and increasing PL90H concentrations associated with
increased PS. Similar findings were reported with ZP, in which increasing ethanol while fixing PL90H at 1% was
associated with higher ZP, with lower PL90H associated with higher ZP. High negative zeta potential values were also
linked to cationic solvents such as propylene glycol and ethanol. The chosen dispersion exhibited physicochemical

properties well-suited to lipid BE used in the preparations.®®’°
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Evaluation of FVT-Loaded BE Gel

The pH and Visual Characteristics

The reported pH value of the investigated formula was (5.3 £+ 0.03) within the acceptable range of the successful nasal
formulation (between 5.3 and 7.0”"). All the prepared BE dispersion formulas (G1 - G7) appeared as a homogenous
creamy suspension without precipitation or aggregation with a characteristic ethanol odor, as illustrated by Table 4.

Gelation Temperature
The influence of mucoadhesive agents on formulation gelation temperature (Table 4) reflects the change in gelation
temperature that is directly proportional to the mucoadhesive agent concentration.

Spreadability
The best spreadability for the FVT-loaded BE gel formula was seen in G2, with a 12.88 g/cm? spreading, as seen in Table 4.

Drug Content
A total drug concentration ranging from 92.54+0.13% to 99.82+0.02% was found in the tested FVT-loaded BE
formulations; the best formula was G2, as seen in Table 4.

Evaluation of the Optimized FVT BE Formula

DSC Studies

The DSC thermogram of the FVT pure drug, FVT-loaded (F9), FVT-loaded BE gel (G2), and all the excipients (P407 and
PL90H) necessary to make them are shown in the DSC thermogram. The FVT pure drug showed an endothermic peak at
182.41°C, indicating that FVT is pure and crystalline, associated with its melting point and breakdown. The optimized formula
(F9) showed an endothermic peak of the drug at 102.75°C. The FVT-loaded in BE gel (G2) showed an endothermic peak of the
drug at 104.92 °C. P407 peak at 55.52 °C. This reduction in the endotherm of the drug could be due to the mixing of drug and
excipients, which lowered the purity of each component in the mixture and may not necessarily indicate potential
incompatibility,” as illustrated by Figure 6.

FTIR Spectral Studies

The FTIR spectra of the drug in different polymer mixes were compared to the FTIR spectrum of the pure drug. FVT spectra
showed a clear peak at 3120.94 and 3497.06 cm ', confirming the presence of the primary amide group in monohydrate form.
Spectral bands at 827 and 1100 cm ' indicate the presence of an aromatic group, whereas the peak at 1666.48 cm ' is
characteristic of the presence of a C=O bond. The drug is compatible with the gelling agent’s poloxamer 407 and Carbopol
934, as shown by FTIR spectroscopy investigations of drug-polymer interactions, revealing weak physical contact. Figure 7

Table 4 Physical Evaluation of FVT BE Gel Formulations

P407 C934 HPMC Visual pH Gelation Spreadability Drug
(Wiv%) (Wiv%) Appearance Temperature °C (g.cm/sec) Content (%)
Gl 14 0.5 - Milky appearance 5.8+0.01% 33.9+0.21° 9.68+1.31% 92.57+0.21%
G2 14 1.0 - Milky appearance 5.3+0.03° 33.740.43* 12.84+2.43° 99.82+0.02°
G3 14 1.5 - Milky appearance 5.140.01° 31.940.13* 6.57+1.27% 95.4310.14°
G4 14 - 0.5 Milky appearance 5.4£0.02° 34.2+0.26° 7.64+0.98% 98.54+0.37¢
G5 14 - 1.0 Milky appearance 6.0+£0.01° 30.09+1.00° 6.82+1.34° 94.21+0.28°
Gé 14 - 1.5 Milky appearance 6.2+0.02° 28.9+2.30° 5.37£1.29° 96.56+0.11
G7 14 1.0 1.0 Milky appearance 6.5£0.01° 35.6+3.217 7.81£1.17% 92.5440.13%
p-value - - - - <0.001 0.001 <0.001 <0.001

Notes: P407: Poloxamer 407 (w/v%), C934: Carbopol 934 (w/v%), HPMC: hydroxypropyl methylcellulose. A column with different letters indicates significant
differences (<0.05) [*¥* > © & = f<0,05; ® v = ¢ = f<0,05; < v ¢ = f<0,05; ¢ v = F <0,05; * ** '<0.05.].
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Figure 6 DSC Thermograms of |) Pure Drug (FVT) [I-DSC], 2) Lipid (PL90H) [2-DSC], 3) Poloxamer 407 [4-DSC], 4) FVT-loaded BE (F9) [5-DSC], 5) FVT-loaded BE gel
(G2) [8-DSC].
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Figure 7 FTIR spectral studies of |) Pure Drug (black line; line-11), 2) phospholipon 90H (red line; line-21), 3) Ethanol (white, blue; line-31), 4) propylene glycol (light green;
line-41), 5) Poloxamer 407 (white gray; line-51), 6) F9 (dark red; line-61), 7) Carbopol 934 (dark green; line-71), 8) G2 (dark blue; line 81).

shows the FTIR spectra of the medication and a physical combination of FVT with poloxamer 407 and Carbopol 934. The peaks at
1690, 1810, 2530, 2900, and 3300 cm ' were all present, but the strength of the peak at 3500 cm ! was reduced, demonstrating the
weak physical interaction.

Scanning Electron Microscopy

The spherical shape, homogenous particle size, excellent segregation, and monodispersed of the particles in the BE
formulation and the enhanced BE gel both contribute to their remarkable stability (Figure 8). Particle size detected by
SEM corresponds well with the Delsa Nano C analyzer. The presence of monodispersed particles demonstrated the
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Figure 8 SEM images of optimized FVT-loaded BE F9 (A and B), optimized FVT-loaded BE gel G2 (C and D).

presence of sufficient surface charge on the outside of BE to maintain their separation. Additionally, the value of the zeta
potential was negative, lending credence to the theory.

In-Vitro Cumulative Release Study

By analyzing how quickly the drugs were released from G2 and F9, we may deduce that the Carbopol’s chemical
composition is critical for facilitating drug release. A quick initial release was followed by a delayed maintenance release
of the FVT-loaded in situ gel in G2. In the first 30 minutes, around 22.3% of the medication is released, whereas after 24
hours, about 98.56% is released (Figure 9).

Ex vivo Permeation Study

Ex vivo studies on lamb’s nasal mucosa examined the drug penetration characteristics of FVT-loaded BE (G2). After 24
hours, those exposed to the G2 absorbed 496.38+2.21 mg/cm?, but those exposed to the FVT solution absorbed just
148.32+1.64 mg/cm’. The steady-state flow rate of the G2 was 6.985 mg/cm*/h, whereas that of the FVT solution was
only 1.896 0.14 mg/cm*/h. When FVT was encapsulated in situ gel, the medication’s permeability increased by around
3.68-fold compared to the drug solution, indicating that the therapy would diffuse through the nasal mucosa (Figure 10).

Histopathological Studies
Following seven days of exposure to FVT-loaded BE gel formulation, the anterior cross sections of the rat nasal canal in
Figure 11 are shown in the light microscope. The mucosa and underlying cartilage can be shown in the micrographs to
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Figure 10 Ex vivo permeation study at nasal pH 6.4.

have a normal histological structure. The rats showed no severe necrosis, epithelial cell sloughing, or bleeding symptoms.
However, just a slight edema in the mucosal layer’s lamina propria was seen in the rats treated with FVT-loaded BE gel
(G2) dispersion, and the rats treated with F9 likewise showed only a slight congestion of blood vessels in the lamina
propria. These findings supported other literature,”* and these formulations were selected for further clinical studies.

In vivo Study

FVT concentrations in rat plasma and brain were determined using a straightforward, well-validated modified
HPLC technique.®® With a total run duration of less than 15 minutes, it was discovered that the retention periods
for FVT were 3.798 and 3.964 minutes for plasma and brain and 5.64 and 6.21 minutes for the internal standard.
Peaks from the commercial formula and FVT were separated and resolved with acceptable symmetry. Individual
blank serum was examined at FVT and marketed formulation retention durations, and no endogenous interference
peaks were found, demonstrating the specificity of the analytical approach. The rat brain and plasma samples had
linear standard plots in the range of “1-800 ng/mL” concentration with correlation coefficients of “0.9597” and
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Figure |1 Light photomicrograph of (A) untreated rat epithelium and rat epithelium treated with (B) normal saline pH 6.8, (C) Drug solution, (D) F9 and (E) G2. “m”,
mucosa; “c”, underlying cartilage; “o0”, lamina propria of the mucosal layer; “v”, blood vessels in lamina propria.

“0.9894”, respectively. The FVT-spiked percentage in the plasma sample ranged from 92.492 to 98.675, and the
FVT-spiked percentage in the brain sample ranged from 88.694 to 97.358, ensuring consistency and effectiveness,

as illustrated in Table 5.

Table 5 Pharmacokinetic Parameters, Brain Targeting Efficiency, and Direct Nose-to-Brain
Transport Following Administration of FVT Formulations

Parameters Tissue/Organ Formulations of FVT
FVT Solution F9 G2

Crnax Plasma 43.29%13.59 670.51+24.36 452.87+35.67
Brain 16.46+06.45 118.34+14.29 495.84+1892

Tmax Plasma 45.62 - 15
Brain 60.87 34 10

AUC.360 Plasma 5737.16+184.53 52,684.35+225.34 | 15,385.46+1231.26
Brain 1842.84+164.72 14,876.29£94.36 | 36,484.28%1159.46

AUC ratio 0.32 0.2825 23713

Fa 11.96 100 29.47+0.26

Fe 100 - 268.79+0.59

Tin Plasma 152.36+12.35 98.37+8.34 15,857+11.56
Brain 228.43+5.64 133.84+9.03 198.37+8.64

MRT Plasma 226.07+15.69 116.87+6.59 162.63+10.29
Brain 331.86%29.64 184.35+5.38 273.84+7.64

DTE 121.84 - 874.18

DTP 18.23 - 89.42

Abbreviations: DTP, brain drug direct transport percentage; MRT, mean residence time; DTE, drug targeting efficiency; Fa

absolute bioavailability; Fr, relative bioavailability.
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Conclusion

The ratio of ethanol to PG is critical in decreasing the particle size of the FVT-loaded binary ethosome gel formula;
meanwhile, low phospholipid concentration in binary ethosome was shown to have favorable entrapment efficiency.
Carbopol showed better spreadability than HPMC in gel formulation. Based on enhancing the bioavailability and
sustaining the drug release, it can be concluded that the Frovatriptan-Loaded Binary ethosome Gel as nano-delivery

was developed as a promising non-invasive drug delivery system for treating migraine.

Disclosure
The authors report no conflicts of interest in this work.
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