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Introduction

Migraine is a neurological disorder, which is often characterized with recurrent attacks
accompanied with primary symptoms, gastrointestinal, headache, neurologic, and
sometime aural symptoms.'+ Migraine is one of the most common disorders in the
world.? Tt is the second most common cause of short-period absence of non-manual
workers.* Migraine has been treated by many drug formulations; however, accompa-
nied limitations with drug delivery systems have proved a major obstacle. The nasal
drug delivery system may be affected by many factors; the capacity of the nasal cavity

for the drug volume (<0.2 mL), anterior leakage, and mucociliary clearance.” Two
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types of drugs can be used for treating migraine; one of them
is preventive and the other is abortive. Abortive drugs,
including triptans (e.g. sumatriptan citrate), target serotonin
receptor (5-HT receptor). Moreover, sumatriptan succinate
(SUT) inhibits calcitonin gene-related peptide.® SUT is admi-
nistered in different routes such as oral, intranasal and sub-
cutaneous (s.c) routes. However, its oral administration or
intranasal application is limited because of low absolute
bioavailability, pre-systemic breakdown, and incomplete
absorption. Despite the absolute bioavailability of parenteral
formulation of SUT being high (96%), its parenteral
formulation is inconvenient. In this sense, intranasal
formulations can be developed to overcome reasons of low
bioavailability of SUT. High vascular mucous membranes of
the nose facilitate rapid absorption of un-metabolized drug to
the central nervous system.”* Recently, novel studies have
been carried out to enhance the bioavailability, such as solid
dispersion,” liposomes,'® chitosan microparticles,'’ poly-
meric lipid-core nanocapsules,' and lipid vesicles.'*'?
Lipid vesicles, as a tool for drug delivery of SUT, have
been studied.'® Transferosomes are ultra-flexible and very
deformable vesicles. They are composed of phospholipids
and permeation enhancers. The presence of permeatiq
enhancers softens the lipid bilayers of the prepared tra

ferosomes, making them very deformable vesicles. Th

gpared transferosomes were

acterized.

incorporated in%glae selected gel and evaluated for different

properties such asN@vitro release, stability study, in vitro
tolerability of sheep nasal mucosa; histopathological evalua-

tion and in vivo pharmacokinetics study.

Materials and Methods

Materials

SUT was purchased from Natco Fine Pharmacis Pvt Ltd
(Hyderabad, India). Soybean phospholipids, cholesterol,
tween 80, sodium caprate, and sodium cholate were

purchased from Aladdin (Shanghai, China). Poloxamer
407 (PLX 407), poloxamer 188 (PLX 188), and carragee-
nan were purchased from (BASF, Ludwigshafen am Rhein,
Germany). Clostridium perfringens enterotoxin (CPE) was
purchased from MyBiosource, Inc. (Southern California,
San Diego, CA). Acetonitrile, methanol, and chloroform
were provided by Aladdin. All reagents were of high-
performance liquid chromatography (HPLC) or analytical
grade. Rabbits and rats were purchased from the animal
house of the Faculty of Medicine, Assiut University, Egypt.

Methods

Formulation of SUT-Load

ssolved in 10 mL of 2:3
ol mixture, as presented in

films were established under

SNF; pH 5.5, 10 mL) containing permeation enhancer;
ostridium perfringens enterotoxin (CPE) or sodium cap-
rate (Sod C) was used to hydrate the prepared thin dried
film. The resultant vesicles were allowed to swell for 24
hours, then they were sonicated using a sonicator (power-
son I C405, Hwashin Co., Shanghai, China) for 30 min-
utes, forming smaller vesicles. SUT-loaded transferosomes
(free from untrapped drug) were extruded through a 200-
nm Sartorius polycarbonate membrane filter (Sartorius
Instrument, Nieuwegein, Netherlands) four times to
decrease their diameter. SUT-loaded transferosomes were
separated from the free SUT by high-speed centrifugation
at 18,000 rpm for 0.5 hours at —5°C using a cooling high
speed centrifuge (High-Speed Refrigerated Centrifuge,
CR22N; Hitachi Ltd., Tokyo, Japan). Precipitates were re-
suspended with SNF (pH 5.5, 10 mL). Supernatants were
collected to calculate free SUT. SUT-loaded transfero-
somes (free from untrapped drug) were kept at 4°C in
clean glass containers. All processes were carried out
under aseptic conditions using laminar flow (horizontal
laminar flow hood, BZ Series, model BZ-3SS RX;
Germfree, Ormond Beach, FL).
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Table | Composition of the Prepared Transferosomes in Molar Ratio

Formula Code Soyabean Lecithin Cholesterol Sodium Cholate Tween 80 CPE Sodium Caprate

Fl |
F2 I
F3 I
F4 |
F5 |
Fé |
F7 |
F8 |
F9 |
|
|
|
|
|
|
|

N MNP — — — —

Fl0
Fll
Fl12
FI3
Fl4
FI5
Flé

N NN N DNMDNMDNMMDNDNMNMNDNMDNDNMDNDNMDNDNODMDNDDN

Abbreviations: F, transfersome; CPE, clostridium perfringens enterotoxin.

Differential Scanning Calorimetry (DSC)

DSC examination was carried out using the DSC 204

(Netzsch, Hanau, Germany). The heating rate of the sam- amounts of SUT = Total amount

Eq(1)
of SUT — amount of free SUT

ples was 10°C/min over a temperature range of 40-300°C.
The sample was taken for analysis; with an al

empty pan used as a reference. DSC profiles o . .
sulation efficiency (EE%) = Encapsulated amounts

tween 80, cholesterol, soybean phospholipids, phy
of SUT # 100/total amount of SUT

and cholesterol, physical mixture Qf : i Eq(2)

Evaluation of Elasticity of the Prepared
Characterizationgf SUT- Transferosomes

Transferosom Elasticity of the prepared transferosomes is an important
Vesicle Size, Po parameter of elastic vesicles, which is characterized by the
Potential Analvsi capability of remaining intact as they permeate through
To evalug : i intranasal mucous membranes. Measuring of the vesicles
distrib elasticity (E) was carried out by measuring the amount of

transfero (100 pL) were diluted with pur-  vesicles permeation through semi-permeable membrane

ified water (SR 1L) and measured through dynamic light  (J), mean vesicles size (r,), and membrane pore size (ry,).
scattering metf using a Malvern Zetasizer (Malvern  Elasticity parameter was calculated as reported in litera-
Instruments Corp; Nano ZS ZEN 3600, Worcestershire, ture using the following equation.'®

UK). The measurements were repeated in triplicate (n=3).

E=1Jx (/1) Eq(3)
Determination of Transferosomal SUT Amount of transferosomal suspension (J), which perme-
Entrapment Efﬁciency ated through pores of the membrane (50 nm in diameter)
Indirect Method under high pressure (5 bars) (Sartorius Instrumenten,

The collected supernatants from the preparation step were  Nieuwegein, The Netherlands) during 5 minutes, was
assayed using a UV-spectrophotometer (Shimadzu, Kyoto, = weighed.
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Morphology of SUT-Loaded Transferosomes
To investigate the morphology of SUT-loaded transferoso-
mal formula (F5), transmission electron microscopy
(TEM) (JEOLJEM-1400, Tokyo,
A drop of freshly prepared transferosomal formula was

Japan) was used.
used to cover carbon—copper grid and left to dry, allowing
the vesicles to stick to the surface of the carbon—copper
grid. Phospho-tungstic acid dye was used to stain the dried
vesicles. Photographs of the stained vesicles were captured
using TEM through an accelerating voltage of 80 kV."

In-vitro Release Study of SUT-Loaded

Transferosomes
SUT release from the prepared transferosomes was studied
using a dialysis method, which was previously prescribed in
the literature.'” Transferosomal suspension (10 mg drug
equivalent) and SUT solution (10 mg drug equivalent, control)
were inserted into dialysis bags (donor compartment) with
a molecular weight cut-off of 12,000 kDa. Release study was
carried out using USP dissolution apparatus type II; paddle
rotation was kept to 100 rpm. The dialysis bags were fully
immersed under the surface of 100 mL of SNF as a receptor
medium (pH 5.5 at 37°C) to keep a sink condition. Sample:
release medium (2 mL) were taken at definite time intervals
0.25,0.5, 1, 2, 4, and 6 hours) and replaced with 2 mL of fres
prepared SNF. Taken

samples were ag

q4)

entrapped

The stability of {
based on aggregatioiWof the lipid vesicles and leakage of
SUT from them. A protocol developed by Du Plessis et al*
was applied with minor changes. The examined transfero-

prepared transferosomes was evaluated

somes (10 mg of SUT equivalent) were kept in amber vials
and stored in a refrigerator at 4°C and at a room temperature of
442°C, 2542°C, and 40+2°C for 3 months. A physical stability
study was carried out based on examining the clarity, pH,
and percent encapsulation efficiency (EE%). Clarity of the
examined dispersions

was measured using Abbe’s

refractometer in terms of refractive index. Adjustment of
refractometer was carried out in such a way that the cross
wire of the telescope was exactly on the boundary between
the dark and bright spaces. Calibration of the refractometer was
performed using water as a reference standard. Any visible
changes, such as sedimentation, creaming or color changes
were recorded.

Stability Study of the Optimized in-situ
Gels

The stability study was carried o

F11, and G5/F12). The exa
colored bottles covered

UV-spectrophotometrer at 282 nm.

reparation of Mucoadhesive Nasal Gel

Mucoadhesive intranasal in-situ gels containing SUT were
prepared using PLX 407, PLX 188, and mucoadhesive
agent (carrageenan) (Table 2). Mucoadhesive gels were
prepared in accordance to the modified cold method.?!
Carrageenan was dissolved in hot water and then cooled.
PLX 407 and PLX 188 were stirred in cold distilled water
(4°C) until a clear solution was formed. PLX 407/188
solution was mixed with carrageenan gel. The prepared
mixtures were kept in a refrigerator for 48 hours. Then,
they were evaluated based on gelation temperature, gela-
tion time, viscosity, and syringeability of the formulations.

Characterization of the Prepared Gels
Gelation Temperature

Gelation temperature and gelation time are critical fac-
tors to optimize thermo-sensitive gel. Gelation tempera-
ture is the lowest temperature degree at which the
prepared formulation transits to gel state. Rheological
evaluations were conducted using a thermostatically
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Table 2 Composition, pH, and Mucoadhesive Strength of PLX 407, PLX 188, and Carrageenan in-situ Gel

Plain Gel Code PLX 407% wiv PLX 188% wiv Carrageenan % wlv pH Mucoadhesive Strength (dyne/cm?)
Gl 18 5 1.5 5.9 5,426x182

G2 18 10 | 6.0 6,423+98

G3 18 I5 0.5 6.2 6,431£101

G4 20 5 1.5 5.9 6,634215

G5 20 10 | 6.1 7,965+312

Gé6 20 15 0.5 6.2 7,213x102

Abbreviations: G, gel formulation; PLX 407, poloxamer 407; PLX 188, poloxamer 188.

programmable Brookfield rheometer (MCR 302; Anton
Paar, Graz, Austria). To determine precisely the gelling
temperature, therheometer was fitted with a CP-52 spin-
dle and cone/plate geometry. The diameter of the cone
was 2.4 cm and an angle of 3°. Moreover, the shear
stress was adjusted to keep a shearing rate at 10 s .
The temperature was increased at a rate of 0.5°C/min
within the range of 20-40°C. The obtained viscosity
(mPa.s) values were plotted against the temperature.
The gelation temperature was estimated graphically
using the plotted graph and was defined as the tempera-
ture point on the viscosity-temperature plot at which the
sudden increase of the apparent viscosity was recorded.
The gels were evaluated three times to calculate s
deviation (+SD) and confirm the repeatability.

out using a rheometer equg
parallel stainless plat
(Bohlin Gemini H

, New Taipei City, Taiwan), to
ensure compa@Rility of the gels with nasal mucosa at room
temperature. Tel@milliliters of each formulation was with-
drawn into a suitable container, dipping the glass electrode of

a pH meter into the formulations samples to measure the pH.

Preparation of Nasal Mucosa

Nasal mucosa membrane was isolated from the fresh nasal
tissue of sheep, obtained from a local slaughterhouse,
within 1 hour of slaughtering the sheep. Fatty tissues and
different tissues were removed gently from the isolated

nasal mucosa membrane. The cleg gl mucosa was kept

ce of the balance pan in an inverted position in
way that the tissue has been just facing and beneath
upper nasal tissue. About 0.5 g of the examined gel was
positioned between two nasal membranes and kept in
contact for 5 minutes. Using a water filled burette,
a definite water volume was added to the other pan,
allowing the two parts of the nasal membrane to be
detached from each other.?” Finally, the mucoadhesive
strength was defined as the minimum force in dyne/cm”
able to detach the mucosal membrane from the examined

gel and calculated based on the following equation:*?

Eq(5)

where M is the amount of water in grams that equals the

Mucoadhesive strength = 100 (Myaerxg)/A

released water in milliliters multiplied in water density,
g is gravitational acceleration (980 cm/s?), and A is sur-
face area of the examined nasal mucosa in cm?.

Drug Content

The formulations (G5/F9, G5/F10, G5/F11, and G5/F12)
were analyzed to measure drug contents in triplicate by
using a double beam UV-visible spectrophotometer
(Shimadzu UV-1800).>* One milliliter of the formulation
was treated as mentioned in the stability study, then
1 mL of the filtrate was transferred to a 10 mL volumetric
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flask and diluted in distilled water to a final volume of
10 mL. The taken samples were analyzed to measure their
UV-absorbance using UV-spectrophotometry at 282 nm.

In vitro Release of SUT from the
Prepared Gel

To investigate the release rate of SUT from transferosomal
SUT containing gel, G5/F9, G5/F10, G5/F11, and G5/F12
formulations were utilized for conducting the in vitro release
study as reported in the literature.* Briefly, a certain amount
of the examined formulation (10 mg SUT equivalent) was
placed into cellophane dialysis tubing (a molecular weight
cut-off 12,000-14,000 kDa, Heidelberg, Germany). The tube
was submerged under the surface of SNF (300 mL, pH 5.5,
rotation speed 75 rpm, and 37+£2°C) in a dissolution flask.
Aliquots (5 mL) were withdrawn and replaced with equal
volume of freshly prepared SNF (pH 5.5, 5 mL, 37°C) and
analyzed spectrophotometrically at A,,,,282 nm. The experi-
ment was performed independently three times. The percent
cumulative drug permeated was calculated and represented
against the time.

Ex vivo Permeation Studies

other side reinforced 1
as a receptor cog

volume of a freshly prepared NSF.
Taken samples We analyzed spectrophotometrically at
282 nm for determinthg the cumulative permeated SUT in
triplicate manner. Lag time was determined from the plot of
cumulative permeated drug against the time as the X-axis
intercept of the linear portion. Permeation parameters were

calculated as follows:2°

Qgn (ng/cm™?)= Amount of SUT permeated (pg)/Area of

the membrane
Eq(6)

J = CAgn(ng/em™?)/Time consumed (h) Eq(7)
Kp (em/h) = dQ/dt (pg/h)/A(cm®) Caonor (ng/cm’)
Eq(8)

where Qgp, is the cumulative amount of the permeated drug
over 6 hours, J is the permeation flux, Kp is the permea-
tion coefficient, and dQ/dt equals the amount of drug/time
obtained from the slope of the straight portion of the plot.

Histopathology for Nasal
Toxicity and Tolerabilit

of nasal mucosa.
with Guide fo

ere distributed into three groups (five
ded into each group; n=5). The first
kept without application of any formula
gl one, n=5), the second group, B (n=5), received

e third group, C (n=5), received intranasal transferoso-
al SUT in-situ gel (G5/F11) for 10 consecutive days
twice. After that, the examined rabbits were humanely
scarified to isolate intact nasal mucosa; whereas the mem-
branes were cleaned off from adipose tissues and bones
and were fixed and dehydrated using formaldehyde (10%
v/v) and ethanol (95% v/v), respectively. Hard block of the
tissue, prepared with a hard paraffin/beeswax mixture 2:3
(w/w), was sliced at 5 um using a microtome. Sliced
membranes were deparaffinized, then they were stained
Light
microscopy was used to observe and record any changes

using eosin and  hematoxylin  stains.

in the examined tissues.

In vivo Pharmacokinetic Study

Sixty-three New Zealand White rabbits (2.8-3 kg) were
used within the pharmacokinetics study. Procedures of the
study were also in compliance with the Guide for Care and
Use of Laboratory Animals published by the US National
Institutes of Health (8th edition, revised 2011) and were
approved by the local animal ethical committee of the
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Faculty of Medicine, Assiut University. The rabbits were
provided by the animal house of the Faculty of Medicine
of Assiut University and were randomly distributed into
three groups (n=21). The first group members received
20 mg equivalent of SUT orally, while the second and
the third group received 20 mg equivalent of transferoso-
mal SUT containing gels intranasally, (G5/F9) and (G5/
F11), respectively. Blood samples (2 mL) were taken from
the marginal ear vein at determined times (0, 0.25, 0.5, 1,
2,4, 6, and 12 hours) and kept in heparinized tubes. Three
animals from each group were sacrificed humanely at each
time interval, then brain tissue was collected. Plasma sam-
ples were isolated by centrifuging the blood samples at
14,000 rpm, 5°C for 20 minutes.

The collected brain tissues were flushed with normal
saline solution (0.9 w/v) and maintained in filter paper to
remove the blood excess. The brain tissues were mixed
with normal saline solution and homogenized using
a tissue homogenizer. The supernatant was separated to
be analyzed. The tissue homogenate samples and plasma
were stored at —20°C, until the analysis was carried out.

The calibration curve and measurement of SUT plasma
UV-HPLC
Instruments, Japan), was carried out as reported

concentration, based on (Schimadzu

literature.”” Briefly in a clean tube, plasma s3
(200 pL) or 500 pL volume of brain tissyg

dried residue was
phase (acetQammi

Hypersil BD
cratically with

18, 5 um, 4.6x250 mm) and eluted iso-
¢ mobile phase at 1 mL/min and 30°C,
with UV detection at 282 nm. Different pharmacokinetic
parameters (PK) such as peak plasma concentration (C ,ax)
and area under the curve (AUC) were calculated by using
WinNonlin software 5.0 (M/s Pharsight, CA). To evaluate
the brain-targeting efficiency of the prepared in-situ nasal
gels formulations of nanosized transferosomal SUT, the
drug-targeting index (DTI) was calculated based of the
following equation:

Omar et al
AUC brain :
(m) examined formula
DTI = Eq(9)
AUC brain
(—AUC Dlas ma) oral formula

Statistical Analysis

All experiments were conducted in triplicate. The standard
differences were examined for statistical significance at
P<0.05 using Student’s t-test.

Results and Discussior

ansferosomal

using poly-

ial Scanning Calorimetry (DSC)

e of SUT displayed a sharp endothermic
’89°C due to melting of crystalline SUT
), which is consistent with the literature report.
S@Phcrmograms of tween 80 (Figure 1B) and physical
mixture of SUT and tween 80 (Figure 1C) revealed a broad
endothermic peak at 168.89°C, which indicates a dilution
effect as a result of mixing. The thermograms of soybean
phospholipids (Figure 1D) and physical mixture of SUT
and phospholipids (Figure 1E) revealed a broad endother-
mic peak at 121.41°C (AH0253.62 J/g), which indicates
melting of soybean phospholipids and another shallow
peak at 167.43°C (AH060.40 J/g) correlate to melting of
amorphous SUT and also due to the dilution effect. The
thermogram of sodium cholate displayed an endothermic
peak at 198.89°C due to melting of sodium cholate
(Figure 1F) and physical mixture of SUT, and sodium
cholate (Figure 1G) revealed a broad endothermic peak
at 166.15°C which indicates a mild shift of SUT melting
point. The thermogram of chloesterol displayed an
endothermic peak at 147.89°C due to melting of chloes-
terol (Figure 1H). The physical mixture of SUT and cho-
lesterol was an additive thermogram (Figure 1J) of broad
endothermic peak at 168.70°C for SUT along with a broad
peak of chloesterol at 146.9°C (AHO 108.56 J/g). The shift
towards lower temperatures was the result of mixing of

two components.
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DSC mW .mg"

] 50 100 150 200 250

Figure | DSC curves for SUT (A), tween 80 (B), physical mixture of tween
with SUT (C), soybean phospholipids (D), physical mixture of soybean phosphol
pids and SUT (E), sodium cholate (F), physical mixture of sodium chglate and SU
(G), cholesterol (H), and physical mixture of cholesterol and SUZ
Abbreviations: DSC, differential scanning calorimetry; SUT, g

Transferosomes
Particle size, the polydisperg

n the surfactant con-
e vesicles sizes were
dings were explained on the
basis of interfacl@tension, whereas lower interfacial ten-
sion was created at Mher surfactant concentration, leading
to form small-sized vesicles.”® Many parameters may affect
the vesicle size such as hydrophilic-lipophilic balance
(HLB), molecular structure, and ionic nature of the used
surfactant as reported in the literature.”” HLB values are 18
and 15 for sodium cholate and tween 80, respectively. As
the HLB of the used surfactant decreased, the particle size
of the vesicle increased as a result of interaction of the

surfactant with lipid chains of the membrane, leading to

Table 3 Vesicle Size, Poly-Dispersity Index (PDI), and Elasticity
(D), Zeta Potential and Percent Entrapment Efficiency of SUT-
Loaded Transferosomes

Formula Size (nm) PDI Elasticity Zeta EE%
Code (D) Potential
(mV)

Fl 188.21 + 3.1 | 0211 | 255 -224 61.24+2.25
F2 148.07 £ 3.8 | 0312 | 21.2 -29.3 49.69+2.78
F3 159.13 +2.8 | 0.248 | 17.7 —26.6 64.30+3.21
F4 179.89 + 5.1 | 0.276 | 144 -25.9 70.55+1.88
F5 245.01 £ 3.4 | 0.244 | 265 —24.8 40.41+3.02
Fé6 204.65 * 3.0 8 42.34+2.68
F7 164.77 + 2.7 60.27+2.84
F8 211.61 49 58.25+3.66
F9 97.25 + 3.14 4.21+4.02
FIO 12541 + 5.1 53.83+3.29
FIl 175.96 + 3.9 72.09+2.87
Fl2 192.36 + 4.3 77.47+2.85
FI3 198.79 + 4, 44.18+3.63

45.71+2.94

67.65£2.56

72.09+2.87

ease in the vesicle size as a result of interaction of
tant with the inner aqueous phase, leading to
decrease in the vesicle size. The results obtained with
dium cholate-based vesicles seem to deviate from the
aforementioned explanation, because anionic nature of
sodium cholate generates a strong repulsive force between
the lamellae as a result of negative charge formation on the
vesicles, leading to an increase in the internal aqueous core.
The present study was concurrent with the previous finding
that explained the effect of HLB and the vesicle size of
water soluble loaded-transferosomes.’® However, the pre-
sent findings were in contrast to the findings of the other
studies formulating water-insoluble drugs.®' Polydispersity
index is an important indicator regarding homogeneity of
the prepared transferosomes (F1-F16), whereas PDI of all
the prepared transferosomes had values in the range
between 0.178-0.312. All of the prepared transferosomes
that had PDI less than 0.25 were mono-dispersed
suspensions.’® They are preferable because of their high
stability and less probability of aggregation of the sus-
pended vesicles. Being partition coefficient (Log k 1.2),
SUT was incorporated in both internal aqueous core and
lipid bilayer. The EE% of SUT in the prepared transfero-
somes was in the range of 40.41+3.02 to 77.47+2.85. EE%
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changed related to variation of surfactant type and its con-
centration. Regarding the surfactant concentration, the
ratio 1:2:1 (w/w/w) gave higher EE% than the ratio 1:2:2
(w/w/w). The aforementioned results could be attributed to
an increase of the vesicle size as outcomes of incorporation
of surfactant into lipid bilayer. Initially, the increase of
vesicle size accompanied with high drug loading. Lastly,
pores in the lipid bilayer were created facilitating the drug
escape and the decrease of EE%. Regarding the surfactant
type, tween 80 based transferosomes gave higher EE% than
sodium cholate based transferosomes. These results could
be attributed to HLB value, the lower HLB, and the higher
EE%. These findings were concurrent with those reported in
the literature.'® However, these results disagreed with those
reported with Gonzalez-Rodriguez et al.*

Regarding elasticity results, tween 80 based transfero-
somes were more elastic than sodium cholate based trans-
ferosomes. However, an increase of tween 80 ratios in
formulae (F13-F16) led to decrease the elasticity of trans-
ferosomes as compared to the elasticity of transferosomes
(F9-F12). The elasticity parameter is very important for
permeating the vesicles across the epithelium of the nasal
membrane barriers; because intradermal permeation of vesi-
cles is a function of elasticity of the vesicle membr:

Morphology of SUT-Loaded

Transferosomes
Transmission electron microgra;

sented in Figure3A-D. The drug release from control was
the highest one at 6 hours post beginning the experiment
(99.21%), as compared to the drug release from different
transferosomes. Those results could be attributed to the
reservoir effect as a result of the vesicular encapsulation of
the drug. Also, the sustained release of the drug from dif-
ferent transferosomes (F1-F16) was not as a result of using
cellophane membrane. The release of SUT from the trans-

ferosomes (Figures 3A—D) were biphasic processes. The

8.tif
Print Mag: 60000x @ 7.
08-30/18

the transferosome structure or fast loss of
ted drug, and then slow release of the drug
re was carried out. Moreover, a certain drug
t may disable to be accommodated within the lipid
bilayer of the transferosome, occurring at burst effect. Drug
release from transferosomes (F5-F8, F13-F16) with high
surfactant ratio 1:2:2 (w/w/w) was slower than from that
oftransferosomes (F1-F4, F9-F12) with low surfactant ratio
(1:2:1 w/w/w). This finding could be attributed to the ability
of the surfactant molecules to render the bilayer of transfero-
somes more ordered and less leaky forms, hindering the
release of the drug. Moreover, using a high surfactant ratio
may lead to the formation of mixed micelles which were less
sensitive to the concentration gradient.>* However, the drug
release from sodium cholate based transferosomes (F1-F4)
was slower than from that of tween 80 based transferosomes
(F9-F12). This result was elucidated based on the alkyl
chain length, whereas the higher the surfactant chain length,
the slower the drug release. Moreover, the surfactant chain
length and shape might affect the ordering of the lipid
bilayer, making the wvariations of the drug release.
Permeation enhancer was an insignificant effective factor
on the drug release (P>0.05). Linear regression analysis of
the release data proved that the diffusion controlled mechan-
ism (R>>0.981) was the predominant driving force, except
F1, F4, F5, F13, and F16, which followed first-order kinetics
(R*>0.969).
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Abbreviations: F, transferosome; SUT, sumatriptan.

Stability Study of the Optimized

Transferosomes
The optimized transferosomal formulations (F9, F10, F1
and F12) showed insignificant difference (P<0.0
clarity, color, and the percent encapsulatig E ellin g Temperatu re
within 3 months at refrigerator temperatug
+2°C, which proves the stability of the

ermosensitive in-situ gel formulation characterized with
a reversible change of its viscosity as a function of tem-
pt at 40 perature change. As a result of increased temperature,
ause  polymer-based liquid formulations convert to be gels,
delaying the nasal clearance of the administered formula-
tions. To avoid the conversion of the formulation from
liquid to gel state before its application, the gelling tem-
perature should be more than room temperature. Because
the temperature of the nasal cavity is 34°C,> the accepta-
avoid dramatically chan- e gelling temperature should be in the range of 26-34°C.
e prepared transferosomes.  [f the gelling temperature is lower than 26°C, difficulty in
manufacturing and application is predicted. But if the
Stab”it)’ Stud f the Optimized in-situ gelling temperature is higher than 34°C, the applied for-
Gels mulation will be cleared early from the nasal cavity.
The prepared in-situ gels (G5/F9, G5/F10, G5/F11, and In the gel preformulation study, the formulations con-
G5/F12) were examined based on susceptible variation in  taining PLX 407 higher than 20% were highly viscous,
the drug content. The results of examination showed an  accordingly they were difficult to be administered
insignificant decrease (P<0.05) in the drug content over intranasally.
a period of 3 months for the in-situ gels stored at 4+2°C, All gelling temperatures of the formulations containing
2542°C, and 40£2°C (Table 5). Decrease of drug content  18% or 20% PLX 407 were in the range of 23.7°C to 33.9°C
was detected as a function of an increase in temperature.  (Figure 4) confirming their capability to be administered
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Table 4 Clarity, pH, and Percent Encapsulation Efficiency (EE%) of the Prepared Transferosomal Vesicles During Storage at 4+2°C,

25+2°C, and 40+2°C Over a Period of 3 Months

Formula | Month | Clarity pH EE %
4°C*2°C | 25°C*2°C | 40°C*2°C | 4°C+2°C | 25°C+2°C | 40°C+2°C | 4°Ct2°C 25°C+2°C | 40°C*2°C
F9 0 Clear Clear Clear 6.1 6.1 6.1 64.21£4.02 | 64.21+4.02 | 64.21+4.02
1 Clear Clear Clear 6.1 6.1 6.0 63.11+£3.45 | 62.46+£3.89 | 53.65+£3.45
2 Clear Clear Clear 6.1 6.1 58 62.541£2.67 | 61.03+3.10 | 46.24+4.36
3 Clear Clear Clear 6.1 6.0 57 61.29+3.81 | 58.81+2.99 | 3822+3.56
FI0 0 Clear Clear Clear 6.1 6.1 6.1 53.83+3.29 | 53.83%£3.29 | 53.83%£3.29
| Clear Clear Clear 6.1 6.1 6.0 51.71£3.99 | 46.91+£3.65 | 43.8713.12
2 Clear Clear Clear 6.1 6.0 58 36.54+2.79
3 Clear Clear Clear 6.1 6.0 5.6 31.11+3.74
Fl1 0 Clear Clear Clear 6.1 6.1 6.1 72.09+2.87
1 Clear Clear Clear 6.1 6.1 6.0 65.37+3.78
2 Clear Clear Clear 6.1 6.0 59 59.72+2.89
3 Clear Clear Clear 6.1 6.0 59 50.85+2.85
Fi2 0 Clear Clear Clear 6.1 6.1 77.474£2.85 | 77.47+2.85
1 Clear Clear Clear 6.1 6.1 4 71.48+3.22 | 68.55+3.37
2 Clear Clear Clear 6.1 6.0 759+3.45 | 66.19£3.91 | 57.47+4.06
3 Clear Clear Clear 6.1 5. 73.48+2.66 | 61.93+2.23 | 52.48+3.34

Note: The values were the meanststandard deviation from three parallel measureme
Abbreviations: F, transferosome; EE%, percent encapsulation efficiency.
Table e Percent Drug Content (%) of the Prepared in-situ

the Prepared Gel

-situ gels were examined to measure pH and

pH of prepared in-situ gels ranged from
5.9-6.2. These findings prove that those gels were acceptable
and physiologically compatible to be used in the nose cavity.

Mucoadhesive Strength

Evaluation of mucoadhesive strength is very important
because of its great impact on elongation of residence
time and decrease of formulation leakage. Mucoadhesive

During Storage at 4+2°C, 25+2°C, and 40+2°C/75+5%
Relative Humidity, RH Over a Period of 3 Months

Formulation | Time Drug Content %tSD
(Months)
4+2°C 25+2°C 40£2°C
G5/F9 0 *100 *100 *100
| 99.45+1.56 | 98.89+1.48 | 97.09+1.65
2 98.98+1.99 | 97.65+3.91 | 92.56+1.87
3 98.01+2.53 | 96.44+2.65 | 89.11£2.99
G5/FI0 0 *100 *100 *100
| 99.50+1.81 | 98.64+1.72 | 97.23%1.31
2 98.97+1.87 | 96.05+3.91 | 91.4242.75
3 98.32+2.66 | 95.89+2.21 | 87.45+2.34
G5/FI 1 0 *100 *100 *100
| 99.50+1.93 | 98.64+1.63 | 97.23+3.14
2 98.80+1.98 | 96.05+3.91 | 91.42+4.02
3 98.17+2.87 | 95.89+2.38 | 87.45+3.15
G5/FI12 0 *100 *100 *100
| 99.14+1.77 | 98.38+1.89 | 97.23+3.62
2 98.48+3.64 | 95.87+3.57 | 91.42+2.84
3 97.79+2.83 | 93.97+3.99 | 86.67+3.79

Notes: *Considering the initial concentration of each of the prepared gels was
100%. The values were the meanststandard deviation from three parallel measure-
ments. G5; [PLX407 (20%wi/v), PLX 188 (10%w/v), and carrageenan (l%w/v)].

Abbreviations: F, transfersomal formula; SD, standard deviation; PLX, poloxamer.
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strength is defined as a quantity of formulation binding to
the mucous membrane at nose temperature; 34°C. To over-
come nasal clearance, the mucoadhesive strength of the
intranasal formulation should be high enough. Otherwise,
the mucous membrane can be damaged when the mucoad-
hesive strength is too high.*’

In the experiment process, the optimum contact time
for giving the optimum mucoadhesive strength was 2
minutes. Any decrease in the contact time led to a sharp
decrease in the mucoadhesive strength due to incom-
plete polymers chains entanglement with mucin.
However, an increase of contact time has an insignif-
icant effect on the mucoadhesive strength. A tensile test
was conducted to measure the maximum force required
to detach a piece of mucosal membrane from the pre-
pared PLX gels. Our experimental findings showed suf-
ficient mucoadhesive strength for all prepared gels, as
represented in Figure 5. The highest mucoadhesive
strength was recorded by the gel formula GS5. So, this
was selected to be the gel base for the optimized trans-
ferosomes F9, F10, F11, and F12 producing in-situ gels

G5/F9, G5/F10, G5/F11, and G5/F12.

Drug Content in the Prepared in-situ
Gels

The drug content of the examined formulag
G5/F10, G5/F11, and G5/F12) were 7,14

and 8,500 pg/cm>. The drug content variation in the in-situ
gel was due to variation of encapsulation efficiency of the
used transferosomes (F9, F10, F11, and F12).

In vitro Release of SUT from the
Prepared Gel

Release of SUT from different transferosomes (F9, F10,
F11, and F12) embedded within the prepared hydrogel
(G5) was measured and is represented in Figure 6. The

release rate from free drug embedded within G5 was

higher thanfrom that of various
rated within G5. The release ord
arranged in descending
drug>G5/F9>G5/F10>G,

anged as the transfero-
into the in situ gel. The slow

epared gel can be explained
fficult diffusion of the drug from the
er of barriers impeded the release of

dissolltion medium across dialysis cellophane mem-
rane, consuming a longer time as compared to the free

——G1
——G2
—tr—G3
—t— G4

—*—G5

—t— G6

Temperature (°C)

Figure 4 Effect of temperature on viscosity of various PLX 407 gels (18% and 20%) with varying concentrations of PLX 188 (5%, 10%, and 15%) and carrageenan (1.5%, 1%,

and 0.5%) determined at 10 5™

shear rate. Values are represented as meanxSD (n=3).

Notes: G1; gel [PLX407 (18%w/v), PLX188 (5%w/v), and carrageenan (1.5%wi/v)], G2; gel [PLX407 (18%w/v), PLX 188 (10%w/v), and carrageenan (1%w/v)], G3; gel [PLX407
(18%wiv), PLX188 (15%w/v), and carrageenan (0.5%w/v)], G4; [PLX407 (20%w/v), PLX188 (5%w/v), and carrageenan (1.5%w/v)], G5 [PLX407 (20%w/v), PLX188 (10%w/v),
and carrageenan (1%w/v)], and Gé; [PLX407 (20%w/v), PLX188 (15%w/v), and carrageenan (0.5%w/v)].

Abbreviation: PLX, poloxamer.
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Abbreviation: PLX, poloxamer.

Ex vivo Permeation Studies
The present experiments showed the effect of clostridium

perfringens enterotoxin and sodium caprate as penetgation

examined
and SUT-

cule. The permeation effic
transferosomes against SU

loaded transferosomes,

Ptaining in-situ gels was higher
than permeN@n efficiency of control SUT solution. This
finding could b&@ttributed to the constituents of transfero-
somes, whereas the phospholipids and the used surfactant
reduced the interfacial tension at the surface of the skin.
Moreover, phospholipids have high affinity to the biologi-
cal membrane.*' Also, deformability of the transferosomes
bilayer was enhanced as a result of including the surfac-
tant, enhancing the permeation across the nasal membrane.
The prepared gels may play a role for enhancing the

permeation because of their composition of anionic

G4

100

—
T

[

>
5
8

g —&—Free drug
5 —=—G5/F9
o G5/F10
) G5/F11
5 —%-G5/F12
(3]

—

[}

o

Time (h)

Figure 6 In vitro release profiles of SUT from both free SUT solution and various
transferosomes (F9, F10, FI 1, and FI2) incorporated into in situ gel G5 (PLX 407
(20%), PLX 188 (%w/v), carrageenan (%wi/v)) at 37°C.

Notes: G5, gel formula composed of PLX407 (20%w/v), PLX188 (10%w/v), and
carrageenan (1%w/v).

Abbreviations: PLX, poloxamer; SUT, sumatriptan.

polymers P1x407, PIx188, and carrageenan. These poly-
mers have great Ca>* binding ability. Unexpectedly, Qg of
transferosomes with low ratios of permeation enhancers
(F9 and F11) are higher than Qg of transferosomes with
high ratios of permeation enhancers (F10 and F12),
respectively. Moreover, Qg, of transferosomes with per-
meation enhancer C-CPE (F9) is higher than Qg, of
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Table 6 Ex vivo Permeation Parameters of SUT-Loaded
Transferosomes versus SUT Solution

Formula Qs (Hg! | ) (ng/ Kp (cm/h) Lag

cm?) cm? h) Time
(min)

Control | (SUT 153.31 25.55 2.296787+0.34403 44.03

sol.)

Control Il (SUT | 254.63 42.43 0.872257+0.11038 23.01

transferosomes)

G5/F9 616.12 102.69 18.83311.131814 8.11

G5/F10 437.09 72.85 11.13888+0. 981124 | 21.46

G5/FI 1 508.78 84.80 11.32028+1.079142 | 10.68

G5/F12 380.64 63.44 5.94090+0.845185 23.39

Notes: G5; gel (PLX 407 (20%), PLX 188 (%w/v), carrageenan (%w/v)). Qg (uglcm?);
amount of SUT permeated (ug) per area of the membrane, ] is permeation flux.
Abbreviations: F, transferosomal formulations; Kp, the permeation coefficient.

transferosomes with permeation enhancer Sodium Caprate
(F10). These results can be attributed to action mode of the
used enhancers. Whereas the C-terminal part of CPE can
affect the second extracellular loop of claudin-3 and clau-
din-4 which are the most important components of the
tight junction among cells, making pore formation in the
plasma membrane of the cell.** Modulation of the tight
junction was reported as an effective technique for pa

barriers may also
macromolecules.*® The stre
was mainly due to the us

effect of the gel fo

® study was conducted to examine
safety of the prepared transferosomal SUT in-situ gel G5/
F9 and G5/F11 as compared to the control (Figure 7). The
safety was evaluated through determining any abnormal-
ities, such as damage, irritation, or bleeding in nasal
epithelial membrane barriers (Figure 7). In the first
group, no abnormalities were detected (Figure 7A). In
the second group, nasal epithelial membrane barriers
intact and no abnormalities or

showed damage

(Figure 7B). However, in the third group, mild epithelial
disruption and partial loss of cellular and ciliary identity as
well as prevalence of extracellular debris were detected
(Figure 7C). These results suggest that transferosomal
SUT-loaded in-situ gel might be regarded as a safe with
respect to nasal administration.

In vivo Pharmacokinetic Study

The pharmacokinetic parameters of SUT in rabbit plasma
were determined to examine the in vivo behavior of the
G5/F9 and G5/F11 formulae as coig gl to oral SUT

plasma concentrations of SUT of 221
mL were determined at 1 hour for G5/
pectively. The relative plasma bioavail-
and G5/F11 based on AUC,_, of oral
yere 393.15% and 344.00%, respectively. The
bioavailability of those formulas was attributed
o the great permeation power of the formulated transfero-
dmes. Moreover, the role of perfringens enterotoxin as
permeation enhancer was more efficient than sodium cap-
rate. Among the transferosomal SUT in-situ gels, the per-
fringens enterotoxin based transferosomes showed the best
efficacy in intranasal permeation of the drug due to a great
ability of perfringens enterotoxin to open the tight junc-
tions of mucosal tissues. The size of the prepared trans-
ferosomes within the nano-range may play a role for
enhancing the permeability. The significant increase of
half-life of the prepared formulae G5/F9 and G5/F11
may be explained on the basis of capability of the nano-
transferosomes to escape from the metabolism. Among the
transferosomal SUT in-situ gels, the perfringens entero-
toxin based transferosomes showed the best efficacy in
intranasal permeation of the drug due to the great ability
of perfringens enterotoxin to open the tight junctions of
mucosal tissues. Regarding SUT concentration in brain
tissues, the AUC(_j, (ng.h/mL), C,.x of the groups
received nasal gels (G5/F9 and G5/F11) were found to
be greater than the groups receiving orally (Table 7). The
ratio of (AUC brain tissue/AUC plasma) % for nasal gels
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Abbreviations: SUT; sumatriptan, F, transfersomall formula.
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Figure 8 Mean SUT concentrations in rabbit plasma and brain tissue post admin-
istration of oral solution (20 mg) and application of nasal transferosomal SUT
(20 mg) in-situ gel (G5/F9) and (G5/FI1).

Notes: G5; gel (PLX 407 (20%), PLX 188 (%wl/v), carrageenan (%wi/v)).
Abbreviations: F, transferosomal formulations; Oral sol, oral solution.

Figure 7 Light photomicrographs of (A) untreated rabbit nasal mucosal membrane, (B) rabbit nasal mucosal
nasal mucosal membrane treated with SUT-transferosome gel (G5/F1 1), stained with eosin and hematoxylin ificati 40,
Notes: G5; gel formula composed of poloxamer 407 PLX407 (20%w/v), poloxamer 188; PLX188

th SUT-tr; osome gel (G5/F9), and (C) rabbit

s denote mucosal membrane change.

5/F9 and WA5/F11) and oral groups were found to be
and 109.59%, respectively. It is concluded
al administration of SUT loaded transfero-
as in-situ gel led to improve AUC values for brain
tissues compared to oral administration (Table 7). Drug
targeting index of SUT in brain tissues post intranasal
administration of in-situ gel of SUT loaded transferosomes
(G5/F9) and (G5/F11) was 1.202 and 1.277, respectively.
The findings of pharmacokinetics study have correlated to
ex vivo findings based on the Wagner-Nelson model.**
Finally, high relative bioavailability values (F.j) and
increased half-lives of the prepared transferosomes of
SUT incorporated into in-situ gel confirmed that a great
bioavailability and sustained release of the drug were
done.

Conclusion

The best formula (F9) with clostridium perfringens
enterotoxin showed a considerably high EE%, small
vesicle size and sustained release of SUT over 6 hours.
The pharmacokinetic results confirmed that the optimum
gel G5/F9 enhanced the relative bioavailability of SUT
3.93- and 4.09-fold as compared to oral SUT solution in
plasma and brain tissues, respectively. It also showed
a sustained drug release with elimination half-life (tq s)
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Table 7 Pharmacokinetic Parameters of SUT in Rabbit Plasma Following Administration of Oral Solution, and Transferosomal SUT in-
situ Gels G5/F9 and G5/FI |

Formula Formula
Oral Solution G5/F9 G5/FI1
Plasma Brain Plasma Brain Plasma Brain
Cnax (ng/mL) 120 102 221 154 194 17
Trmax () 0.5 0.5 | | | |
Kel 0.249484 0.3721 0.167988 0.3544 0.191394 0.4097
tin (h) 2.77773 1.8620 4.125305 1.955 3.62024 1.6914
AUC,_; (ng h/mL) 186.81 158.95 723.65 742.37 701.87
AUC, .. (ng h/mL) 187.471 160.84 737.04 759.9607 706.76
AUCo_w brainf AUCo s plasma % 85.79 103.11
DTI 1.202
Frel (%) 393.15 439.4408
Abbreviations: C,,,, maximum plasma concentration; T,,,, time at maximum plasma concentration; i f elimination; AUCy_.., area under
the curve from time zero to infinity; AUCo_5, area under the curve from time zero to |2 hours; DTI, drug-targ index (DTI)=(AUChrain/AUCjasma)examined formula

/(AUCain/ AUC jasma) oral formular Frei (%), percent relative bioavailability.

of 4.12 and 1.96 hours in plasma and brain tissues, 4. Stewart WF, Kolodner K, Liberman J, Lipton RB.

respectively. Moreover, the relative bioavailability of disability burden of adult migraine in England and
the gel G5/F11 of SUT was 3.44- and 4.39-fold

compared to oral SUT solution in plasma and brai

>d0i:10.1046/).1468-2982.2003.00568.x
Z, Vitkova Z, Subova M. Formulation of loratadine into
tissues, respectively. From the aforementiongg . Tso A, Goadsby P. Anti-CGRP monoclonal antibodies: the next era of
ison, the prepared transferosomal SUT i migraine prevention? Curr Treat Options Neurol. 2017;19(8):27-38.
doi:10.1007/s11940-017-0463-4
. Ullah I, Chung K, Oh J, et al. Intranasal delivery of a fas-blocking
peptide attenuates fas-mediated apoptosis in brain ischemia. Sci Rep.
non-invasive drug de]ivery Wi 1 1 2018;8(1):15041. doi:10.1038/s41598-018-33296-z
. William H, Frey I. Bypassing the blood-brain barrier to delivery
therapeutic agents to the brain and spinal cord. Drug Delivery
that there is feasibility of, i Technol. 2002;2(5):46-49.
ferosomal transderma ) . Omar M, Hasan O. Improving dissolution and oral bioavailability of
fenofibrate by microwave induced fusion technique using HPMC E5
LV. Lat Am J Pharm. 2019;38(3):587-598.
a promising coil 1a11y due to their 10. Salem H, Ahmed S, Omar M. Liposomal flucytosine capped with
. gold nanoparticle formulations for improved ocular delivery. Drug

Des Dev Ther. 2016;10:277. doi:10.2147/DDDT.S91730
. Scalia S, Trotta V, Iannuccelli V, Bianchi A. Enhancement of in vivo
. human skin penetration of resveratrol by chitosan-coated lipid
DlSCIOSU microparticles. Colloids Surf B Biointerfaces. 2015;135:42-49.
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