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Introduction and Aim: Cinnarizine is indicated orally for treating vertigo associated with 
Ménière’s syndrome and has a local anesthetic effect as well. The present study aims to develop 
an aural Cinnarizine mucoadhesive transfersomal gel to overcome the first-pass metabolism.
Methods: Eighteen Cinnarizine transfersomes were prepared by the thin-film hydration 
technique using different types of phosphatidylcholine and edge activators in different ratios. 
Formulae were tested for their appearance, entrapment efficiency, and in-vitro drug release 
after eight hours. F1, F4, F7, F9, F10, and F12 were selected to be examined for particle size, 
polydispersity index, and zeta potential. According to the previous parameters, F1 and F10 
were incorporated into gels using different polymers according to factorial design 23. The 
eight gels were tested for appearance, pH, mucoadhesion, spreadability, drug content, in-vitro 
drug release after eight hours, and rheology. The transfersomal gel F1A was subjected to 
FTIR analysis and in-vivo pharmacokinetic study.
Results: The transfersomal dispersion colors were ranging between the white and yellow. 
Their EE % ranged from 64.36±1.985% to 94.09±1.74%, and their in-vitro release percen-
tages were between 61.82±1.92% and 95.92±1.18%. Also, the vesicles PS ranged from 212.3 
±30.05nm to 2150±35.35nm, DI from 0.238±0.134 to 1±0.00 and zeta potential from −57.5 
±2.54 to +4.73±1.57 mV. The transfersomal gels showed pseudoplastic behavior, pH range of 
5.5 to 8, a mucoadhesive force of 169.188±1.26 to 321.212±6.94 (dyne/cm2×102), spread-
ability of 40 ±7.03mm to 138 ±3.77mm, and in-vitro drug release of 81.63±1.128% to 97.78 
±0.102%. The IR spectra of the (drug-excipients) physical mixture revealed that there were 
no shifts of incompatibility. The in-vivo pharmacokinetic study illustrated that [AUC]0–24 of 
F1A was significantly higher than that of tablets at (P< 0.05), equivalent to 703.563±26.470 
and 494.256±9.621ɲg.hr/mL respectively.
Conclusion: The study revealed that Cinnarizine aural mucoadhesive targeted delivery 
provides an improved systemic bioavailability over the conventional oral route.
Keywords: targeted transfersomes, aural gel, Cinnarizine

Introduction
Targeted drug delivery is the process of delivering the therapeutic substance to the 
targeted tissues to enhance the therapeutic efficacy and decrease the potential side 
effects.1 Middle ear targeted drug delivery is challenging because of the presence of 
the tympanic membrane, which is considered the first barrier that resists drug entry to 
the middle and inner ear.2 Therefore, to achieve an efficient middle ear drug delivery, 
drugs should have a sufficient ability to diffuse through the intact tympanic 
membrane.3 As both the tympanic membrane and the middle ear are considered 
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highly perfused tissues, the aural drug administration can 
provide the right choice for local and systemic drug 
delivery.4 Short residence time due to rapid spillage from 
the ear is the major drawback of the eardrops, while more 
precise dosing is the privilege of the aural gels because they 
have high viscosity.5 The formulation of a mucoadhesive 
gel depends on the presence of the suitable thermosensitive 
gelling polymers, including poloxamers, pluronics, and 
carbopols that undergo a phase transition and bio- 
adhesion.6 Transferosome is a targeted vesicular drug deliv-
ery system that has a highly elastic wall membrane. 
Therefore, those vesicles can squeeze themselves through 
a pore that could be smaller than their size.7

This system is designed to deliver drugs non-invasively 
through different membrane barriers without measurable loss. 
Transferosomes are recently used as carriers for the controlled 
and targeted delivery of drugs as proteins, peptides, 
hormones.8 Cinnarizine is indicated for the treatment of the 
symptoms of Ménière’s syndrome as vertigo.9 Moreover, it 
improves the cerebral vascularization and relieves the migraine 
symptoms. It is a sedative calcium antagonist that has a local 
anesthetic effect.10 Cinnarizine is extensively and quickly 

metabolized in the liver mainly by N-dealkylation.11 The pre-
sent study’s focal intent is to develop a middle ear targeted 
transtympanic delivery system of Cinnarizine in the form of 
transfersomal gel to enhance its absorption and bioavailability.

Materials and Methods
Materials
Cinnarizine was kindly supplied as a gift by The 
Arab Drug Co., Cairo, Egypt. Phosphatidylcholine 
of egg yolk, Phosphatidylcholine of soybean and 
Dipalmitoylphosphatidylcholine, Pluronic F-127, Sodium 
cholate, and sodium deoxycholate were purchased from 
Sigma Chemical Co., USA. Sodium dihydrogen phos-
phate, Citric acid, and Chloroform were purchased from 
El- Nasr Pharmaceutical Co., Cairo, Egypt. Methanol of 
HPLC grade was purchased from El-Shark al Awsat 
Company, Cairo, Egypt. Triethanolamine was purchased 
from E.Merk, Germany. Carbopol 934 was supplied by 
B.F. Goodrich Chemical Company, Ohio, USA. 
Hydroxypropyl methylcellulose (HPMC) was provided 
by Tama, Tokyo, Japan.

Methods
Cinnarizine Transfersomal Dispersion
Formulation of Cinnarizine Transfersomes Using Different 
EAs 
Eighteen Cinnarizine transfersomes were prepared using 
the thin-film hydration technique (TFH). Cinnarizine, 
Phosphatidylcholine (PC), and the edge activators (EA) are 
the primarily used components, as shown in Table 1. In 
a round flask, the PC and the EA were dissolved in 10 mL 
of a chloroform-methanol mixture (1:1 v/v). The organic 
solvent was then slowly evaporated using a rotary evaporator 
at 50ᵒC and 90 rpm under vacuum (Heidolph VV 2000, 
Burladingen, Germany) until the formation of a thin, dry 
film of the components. The dried thin film was hydrated 
via adding 5mL of McIlvaine buffer (pH= 5.5) containing the 
required amount of drug. The flask was rotated in the water 
bath of the rotary evaporator at 50ᵒC under normal pressure. 
The obtained dispersions were then collected and sonicated 
for two minutes in a bath sonicator (Crest Ultrasonics Corp, 
Trenton, USA). Then the transfersomal dispersions were left 
overnight at 4ᵒC to mature.12

Evaluation of Cinnarizine Transfersomes 

Visual Inspection. The features and other properties, 
including color, turbidity, odor, and dispersibility of the 

Table 1 The Composition of Cinnarizine Transfersomes

PC PC 

Conc. 

g%

Formula Edge Activator 

Concentration 

g%

Cinnarizine 

Concentration 

g%

PF-127 SDC SC

Dipalm- 

itoyl PC

1% F1 5% . . . . . . 2.5%

F2 . . . 5% . . . 2.5%

F3 . . . . . . 5% 2.5%

Soya 

PC

1% F4 5% . . . . . . 2.5%

F5 . . . 5% . . . 2.5%

F6 . . . . . . 5% 2.5%

Egg yolk 

PC

1% F7 5% . . . . . . 2.5%

F8 . . . 5% . . . 2.5%

F9 . . . . . . 5% 2.5%

Dipalm- 

itoyl 

PC

5% F10 1% . . . . . . 2.5%

F11 . . . 1% . . . 2.5%

F12 . . . . . . 1% 2.5%

Soya 

PC

5% F13 1% . . . . . . 2.5%

F14 . . . 1% . . . 2.5%

F15 . . . . . . 1% 2.5%

Egg yolk 

PC

5% F16 1% . . . . . . 2.5%

F17 . . . 1% . . . 2.5%

F18 . . . . . . 1% 2.5%

Abbreviations: PC, phosphatidylcholine; PF127, Pluronic Flake-127; SC, sodium 
cholate; SDC, sodium deoxycholate.
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freshly prepared transfersomal dispersion, were investi-
gated. All formulae were examined visually above black 
and white backgrounds and then were rated as a slightly 
turbid (+), turbid (++), and a cloudy preparation (+++). 
Upon shaking for one-minute, all the preparations were 
evaluated as dispersible or non-dispersible.
Determination of Drug Content and Entrapment Efficiency 
(EE %). One mL of each prepared dispersion was first 
dissolved in methanol then measured at the predeter-
mined λmax of Cinnarizine in methanol (253nm) to cal-
culate the total drug content (Free + entrapped), using 
a UV spectrophotometer (Shimadzu UV 1650, Japan). 
One mL of each formula was centrifuged at 14,000 rpm 
for 50 min at 4°C using the cooling ultracentrifugation 
(Beckman, Fullerton, Canada) to separate the transferso-
mal pellets. The separated pellets were washed with 
a McIlvaine buffer and isolated carefully using the cool-
ing ultracentrifuge then disrupted by sonication with 
methanol to estimate the amount of Cinnarizine entrapped 
spectrophotometrically at the same λmax. The entrapment 
efficiency was calculated according to the following 
equation, and each result was the mean of three determi-
nations ±SD.13

EE% ¼ Amount of CIN entrapped mgð Þ=Total amount of CIN mgð Þð Þ

� 100 

Study of in-vitro Release Profile of Different Prepared 
Cinnarizine Transfersomes. The transfersomal pellets of 
one mL of each preparation were isolated, washed, and 
diluted in McIlvaine buffer of pH 5.5, forming one mL 
suspension (equivalent to 25mg of Cinnarizine). The drug 
released from that suspension was tested using the mod-
ified USP dissolution apparatus II (Diss 6000, 
Switzerland).14 The receiver vessel contained 100 mL 
McIlvaine buffer (pH 5.5) at 37±0.5°C with a paddles 
speed of 100 rpm.15 An aliquot of (1 mL) was withdrawn 
at predetermined time intervals over 8 hours; at 0.5, 1, 1.5, 
2, 3, 4, 6, and 8 hours and immediately replaced with 
a fresh release medium. The withdrawn aliquots were 
spectrophotometrically analyzed at the predetermined 
λmax of Cinnarizine in McIlvaine buffer (253 nm) to 
determine the released drug amount. The results are the 
mean values of three runs ±SD. A cumulative correction 
factor was applied to compensate for diluting the samples 
in all processes.16,17

Determination of Particle Size (PS), Polydispersity Index 
(PDI), and Zeta Potential (ZP). The average diameter in 
(nm), polydispersity index, and zeta potential of the 

selected formulae were determined by Malvern Zetasizer 
at 25оC, backscatter detection of 173ºC, and refractive 
index of 1.330 (Malvern Instruments, Ltd., UK). The for-
mulations were appropriately diluted with distilled water, 
which provided suitable vesicles scattering intensity to 
measure the pellet size. The PDI was measured through 
dynamic light scattering (DLS), which detects vesicle dis-
tribution. The ZP was carried out in distilled water by 
observing the electrophoretic mobility of charged vesicles 
in an electrical field, and that indicates the vesicle permea-
tion behavior by studying its colloidal property and 
stability.18–20 The results are the mean values of three 
runs ±SD. F1 and F10 were selected to be incorporated 
into gel formulae.

Cinnarizine Aural Transfersomal Gels
Formulation of Different Cinnarizine Aural Transfersomal 
Gels 
Eight aural gel formulae were prepared by 23 factorial 
design at two levels taking the type of the selected 
transfersomal formulae, type of gel-forming polymer, 
and the polymer concentration into consideration.21 

They were prepared by the gradual addition of 4 mL of 
the selected transfersomal pellets suspension of F1 and 
F10 to 1/3 of the required amount of McIlvaine buffer of 
pH 5.5 at 80°C. After that, the calculated amount of the 
selected polymer was added while stirring (LMS-1003, 
Kyonggi-Do, Korea). Then, the final volume was 
adjusted to100ml by McIlvaine buffer. Finally, the pre-
pared gels were stored overnight in the refrigerator. Any 
air bubbles entrapped in the gels were removed by 
centrifugation.22 The composition of the prepared gels 
is listed in Table 3.

Evaluation of Different Aural Transfersomal Gels 

Visual Inspection. The physical properties as clarity, tur-
bidity, precipitation, and syneresis of freshly prepared gels 
were inspected visually over black and white backgrounds 
then were graded as turbid, clear, and very clear.23

pH Measurement. The pH of the freshly formed gels was 
investigated by mixing one gm of each gel with distilled 
water to get a ten mL solution. The pH was determined 
using the pH meter. The mean of the three results was 
taken.24

Determination of Drug Content. In a 100mL volumetric 
flask, 1gm of each gel was withdrawn and diluted then 
sonicated with McIlvaine buffer of pH 5.5. Further 
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dilution of one mL of that solution up to ten was done 
when necessary. The absorbance of the solution was esti-
mated at 253nm using a UV visible spectrophotometer 
(Shimadzu UV 1650, Japan).25

Determination of Mucoadhesion of Aural Cinnarizine 
Mucoadhesive Transfersomal Gel. Mucoadhesion was 
estimated using a laboratory adjusted balance by placing 
250mL beaker on the right side of the balance, and on the 
left side, a 100 gm weight was hung using a thin steel 
wire. The balance was equalized, making the hanging 
weight resting over the base of a 250mL inverted beaker. 
Two slices of a fresh rabbit small intestine were cleaned 
with normal saline. One was attached to the undersurface 
of the 100gm weight, while the other was fixed on the base 
of an inverted beaker of 250mL capacity using cyanoacry-
late adhesive. 0.5 gm of the gel was applied between the 
two sections and left for two minutes to ensure good 
contact. An infusion device was opened to drop water 
into the beaker of the right side at a fixed flow rate of 
13–15 drops per minute. The weight of the beaker con-
tinued increasing until the two slices at the opposite side 
were just separated. The weight of water was recorded to 
calculate the mucoadhesive force; (ie, the detachment 
stress) (dyne/cm2) using the following equation.21 The 
results are the mean values of three runs ±SD.

Detachment stress dyne=cm2ð Þ ¼ mxgð Þ=A 

Where (m) is the weight of water, (g) is the acceleration 
due to gravity taken as 981 cm/sec2, and (A) is the area of 
the rabbit’s small intestine (area of contact). The experi-
ment was performed at room temperature in triplicates.
Spreadability. 0.5 gm of each gel was located between two 
glassy slides; the upper slide was moveable while the 
lower one was fixed. A fixed pressure was applied above 
the upper slide. The gel spreading diameter of three repli-
cates was recorded.26

Study of in-vitro Cinnarizine Release Profile from Different 
Prepared Aural Mucoadhesive Transfersomal Gels. The 
drug release profile of each gel was studied with the 
same procedure of studying that of Transfersomes using 
one mL of each gel (equivalent to 1mg of Cinnarizine).
Viscosity Measurement. The aural gels viscosity was 
evaluated using a rotational Brookfield viscometer of 
cone and plate structure, spindle 52 at 25±1oC (Cone 
and Plate viscometer; model III, Brookfield, USA). The 
measurements were taken over the acceleration of speed 
from 10 to 70 rpm, with 10 seconds between every two 
successive speeds, and then over the deceleration. The 

individual rheological data [η min, η max, Farrow’s con-
stant (N), and hysteresis loop area (HA)] for each tested 
gel were calculated. The rheological data were analyzed 
using Farrow’s equation and the Power-law equation to 
predict each formula’s rheological behavior.

EE% ¼ Amount of CIN entrapped mgð Þ=Total amount of CIN mgð Þð Þ

� 100 

Farrow’s equation
Where D is the Shear rate (sec −1), S is Shear Stress 

(dyne/cm2), N is Farrow’s constant, and η is the viscos-
ity (cp).

τ ¼ η γ n 

Power law equation
Where γ is Shear rate (sec −1), τ is Shear Stress (dyne/ 

cm2), n is Power constant, and η is the consistency index 
(apparent viscosity).27 F1A was subjected to spectral ana-
lysis FTIR and in-vivo pharmacokinetic study.
Fourier-Transform Infrared (FTIR) Analysis. Spectral ana-
lysis FTIR of the pure drug and the physical mixture of 
drug with F1A excipients were reported using an FTIR 
Spectrophotometer, (FTIR-8300, Shimadzu, Japan). The 
samples were prepared and scanned in the range of 
4000 cm−1 to 400 cm−1. The IR spectrums were com-
pared to explore whether there were any interactions 
between Cinnarizine and the used excipients.28

In-Vivo Pharmacokinetic Study.
The Animal Experiment.
Eighteen healthy albino rabbits, weighing between 2000 
and 2500 gm, were randomly allocated to one of three 
groups of equal sizes (ie, six rabbits in each group) accord-
ing to parallel experimental design. The experiment pro-
tocol is coded as (PI-1562). The study was approved by 
the ethical committee of the Faculty of Pharmacy of Cairo 
University (Cairo, Egypt). According to the Egyptian 
National Laboratory Animal Center guidelines, the ani-
mals were allowed to acclimate to the approved environ-
mental conditions under the supervision of the Laboratory 
Animal Center of Cairo University. The first group of 
rabbits was regarded as the control group, as subjects did 
not receive any treatment. The second group’s rabbits 
received one mL volume of a pre-dissolved Cinnarizine 
25mg tablet® (equivalent to 1mg of Cinnarizine) via nee-
dleless syringe orally. The third group’s rabbits received 
one mL of the selected transfersomal gel FIA via a specific 
applicator ototopically directly over its tympanic mem-
brane after being carefully cleaned (equivalent to 1mg of 
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Cinnarizine). Blood samples were collected into hepari-
nized-coated micro-centrifuge tubes at zero time, then 
after 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 h following the drug 
administration. The plasma was collected by centrifuging 
the blood samples at 15,000 rpm for 15 min then was 
stored at –20°C.
The HPLC Analysis.
The drug level in the prepared plasma samples was 
assessed by high-performance liquid chromatography 
Agilent 1260 Infinity II HPLC; Quaternary pump; UV 
detector; (Agilent 1260 Infinity II G4782A, Hewlett- 
Packard, Waldron, Germany) using manual injector of 
20 µL loop and Hypersil BDS RP C18 column (5 µm, 
200 × 4.6 mm) (Thermo Fisher, Bellefonte, PA, USA). The 
Chromatographic separation run consumed about 26 min-
utes at ambient temperature. Gradient elution was per-
formed using two mobile phases. The first phase was 
Acetonitrile: Phosphate buffer pH 6 (60:40 v/v), while 
the second was Acetonitrile: Phosphate buffer pH 
6 (80:20 v/v). Both were pumped through the column at 
a rate of 2 mL/min. The system was equipped using a UV- 
visible detector at 254 nm.
The Sample Preparation.
The plasma samples were prepared as follows: First, 
a five-hundred microliter of each plasma sample was 
added to a clean Eppendorf tube. Next, a double equiva-
lent volume of acetonitrile was added and mixed well, then 
centrifuged at 5000 rpm for 10 min. Later, the supernatant 
was injected with the 20 µL loop injector to the HPLC.
The Calibration Curve.
The Cinnarizine plasma calibration curve was constructed 
using the data of 11 different concentrations using the least- 
squares regression method as the Cinnarizine drug was 
spiked and vortexed for a few minutes 500μL of the blank 
plasma then subjected to the same preparation conditions of 
the plasma samples before being analyzed by the HPLC. 
The mean concentrations of Cinnarizine in (ɲg/mL) of the 
rabbit’s plasma samples were plotted versus time in hours 
after being estimated using the straight-line equation of the 
constructed calibration curve.
Estimation of the Pharmacokinetic Parameters.
The pharmacokinetic parameters, (the maximum plasma 
concentration (Cmax) in ɲg/mL, the time to reach the peak 
concentration (Tmax) in hr, the elimination rate constant 
(Kel), the terminal elimination half-life (te1/2), the absorp-
tion rate constant (kabs), the absorption half-life (ta1/2), and 
the area under the concentration versus time curve over 

24 hours [AUC0-24] in ɲg.h/mL), were estimated for both 
formulae. The [AUC0-24] was calculated using the trape-
zoidal rule. The elimination and absorption rate constants 
in hr−1 were estimated using the method of residuals, using 
the data of the last 3–4 points of the plasma concentration- 
time curve. The terminal elimination and absorption half- 
lives (t1/2) in hr were calculated as ln2/kel and ln2/kabs, 
respectively. All data are presented as mean values with 
their standard deviations (mean ±SD). The relative bioa-
vailability (FRel.) can be assessed, using the following 
formula considering the aural gel as the test and the oral 
tablet as the standard:

F REL: ¼ AUC½ � test= AUC½ � standardð Þ � 100:

Pairs of groups were compared by performing Student’s 
t-test, and multiple group comparison was conducted by 
the one-way analysis of variance (ANOVA) using the 
statistical MS Excel 2010® software. Differences were 
considered significant when P < 0.0529–31.

Results and Discussion
Evaluation of the Prepared Cinnarizine 
Transfersomal Dispersions
Visual Inspection
The prepared formulae were suspensions with color ran-
ged from white to yellow according to their content. All 
formulae were dispersible after one minute shaking; 
Table 2.

Determination of Drug Content and Entrapment 
Efficiency (EE %)
The EE % was ranged between 64.36±1.985% and 94.09 
±1.74%, which could be related to the PC nature, PC: EA 
ratio, and differences among the used EA; Table 2. It was 
found that vesicles contained SDC EAs showed the highest 
EE %, as these surfactants have longer alkyl chain (ie, low 
HLB value and low molecular weight), which enhances the 
EE %. The HLB values were 22, 18, and 16, and the 
molecular weights were 12,600 Da, 430.6 Da, and 416.6 
Da for pluronic F-127, sodium cholate, and sodium deox-
ycholate, respectively. EAs of higher molecular weights may 
disturb the entity of the vesicle’s bilayer membrane that 
raises the drug diffusion to the aqueous medium during the 
Transfersomes centrifugation for separation. Although 
sodium cholate and sodium deoxycholate are anionic, the 
presence of an additional hydroxyl group in sodium cholate 
structure is another cause of the observed differences in their 
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entrapment efficiency. The stated results showed that the 
Dipalmetoyl PC vesicles have the highest EE % compared 
to the (Soybean PC) and (Egg yolk PC) vesicles as the 
synthetic PC provides higher EE % than the natural types. 
Moreover, it was reported that lower ratios of EA create 
more stable vesicles with higher EE % because the destabi-
lization of the lipid bilayer and drug leakage outside the 
vesicles occurred when higher ratios were used. It was 
noticed that negatively charged Transfersomes exhibited 
the highest EE.29–32

Study of in-vitro Cinnarizine Release Profile from the 
Prepared Transfersomes
The in-vitro released percentages of Cinnarizine from its 
prepared Transfersomes ranged between 61.82±1.92% 
and 95.92±1.18%. Taking the EA type into considera-
tion, an inversely proportional relationship between the 
EE % and the percentage of the drug released was 
observed, ie (PF127 > SC>SDC). The Q8 % revealed 
that using lower ratios of EA gives more stable vesicles 
with fewer drug release percentages; Figure 1. The six 
formulae that gave the highest in-vitro drug release 
percentages (F1, F10, F12, F4, F7, and F9) were 
selected for further investigations as particle size (PS), 
polydispersity index (PDI) and zeta potential (ZP) 
determination.30–33

Determination of Particle Size (PS), Polydispersity 
Index (PDI), and Zeta Potential (ZP)
It was found that; the PS in (nm) was ranging from (212.3 
±30.05 to 2150±35.35), DI from (0.238±0.134 to 1±0.00), 
and the zeta potential in (mV) from (−57.5±2.54 to +4.73 
±1.57); Figure 2. The crucial factor that enables transferso-
mal vesicles to cross the biological membranes is their 
charge, size, and elasticity. It was apparent that PC: EA 
molar ratio affects the PS of the prepared formulae. For 
example, vesicles of smaller size were formed at high EA 
ratios as the high level of EA lowers the interfacial tension 
leading to the formation of smaller Nano-vesicles. Besides, 
the used type of EA affects the particle size, as size increases 
along with the decrease in the HLB value (ie, SC>PF127). 
EA with low HLB value interacts with the lipid membrane 
head groups that raise the packing density of the vesicle 
membrane and the surface free energy. As a result, vesicle’s 
size increased due to the fusion between the lipid bilayer. 
The net surface charge of Transfersomes is thought to be 
a combination of drug, lipid, and surfactant charges, so it 
was greatly affected by the used type of surfactant. EA of 
anionic nature as SC imparts a negative charge on the 
vesicles that lead to the repulsion between the vesicles’ 
lamellae (ie, increasing the vesicle’s size). On the other 
hand, using cationic or nonionic surfactants decrease the 
negativity of the vesicles. Baring negative charge is 

Table 2 The Physical Properties, EE% of Cinnarizine Freshly Prepared Transfersomal Dispersion

#F Physical Properties EE(%) ±SD(n=3)

Odor Color Turbidity

F1 Acceptable Off white + 85.5±2.4

F2 Acceptable white +++ 93.9±0.8
F3 Acceptable Off white + 86.5±1.3

F4 Acceptable Off white ++ 78.3±0.3

F5 Acceptable white +++ 79.9±1.4
F6 Acceptable Off white ++ 73.3±2.1

F7 Unpleasant egg odor Yellowish white ++ 64.4±1.9

F8 Unpleasant egg odor Yellowish white +++ 76.6±0.9
F9 Unpleasant egg odor Yellowish white ++ 72.6±1.5

F10 Acceptable Whitish yellow + 88.9±0.04

F11 Acceptable Whitish yellow +++ 94.1±1.7
F12 Acceptable Whitish yellow + 89.3±2.6

F13 Acceptable Whitish yellow ++ 80.2±1.7

F14 Acceptable Whitish yellow +++ 87.9±0.1
F15 Acceptable Whitish yellow ++ 81.8±1.5

F16 Unpleasant egg odor Deep yellow ++ 79.8±1.7

F17 Unpleasant egg odor Deep yellow +++ 93.9±2.7
F18 Unpleasant egg odor Deep yellow ++ 86.9±1.1

Abbreviations: EE%, entrapment percent; SD, standard deviation; n, number of samples.
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considered advantageous, because of the enhancement of the 
Transfersomes permeability due to the repulsive forces 
between the vesicles and the biological barrier’s surface, 
which help them diffuse deeper and faster through the stra-
tum corneum than the positive vesicles at the initial time 
stage after application.34 It was reported that sodium cho-
late-based Transfersomes exhibited the highest negative zeta 
potential value as well as the largest size F9 and F12. Zeta 
potential plays a vital role in the vesicle’s stability by 

causing either repulsion or agglomeration among vesicles. 
The size of the vesicles detects their ability to pass through 
the small pores of the biological membranes. Therefore, 
factors as charge and size should be compromised to get 
the optimum vesicle. PDI is an indication of homogeneity 
of the vesicular dispersions (value of 0 specifies 
a monodispersed system and value of 1 specifies a highly 
polydispersed system). The reported PDI result indicates 
a fair size distribution and homogeneity of the 

Table 3 The Composition of the Cinnarizine Transfersomal Gels Using 23 Factorial Designs

Composition of Transfersomal Dispersion Gel 
Formulae

Transition Polymers 
Concentration 
g%

Cellulose Derivative 
Polymers Concentration 
g%

Cinnarizine 
Concentration 
g%

PC 
Conc. 
g%

Edge 
Activator 
Conc. 
g%

Code 
of 
Formulae

CL 
934

HPMC

Dipalmitoyl- 

phosphatidyl 

choline 
1%

PF-127 

5%

F1 F1A 1% . . . 0.1%

F1B 2% . . . 0.1%

F1C . . . 2% 0.1%
F1D . . . 3% 0.1%

Dipalmitoyl- 

phosphatidyl 
choline 

5%

PF-127 

1%

F10 F10A 1% . . . 0.1%

F10B 2% . . . 0.1%
F10C . . . 2% 0.1%

F10D . . . 3% 0.1%

Abbreviations: PC, phosphatidylcholine; PF127, Pluronic Flake-127; CL 934, Carbopol 934; HPMC, hydroxypropyl methylcellulose; Conc., concentration.

Figure 1 In-vitro release profile of Cinnarizine transfersomes ±SD (n=3).
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formulations.35,36 The most successful Transfersomes 
were selected according to the following parameters: charge 
negativity (F1, F9, and F10& F12), then the highest EE % 
(F1, F10 & F12), and finally the smallest in size (F1&F10). 
So, F1 and F10 were selected to be incorporated into gel 
forms.

Evaluation of Cinnarizine Prepared 
Transfersomal Gels
Visual Inspection
The colors of the prepared gels from the transfersomal 
formula F1 and F10 reflect the colors of the used 

mother transfersomal formula. The physical examina-
tion of the freshly prepared gels revealed that the for-
mulae with higher polymer concentrations exhibited 
gels of higher viscosity. The degree of clarity is 
reported as (+) for highly translucent, (++) for slightly 
translucent, (+++) for clear and (++++) for crystal 
clear formulae; Table 4.

pH Measurement
All formulae exhibited pH values ranging between 5.5 and 
6.5, which are suitable and non- irritant to the middle ear 
mucosal surface;37,38 Table 4.

Figure 2 (A) Size distribution profile (nm) ±SD, (B) Polydispersity index ±SD and (C) Zeta potential (Mv) ±SD of the selected transfersomes, (n=3).

Table 4 The Physical Properties, pH, Drug Content, Mucoadhesion, and Spreadability of Cinnarizine Freshly Prepared Aural 
Transfersomal Gels

F Physical Properties pH Drug Content (%) 
± SD(n=3)

Detachment Force((dyne/ 
cm2)×102)± SD(n=3)

Distance 
Traveled(mm)± SD 
(n=3)

Appearance Clarity Degree of 
Clarity

F1a Liquefied gel transparent +++ 6.5 89.5±0.07 176.5±3.3 70±3
F1b Gel transparent ++++ 5.5 95.4±1.9 321.2±6.9 45±1.9

F1c Gel transparent +++ 6 85.2±0.4 208.4±2.9 75±2.6

F1d Gel transparent +++ 6 86.9±0.3 291.8±8.1 55±3.4
F10a Liquefied gel translucent ++ 6.5 97.9±0.2 169.2±1.3 138±3.8

F10b Gel translucent ++ 5.5 98.4±0.5 226.8±8.4 85±3.5

F10c liquefied gel translucent ++ 6 93.2±1.5 218.2±5.8 75.9±2.9
F10d Gel translucent ++ 6 87.6±0.6 301.6±1.5 40±7

Abbreviations: SD, standard deviation; n, number of samples.
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Determination of Drug Content
The theoretical drug concentration was 0.1 g %, while the 
drug content values ranged between (85.21%±0.40–98.38% 
±0.48); Table 4.

Determination of Mucoadhesive Force
The Mucoadhesive Strength of tested gels after two min-
utes of contact time is presented in Table 4. It was reported 
that the higher the concentration of the polymer used, the 
higher the mucoadhesive strength becomes.39 The detach-
ment force ranged from 169.188±1.26 to 321.212±6.94 in 
((dyne/cm2) ×102).

Spreadability
The degree of spreadability of the tested gels was indi-
cated through the distance traveled by them when they 
were individually compressed between slides. It was 
noticed that the spreadability was decreasing with the 
increase in the concentration of the polymer.40 The dis-
tance traveled by the gels ranged from 40 ±7.03 mm to 
138 ±3.77 mm; Table 4.

The in-vitro Release Profile of Cinnarizine Aural 
Transfersomal Gels
The in-vitro released percentages of Cinnarizine from its pre-
pared aural transfersomal gels were ranging between 81.63 
±1.128% and 97.78±0.102%; Figure 3. The reported results 
revealed that the top drug release percentages were for gels of 

CL934 bases followed by that prepared using HPMC. It was 
noticed that changing the polymer concentration affects 
Cinnarizine’s extent released from the prepared gel formulae. 
An inversely proportional relationship was observed between 
the concentrations of the used polymer and the released 
amount of drug. The density of the polymer chain structure 
leads to restricting the active substance movement area, which 
in turn decreases the release of the active substance.41

Viscosity Measurement
All the prepared formulae possessed thixotropic behavior 
except F1c, and F10c exhibited a non-thixotropic behavior. 
Thixotropy is a time-dependent flow that occurs as the gel 
requires a finite time to rebuild its original structure that was 
broken down during continuous shear measurement. The 
hysteresis loop was measured by the trapezoidal rule to 
determine the degree of thixotropy for each formula. All 
formulae exhibited non-Newtonian shear-thinning (pseudo-
plastic) flow since the viscosity decreased with increasing 
the shear rate. The causes of pseudoplastic flow may be the 
progressive rupture of the gels’ internal structure by increas-
ing shear and later reconstruction through the Brownian 
movement. It was clear that the Farrow’s constant (N) is 
greater than (1) for all of the formulae indicating non- 
Newtonian shear-thinning pseudoplastic flow behavior. 
Following the power law, the flow index (n) values were 
smaller than (1), which indicates a non-Newtonian shear 

Figure 3 In vitro Release profile of Cinnarizine aural transfersomal gels ±SD (n=3).
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thinning pseudoplastic flow behavior. The lower the flow 
index (n), the more shear-thinning is.42,43 The gel formulae 
were arranged in a descending order according to their 
viscosities at a minimum shear rate as follows: F10d> 
F1b> F1d> F1a> F10b> F10c> F1c > F10a; Figure 4. F1A 
showed the highest permeation percentage and acceptable 

results in other investigations, so it was selected for FTIR 
analysis and the in-vivo pharmacokinetic study.

Fourier Transform Infrared (FTIR) Analysis
The infra-red spectra of Cinnarizine pure drug (free base) 
showed significant peaks at the following frequencies 

Figure 4 Rheological data of Cinnarizine prepared aural transfersomal gels ±SD (n=3).  
Abbreviations: η min, the viscosity at the minimum shear rate; η max, the viscosity at the maximum shear rate; Cps, centipoise; η, the consistency index; N, the Furrow’s 
constant; n, the fFlow index.

Figure 5 (A) FTIR Spectra of pure Cinnarizine powder, (B) FTIR Spectra of the physical mixture of (1:1:1:1) (Cinnarizine: PC: PF127: CL 934).  
Abbreviations: PC, phosphatidylcholine; PF127, Pluronic Flake-127; CL 934, Carbopol 934.
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in cm−1: 2959, 2936, 1597, 1490, 1448, 1134, 999, and 
962. The Frequency of 2959 cm−1 indicates (C-H) stretch-
ing (aromatic, alkene, mono-substituted), 2936 cm−1 indi-
cates (C-H) stretch (aliphatic, alkane), 1597 cm−1 
indicates (C=C) (aromatic stretch), 1490 and 1448 cm−1 
indicates (CH2) (alkane), 1134 cm−1 indicates (C-N) 
stretching, and 999and 962 cm−1 indicates (=C-H) (aro-
matic, alkene);44 Figure 5. The infrared spectra of the 

physical mixture of F1A ingredient (1:1:1:1) (Drug: PC: 
PF127: CP349) showed similar characteristic peaks at 
their respective wavelengths, which indicates the compat-
ibility of Cinnarizine with other excipients; Figure 5.

In vivo Pharmacokinetic Study
The HPLC standard calibration curve was constructed by 
plotting Cinnarizine’s peak areas against their correspond-
ing concentrations, where the linear regression R2 equals 
0.9995 across the full range of concentrations from 50 
to10000 ɲg/mL. The lower limit of quantitation (LLOQ) 
was 50ɲg/mL. The coefficient of variation percent CV% 
and the relative error percent RE% averages equal 8.933% 
and 6.01%, respectively, which indicates an acceptable 
accuracy and precision of the adopted analytical method. 
The mean plasma concentration versus time data of the 
three groups appears graphically in Figure 6, as the solid 
line data were fitted to one compartment open pharmaco-
kinetic model. The pharmacokinetic parameters of the 
Cinnarizine® oral tablet were as follow: (Cmax)=129.775 
±1.144ɲg/mL, (Tmax) =2.995±0.018 hours, (Kabs) =0.478 
±0.003hr−1, (Kel) = 0.222±0.001hr−1, (T1/2 abs) =1.450 
±0.009hours, (T1/2 elimination) =3.118±0.017hours. The 
pharmacokinetic parameters of the aural gel (FIA); were 
as follows: (Cmax) = 157.162±3.580 ɲg/mL, (Tmax) was 
3.868±0.054 hours, (Kabs) =0.329±0.006hr−1, (Kel) = 0.199 

Figure 6 The mean plasma concentration profiles of Cinnarizine for eighteen rabbit subjects following administration of no treatment (Control group n=6), oral tablet 
Cinnarizine® (Second group n=6), and aural transfersomal gel F1A (Third group n=6). The solid line is data fitted to open one-compartment pharmacokinetic model ±SD.

Table 5 The Calculated Pharmacokinetic Parameters of Both 
Aural FIA and the Oral Tablet of Cinnarizine 25mg®± SD (n=6)

Mean Values of the 

Pharmacokinetic 

Parameters

Cinnarizine® 

Tablet

Aural 

Transfersomal 

Gel (F1A)

Significance 

of 

Difference 

at 

(P≤ 0.05)

Cpmax (ɲg/mL) 129.8±1.1 157.2±3.6 S.D.

Tmax (hr) 2.9±0.02 3.9±0.05 S.D.

Ke (hr−1) 0.22±0.001 0.19±0.002 S.D.

T1/2 el (hr) 3.12±0.02 3.48±0.03 S.D.

Kabs (hr−1) 0.48±0.003 0.33±0.006 S.D.

T1/2 abs (hr) 1.45±0.01 2.11±0.04 S.D.

[AUC]0–24 (ɲg.h/mL) 494.26±9.6 703.56±26.5 S.D.

Abbreviations: Cpmax, maximum plasma concentration; Tmax, time of maximum 
plasma concentration; Ke, elimination rate constant; T1/2 el, elimination half-life; 
Kabs, absorption rate constant; T1/2 abs, absorption half-life; AUC, area under the 
curve; S.D, significant difference; n, number of samples; SD, standard deviation.
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±0.002 hr−1, (T1/2 abs) =2.109±0.040hours, (T1/2 elimination) 
=3.479±0.026hours; Table 5. The calculated [AUC]0–24 for 
FIA was significantly higher than that of Cinnarizine® oral 
tablet, 703.563±26.470 and 494.256±9.621 ɲg.hr/mL, 
respectively, at (P< 0.05).45 The relative bioavailability 
(FRel) of the aural form to the oral standard equals 
142.347%, which indicates an increased bioavailability of 
the prepared aural mucoadhesive transfersomal gel over 
that of the oral tablets.

Conclusion
The optimum Transfersomes of F1 that composed of 
(1:5) Dipalmitoyl PC: PF127 and showed EE % of 
85.51±2.447%, the in-vitro release of 95.92±1.18%, 
the average size of 295.2±25.61nm, Zeta potential of 
2.44±0.516 (mV) and PDI of 0.644±0.137 was incorpo-
rated into hydrogel using 1% CL 934. The resultant gel 
(F1A) was a clear liquefied gel that has a pseudoplastic 
behavior, pH of 6.5, drug content of 89.52±0.07%, 
spreadability of 70±3.02mm, detachment stress of 
176.544±3.28 (dyne/cm2×102), the in-vitro release of 
97.78±0.102%, ingredients compatibility and increased 
bioavailability of Cinnarizine about 1.4 fold over that 
of the Cinnarizine 25mg® oral tablets which are avail-
able on the market. The in-vivo study revealed that the 
prepared Transfersomes could carry the Cinnarizine 
across the tympanic membrane of the albino rabbit 
subjects to the blood circulation successfully. 
Moreover, incorporating the Transfersomes into a gel 
form increased the formula residence over the tympanic 
membrane and prevented its leakage. Therefore, the 
recent study provides a promising targeted alternative 
delivery route of Cinnarizine that could avoid the first- 
pass metabolism, which potentially occurs with the oral 
administration.
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