International Journal of Nanomedicine Dove

ORIGINAL RESEARCH

Novel Mucoadhesive Chitosomes as a Platform
for Enhanced Oral Bioavailability of Cinnarizine

Hagar Ahmed Oransa, Mariza Fouad Boughdady(®, Hassan Mohamed EL-Sabbagh

Department of Pharmaceutics, Faculty of Pharmacy, Mansoura University, Mansoura, Dakahlia, Egypt

Correspondence: Hagar Ahmed Oransa, Department of Pharmaceutics, Faculty of Pharmacy, Mansoura University, El-Gomhoria Street, Mansoura,
Dakahlia, Egypt, Tel +201065838485, Fax +20502247496, Email hagar_ahmed_93@mans.edu.eg

Purpose: Cinnarizine (CIN) is a class II BSC drug, suffering from erratic bioavailability due to its pH-dependent solubility. It has
preferential absorption in the stomach. In this study, new chitosan (CS) coated niosomes of CIN (CIN-loaded chitosomes) have been
developed to extend the gastric retention and ameliorate CIN oral bioavailability.

Methods: Various CIN-loaded niosomes were fabricated by thin-film hydration technique and fully characterized. Based on the
predetermined criteria of low particle size (PS) and high entrapment efficiency percent (EE%), niosomal formulation F1 was selected
and further coated with different CS concentrations. The optimized chitosomal formulation (C2) was evaluated through solid state
characterization and mucoadhesive efficiency testing. It was also subjected to cytotoxicity study on Caco-2 cells; besides, in vitro drug
release, stability and pharmacokinetic studies were assessed.

Results: The optimized chitosomal formulation (C2) exhibited an EE% of 58.30+2.75%, PS of 440 +13.03 nm, PDI of 0.335+0.21
and ZP of +28.1+0.10 mv. Solid state characterization results revealed the compatibility between the vesicle components and the
entrapment of CIN within niosomal vesicles. C2 formulation demonstrated favorable mucoadhesive efficiency. The cytotoxicity study
on Caco-2 cells manifested the safety of the optimized chitosomal formulation (C2) over the free drug. Additionally, it displayed
a remarkable sustaining of CIN in vitro release up to 8 h and exhibited a good stability at the refrigerated temperature up to 3 months.
In vivo pharmacokinetic assessment revealed that the CIN bioavailability from the optimized chitosomal formulation C2 was enhanced
by 2.79 and 1.92 folds compared to the free drug and uncoated niosomal formulation F1, respectively. The priority of the chitosomal
formulation (C2) over the niosomal one (F1) was also conferred.

Conclusion: Novel formulation of chitosan coated niosomes (chitosomes) could be presented as a promising platform to improve the
oral bioavailability of drugs with narrow absorption window.
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Introduction

Cinnarizine (CIN) (Figure 1) (1-(diphenylmethyl)-4-(3-phenyl-2-propenyl) piperazine) is a calcium channel blocker and
antihistaminic drug, which is used in the treatment of nausea, vomiting, vertigo, motion sickness and Meniere’s disease.
It has mainly a peripheral anti-vasoconstrictive action.'*

CIN is a lipophilic drug that belongs to class II BSC. It is a weak base that suffers from poor solubility. CIN is
characterized by erratic bioavailability due to pH-dependent solubility (higher solubility at pH<4) with preferential
absorption in the stomach.>* Furthermore, frequent administration of CIN is usually required due to its short half-life
(3-6 h).” Consequently, Several gastroretentive drug delivery systems were adopted to enhance CIN bioavailability like
floating tablets,® floating beads,*” and gastroretentive microballoons.”

Amongst the innovative drug delivery systems, vesicular structures have gained a distinct role in enhancing the
bioavailability of various active pharmaceutical ingredients than conventional dosage forms; one of these outstanding
systems is niosomes. They are shaped by the self-assembly of nonionic surfactants with or without cholesterol (CH) and
thus gaining a unique structure that makes niosomes capable of encapsulating both lipophilic and hydrophilic

substances.®’
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Figure | Chemical structure of CIN.

Niosomes have attracted a conspicuous attention owing to their ability to improve the solubility of poorly soluble

1011 and enhance the drug stability against oxidation; besides,

substances, increase drug permeation, sustain drug release,
they possess good compatibility with biological systems.'? Additionally, their surface modification is much easier than
that of liposomes due to the higher stability of niosomes.'* Niosomal surface modifications could be employed for
various purposes like imparting a bioadhesive property'® and improving the target specificity in cancer treatment.'
Interestingly, surface modification by positive charge introduction can be advantageous to improve system stability, allow
effective drug delivery in addition to overcoming conventional formulation drawbacks. Generally, positively charged
drug delivery carriers can regulate the drug release and boost drug uptake by electrostatic interaction with mucin in
gastrointestinal tract (GIT) membrane.'®

Chitosan (CS) (deacetylated chitin, poly (D-glucosamine)) is a biocompatible, biodegradable and bioadhesive
polymer. CS-loaded formulations were proven to exhibit improved drug solubility, prolonged drug retention in gastro-
intestinal tract and enhanced drug bioavailability.!” Additionally, CS is widely employed in gastroretentive drug delivery;
it has notably the feasibility to create an electrostatic complex with anionic mucous layer in acidic conditions, thus
increasing the gastric residence time of drugs.'® Hence, it was verified as an absorption promoter that has the ability to
extend the tight junctions between epithelial cells.

In this context, several attempts have been endeavored to prepare CIN-loaded niosomes,'® nevertheless none of them
has addressed niosomal coating with CS. In the current study, new CS-coated niosomes of CIN (CIN-loaded chitosomes)
were suggested as a promising strategy to combine the virtues of CS in increasing the gastric residence time of CIN
through muco-adhesion, as well as achieving higher drug absorption.

Materials and Methods

Materials

Cinnarizine (CIN) (CAS no. 298-57-7, Batch no. CIN/08161056) was kindly provided from Amoun pharmaceutical
company, Egypt. Sorbitan monolaurate (span 20) was obtained from SDFCL, India. Cholesterol (CH) and sorbitan
monostearate (span60) were procured from Loba Chemie, India. HPLC grades of chloroform, methanol, acetonitrile,
ethanol and Millipore filter (0.45 pm) were obtained from Cornell lab, Cairo, Egypt. Chitosan (CS) (deacetylation degree
>75% with low molecular weight) and mucin (from porcine stomach) were purchased from Sigma-Aldrich Co. (St Louis,
MO, USA). Analytical grades of glacial acetic acid (99%), potassium dihydrogen orthophosphate and disodium hydrogen
phosphate were obtained from El-Nasr Pharmaceutical Chemical Co., Cairo, Egypt.

Preparation of CIN-Loaded Niosomes

Cinnarizine niosomes were fabricated by the previously reported thin-film hydration method.?® Niosomes were prepared
using span (20 or 60) and CH in different molar ratios (3:1, 2:1, 1:1 and 1:2) as illustrated in Table 1. Ten milligrams of
CIN were added to each formulation.

Accurately, 200 mg of surfactant and CH, in addition to the drug, were dissolved in 10 mL methanol/chloroform
mixture (2:1 v/v). The solvents were evaporated at 60+2 °C under reduced pressure using a rotary evaporator (Wheaton
rotary evaporator, USA) until a thin dry film was obtained. The film was then hydrated for 1 h at 60+2 °C with 10 mL of
deionized water until a milky suspension was obtained. The niosomal suspension was sonicated at 25°C for 10 min using
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Table 1 Composition of CIN-Loaded Niosomes

Formulation Code | Molar Ratio Composition (mg)

(Span: CH) Span 60 Span 20 CH
Fl 30 154 - 46
F2 2:1 138 - 62
F3 I:1 105 - 95
F4 1:2 72 - 128
F5 31 - 146 54
F6 2:1 - 128 72
F7 I:1 - 95 105
F8 1:2 - 62 138

Note: Amount of CIN was kept constant at 10 mg in all formulations.
Abbreviation: CH, cholesterol.

an ultrasonic bath (Sonix IV, SS101H230, USA) in order to decrease the particle size of the prepared vesicles."* The
different obtained formulations were kept overnight in the refrigerator at 4+1 °C for further characterization.?'

Characterization of CIN-Loaded Niosomes

Drug Entrapment Efficiency (EE%) and Drug Loading Efficiency Percent (DLE%)

The obtained dispersions were centrifuged at 4°C for 90 min at 13,000 rpm using cooling centrifuge (CE16-4X100RD,
Acculab, USA), followed by washing with deionized water to ensure the removal of unentrapped CIN. Then, EE% was
estimated directly by the lysis of the precipitated niosomal vesicles in 100 mL absolute ethanol and sonication at 25°C for 20
min using an ultrasonic bath (Sonix IV USA, SS101H230) till the formation of a clear solution. Finally, the amount of the
entrapped CIN was quantified spectrophotometrically (ultraviolet-visible double beam spectrophotometer, Labomed Inc.,
USA) at 253 nm. A plain formulation, treated similarly, served as blank. The EE % was calculated from Equation (1).**

EE% :Entrapped drug amount y

100 1
Total drug amount M

Drug loading efficiency percent (DLE%) was estimated by dividing the amount of entrapped drug by the weight of
CIN-loaded niosomal formulation according to Equation (2).

DLE% Entrapped drug amount
0 =

100 2
Total niosomal formulation weight @

Measurements of Particle Size (PS) and Polydispersity Index (PDI)

CIN-loaded niosomes were evaluated through PS and PDI using Malvern Zetasizer (Malvern Instruments Limited, UK)
via dynamic light scattering technique. The freshly prepared niosomal suspensions were properly diluted with deionized
water in a ratio of 1:20 before the measurements. Three measurements were made for each sample and the mean was
determined.

Zeta Potential (ZP)

The prepared niosomal dispersions were suitably diluted with deionized water and estimated for ZP values using photon
correlation spectroscopy instrument (Malvern Instruments Limited, UK). The ZP values were recorded based on
electrophoretic mobility of the particles under an electric field. Each experiment was performed in triplicate.
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Preparation of CIN-Loaded Chitosomes

The selected formula (F1) was coated with CS at concentrations of 0.1, 0.2 and 0.3 mg/mL to impart the prepared
niosomes a mucoadhesive property. Chitosan was dissolved in acetic acid solution (0.1% v/v), sonicated (Sonix IV USA,
SS101H230) then filtered. Ten milliliters of each CS solution were added dropwise to an equal volume of the niosomal
suspension while stirring at 500 rpm by magnetic stirrer (Heidolph, U.S.A.). The obtained dispersion was kept for 2 h on
the stirrer. Three chitosomal formulations (C1, C2 and C3) were obtained after coating the selected formulation (F1) with
CS solutions of 0.1, 0.2 and 0.3 mg/mL, respectively.

Characterization of CIN-Loaded Chitosomes

Measurement of EE%, DLE%, PS, PDI and ZP

EE%, DLE%, PS, PDI and ZP of the prepared chitosomes were estimated as mentioned before in the characterization of
CIN-loaded niosomes section.

Transmission Electron Microscopy (TEM)

The niosomal formulation (F1) and the optimized chitosomal formulation (C2) were morphologically examined by
transmission electron microscope (JEOL JEM 2100, Tokyo, Japan) to investigate the impact of CS coat on the
morphology of the prepared niosomes. One milliliter of the freshly prepared niosomal suspensions was diluted twenty
fold with deionized water. After this, one drop was dripped on a carbon-coated copper grid. The extra liquid was removed
with filter paper and the samples were allowed to dry at room temperature. The samples were examined directly without
staining. The image was captured by digital micrograph and analyzed using imaging viewer software.

Scanning Electron Microscopy (SEM)

SEM (JSM-IT 200; JEOL, Tokyo, Japan) was utilized to scrutinize the surface characteristics of the freeze-dried powder
of the niosomal formulation (F1) and the optimized chitosomal formulation (C2). The sample was fixed on metal stub
with the aid of the double-sided adhesive carbon tapes. It was then examined at 20 kV after coating with a gold layer.

Fourier Transform Infrared (FTIR) Spectroscopy Analysis

FTIR spectra of CIN, CH, span 60, CS, their physical mixture in weight ratio corresponding to the optimized chitosomal
formulation (C2), as well as the lyophilized chitosomal formulation (C2) and its corresponding plain one were reported
using FTIR spectrophotometer (Madison Instruments, Middleton, WI, USA) over a range from 500 cm™ ' to 4000 cm™ .

Samples were prepared with potassium bromide.

Differential Scanning Calorimetry (DSC)

Thermograms of CIN, CH, span 60, CS, their physical mixture corresponding to the optimized chitosomal formulation
(C2), as well as the lyophilized chitosomal formulation (C2) and its corresponding plain one were obtained using DSC
(Perkin-Elmer, New York, USA), which was calibrated with indium. Samples were sealed in standard aluminum pans.
They were then heated under nitrogen gas (20 mL/min) over a range of 25-350°C with a rate of 10°C/min.

X-Ray Powder Diffraction (XRPD)

X-ray diffractometer (FW 1700 X-ray diffractometer; Philips, Amsterdam, the Netherlands) was used to analyze CIN,
CH, span 60, CS, their physical mixture corresponding to the optimized chitosomal formulation (C2), in addition to the
lyophilized chitosomal formulation (C2) and its corresponding plain one. The examination was assessed at 45 kV under
the monochromatized Cu Ka radiation at 20 angle over a range from 3°to 50° with a current of 9 mA.

Mucoadhesive Strength

Mucoadhesive efficiencies of CIN-loaded niosomal formulation (F1) and chitosomal formulation (C2) were estimated by
measuring the adsorption of mucin on the formulations. Mucin dispersion was prepared by dispersing 50 mg of mucin in
100 mL phosphate buffer saline (pH 7.4); then, the dispersion was kept on the stirrer (Heidolph, USA) at 500 rpm overnight
before the experiment. Equal volumes of 0.5 mg/mL mucin dispersion (in PBS (pH 7.4)) and either F1 or C2 (in PBS (pH
7.4)) were mixed and shaken for 2 h using thermostatically controlled shaking water bath (GFL 3033-Shaking incubator,
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Germany) at 37°C. Then, the mixtures were centrifuged at 11,000 rpm for 1 h (Sigma, D-37250, Germany). The super-
natants were collected and analyzed spectrophotometrically at 257 nm (ultraviolet-visible double beam spectrophotometer,
Labomed Inc., USA) for free mucin amount. A standard calibration curve with mucin concentrations of 50, 100, 150, 200,
250, 300, 350 and 400 pg/mL was pre-constructed. The mucoadhesive efficiency was calculated according to
Equation (3).%

=<

Mucin adsorption(%) = — 100 3)
t

Where C, is the total mucin amount used and Cy is the free mucin amount in the supernatant.

Cytotoxicity Study

The cytotoxicity of CIN and the optimized chitosomal formulation (C2) were evaluated on human colorectal adenocar-
cinoma cells (Caco-2 cells), which were obtained from American Type Culture Collection (Manassas, VA, USA) using
methyl thiazolyl tetrazolium (MTT) assay. The culture medium for the cells was RPMI-1640 with 10% fetal bovine
serum. The cells were seeded in 96 well plates for the cell confluency; then treated with either the free CIN or the
chitosomal formulation C2 at different concentrations (1, 5, 10, 20, 40, 80 and 100 pg/mL of each). The corresponding
plain chitosomal formulation C2 was treated similarly and served as a blank group, while the control group was the
untreated cells. The plates were incubated for 24 h in 90% relative humidity and 5% CO, at 37°C.

After that, twenty microliters of MTT solution (5 mg/mL) was added to the cells and allowed to incubate in a dark place
at 37°C for 4 h. Then, the formed formazan crystals were dissolved by adding 200 pL acidic isopropanol for 1 h. The cell
viability percent was calculated from Equation (4) after recording the absorbance of the solubilized formazan at 570 nm by
a microplate reader (Biotek instruments, Inc., Winooski, VT, USA).24

Cell viability % — treated cells absorbance 100 @
control cell absorbance

In vitro Drug Release

CIN release studies from the niosomal formulation (F1), the optimized chitosomal formulation (C2) and the CIN solution were
evaluated by the dialysis method using dialysis bags (MW cut off: 12,000-14,000 Da, Spectrum Medical Industries Inc., LA,
USA). The bags were soaked in 0.1 N HCI (pH 1.2) for 24 h before the experiment. Equivalent amount of 2 mg of CIN from the
freeze-dried niosomal formulation (F1) or chitosomal formulation (C2) were reconstituted with 2 mL of the release medium and
placed in the dialysis bag. The two ends of the bag were sealed with clips. Then, the dialysis bag was hanged in 100 mL of the
release medium (0.1 N HCI (pH 1.2)) that was shaken at 37°C and 100 rpm using thermostatically controlled shaking water bath
(GFL 3033-Shaking incubator, Germany). Samples of 3 mL were withdrawn at predetermined time intervals (0.5, 1, 1.5, 2, 2.5,
3,4,5, 6,7 and 8 h) and replenished with an equal volume of fresh release medium to maintain sink conditions. The withdrawn
samples were filtered using 0.45 pm Millipore filter. The concentration of CIN released in the medium was quantified
spectrophotometrically (ultraviolet-visible double beam spectrophotometer, Labomed Inc., USA) at 252 nm. A 2 mL of CIN
solution (Img/mL of CIN in 0.1 N HCI (pH 1.2)) was utilized as a control, and each experiment was performed in triplicate.

Drug Release Kinetics
In vitro drug release data from the niosomal formulation (F1) and the optimized chitosomal formulation (C2) were fitted

to different mathematical kinetic models: Zero order, first order”> and Higuchi model.*®

The release model describing the
drug release kinetics was selected according to the highest correlation coefficient (r*). Additionally, Korsmeyer—Peppas

Equation®” was used to explain the drug release mechanism according to the following Equation (5).
m 14
Vi, = Kt (%)

Where my/m,, is the fraction of the drug released, t is the release time, k is the kinetic constant, and n is the diffusional
exponent of the drug release which equals to the slope of the curve representing the relation between log m¢/m,, vs log t.

International Journal of Nanomedicine 2022:17 https: 5645
Dove:


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

Oransa et al Dove

Physical Stability Study

The physical stability study of the optimized chitosomal formulation (C2) suspension was evaluated at refrigerated
temperature (4 °C =1 °C) and at room temperature (25 °C £2 °C). Freshly prepared chitosomal formulations (C2) were
stored in screw capped glass bottles for 3 months®® and examined in terms of PS, PDI, ZP and drug retention % (DR %)
at zero time and every month of the storage period. The optimized chitosomal formulation (C2) powder was examined
concerning their physical appearance and DR%.

In vivo Bioavailability Study

Experimental Animal Protocol

Male Sprague Dawley rats (average weight 300+20 g) were caged with free access to food and water for one week before
dosing. The rats were fasted prior to dosing for 12 h but free access of water was allowed. The study was approved by the
Research Ethics Committee of Mansoura University, Egypt (code no. 2017-62, approval date: July 2017) in accordance
with “principles of laboratory animal care NIH publication revised 1985”.

The rats were divided into three groups (n=6 for each group). Group I administered 80 mg/kg of CIN in suspension
form, while groups II and III received what is equivalent from the freeze-dried powder of the selected niosomal
formulation F1 and the optimized chitosomal formulation C2, respectively. The administered doses were dispersed in
three milliliters aqueous suspension of sodium carboxy methyl cellulose (1% w/v) and administered by oral gavage under
light ether anesthesia.

Sample Handling

Blood samples were collected from the retro-orbital venous plexus of the rats in heparinized tubes after (0.5, 1, 2, 4, 5, 6,
8, 10 and 12 h) following drug dosing. The plasma samples were separated after centrifugation (Centrifuge, Hettich
Micro 22 R, Germany) of the blood samples for 10 min at 5000 rpm and kept at —20°C until analysis.

High Performance Liquid Chromatography (HPLC) Analysis

Extraction Method

A 500 pL of acetonitrile was added to 250 pL of each plasma sample and mixed well. The mixture was vortexed for 10
min using a vortex tube mixer (Gemmy Industrial Corporation, Taiwan) and centrifuged (Centrifuge, Hettich Micro 22 R,
Germany) for 15 min at 9000 rpm. The supernatant was filtered using 0.45 pm Millipore filter and transferred to an
Eppendorf tube. Finally, 100 pL was injected into a High-Performance Liquid Chromatography (HPLC) system.*’

Chromatographic Conditions

The concentrations of CIN in the prepared plasma samples were assayed by an HPLC analysis method,*® with some
modifications. The separation was accomplished by an HPLC system (Waters 2695 Alliance HPLC system equipped with
a Waters 996 photodiode array detector) with C18 column (4.6x250mm, Sum, Xterra) and detection at 254 nm. The mobile
phase consisted of 0.01M phosphate buffer adjusted to pH 3 with orthophosphoric acid and acetonitrile (60:40% v/v). It was
isocratically eluted with a rate of 1 mL/min.

Calibration Curve and Validation Method
Aliquots (250 pL) of drug-free plasma were spiked with 100 puL of different standard working CIN solutions (0.3125-3.125
ug/mL) prepared by different dilutions of 100 pg/mL CIN standard stock solution in methanol. Acetonitrile (500 puL) was
added and subjected to the same aforementioned analysis procedure.

Validation of this method was inspected with respect to linearity, selectivity/specificity, precision and accuracy.
Quantification limit (QL) and detection limit (DL) were calculated according to ICH guidelines®' from the following
Equations (6 and 7).

OL=—" (6)
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330

DL
S

()

where o is the standard deviation of y intercept and S is the slope of the calibration curve.

Pharmacokinetic Study
The data obtained from the curve of CIN plasma concentration versus time was analyzed according to a non-
compartmental model using GraphPad Prism 5 software computer program (GraphPad Software Inc., San Diego, CA,
v5.03). The pharmacokinetic parameters including the maximum plasma concentration (C,.x), the time to reach the
maximum plasma concentration (Tp,.x), the half-life time (t;/,), the elimination rate constant (k.;), the area under the
curve from 0 to o (AUC._), the area under the first moment curve from 0 to oo (AUMC,_,,) and the mean residence time
(MRT) were calculated. Additionally, relative bioavailability (%f rel) of CIN from the niosomal formulation (F1) and
the optimized chitosomal formulation (C2) compared to that of free CIN was calculated from the following
Equation (8):

AUCy_« of the formulation

%f rel =
Vo re AUCy_« of CIN suspension

x 100 )]

In vitro-in vivo Correlation

In vivo percentage drug absorbed from the optimized chitosomal formulation (C2) was plotted against the in vitro
percentage drug released at time intervals 0.5, 1, 2 and 4 h in order to determine (r*) for in vitro-in vivo correlation of the
optimized chitosomal formulation (C2). Wagner Nelson model** was used to calculate the in vivo percentage absorbed
from the drug according to the following Equation (9).

k AUC,
percetage drug absorbd = {0

] X 100 ©)
Where, c; is the plasma concentration of the drug at time t, k., is the elimination rate constant, AUC,_ is the area
under the curve from time zero to time t, and AUC,_, is the area under the curve from time zero to time oo.

Statistical Analysis

One-way ANOVA followed by Tukey—Kramer multiple comparisons test as well as Student unpaired #-test of signifi-
cance p<0.05 using GraphPad Prism 5 software computer program (GraphPad Software Inc., San Diego, CA, v5.03)
were used to accomplish the statistical analysis of the data which were expressed as mean = SD and mean + SEM for
in vitro and in vivo data, respectively.

Results and Discussion

Characterization of CIN-Loaded Niosomes

Drug Entrapment Efficiency (EE%) and Drug Loading Efficiency Percent (DLE%)

The obtained niosomal formulations exhibited EE% values ranging from 31.5142.97 to 78.72+2.54, while the DLE%
values of all prepared niosomal formulation ranged from 1.44+0.08 to 3.86+0.14.

Data in Table 2, revealed that the efficiency of CIN encapsulation is strongly affected by the ratio of CH to surfactant.
EE% is significantly (p<0.05) increased with increasing CH ratio up to a certain limit. Regarding the niosomes prepared
with span 60, F1 exhibited an EE% of 68.57+1.40% which was significantly (p<0.05) increased to 78.72+2.54% for F2
formulation upon increasing the CH ratio. On the contrary, further increase of the CH ratio emerged a significant
(p<0.05) reduction in EE% (71.97+1.50 and 49.66+ 2.93%) for F3 and F4 formulations, respectively. Similar results were
also observed for span 20 which displayed the highest EE% for F7 formulation (55.234+0.88%) and significantly (p<0.05)
decreased to 50.52+1.65% for F8 formulation. It was reported that upon increasing CH ratio, there is an increase in the
niosomal stability and hydrophobicity, as well as a decrease in their permeability. CH is a membrane stabilizing agent,
which imparts rigidity to the niosomes and improves the encapsulation of the hydrophobic drug within the vesicular
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Table 2 Characterization of CIN-Loaded Niosomes

Formulation Code EE% DLE% PS (nm) PDI ZP (mv)

Fl 68.57+1.40 3.42+0.07 249+5.51 0.279+0.01 —42.71.14
F2 78.72+2.54 3.86+0.14 343+2.03 0.353+0.06 —50.1£0.69
F3 71.97+1.50 3.55+0.09 461+20.85 0.333£0.11 —56.2+1.05
F4 49.662.93 2.19£0.11 527+22.01 0.462+0.18 —29.2+ 3.44
F5 31.51%2.97 1.44+0.08 341£14.15 0.528+0.02 —39.07+1.80
Fé6 38.62x1.21 1.67+0.08 362%15.36 0.612+0.03 —38.17£1.50
F7 55.23+0.88 2.23%0.16 463+9.74 0.368+0.13 —30.7+1.49
F8 50.52+1.65 2.13£0.10 585+27.94 0.250£0.05 —42.87+0.12

Note: Data are represented as meanSD (n=3).
Abbreviations: EE%, entrapment efficiency%; DLE%, drug loading efficiency percent; PS, particle size; PDI, polydispersity index; ZP,
zeta potential.

bilayer. However, further increase of CH ratio may compete with CIN molecules for the available packing spaces, thus
forcing the drug out with a consequent reduction in EE%.’”

Interestingly, the type of the surfactant had also demonstrated a prominent influence on EE% and DLE%. Table 2
divulged that the niosomes formulated with span 60 manifested higher EE% and DLE% than their analogues prepared
with span 20 at the same molar ratios. This may be ascribed to the lower HLB value, the longer chain structure and the
greater phase transition temperature of span 60 than span 20 which contributed to higher EE% and DLE% values.**

Careful examination of Table 2 clarifies that in the case of niosomes prepared with span 60, F2 formulation (prepared
with span 60: CH of 2:1 molar ratio) exhibited the highest EE%. Regarding span 20, the maximum EE% was exhibited for F7
formulation (prepared with span 20: CH of 1:1 molar ratio). The relatively high hydrophobicity of span 60 expedited the
formation of the bilayer membrane vesicles, hence accommodation of the drug with a lesser amount of CH. Contrastingly,
the higher hydrophilicity of span 20 had a major impact in the requirement of larger CH amount for maximum EE%.>’

Measurements of PS and PDI
PS and PDI are two leading factors in the characterization of the prepared niosomal formulations. As shown in Table 2,
the particle size of CIN-loaded niosomes was gradually increased with the increment of CH ratio.>®

Moreover, the HLB value of the surfactant used greatly affected the size of CIN-loaded niosomes; the size of the
niosomes prepared by span 60 (HLB=4.6) was found to be smaller than those prepared by span 20 (HLB=8.6). This may
be ascribed to the higher hydrophobicity of span 60, which decreases the surface free energy leading to the formation of
smaller vesicles. Moreover, the water uptake of surfactants increases with increasing the hydrophilicity (higher HLB
value), with a consequent increase in vesicular size.?'~’
The values of PDI for the prepared CIN-loaded niosomes were ranged from 0.250+0.05 to 0.612+0.03 which are considered

acceptable.®® The small PDI values could be related to the relatively homogeneous distribution of the prepared vesicles.”

Zeta Potential (ZP)

Zeta potential (ZP) is a measure of net charge on a niosomal surface. The repulsive force between the particles decreases
when the charge on the niosomal surface decreases, leading to aggregation of particles with a consequent instability of
the niosomal suspension.*

Results in Table 2 revealed that the ZP values of CIN-loaded niosomes ranged from —29.24+3.44 mv to —56.2+1.05
mv, indicating a good physical stability of the prepared niosomes. Generally, the ZP value around +30 mV indicates the
system stability due to the electrostatic repulsion between particles.*!

From the previous results, F2 showed highest %EE (78.72+2.54%). However, F1 was preferred to F2, aside from its
lower %EE (68.57£1.40%) because it possessed the smallest PS (249+£5.51 nm). The size and the ZP value of F1
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Figure 2 Size distribution curve of niosomal formulation FI (A), size distribution curve of chitosomal formulation C2 (B), ZP curve of niosomal formulation FI (C) and ZP
curve of chitosomal formulation C2 (D).

formulation were illustrated in Figure 2A and C, respectively. Accordingly, F1 was selected for further investigation

through coating with CS to impart it mucoadhesive properties.

Characterization of CIN-Loaded Chitosomes

Measurement of EE%, DLE%, PS, PDI and ZP

As illustrated in Table 3, the coated formulations exhibited a significant (p<<0.05) reduction in %EE and DLE% when
compared with uncoated one. This may be owed to CIN forcing out of the membrane bilayer due to the interaction
between the positively charged CS and the negatively charged lipid.** Furthermore, all the prepared chitosomes
exhibited a significant (p<0.05) increase in PS, which confirmed the coating of the prepared niosomes with CS.*
Noticeably, the size of the prepared chitosomes significantly (p<0.05) increased with the increment of CS
concentration.*® The most acceptable PS for mucoadhesion is 200-500 nm,” which precludes the use of C3 for
this purpose. The increase in the ZP value of the C1 formulation to —4.71+0.67 indicates an incomplete formation of
CS coating around vesicles; however, the attainment of positive charge for both C2 and C3 formulations (+28.1+0.10
and +30.33+1.72, respectively) implies efficient coating with CS cationic polymer.** Notably, the plateau in the ZP
values of C2 and C3 emphasized the saturation of the chitosomal surface with the adsorbed CS.* It is worthy to note

Table 3 Characterization of CIN-Loaded Chitosomes

Formulation Code EE% DLE% PS (nm) PDI ZP (mv)

Cl 47.49+1.85 1.93+ 0.06 402+10.53 0.292+0.06 —4.71+0.67
C2 58.30+2.75 3.05% 0.12 440+13.03 0.335£0.21 +28.1+0.10
c3 60.97+2.63 3.02+ 0.17 670+20.15 0.250+0.21 +30.33x1.72

Note: Data are represented as meantSD (n=3).
Abbreviations: EE%, entrapment efficiency%; DLE%, drug loading efficiency percent; PS, particle size; PDI, polydispersity index; ZP,
zeta potential.
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that creation of positive charge through CS coating is essential for interaction with mucin layer and cellular uptake,
thus improving CIN oral bioavailability. From the aforementioned results, C2 formulation exhibited an appropriate
size of 440+£13.03 nm and ZP value of +28.1+0.10 mv as shown in Figure 2B and D, respectively. For these reasons,
C2 was chosen as an optimum formulation for further studies.

Transmission Electron Microscopy (TEM)

TEM micrograph of the niosomal formulation F1 (Figure 3A) revealed the spherical contour of the prepared vesicles and
the homogeneous distribution in nanometric size without aggregation. The photograph of the chitosomal formulation C2
(Figure 3B) showed a relative increase in size than the uncoated niosome (F1). The core is surrounded by a coat which is

relatively faded in color. Conspicuously, these results emphasize the formation of the coat layer successfully.***¢

Scanning Electron Microscopy (SEM)

The SEM micrographs of the freeze-dried niosomal formulation F1 (Figure 4A) and the optimized chitosomal formula-
tion C2 (Figure 4B) revealed that the shape of the particles was nearly spherical with a smooth surface in the nanosized
range.*’ Tt is noticeable that the particle size obtained by SEM was greater than that manifested by dynamic light
scattering technique. This could be due to the transformation of the nanodispersion to the powder form by lyophilization
technique, then coating of the dried formulation on the surface with gold before analysis under high vaccum.*®

Figure 4 SEM image of the freeze-dried niosomal formulation FI (A) and chitosomal formulation C2 (B).
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Fourier Transform Infrared (FTIR) Spectroscopy Analysis

FTIR spectroscopy is utilized to evaluate the compatibility between the drug and the niosomal components.*’ As
depicted in Figure 5, the FTIR spectrum of CIN (Figure 5 I) showed significant peaks corresponding to its functional
groups. The peaks at 3066 and 3023cm™ ' are due to CH stretching (aromatic and alkene). Peaks at 2959 and 2871cm™
are indicative to CH stretch in the aliphatic chain. Besides, the peak at 1137 cm ™' is attributed to the C-N bond
stretching. The peaks at 999 and 964 cm™' are due to =C—H out of plane (aromatic and alkene).>*

The FTIR spectrum of CH (Figure 5 IT) exhibited characteristic peak at 3422 cm ™' attributed to —OH stretching. The
peak at 2868 cm ™' is due to symmetric stretching vibration of CH,, while the peak at 1465 cm ™' is assigned to CH, and
CH; asymmetric stretching vibration. Besides, CH showed characteristic peaks at 1376 cm™' which correlated to bending
vibration of CH, and CHj, as well as at 1056 cm ', referring to bending vibration of C—0.!

The spectrum of span 60 (Figure 5 III) displayed specific peaks at 1468, 1739, 2919 and 3422 cm ! corresponding to
O-H bending, ester carbonyl stretching, C—H stretching and aliphatic O—H stretching, respectively.’*

The CS spectrum (Figure 5 IV) exhibited peaks at 1658 and 1598 cm ™', due to amide I and amide II. The peaks at
1380-1426, 2875 and 3452 cm ! are due to C-H bend, C—H stretch and N-H stretch, respectively.53

The physical mixture spectrum (Figure 5 V) of C2 components displayed the combined peaks of CH and span 60; this
finding indicated that the drug was diluted by these components. Similarly, the FTIR spectra of the lyophilized plain
chitosomal formulation C2 and the lyophilized CIN-loaded chitosomal formulation C2 (Figure 5 VI, VII respectively)
exhibited characteristic peaks relating to CH and span 60, highlighting the absence of interaction between CIN and
niosomal components. Moreover, the disappearance of the characteristic peaks of CIN in the case of CIN-loaded

formulation could be related to the entrapment of CIN in the coated vesicle.*’

Differential Scanning Calorimetry (DSC)
Figure 6 shows thermal analysis of pure CIN, CH, span 60, CS, their physical mixture corresponding to the optimized
chitosomal formulation (C2), in addition to the lyophilized chitosomal formulation (C2) and its corresponding plain one.
Figure 6 I elucidates the thermal behavior of CIN, showing a sharp melting endotherm at 123.71°C which indicates its
crystalline nature.>* The DSC curves of CH (Figure 6 II) and span 60 (Figure 6 III) showed endothermic peaks at
143.90°C> and 65.85°C>° respectively. Moreover, the thermogram of CS (Figure 6 IV) showed an endothermic peak at
73.63°C reflecting water loss; besides, an exothermic peak is evident at 289.02° reflecting CS degradation.>
Thermogram of the physical mixture (Figure 6 V) exhibited only the melting endotherm of span 60 with the absence
of peaks corresponding to other components, owing to the dilution effect.
The thermogram of the CIN-loaded chitosomal formulation (C2) was identical to its corresponding plain analogue
(Figure 6 VII and VI, respectively), along with a shift of the characteristic endotherm of span 60 to 58.15°C and 57.81°C,
respectively. This could be attributed to the interaction between lipid components to form the bilayer vesicle.>® Besides,
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Figure 5 FTIR spectra of CIN (I), CH (ll), Span 60 (lll), CS (IV), physical mixture (V), lyophilized plain C2 formulation (VI) and lyophilized CIN-loaded C2 formulation (VII).
Abbreviations: FTIR, Fourier transform infrared spectroscopy; CIN, cinnarizine; CH, cholesterol; CS, chitosan; C2, optimized chitosomal formulation.
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Figure 6 DSC thermograms of CIN (1), CH (ll), Span 60 (lll), CS (IV), physical mixture (V), lyophilized plain C2 formulation (VI) and lyophilized CIN-loaded C2 formulation (VII).
Abbreviations: DSC, differential scanning calorimetry; CIN, cinnarizine; CH, cholesterol; CS, chitosan; C2, optimized chitosomal formulation.

the absence of CIN endothermic peak in the CIN-loaded chitosomal formulation (C2) signifies the entrapment of the drug
in the bilayer of the niosomal vesicle.’’

X-Ray Powder Diffraction (XRPD)

X-ray powder diffraction is an important tool used for estimation of the changes in substance crystallinity during
formulation. From the diffractograms in Figure 7, Diffractogram of CIN (Figure 7 I) displayed characteristic peaks at
10.31°, 13.36°, 14.70°, 18.23°, 21.03°, 22.13°, and 24.92° at 20, indicating the crystalline nature of CIN.*® The X-ray
diffractogram of CH (Figure 7 II) showed characteristic peaks at 5.28°, 12.93°, 14.5°, 15.44°, 16.65°, and 17.05° at 20.%2
Diffractogram of span 60 (Figure 7 III) exhibited a specific peak at 21.69° at 20.°° On the contrary, diffraction pattern of
CS (Figure 7 IV) displayed no characteristic peaks, reflecting its amorphous nature.®® The physical mixture diffractogram
(Figure 7 V) revealed the combined peaks of CH and span 60 with the absence of CIN peaks; this may be attributed to
the dilution factor. The characteristic CIN peaks were vanished in the diffractogram of the lyophilized optimized CIN-
loaded chitosomal formulation (C2) (Figure 7 VII), suggesting the entrapment of CIN within the prepared vesicles and its
amorphization.*®
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Figure 7 XRP diffractograms CIN (I), CH (ll), Span 60 (lll), CS (IV), physical mixture (V), lyophilized plain C2 formulation (VI) and lyophilized CIN-loaded C2 formulation (VII).
Abbreviations: XRPD, X-ray powder diffraction; CIN, cinnarizine; CH, cholesterol; CS, chitosan; C2, optimized chitosomal formulation.
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Mucoadhesive Strength

Coating of niosomes with CS is thought to be a successful strategy to overcome the erratic bioavailability of CIN and
prolong its gastric retention. The mucoadhesive properties of the niosomal formulation (F1) and the chitosomal
formulation (C2) were evaluated based on mucin adsorption; the obtained results were illustrated in Figure 8. It was
obvious that the binding efficiency of the chitosomal formulation (C2) was 1.42-fold higher than that of the correspond-
ing uncoated niosomal formulation (F1). This finding may be attributed to the electrostatic force between the positively
charged amino group of CS and the negatively charged protein. Also, the remarkable binding between mucin and
uncoated niosomal formulation (F1) may be attributed to the hydrophobic interactions and hydrogen bonding.®' Since
CIN has a pH-dependent solubility, the higher mucoadhesive strength of the optimized chitosomal formulation (C2) was
anticipated to prolong its gastric residence time, leading to augmented CIN bioavailability and sustainability as well.**¢
Cytotoxicity Study

In vitro cytotoxicity study is crucial before performing the in vivo study.63 The cell viabilities of the free CIN, the
chitosomal formulation (C2) and the corresponding plain one were evaluated using MTT assay after incubation for 24
h with Caco-2 cells. The cell viability percent after treatment with different CIN concentrations (1-100 pg/mL) is
illustrated in Figure 9, which declared a reduction in cell viability up on increasing CIN concentration.

As manifested in Table 4, free CIN exhibited the highest cytotoxicity with a half inhibitory concentration (ICsg)
equals to 26.22 pg/mL. Previous results recorded the cytotoxicity of CIN on variable cell lines.** Noticeably, the CIN-
loaded chitosomal formulation C2 revealed a higher ICs (68.09 pg/mL) than that of the free CIN (26.22 pg/mL). The
difference in the cellular uptake of the free CIN and the entrapped form might be considered as a drug-induced
cytotoxicity mechanism.®® This could be ascribed to the difficulty of entrapped CIN diffusion through the lipid layer
to be available to act on the cells due to its lipophilic nature.®® These results clearly indicate that the chitosomal
formulation C2 is biocompatible with low cytotoxic activity and could be presented as a potential drug carrier for CIN.

The plain C2 formulation displayed ICsq at 104.30 pg/mL which is greater than that of the corresponding CIN-loaded
formulation (68.09 pg/mL). The lower ICsy, of CIN-loaded chitosomal formulation (C2) may be owed to the drug
adsorption on the chitosomal surface or its liberation during incubation.®’

In vitro Drug Release

The drug release patterns from the CIN solution, the niosomal formulation (F1), as well as the chitosomal formulation
(C2) are illustrated in Figure 10. The niosomal (F1) and chitosomal (C2) formulations showed a delayed release of CIN
compared to that of the drug solution;®*® the cumulative percent release during the first 2 h was about 47.62% and 42.79%
for F1 and C2, respectively. On the other hand, the CIN solution showed a cumulative amount released of 88.76% within

100 Niosomal formulation (F1)

2 Chitosomal formulation (C2)

77.59%
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Niosomal folrmulation (F1) Chitosomal f:':rmulation (C2)

Figure 8 Mucoadhesive efficiency of niosomal formulation (Fl) and chitosomal formulation (C2).
Note: Data are represented as mean+SD (n=3).*Significant at p<0.05 niosomal formulation (FI) vs chitosomal formulation (C2).
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Figure 9 Cell viability of Caco-2 cells incubated with free CIN, chitosomal formulation C2 and its corresponding plain one for 24 h.

Notes: Data are represented as meantSD (n=3). *Free CIN or chitosomal formulation C2 are significantly different (p<0.05) vs plain C2 formulation at the same
concentration, **Chitosomal formulation C2 is significantly different (p<0.05) vs free CIN at the same concentration.

Abbreviation: CIN, cinnarizine.

2 h, signifying the higher solubility of CIN in lower pH (0.1N HCI pH1.2). Additionally, both formulations (F1 and C2)
exhibited a biphasic release pattern with an initial rapid phase which could be attributed to the liberation of CIN adsorbed
on the vesicles surface. After that, a sustained release phase prevailed up to 8 h, which is owed to the slow release of CIN
through the bilayer membrane.'”

The data revealed no significant (p<0.05) difference in the release profiles of niosomal (F1) and chitosomal (C2)
formulations. Undoubtedly, the in vitro release rate could not be considered a definite factor as it did not highlight the
in vivo mucoadhesive effect of CS coat.*’

Drug Release Kinetics

The release profiles of niosomal (F1) and chitosomal (C2) formulations were fitted to different release kinetic models to
demonstrate the release mechanism. The values of 1* for various kinetic models are illustrated in Table 5. The in-vitro
release of both formulations could be explained by a diffusion-controlled mechanism (Higuchi model) according to the
highest r* value.'” CIN was released from both formulations by one-dimensional diffusion through the bilayer membrane.
The hypothesis of this model is that the initial concentration of the drug in the matrix exceeds its solubility; meanwhile,
the diffusivity of the drug is constant. So, the sink condition is maintained in the release environment.”® Furthermore, the
n values of the Korsmeyer-Peppas model were 0.8982 and 0.6088 for F1 and C2, respectively, which manifested that the
CIN was mainly released by diffusion and erosion (non-fickian transport).>’

Table 4 IC;y on Caco-2 Cells Incubated with
Free Cinnarizine, Chitosomal Formulation C2
and Its Corresponding Plain One for 24 h

Formulation Code 1Cs50 (ng/mL)

Free CIN 26.22

Chitosomal formulation C2 68.09

Plain C2 formulation 104.30
Abbreviations: ICsq, half inhibitory concentration; CIN,
cinnarizine.
5654 s International Journal of Nanomedicine 2022:17

Dove!


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

Dove Oransa et al

1004

80

= Free CIN
404 -+ Niosomal formulation (F1)
—-o— Chitosomal formulation (C2)

20

Cumulative amount released (%)

0 2 4 6 8 10
Time (h)

Figure 10 In vitro release pattern of free CIN, niosomal formulation (FI) and chitosomal formulation (C2).
Note: Data are represented as mean+SD (n=3).
Abbreviation: CIN, cinnarizine.

Physical Stability Study
Stability study is a critical concern for the evaluation of any prepared formulation. Undoubtedly, the analysis of particle size
and zeta potential during the storage period is very essential to evaluate whether the vesicles retain their stability or not. The
plateau of these parameters indicates the vesicles’ stability during the storage period and warrants drug retention. The stability
study of the optimized chitosomal formulation C2 suspension was estimated at refrigerated temperature and room temperature
for 3 months; the results are illustrated in Table 6. The ANOVA results manifested insignificant (p<0.05) changes in PS, PDI,
ZP and DR % at the refrigerated temperature compared to the initial data. Generally, storage of vesicular systems at
refrigerated temperature minimizes the physical instability hitches of the particles.”" On the contrary, PS and ZP were
significantly (p<0.05) changed during storage at room temperature; meanwhile, the differences of other evaluation parameters
were insignificant (p<0.05) with respect to the results at zero time. The size enlargement at room temperature could be related
to the affinity of the particles to fuse and aggregate.”” Notably, the optimized chitosomal formulation (C2) showed higher
stability at refrigerated temperature than that at room temperature. >

The results in Table 7 elucidated that the chitosomal formulation (C2) powders revealed no changes in the appearance
or the color during all storage conditions throughout the designed storage period. Additionally, the values of DR% of C2

Table 5 Kinetic Analysis of the Release Data of CIN from Niosomal Formulation FI and Chitosomal Formulation C2 Powders

Formula Code Zero First Higuchi Release Korsmeyer-Peppas Main Transport
Order Order Model Mechanism Mechanism
Coefficient of (R?») Diffusional
Determination (r?) Exponent (n)
Niosomal formulation (FI) 0.8266 0.9448 0.9478 Diffusion 0.9530 0.8982 Non Fickian
Chitosomal formulation (C2) 0.8381 0.9237 0.9595 Diffusion 0.9491 0.6088 Non-Fickian

Table 6 Stability Study of the Optimized Chitosomal Formulation (C2) Suspension at Refrigerated Temperature
(4 °C %1 °C) and at Room Temperature (25 °C +2 °C)

Storage Period | Evaluation Parameter

Refrigerated Temperature (4 °C %1 °C) Room Temperature (25 °C %2 °C)

PS (nm) | PDI ZP (mv) DR (%) PS (hm) | PDI ZP (mv) DR (%)
Initial 479+50.05 | 0.446+0.03 | +23.13+1.01 100.00+0.00 | 479+50.05 0.446+0.03 +23.13+1.01 100.00+0.00
Month| 555+3.40 0.369+0.05 | +23.23+0.67 | 98.12+1.03 619+21.78% | 0.403+0.05 +24.93+0.99 | 101.31+0.50
Month 2 521+32.74 | 0.372+0.22 | +22.7740.42 | 100.09+2.14 | 736£22.03* | 0.478+0.08 +21.80+0.78 | 101.93+1.49
Month 3 482+40.99 | 0.355+0.08 | +22.13+0.29 | 98.65%1.06 707+31.87% | 0.615+ 0.21 +20.4+0.79* 97.62x1.14

Notes: Data are represented as mean+SD (n=3). *Significant at p<0.05 monthly vs initial.
Abbreviations: PS, particle size; PDI, poly dispersity index; ZP, zeta potential; DR%, drug retention%.
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Table 7 Drug Retention Percent of Optimized Chitosomal Formulation (C2) Powder at Refrigerated
Temperature (4 °C x| °C) and at Room Temperature (25 °C 2 °C)

Storage Period Drug Retention % (DR%)

Refrigerated Temperature (4 °C *1 °C) | Room Temperature (25 °C *2 °C)

Initial 100.00+0.00 100.00+0.00
Month | 100.21+0.47 98.00+1.91
Month 2 101.74+0.90 102.69+2.31
Month 3 98.40+0.92 97.27+1.53

Note: Data are represented as meanSD (n=3), all data showed insignificant difference at p<0.05 monthly vs initial.

powders were statistically insignificant (p<<0.05) compared to the initial data, which guarantee the retention of the drugs
within the vesicles.

In vivo Pharmacokinetic Study

The analysis method was validated regarding linearity, selectivity/specificity, precision and accuracy according to ICH
guidelines.®’ No interference of the retention times of CIN and the endogenous plasma components was exhibited in
HPLC chromatogram of blank plasma spiked with CIN, indicating the selectivity of the analysis method. The retention
time of the CIN was 9.486+0.053 min. The linearity of the analysis method for the calibration curve of CIN in plasma
was achieved over a concentration range from 125 to 1250 ng/mL (correlation coefficient (%) equals 0.9978). The linear
regression equation was y=(139.409+2.383) x — (10206.4+462.64), where y was the CIN peak area, x was the
concentration of CIN in plasma (ng/mL), (139.409+2.383) was the slope #SEM and (10206.4+462.64) was the intercept
+SEM. The calculated QL and DL were 57.48 ng/mL and 18.97 ng/mL, respectively.

The precision values were in the range of (0.80+0.004 to 4.45+0.117%) and (3.9440.09 to 12.153+0.88%) for
intraday and interday measurements, respectively; while, the accuracy values were in the range of (90.01+2.31 to
102.76£1.37%) and (87.99+£2.51 to 105.616+3.49%) for intraday and interday measurements, respectively. Therefore,
the results were within the accepted criteria for both precision (nearly <15%) and accuracy (between 85% and 115%).

Figure 11 manifests the CIN plasma concentration-time curve following oral administration of the drug suspension,
reconstituted freeze-dried niosomal formulation F1 and optimized chitosomal formulation C2 to male Sprague Dawley
rats. The pharmacokinetic parameters were calculated and the data are listed in Table 8.

Both formulations (F1 and C2) achieved a significant (p<0.05) increase in C,,,x compared to that of the free CIN
(1121.634+49.596, 951.247+£35.975 and 584.30£58.37ng/mL, respectively). Additionally, the oral administration of F1
and C2 formulations enhanced the CIN relative bioavailability with respect to free drug by 1.45 and 2.79 folds,
respectively.
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Figure || Plasma concentration—time curve after oral administration of free CIN, niosomal formulation (FI) and chitosomal formulation (C2) to male Sprague Dawley rats.
Note: Each point represents the mean(SEM) (n=6).
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Table 8 Pharmacokinetic Parameters of Free Cinnarizine, Niosomal Formulation (FI) and Chitosomal Formulation (C2)

After Oral Administration to Male Sprague Dawley Rats

Pharmacokinetic Parameters Free CIN Niosomal Formulation (F1) Chitosomal Formulation (C2)
Ka(h™") 0.157£0.013 0.128+0.015 0.055+0.003***

t12(h) 4.556+0.307 5.853+0.809 12.851£0.66 | ***
Cax(ng/mL) 584.295+58.367 1121.634+49.596* 951.247+35.975*
Trax(h) 5 5 6
AUC_(ng.h/mL) 4585.981+307.867 6294.752+76.026* 7902.203+336.043***

AUC,...(ng.h/mL)

6013.908+369.880

8743.586+527.690*

16756.698+921.467***

AUMC,_,,(ng.h?/mL)

27536.998+1655.300

37312.885+366.878*

46101.431+2000.986***

AUMCo_w(ng.hzlmL) 54408.798+4496.685 90198.275+13870.88 319279.915+31793***
MRT (h) 9.040+0.455 10.050+0.896 18.882+1.058%**
% f rel - 145.389 278.632

Notes: Data are represented as mean+SEM (n=6); *Considered significant at (p<0.05) when compared to free CIN; **Considered significant at (p<0.05) when
compared to niosomal formulation (Fl).

Table 8 also underlined the remarkable higher AUC,_,, value of the chitosomal C2 formulation (16756.70+921.47 ng.
h/mL) than that of the niosomal F1 formulation (8743.59+£527.69 ng.h/mL) with an insignificant difference in their C,,«
values. Perceptibly, the optimized chitosomal formulation (C2) depicted a higher t;,, and delayed T, which highlighted
the sustained release of CIN from the CS coated formulation.”® The longer MRT of C2 was also an evident of the ability
of the prepared chitosome to prolong the release of CIN.* Discernably, the pharmacokinetic parameters (t;/2, Ciax, Tmaxo
AUC,_, and MRT) values pointed that C2 is a new perspective for improving CIN oral bioavailability.

The augmented bioavailability of niosomal (F1) and chitosomal (C2) formulations could be accredited to the higher
surface area exhibited by the nanosized vesicles.”> The superiority of the chitosomal formulation (C2) over the niosomal
formulation (F1) may be ascribed to the positively charged surface of the particles which allowed the electrostatic
attraction with the negatively charged gastrointestinal tract membrane.’®’” Additionally, CS could enhance the oral
absorption of CIN by the tight junction opening effect which facilitates the paracellular transport pathway.”® Overall
coating of the vesicles with CS is a promising paradigm to ameliorate CIN bioavailability.

In vitro—in vivo Correlation

As shown in Figure 12, it was obvious that the optimized chitosomal formulation (C2) exhibited a good in vitro-in vivo
correlation with r* value of 0.9618 at time intervals 0.5, 1, 2 and 4 h.
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Figure 12 In vitro-in vivo correlation of the optimized chitosomal formulation (C2).
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Conclusion

Mucoadhesive chitosan coated niosomes (chitosomes) containing CIN were successfully prepared. The vesicles exhibited
a PS of (440+ 13.03nm) and ZP of (+28.1% 0.1mv). The spherical contour of the particles was confirmed by TEM and SEM.
The data obtained from DSC, FTIR and XRPD revealed the drug encapsulation within vesicles and the compatibility between
the components. Thanks to the electrostatic force between the positively charged amino group of CS and the negatively
charged protein, the binding efficiency of the chitosomal formulation (C2) with mucin was 1.42-fold higher than that of the
corresponding uncoated niosomal formulation (F1). The ICsq of the optimized chitosomal formulation C2 on Caco-2 cells
exceeded that of the free CIN, signifying the safety of the formulation. Furthermore, the relative bioavailability of CIN was
highly ameliorated in chitosomal formulation over niosomal one, highlighting the prominent influence of CS in enhancing
CIN oral absorption. Interestingly, the optimized formulation (C2) greatly boosted the bioavailability of CIN and sustained its
release. Thus, chitosomes could be considered as a feasible strategy for oral administration of CIN. It is worthy to speculate
that chitosomes could be presented as prospective platform for their future evaluation in human.
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