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Background: Cyclosporine A (CsA) is an exceptional immunosuppressant used for the
treatment of immune disorders. Niosomal vesicles are promising drug carriers that are
formed by self-association of nonionic surfactants and cholesterol in an aqueous phase.
The objective of the study was to formulate combined nonionic surfactant based vesicles
and to evaluate their in vitro characterization, release studies and in vivo studies.
Materials and Methods: Five niosomal formulations (F; to F;;) were prepared using the
thin film hydration method. The molar ratio of cholesterol and non-ionic surfactant taken was
1:1. In formulation F,, the combination of surfactants Span 20 and Brij 35 was used. The
niosomes were characterized by zeta sizer and SEM for particle size analysis, in vitro drug
release and stability studies. The pharmacokinetic studies were conducted on healthy albino
rabbits.

Results: The size of niosome was found in the range of 427.1 nm to 972.3 nm. SEM image
of optimized formulations F;, exhibit the spherical nature of niosomal vesicles. DSC
thermograms of niosomal formulations exhibited a broadened endothermic peak. The stabi-
lity study exhibited that all formulations are stable and negligible change of vesicle size and
entrapment was observed with time. The percentage drug release was significantly higher as
compared to CsA plain dispersion for all niosomal formulations at pH 1.2 and 7.4. The
release kinetic behavior showed that all preparations were best described by zero order and
can release active ingredient in a sustained manner. The pharmacokinetic data showed the
test formulation (F10) possessed greater bioavailability as compared to the reference for-
mulation (CsA aqueous dispersion).

Conclusion: The formulation F;y demonstrated a comparatively more delayed rate of
release with enhanced dissolution as compared to a single surfactant scheme. The Fyq
formulation can be a remarkable nanotechnology for prolonged delivery of CsA orally
with improved dissolution profile and bioavailability.

Keywords: in vitro study, cyclosporine A, niosomes, nonionic surfactants

Introduction

An ideal drug delivery system must transport the drug to the site of action and
effectively release it over a predetermined amount of time." Colloidal particulate
carriers like niosomes and liposomes act as drug delivery systems having distinctive
advantages over conventional dosage forms.” Niosomes can act as drug reservoirs
from which the active pharmaceutical ingredient can be released at the targeted site
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and the release of drug can be adjusted by changing the
composition of the niosomes.’

Cyclosporine A (CsA) has revolutionized transplant
medicine. Initially discovered while searching for
novel antifungal agents, it was established to have
many immunologic properties that made it a peculiar
agent for immunosuppression following renal and other
solid organ transplants.* The data from United Network
for Organ Sharing (UNOS) from 1998 to 2007 reveals
current one-year survival rates to be 96.6. CsA has
nephrotoxic effects but it was found that CsA nephro-
toxicity may be dose dependent and reversible upon
dose reductions or discontinuation of the drug.’ CsA
is an immunosuppressive drug that acts selectively on
T-cells by inhibiting calcineurin phosphorylase. It is
also used in psoriasis and for the treatment of various
inflammatory skin conditions, including atopic derma-
titis, blistering disorders, and connective tissue
diseases.’

Niosomes reduce the nephrotoxicity of the drugs as
exhibited in the study of niosomes of nystatin.”
Niosomes behave in vivo like liposomes, prolonging
the circulation of the entrapped drug and altering its
organ distribution and metabolic stability. Furthermore
they are more stable and economical than liposomes.®

In this study, niosomes were developed to improve
the solubility profile of CsA and to enhance the oral
bioavailability. The nonionic surfactants were used to
enhance the solubility and bioavailability of CsA. Five
niosomal formulations were developed, ie, F;, Fg, Fo,
F,o and F;;. In formulations F;, Fg and Fo nonionic
surfactants span 20, brij 35 and span 60 were used
The

a combination of span 20 and brij 35 along with an

respectively. formulation  F;y  contained
equimolar concentration of cholesterol and in formula-
tion F;; span 60 and brij 35 were used along with an
equimolar concentration of cholesterol (1:1). These non-
ionic surfactants were also used previously in research
for development of niosomes, eg, in a study by
Yoshioka et al span 60 and span 80 were used success-
fully to prepare niosomes.” Span 20 and brij 35 were
also used for niosomal formulation of salbutamol along
with cholesterol.'® In the current study these nonionic
surfactants were used for the first time to prepare nio-
somes of CsA. Then, in vitro characterization, drug
release and bioavailability studies of these developed

formulations were investigated.

Materials and Methods

Materials

Polyoxyl (23) lauryl ether (brij 35) was purchased from
Avonchem Ltd, Macclesfield, Cheshire SK11 6PJ, United
Kingdom. Sorbitan monostearate (span 60), and sorbitan
monododecanoate (span 20) were procured from Daejung
Chemicals & Metals Co., Ltd. CsA was obtained from
Xi’an Lyphar Biotech Co., Ltd, China. Cholesterol and
I-hexadecyl pyridinium chloride monohydrate were
GmbH & Co., KG.
Chloroform and methyl alcohol were taken from Daejung
Chemicals and Metals Co., Ltd, Korea. Distilled water was

prepared in the pharmaceutics laboratory, Department of

acquired from Alfa Aesar

Pharmaceutics, Government
Faisalabad, Pakistan.

College  University,

Solubility Studies

The solubility studies were carried out in phosphate buffer
saline pH 1.2 and 7.4. Fixed amount of drug was added to
the phosphate buffer saline (pH 1.2 and 7.4) containing
various concentrations of surfactant (span 20, brij 35 and
span 60) and cholesterol. These samples were placed on an
orbit shaker for 24 h at 37 °C. Samples were collected and
filtered through a membrane filter (0.45 um). The concen-
tration of CsA was determined using a UV-Visible spectro-
photometer (PerkinElmer, USA) at the wavelength of 210
nm with a proper dilution.

Preparation of Niosomal Formulations
Thin film hydration method was used for the preparation of
niosomal formulations of immunosuppressant drug (CsA)."!
In a 250 mL round-bottomed flask appropriate quantities of
surfactant and cholesterol in different molar ratios as given
in Table 1 were dissolved in 15 mL of chloroform/methanol
mixture (2:1, v/v). In each formulation 25 mg (21 umoles) of
CsA and 2.5% of charge inducer 1-Hexadecyl pyridinium
chloride monohydrate was incorporated. This mixture was
allowed to rotate in a rotary evaporator at 60—65 °C under
vacuum until a thin film was formed on the wall of the flask.
This thin film was then hydrated with 20 mL phosphate
buffer saline (pH 7.4), in a water bath along with gentle
stirring at 60 °C for 1 h. Then this niosomal system was
allowed to mature overnight at 4 °C."2

Preparation of Physical Mixtures
For the preparation of physical mixtures equimolar quan-
tities of CsA, cholesterol and nonionic surfactants were
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mixed in a pestle and mortar. Physical mixture 3 (PM;)
was prepared by span 20, brij 35, cholesterol and CsA, and
physical mixture 4 (PM,) was prepared by span 60, brij
35, cholesterol and CsA in ratio (1:1:1:1). In mortar the
constituents were mixed by pestle for about 15 min to
prepare a homogenous physical mixtures.'

Thermal Analysis

Thermal properties of CsA, niosomal formulations, physi-
cal mixtures and other ingredients were investigated with
differential scanning calorimetry (DSC) (TA Instruments
SDT-Q600 Simultaneous TGA/DSC).
placed in an aluminum pan and sealed. The rate of purging

Samples were
was taken at 50 mL min '. Thermograms were taken at
a scan rate of 10 °C min ' by heating the samples from
10 °C to 250 °C under nitrogen atmosphere.'*

Measurement of Size and Zeta Potential

of Vesicles

The mean size of niosomal vesicles, polydispersity index
(PDI) and zeta potential were evaluated using zetasizer
(Malvern zetasizer version 7.11, UK) at 24 °C. The nio-
somal formulations were diluted with double distilled
water for analysis. All measurements were conducted in
triplicate and then results were presented as a mean along
with standard deviation.'*

Study of Morphology of Niosomes

To study the shape and morphology of niosomes, scanning
electron microscopy was used. A drop of optimized nio-
somal formulation F, was taken and put on an aluminum
stub with adhesive silver tape. Under vacuum, aluminum
stubs were stored overnight. Then, by utilizing gold film of
thickness 0.20 pm, sputter coated. At suitable magnifica-
tion photographs were taken.'>'® Energy-dispersive X-ray
analysis (EDX) of selected niosomal formulation (F,¢) was
also done for elemental analysis. In this study the
standards used were CaCO; (C), SiO, (O), Albite (Na)
and KCI (C1)."”

Drug Entrapment Studies

The Agilentz1200 series HPLC technique was employed
to analyze CsA. The system was furnished with auto-
and heated
compartment.'® In it G1315B Diode-array detector

sampler, quaternary pump column
(DAD) was employed. For drug entrapment studies of

niosomes ultracentrifugation method was utilized at

12,000 x g. Ultracentrifugation was done at 4 °C for
30 minutes. To disrupt the niosomes methanol was
used.'” The mobile phase used was water-acetonitrile
in 3:7 (v/v). The column used was nucleosil CI18
(25 cm x 3.2 mm, 5 pm particle size) and operated at
70 °C. The
Injections using 20 uL fixed loop were made and chro-

flow rate was taken at 1.2 mL/min.

matograms were recorded at 210 nm.*°

Stability Studies

The stability of CsA loaded niosomes was examined at
different storage conditions. The stability was determined
at two different conditions as mentioned in ICH stability
guidelines. The niosomal formulations were stored in
a refrigerator at temperature (4-8 °C) and a climatic cham-
ber at 24+2 °C in transparent vessels. Specimens were
taken at appropriate time intervals for up to 3 months.
Vesicle size, zeta potential and entrapment was evaluated
to characterize the stability profile. Visual examination
was also done to evaluate any color changes in

formulation.'>?!

Drug Release Studies

In vitro release of niosomal formulations (F;-F;;) and
drug aqueous suspension was studied using a dialysis
bag. Release studies were performed at gastric pH (1.2)
and intestinal pH (7.4) by using phosphate buffer saline
(PBS). Over night a dialysis membrane was soaked in
distilled water. One end was sealed with a clip then
1 mL of formulation or aqueous drug suspension was
pipetted into the dialysis membrane and the bag was
sealed with another closure clip to prevent leakage. The
dialysis bag was placed in 100 mL of PBS of pH 1.2 or
pH 7.4 at 37 £ 2 °C. The medium acted as receptor
compartment and was stirred at 100 rpm. Samples of
medium (2 mL) were withdrawn at 0, 0.25, 0.50, 0.75,
1, 1.25, 1.75, 2.5, 4, 5.5, 8, 12, 16, 20 and 24 h. The
same amount of fresh PBS was added when sample was
collected.”? The samples were analyzed by utilizing
HPLC.'® Results were the mean value of three runs.
The mechanism of release of CsA was determined by
applying mathematical models like zero order kinetics,
first order kinetics, higuchi kinetics and korsmeyer-
Peppas models.

Pharmacokinetic Studies
The niosomal preparations (F,y) were studied for
in vivo performance of niosomal vesicles in twelve
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Table | Composition of Different Niosomal Formulations

Sr. No. Formulation Code Molar Ratio (Surfactant: Cholesterol) Cholesterol Surfactant (mg)
m
(me) Name Quantity
| F; I:1 96.66 Span 20 86.61
2 Fg I:1 96.66 Brij 35 299.88
3 Fo I:1 96.66 Span 60 107.65
Surfactants (mg)
Span 20 Brij 35
4 Fio I:1 96.66 43.31 149.94
Span 60 Brij 35
5 Fiy I:1 96.66 53.83 149.94

healthy albino rabbits. The animals received care in
compliance to the principles of Laboratory animal
care and the guide for the care and use of laboratory
‘3Rs’
ARRIVE guidelines for use of animals in research. The

animals. The study complies with the and
Fio and CsA aqueous dispersion were respectively
administered to rabbits by oral route at an equivalent
dose of 10 mg/kg CsA.**** Single dose (non-crossover
design) was used for in vivo study of optimized nio-
somal preparations. Twelve healthy male albino rabbits
weighing 1.2-1.6 Kg (average weight of 1.5 Kg) were
chosen. Each carrier of CsA was administered to
a group with 6 rabbits (n= 6). Rabbits were retained
in a light controlled room. Its average temperature was
maintained at (2242 °C) and humidity at (50-60%).

The rabbits were not allowed to eat for twelve hours,
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Figure | Solubility profile of CsA with nonionic surfactants at pH 1.2 and 7.4.

before the administration of dose with sufficiently
available water ad libitum.*®> On the day of experiment,
rabbits were engaged in restrainers of metal. Dose of
CsA (10 mg/Kg) of two carriers of CsA were adminis-
tered by oral route to each group of rabbits by utilizing
a flexible catheter. After administration of the dose,
samples of blood (1 mL) were drawn from the jugular
vein of the rabbits at 0, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6,
8, 12 and 24 hours. The samples of blood were col-
lected in EDTA tubes. After collecting blood samples
the rabbits were reverted to their appropriate cages.23
A simple and rapid HPLC method was used for esti-
mation of CsA in rabbit plasma. The Agilentz1200
series HPLC technique was employed to analyze CsA.
The system was furnished with autosampler, quaternary
pump, and heated column compartment. In it a G1315B
Diode-array detector (DAD) was employed and the
column used was Nucleosil C18 (25 cm %z3.2 mm, 5
um particle size). The effluents were evaluated at
a wavelength of 210 nm. To prepare the sample for
HPLC analysis the protein precipitation method was
used. Plasma level time profiles of niosomal prepara-
tions and aqueous dispersion were evaluated for
twenty-four hours. Microsoft Excel based Pk solver
was used to determine pharmacokinetic parameters.

Data Analysis and Statistics

Data are expressed as mean + SD. Analysis of variance
(ANOVA) was used to evaluate results of mean values of
size of niosomes, entrapment efficiency of niosomal pre-
parations. ANOVA was conducted at 95% confidence
interval by GraphPad Prism 6 software. The significance
was defined at p values < 0.05.
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Solubility Studies \f

The effect of different concentration surfactants on the \/’— F10
solubility of CsA were studied at pH 1.2 and 7.4. The F9
combination of span 60, cholesterol and brij 35 enhance \//./—

the solubility of the drug up to 7180% at pH 1.2 and 7.4 S

respectively as shown in Figure 1. The use of span 20,
cholesterol and brij 35 in combined form significantly
enhance the solubility of CsA by more than 9096% at
pH 1.2 and 7.4 respectively as shown in Figure 1. The
maximum solubility was observed at pH 7.4. The simi-
lar findings of solubility studies of carvedilol using
surfactant were previously reported by Incecayir, in
2015.%°

Preparation of Niosomes

Niosomes of CsA were successfully prepared by thin
film hydration method as reported earlier with slight
modifications. The different ratios of surfactants and
cholesterol used in niosomal formulation are given in
Table 1. In formulation F, Fg and Fy_span 20, Brij 35
and span 60 were used along with cholesterol in molar
ratio 1:1. In formulation F;y a combination of span 20
and Brij 35 was used along with cholesterol, and in
formulation F;; a combination of span 60 and Brij 35
was used along with cholesterol. 1-Hexadecyl pyridi-
nium chloride monohydrate was added to the formula-
tions that act as a positive charge inducer. It provides
more effective drug delivery and keeps the niosomal
formulation stable for a long period of time.

Thermal Analysis

Pure raw ingredients, physical mixtures and formulations
of niosomes were analyzed through thermal analysis. In
Figure 2, DSC thermograms of span 20, brij 35, physical
mixture 3 (PM3;), physical mixture 4 (PM,) and F,, Fg, Fo,
Fyo and F;; are demonstrated. DSC thermograms of brij 35

3 F7
£ \’\/_-
> PM 4
< /(
o PM 3
I /—A

Brij 35

/—— Span 20

0 50 100 150 200 250
Temperature (°C)

Figure 2 DSC thermograms of Span 20, Brij 35, physical mixture 3 (PM3), physical
mixture 4 (PMy), F7, Fg, Fo, Fjo and F;; formulations.

and span 20 depicted the peculiar endothermic melting
peaks. The DSC thermograms of physical mixtures and
F;-F;; showed the melting range of ingredients and
CsA.?*® DSC thermograms of niosomal formulations
exhibited a broadened endothermic peak which showed
improved solubility, dissolution and the sustained release
nature of formulations.”* The outcomes of DSC demon-
strated that among the active and inactive ingredients used
in this niosomal formulation there is no significant

interaction.>®

Table 2 Mean Size, Polydispersity Index and Zeta Potential of Niosomal Formulations

Code of Formulation Size (nm) Polydispersity Index Zeta Potential (mV)
F; 525.6 £ 0.124 0.365 £ 0.032 262 %36
Fg 427.1 £ 0.165 0.259 £ 0.021 307 £ 2.8
Fo 9723 £ 0.172 0.392 £ 0.09 285 %32
Fio 562.5 £ 0.236 0.321 £ 0.043 353 +£23
Fiy 867.9 + 0.327 0.497 £ 0.033 316 £2.1

Notes: Data are mean * standard deviation; in all formulations the category of surfactant significantly affect the size of the niosomes (p <0.05).
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Figure 3 Size (A) and zeta potential (B) of niosomal formulations.

Size and Zeta Potential of Niosomal

Vesicles

The mean size, polydispersity index (PDI) and zeta
potential of niosomal preparations is given in Table 2.
All niosomes have a size range of 427.1 nm to 972.3
nm. The graphical representation is given in Figure 3A.
Cholesterol is one of the important constituents of nio-
somes that can influence their physicochemical charac-
teristics and stability. The molar ratio of surfactant and
taken as 1:1. The addition of

cholesterol was

SEM HV: 10.0 kV VEGA3 TESCAN

BI: 5.00 Date(m/dly): 01/02/19

Figure 4 SEM appearance of optimized formulation Fo.
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Niosomal formulations

cholesterol can enhance the bilayer hydrophobicity,
leading to a decrease in the surface free energy and
therefore a decrease of particle size and enhanced
entrapment efficiency.’!

It is well established that the size of niosomes is
dependent on the length of the alkyl chain of the
surfactants. Surfactants with longer alkyl chains gen-
erally give larger vesicles. This might be the reason for
the smaller particle size of span 20 and larger particle
size of span 60 niosome. Span 20 showed compara-
tively a lesser degree of polydispersity. The size of
niosomes depends upon the chain length of surfactant.
As the length carbon increases, the size of niosomes
also increases. In this study the size of niosomes of
formulation Fg and F;; containing span 60 are higher
than other formulations. It was due to the fact that
Span 60 has a longer saturated alkyl chain as compared
to span 20 and it was reported that surfactants with
longer alkyl chains generally give larger vesicles.*

The range of polydispersity index found was 0.259
to 0.497. This value was considered to be within the
range sufficient for attaining stable and aggregation
resistant systems.>® The range of zeta potential of nio-
somes was from 26.2 to 35.3 mV. The graphical

Table 3 Atomic % and Weight % of Elements in EDX Spectra of
Formulation Fq

Sr. No. Elements Weight % Atomic %
| CK 61.20 77.95

2 oK 3.00 2.87

3 Na K 15.93 10.60

4 CIK 19.87 8.57
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keV

Figure 5 EDX spectra of selected niosomal formulation Fo.

representation of zeta potential is given in Figure 3B.
These values are sufficient to provide acceptable repul-
sion between vesicles to prevent the aggregation and
provide stable niosomes.*'

Morphology of Niosomes
Scanning electron microscopy (SEM) was employed for
morphological study. The SEM image of optimized for-
mulation F is presented in Figure 4. In the current study
the SEM image of optimized formulation F exhibits the
spherical nature of niosomal vesicles, which was also alike
to the niosomes of naltrexone prepared by using sorbitan
monostearate.”* Furthermore the mean niosome size was
in good agreement with the size that was obtained by
Malvern zetasizer. SEM of formulation F,;, showed the
smooth surface of niosomes formed. Some unevenness of
vesicles that were observed under the study may be due to
the drying process. Similar results were exhibited in nio-
somes of cefdinir.'®

EDX spectra were used for the elemental analysis
or chemical characterization of a sample. EDX spectra
of selected niosomal formulation F;y, is shown in
Figure 5 and in Table 3 atomic % and weight % of
elements in formulation F;, are demonstrated. The
atomic % of C K, Na K, Cl K and Na K was 77.95,
10.60, 8.57 and 2.87 respectively.

Drug Entrapment Studies
Niosomes were separated using ultracentrifugation, and
the percentage entrapment efficiency of CsA in different

Table 4 Mean Entrapment Efficiency of Niosomal Formulations

Code of Surfactant | (Surfactant: Entrapment

Formulation Cholesterol) Efficiency (%)

F; Span 20 I:1 52.73 £ 0.45

Fg Brij 35 H 63.28 £ 0.24

Fo Span 60 H 46.34 + 0.54
Span 20 + Brij 35: cholesterol

Fio I:1 89.31 £ 0.37
Span 60 + Brij 35: cholesterol

Fii H 73.82 £ 0.29

Notes: Data are mean * standard deviation; in all niosomal formulations, entrap-
ment efficiency was significantly different from each other p <0.05.

formulations determined by HPLC is given below in
Table 4. The niosomal formulation F;, demonstrated
the highest entrapment efficiency of 89.31%. In formu-
lations F,, Fg and Fg nonionic surfactants span 20, brij
35 and span 60 were used along with cholesterol in ratio
(1:1) respectively as shown in Table 4. In formulation
Fio a combination of span 20 and brij 35 was used
along with cholesterol and in formulation F;; span 60
and brij 35 were used along with cholesterol in equimo-
lar ratio (1:1). Formulation F;, showed maximum
entrapment efficiency (89.31 + 0.37).
The this fact
a combination of brij 35 and span 20 surfactants in

explanation for was due to
niosomes, which result in more stable and less leaky
niosomal vesicles. Brij 35 has a lengthy lauryl (c12)
chain, so the long chain effects the HLB of surfactants
and also results in a raised drug entrapment and
improved stability. Cholesterol was also a very signifi-
cant additive added in the niosomal preparation to
formulate stable niosomes. Cholesterol prevents leaki-
ness, stabilizes bilayer, and reduces pervasion of
solutes encircled in the aqueous core of niosomes.
The molar ratio of cholesterol and non-ionic surfactant
was 1:1, and this exhibited better results in the case of
Fio. Similarly, in a study of proniosomal gel of flurbi-
profen, the surfactant brij 35 was utilized which
high
a combination of surfactants, span 20 gives high

resulted in entrapment  efficiency.®> In

entrapment efficiency, as shown in a study of niosomes
of diacerein, a combination of sorbitan monolaurate

and poloxamer 184 results in high entrapment

efficiency.®®
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- Stability Studies of Niosomal
E Formulations
o ~ <+
8 at] ) o @« ) . .
[ M + o 3 + For stability studies at the end of each month the
s s v N . . . .
E E i % b 2 o vesicle size and zeta potential of CsA niosomes was
Aed ~ ~ o~ ™M o~
evaluated for the duration of 3 months. The variation in
+ + + + + vesicle size, PDI and zeta potential of niosomal for-
N -~ | = N .
< | A 3 ﬁ T38| %8 % § 3 § mulations F,—F;; at temperature 4-8 °C and 25+2 °C
€| & So|cc|co|cso|o o ) .
g over three months is presented in Tables 5 and 6
9 | H H H H respectively. For stability studies the entrapment effi-
'-E NEIX?|gm (5888|538 ciency was also evaluated at the termination of each
0w <o n o <+ © o < < @
month for the duration of three months. For stability
% studies the % entrapment efficiency of niosomal for-
% * i ® 3 ~ mulations F,, Fg, Fg, F;, and F;; were determined at
a2 (-9 + +H
s ssS| X 3 hy H = temperature 4-8 °C and at 2542 °C at 0, 1, 2 and 3
o NE|X & N & _ month intervals and presented in Table 7.
o The results demonstrated that with the passage of time
=
= B RO AR I R there is a slight change in vesicle size and zeta potential.
£ 2] H38|me |8 83|53 e . .
vlg|® cS|cc|co|cso|o o The variation in size of niosomes was comparatively
® 5 N N N N N greater at 25 °C than 4 °C as shown in Tables 5 and 6.
= .. .
ol e Tl e 2ald3n]|20| 3o This is due to the temperature effect on niosomal prepara-
SIS |8 IR |8 . . . . .
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~
2 = occur owing to molecular movements with the passage of
g 8 . L
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"3_ P - " " " " % stability. In general all preparations were found stable.
'-E *E % ® ol 9 N o g The percentage entrapment of selected niosomal for-
N < < .
P o i - i i ‘:;;a mulation Fy, was decreased from 87.51 to 86.93% at 4°C.
c X
% " " " i " £ Similarly, at 25°C, it was decreased from 87.51 to 86.39%.
?35 fa) 833|883 8|a¢% § ¢ In the current study the competency of niosomal vesicles
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8 ~ . w o 2 g . . . .
g N E| S8 R & - - §  So these niosomes can be an effective formulation with
N ® . .
o § good stability but it is better to store them at 4-8 °C. In
< [=
g _ g o ; = ; - ; o ; o | @ stability studies, CsA leakage at high temperature was
n . g e .. .
a 2 221881282232 |e maybe due to the high flexibility of lipid bilayers.>®
X 2
ﬁ g + + + + + *;'
YIF|8Elsx|nglde|dal2a|E DrugRelease Studies
9|lo |0 <o > | <+ < ~ i ) .
=~ il > R 8 The release data of CsA, which was developed by for-
§° " 'g mulations F,, Fg, Fg, Fig, and F;; and drug aqueous
_‘C% ,§ 5 suspension in phosphate buffer saline solutions at two
@) L . .
% g dissimilar pH (1.2 and 7.4), are presented in Figures 6
W F & p p g
% 58 ° - g and 7 respectively. The percentage drug release was
S | uw O Ty o iy w uw S - . L .
- z significantly higher as compared to CsA plain dispersion
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Notes: Data demonstrated mean + SD (n = 3). The mean changes in size, PDI and zeta potential were insignificant (p>0.05).

for all niosomal formulations at pH 1.2 and 7.4 as
presented in Figures 6 and 7. This showed the solubili-
zation effect of CsA in the surfactant vesicles, which
resulted in augmented release of the drug. The dissolu-
tion profile was also improved in all the formulations.
At pH 1.2 the percentage of drug released in 24 hours
by F;-F{; was 82%, 87%, 91%, 71% and 76% respec-
tively. And percentage drug released at pH 7.4 in 24
hours by F;-F;; was 63%, 67%, 73%, 53% and 60%
respectively.

In vitro release studies showed sustained release beha-
vior in all formulations (F;—F;;). At low pH 1.2 the cumu-
lative drug release was greater as compared to at pH 7.4,
this may be due to the effect of pH on release of CsA.
Similar results were achieved in the in vitro release of
diacerein niosomal vesicles’® and niosomal formulations
for prolonged delivery of clarithromycin.*® So it was
established that formulated niosomal vesicles are compe-
titive candidates for increasing the solubility of CsA and
can result in improved bioavailability.

Release Kinetic Behaviour

The in vitro release data was applied to different kinetic
models to determine the mechanism of release of drug
from niosomal formulations. The constant of release and
regression coefficient (1*) was evaluated from the slope of
suitable plots. The data of release studies of niosomal
preparations at pH 1.2 and 7.4 was fitted into zero order,
first order, Higuchi model and Korsemeyer Peppas models.
Kinetic modeling of formulations F; to F; at pH 1.2 and
pH 7.4 is presented in Table 8.

All formulations exhibited raised R* values for zero
order kinetic as associated to first order. The results
established that all preparations were best described by
zero order, and can release active ingredients in
a sustained manner. The dosage forms which follow
zero order kinetics release equal quantity of active phar-
maceutical agent by unit of time and it is the best
technique of drug release to accomplish a delayed
effect.*! The data of in vitro release demonstrated that
the release of CsA from all niosomal preparations was
most fitted to the Higuchi model which is a diffusion-
controlled mechanism. So high R? values were detected
in the Higuchi plots, and the drug release was very close
to Higuchi kinetics in all preparations. So the drug
diffuses at a slower rate as the distance for diffusion
increases, referred to the square root kinetics. These
findings are consistent with niosomes of metoprolol. In
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Table 7 Stability Studies of Cyclosporine a Niosomes at Different Temperatures
Sr. No. Month Temperature 4-8 °C Temperature 25 °C
% Entrapment Efficiency % Entrapment Efficiency
F7 F8 F9 FIO F|| F7 F8 F9 FIO F||
| 0 52.73 63.28 46.34 87.51 73.82 52.73 | 63.28 46.34 87.51 73.82
2 I 52.65 63.05 46.17 87.38 73.54 52.31 | 62.94 46.07 87.28 73.46
3 2 52.37 62.96 46.03 87.12 73.45 51.95 | 62.53 45.72 87.02 73.15
4 3 52.19 62.81 45.87 86.93 73.27 51.62 | 62.04 45.25 86.39 72.68

which the data of in
release of metoprolol
film was best fitted to the Higuchi mode

The model of Korsemeyer-Peppas was applied to all

vitro release showed that the

from niosomal dispersion and
142

preparations and n value was determined. It indicated
a good linearity for all the preparations. For niosomal
formulations F,; to F;; the values of “n” were in the
range of 0.531 to 0.821. In these formulations the
release exponent (n) suggests the drug transport
mechanism is non-fickian (anomalous). The R* value
for selected niosomal formulation Fyy is comparatively
high for the Higuchi equation. The n value of selected
niosomal formulation Fo at pH 1.2 and 7.4 is 0.531 and
0.562 respectively, so the drug transport mechanism is
through anomalous transport which depicts a coupling
of erosion and diffusion mechanisms.*' These findings
were parallel to release kinetics modeling of niosomes
of tenofovir disoproxil fumarate. The Korsmeyer-Peppas
model exhibited good linearity for all preparations.'’
The Korsmeyer-Peppas models values of release expo-

nent (n) established in our research were similar with
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% Cumulative drug release
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Figure 6 Drug release profiles of formulations F;-F|, and drug aqueous suspension
at pH 1.2

the niosomal preparation of aceclofenac. In this nioso-
mal formulation of aceclofenac follows model of

[T 1)

Korsmeyer-Peppas. The “n” value was found in the
range of 0.60 to 0.79 which also indicates that release
is non fickian (anomalous), ie, a combination of erosion
and diffusion.** Similarly, in the proniosomes of risper-
idone the n value was found to be 0.7751 which also

exhibited an anomalous release of the drug.**

Pharmacokinetic Studies

In the bioavailability study, F10 (test formulation) and
aqueous drug dispersion (reference formulation) were
used. The concentration of CsA in whole blood was
determined after a single dosage administration to
healthy albino rabbits. The graphical presentation of
blood concentration verses time plots of optimized nio-
somal formulations F10 and aqueous drug dispersion is
presented in Figure 8. The pharmacokinetic parameters
like Cpaxs Tmax, AUCoy, and MRTqine obs, €tc are
demonstrated in Table 9. Niosomal formulation F10
exhibited a higher blood concentration of CsA than the
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@©
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Figure 7 Drug release profiles of formulations F;-F,, and drug aqueous suspension
at pH 7.4.
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Table 8 Drug Release Data and Kinetic Modeling of 2500
Formulations F;-F|, at pH 1.2 and 7.4 .
-
Formulations | Zero First Higuchi Korsemeyer- § 2000-
o
Order | Order | Equation | Peppas £
R? R? R? R? N g’ 1500 -o- CsA aqueous dispersion
< -0~ F10 Niosomal formulation
pH 1.2 S
5
F; 0.9379 | 0.55 0.9843 0.9799 | 0.618 = 1000
Fg 0.9337 | 0.525 0.9854 0.9857 | 0.642 ‘E’
Fo 0.9344 | 0.5199 | 0.9901 0.9909 | 0.783 3 500
Fio 0.9315 | 0.541 0.9739 0.9781 | 0.531 S
Fi 0.9378 | 0.5333 | 0.9846 0.9834 | 0.574 o
0 T T T T T T T 1
pH 7.4 0 3 6 9 12 15 18 21 2
F; 0.9218 | 0.5828 | 0.9888 0.9866 | 0.635 Time (Hrs)
Fg 0.9218 | 0.572 0.9878 0.9874 | 0.687
Fo 0.9249 0.5683 0.9934 0.9913 | 0.821 Figure 8 Pharmacokinetic profile of FI0 niosomal formulation and aqueous dis-
E 0.8565 0.4606 0.9768 09909 | 0.562 persion of CsA in healthy albino rabbits.
10 - B . . N
Fr 0.8848 | 0.4942 | 0.986 0.9833 | 0.593

aqueous dispersion of CsA. At all data points the dif-
ference was significant (p<0.05) for both niosomal pre-
F10. The of blood drug

concentrations may be due to the increased retention

parations high values
of niosomes in the gastrointestinal tract and due to lipids
and nonionic surfactants.*> It may also be due to lipo-
philicity of the components of the formulation and the
small size of the vesicles.*® It was observed that nioso-
mal formulation F10 exhibited relatively greater blood
concentrations as compared to the aqueous dispersion.
The increased bioavailability of these formulations was
maybe the result of well-packed bimolecular film for-
mation by mixed nonionic surfactants, uniform vesicle
size, and higher lipid concentration was incorporated in
niosomes to establish a positive charge, for the reason
that charged vesicles are described to be additionally

proficient for drug delivery.*’

The mean + SD values of Cmax for the F10 formula-
tion was calculated as 1968.419 + 107.91 ng/mL and it
was 1073.87 + 69.56 ng/mL for Frg and aqueous drug
ANOVA
showed a significant difference in the Cmax values
(P<0.05) for niosomal formulation and Cmax of the CsA

aqueous dispersion. The greater value of Cmax of nioso-

dispersion (reference formulation). results

mal formulations as compared to aqueous drug dispersion
clearly indicates the enhanced bioavailability of CsA.
These outcomes might be the result of the impact of
nonionic surfactants and cholesterol. Generally, colloidal
systems have a tendency to improve the bioavailability of
BCS class II drugs orally like CsA, which exhibit low
aqueous solubility and high permeability. In the absorption
of BCS class II drugs, dissolution is the rate-limiting step.
So a slight increase in dissolution rate owing to a raised
surface area can result in substantial improvement in oral
absorption.*® Raised blood drug concentrations of nioso-
mal formulations might be due to the nonionic surfactants,

Table 9 Mean Pharmacokinetic Parameters of Niosomal Formulations F10 and CsA Aqueous Dispersion Administered in Dose (10

Mg/Kg) Orally to Albino Rabbits (n=6)

Sr. No. Pharmacokinetic Parameters Niosomal Formulation (F10) CsA Aqueous Dispersion
| Cmax (ng.mL-1) 1968.42 + 107.91 1073.87 * 69.56

2 Tmax (h) 237 £0.23 I.16 £ 0.29

3 AUC 0-t (ng/mL*h) n 15,671.27 + 935.36 5253.501 + 868.30

4 MRT 0-inf_obs (h) h 10.51 +0.55 5.427286 + 0.6929

5 Vz/F_obs (mg)/(ng/mL) | 0.0053 + 0.00023 0.0099 £ 0.0016

6 tiz (h) h 6.516 + 0.34 3.68 £ 0.703

7 Lambda z (I/h) h 0.107 % 0.0055 0.196 + 0.045
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which act as penetration enhancers. Other factors include
improved penetration of mucosa which results from the
lipophilic nature of niosomal vesicles, small size of vesi-
cles and higher rate of dissolution and solubility in con-
trast to aqueous suspensions. Furthermore, the surface
charge of the F10 formulation was 35.2 mV. This may
also enhance vesicle uptake and transcytosis through
M-cells of Peyer’s patches in the small intestine.*®

In the current investigation, the mean + SD values of
AUC,; for niosomal formulation F10 were 15,671.27 +
935.36 ng.h.mL "', Whereas it was 5253.501 + 868.30 ng.h.
mL ™" for the control plain dispersion. The results of ANOVA
demonstrated that values of AUCy of both the niosomal
formulation was significantly higher (p<0.05) as compared
to the control plain dispersion. This may be due to the
presence of hydrophobic surfactants, ie, span 20 and brij
35, in the formulation of F10. MRT is the mean residence
time of the unchanged drug in the systemic circulation.*” The
value of MRT_;,r of F10 niosomal formulations were calcu-
lated as 10.50651 £ 0.5519 hrs and the values of MRT 0-inf
for control plain dispersion of the CsA was 5.427286 +
0.6929 hrs. The values of half-life (t;,) determined in the
current study were 3.683 + 0.703 hrs and 6.515 £ 0.3380 hrs
for control plain dispersion and F10 formulation respectively.
The results of ANOVA demonstrated a significant difference
between the t;, of niosomal formulations and plain. The
improved half-life of niosomal formulations can be
explained by the effect of nonionic surfactants.

Conclusion

The niosomal formulations of CsA were successfully
developed by using span 20, brij 35 and span 60. The
mixed surfactant system of span 20 and brij 35 gives
maximum entrapment of 89.31% along with cholesterol
in formulation F;3. DSC thermograms of niosomal for-
mulations exhibited a broadened endothermic peak
which showed improved solubility, dissolution and the
sustained release nature of formulations. In vitro release
studies showed that the dissolution profile was improved.
Furthermore all formulations exhibit sustain release
behavior. These formulations follow zero order kinetic
models. The Korsemeyer-Peppas model showed that
release of the drug is non fickian (anomalous). So it
was concluded that CsA can be encapsulated in nio-
somes by using nonionic surfactants, ie, span 20 and
brij 35, with a high dissolution profile. The bioavailabil-
ity studies showed the bioavailability of F10 niosomal
formulation was greater as compared to the aqueous

dispersion of CsA. The bioavailability of this developed
niosomal formulation can be conducted on human volun-
teers. In future, the topical delivery of CsA through the
niosomal formulation will be conducted on animal as

well as on human volunteers.
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