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ABSTRACT: Nystatin is bacterial originated polyene antifungal agent.
The aim of the study is to develop the niosomal nystatin gel for
transdermal administration. Formulations were developed using thin film
hydration technique. Developed formulations were characterized for
particle size, shape, % entrapment efficiency, in vitro drug release, etc.
After analyzing the results, best formulation is optimized and its zeta
potential, stability was determined. Niosomal gel was prepared with
optimized formulation using carbopol as gelling agent. In vitro drug
release from formulated niosomal gel and marketed preparation was
carried out. The niosomes appeared spherical in shape and the size range
of niosomes in all formulations was found to be 278±1.4 to 431±1.2nm.
Highest and least % entrapment was shown by FN3 (72.5±1.9) and FN5
(51.2±2.2) respectively. In vitro drug release of all formulations was
carried out using exhaustive dialysis method. FN3 formulation was
selected as an optimized formulation because of its good entrapment
efficiency and drug release pattern. In vitro & Ex vivo drug release
studies of niosomal gel and marketed formulation shown that niosomal
gel sustains the drug release than the marketed gel.

INTRODUCTION: Nystatin is bacterial originated
polyene antifungal agent. Many molds and yeast
infections, including candida, are sensitive to
nystatin. Cutaneous, vaginal, mucosal and
esophageal Candida infections usually respond well
to treatment with nystatin 1.
Cryptococcus is also sensitive to nystatin. Oftenly, it
is used as prophylaxis in patients who are at risk for
fungal infections, such as AIDS with a low CD4+
count and patients receiving chemotherapy 2.
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Though it has got significant value in the treatment
of fungal infections, its importance is decreasing
because
it’s
minimal
absorption
through
mucocutaneous membranes such as the gut and the
skin and also its toxic profile 3. Commercially
nystatin oral and topical dosage forms are available.
But its oral bioavailability is almost nil 4.
A high dose of nystatin is required to produce the
desired therapeutic effect [the doses varying from
100,000 (for oral infections) to 1 million (for
intestinal ones)]. This encourages the researchers to
develop new formulations to administer the drug
(nystatin) through the skin to enhance the
bioavailability of the nystatin. Researchers attempted
to develop liposomal nystatin topical preparations to
enhance the bioavailability of nystatin.
But,
literature revealed that the liposomal formulations
are unable to penetrate deeper layers of the skin and
are incapable to produce systemic effect 5.
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Literature also revealed that the liposomal
formulations are less stable and require more
attentiveness for manufacturing 6. This initiated the
authors to develop the niosomal nystatin formulation,
to achieve high bioavailability with fewer doses and
with less stability problems.
MATERIALS AND METHODS:
Materials: Nystatin obtained as gift sample from
Kremoint Pharma Pvt. Ltd, Thane, Maharastra.
Cholesterol, Spans purchased from Loba chemicals.
All used solvents are HPLC grade.
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Method: Niosomal suspensions were prepared by
the thin-film hydration method7. Accurately weighed
quantities of drug, surfactant (Span – 60 & Span 80), and Cholesterol were dissolved in chloroform in
a round-bottom flask. The chloroform was
evaporated at 60°C under reduced pressure using a
rotary flash evaporator (Buchi type). After
chloroform evaporation, the flask was kept under
vacuum overnight to remove residual solvent. The
thin film was hydrated with 10 ml of phosphate
buffer (PBS), pH 7.4, and the flask was kept rotating
at 60°C. Formulations were sonicated three times in
a bath-sonicator for 15 min with 5-min interval
between successive times. Composition of all
formulations was tabulated in table 1.

TABLE 1: COMPOSITION OF ALL FORMULATIONS
S. No.

Formulation code

1
2
3
4
5
6
7
8

FN1
FN2
FN3
FN4
FN5
FN6
FN7
FN8

API
100
100
100
100
100
100
100
100

CHARACTERIZATION:
Vesicle Morphology 8: The prepared niosomal
formulations
were
characterized
for
their
morphology using Scanning Electron Microscopy
(SEM). The SEM photographs are given Fig. 1. The

Composition
Non-ionic Surfactant
Span-60
Span-80
50
-100
-150
-200
--50
-100
-150
-200

Cholesterol
100
100
100
100
100
100
100
100

prepared niosomal suspension was diluted to suitable
extent with phosphate buffer and a drop of diluted
niosomal suspension was placed on a glass slide and
the average size of vesicles was measured using
optical microscope. The results were tabulated in
table 2.

FIG. 1: SEM PHOTOGRAPHS OF FN3 FORMULATION
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Entrapment Efficiency 9: Entrapment efficiency of
niosomal formulations was determined by separating
the unentrapped drug. Un-entrapped drug was
separated
by
ultracentrifugation
method.
Centrifugation of suitably diluted niosomal
suspension was carried out at 12000rpm for 20min.
The supernatant liquid was analyzed for unentrapped drug by UV spectrophotometer (PG
instruments) at 306nm. The results were confirmed
with dialysis method.
The results were tabulated in table 2.
Amount of drug entrapped, Qe = Total amount of
drug, Q – Amount of unentrapped drug, Qu
% entrapment efficiency = [Qe / Q] x 100
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In vitro Release Studies 10: In vitro release studies
of niosomal suspensions were performed using
exhaustive dialysis method and the results were
tabulated in table 3. Two side open ended glass tube
was taken and one side has been closed with semi
permeable membrane (Dialysis membrane, M. Wt
cut off: 12000).
The fabricated tube was used as donor compartment,
in which 1ml of suspension was taken and placed in
receptor compartment containing 100 ml phosphate
buffer. The dialysis was carried out at 50 rpm at
37±0.5°C for 8hrs. Every hour 2ml of sample was
withdrawn and same volume of fresh sample was
replaced to maintain sinc conditions. The samples
were suitably diluted and analyzed using UV
spectrophotometer at 306nm. The results were shown
graphically in fig. 2 and 3.

TABLE 2: VESICLES SIZE AND % ENTRAPMENT EFFICIENCY OF ALL NIOSOMAL FORMULATIONS
% Entrapment efficiency
S. No.
Formulation code
Vesicle size, nm
Centrifugation method
Dialysis method
1
FN1
363±2.3
59.4±3.2
62.7±2.9
2
FN2
326±1.5
63.7±2.6
61.5±1.7
3
FN3
281±1.7
72.5±1.9
73.7±2.3
4
FN4
278±1.4
72.8±2.4
73.6±1.8
5
FN5
431±1.2
51.2±2.2
47.9±1.1
6
FN6
366±2.1
56.6±1.6
58.8±2.1
7
FN7
298±1.9
59.3±2.1
63.2±3.3
8
FN8
289±1.2
61.9±2.6
58.5±1.9
TABLE 3: PERCENTAGE DRUG RELEASE FROM ALL NIOSOMAL FORMULATIONS
% Drug release from all formulations
S. No. Time (hrs)
FN1
FN2
FN3
FN4
FN5
FN6
1
0
0.00
0.00
0.00
0.00
0.00
0.00
2
1
9.09
7.22
6.48
4.81
11.33
6.89
3
2
17.23
14.94
13.13
9.60
21.96
14.48
4
3
28.77
22.06
19.38
17.39
34.42
27.39
5
4
35.19
30.76
26.48
24.82
43.27
36.36
6
5
43.11
38.56
33.87
28.72
51.34
44.66
7
6
51.54
45.45
39.09
37.03
60.37
52.08
8
7
58.47
51.54
47.04
46.85
75.06
72.21
9
8
66.22
61.21
54.34
53.89
84.81
77.97

FIG. 2: IN VITRO DRUG RELEASE FROM NIOSOMAL
PREPARATIONS PREPARED USING SPAN-60

FN7
0.00
6.58
15.00
21.95
31.76
42.14
48.55
54.75
63.77

FN8
0.00
5.49
11.12
19.64
28.52
35.02
41.68
52.51
61.82

FIG. 3: IN VITRO DRUG RELEASE FROM NIOSOMAL
PREPARATIONS PREPARED USING SPAN-80
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Kinetics of Drug Release 11: The mechanism of
nystatin release from niosomal formulations was
determined using the following mathematical
models: zero-order kinetics (cumulative % release vs
time), first-order kinetics (log % drug remaining vs
time), Higuchi kinetics (cumulative % drug release

vs. square root of time), Korsmeyer - Peppas (log
cumulative % drug release vs log time) and HixsonCrowel models (cubic root of drug remaining vs
time). The r2 and n values are calculated for the
linear curves obtained by regression analysis of the
above plots. The results tabulated in table 4.

TABLE 4: DETERMINATION OF ORDER OF RELEASE OF NYSTATIN FROM ALL NIOSOMAL FORMULATIONS
Zero Order
First Order
Higuchi
Korsmeyer - Peppas
Hixon crowel
Formulation
Mechanism of
code
drug release
R²
R²
R²
R²
n
R²
0.996
0.987
0.996
0.9
0.113
0.776
Fickian diffusion
FN1
0.998
0.98
0.998
0.912
0.121
0.802
Fickian diffusion
FN2
0.999
0.983
0.999
0.922
0.122
0.805
Fickian diffusion
FN3
0.994
0.974
0.994
0.912
0.136
0.836
Fickian diffusion
FN4
0.996
0.921
0.996
0.916
0.114
0.783
Fickian diffusion
FN5
0.987
0.917
0.987
0.908
0.140
0.844
Fickian diffusion
FN6
0.997
0.980
0.997
0.898
0.129
0.816
Fickian diffusion
FN7
0.993
0.956
0.993
0.920
0.140
0.848
Fickian diffusion
FN8

Zeta potential 12: Zeta potential of the optimized
formulation was measured by instrument zetasizer
nano ZS using DTS software (Malvern Instrument
Limited, UK) using M3-PALS technology.
Stability Studies 13: In the present study, the
stability of the vesicles was determined by slightly
modifying procedure given by Solanki et al.
Optimized formulation preserved at refrigerated
temperature (4-8±1°C) and room temperature
(25±2°C) for 30days. After 30days, shape, size and
% entrapment efficiency of vesicles were measured.
The results were compared with the initial size,

shape and % entrapment efficiency of both samples
and are tabulated in table 5.
Comparison of Drug Release with Marketed
preparation 14: Nystatin niosomal gel having
concentration of 0.5% w/w was prepared using
optimized formulation in carbopol-971 (gelling
agent). Ex vivo release studies of niosomal gel and
marketed preparation was carried out in an artificial
diffusion cell and the results were tabulated in table
6. Two side open ended glass tube was taken and one
side has been closed with rat abdominal skin (semi
permeable membrane).

TABLE 5: STABILITY STUDIES OF AN OPTIMIZED FORMULATION
Refrigerated temperature
S. No.

Formulation

1

Freshly prepared

2

After 1 month

Vesicles
shape
Spherical
shape
Spherical
shape

Room temperature

Vesicle size
(nm)

% EE

281±1.7

72.5±1.9

279±1.3

71.3±1.2

Vesicles
shape
Spherical
shape
Spherical
shape

Vesicles size
(nm)

% EE

281±1.7

72.5±1.9

269±2.7

67±2.3

TABLE 6: EX VIVO DRUG RELEASE FROM OPTIMIZED NIOSOMAL GEL AND MARKETED PREPARATION
% nystatin release from gels
S. No.
Time, Hrs
Niosomal Gel
Marketed Gel
1
0
0
0
2
1
8.2
24.1
3
2
13.4
42.3
4
3
23.7
69.6
5
4
27.1
78.8
6
5
30.5
89.2
7
6
35.4
96.1
8
7
39.6
97.4
9
8
44.2
98.2
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The fabricated tube was used as donor compartment,
in which 1g of gel was taken and placed in receptor
compartment containing 100 ml phosphate buffer pH
7.4. The diffusion was carried out at 50 rpm at 37°C
for 8hrs. Every hour 2ml of sample was withdrawn
and same volume of fresh sample was replaced to
maintain sink conditions. The samples were analyzed
using UV spectrophotometer at 306nm. The results
were presented graphically in fig. 4.

FIG. 4: EX VIVO DRUG RELEASE FROM OPTIMIZED
NIOSOMAL GEL AND MARKETED PREPARATION

Statistical analysis 15: Ex vivo release data obtained
from experiment was subjected to statistical analysis
using software GraphPad InStat. Statistical
significance was checked by Students t-test and
calculated p- value. A confidence limit of p<0.05
was fixed for interpretation of the results.
RESULTS AND DISCUSSION: The niosomes
appeared spherical in shape and are found to vary in
size. The average vesicle size was determined by
using optical microscope. The average size of
niosomes was found in the range of 278±1.4 to
431±1.2nm. The size of vesicles is decreased with
increase in the concentration of surfactant. This may
due to decrease in surface tension with increase in
the concentration of surfactant.
Entrapment efficiency of formulations was
determined by dialysis method and centrifugation
method. Both the methods have shown nearly similar
entrapment efficiency. The results showed that the
percentage entrapment efficiency increased with
increase in surfactant concentration.
Entrapment efficiency is more in case of span-60
niosomes rather than the niosomes prepared using
span-80. This may be due to that the Span-80 has the
lowest transition temperature (Tc = -12ºC) and span60 has high transition temperature (Tc =53ºC).
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In vitro diffusion studies of all formulations were
carried out in fabricated diffusion cell. From the
results shown in Table 3, one can conclude that the
drug release from niosomes decreases with increase
in the concentration of surfactant and also from the
data we shall conclude that niosomal formulations
prepared using Span 60 yielded a lower rate of drug
release compared to Span 80 niosomes, and this is in
accordance with a previous study done by Ruckmani
et al. (2000)16. This can be explained by the fact that
niosomes exhibit an alkyl chain length-dependent
release. The higher the chain length, the lower the
release rate (Devaraj et al., 2002) 17. The nystatin
release from FN4 formulation is highly sustained
than that of other niosomal preparations.
Table 4 shows that all formulations follow zero-order
kinetics as they exhibited highest r2 values than the
first order kinetics. Calculation of Higuchi’s
correlation coefficient confirms that drug release was
proportional to the square root of time indicating that
nystatin release from niosomes was diffusion
controlled. The n value from the Korsemeyer-Peppas
model for nystatin niosomal formulation was
between 0.113 and 0.140 which confirms the Fickian
type diffusion. Release profiles fitted into a HixsonCrowell model further confirmed that drug release
from niosomes followed Fickian type diffusion.
Similar results were obtained by Arica et al.,
(1995)18, A.S. Guinedi et al., (2005) 19.
Further analyzing the release data of all formulations,
one can conclude FN3 formulation is the best
formulation as it has shown highest r2 value (0.999)
for zero order. This states that FN3 formulation is
best among all.
By considering the vesicle size, entrapment
efficiency and release pattern, authors considered
FN3 as the best formulation and its zetapotential was
measured as it influences on the physical stability of
formulation. Its zeta potential was measured as 25mV. The value showed that the vesicles have
sufficient charge to repel each other and prevents the
aggregation there by avoids the physical instability.
Stability study of optimized formulation was carried
out by exposing it to refrigerate and room (elevated)
temperatures for one month. After one month, shape,
size and % entrapment efficiency of niosomes were
compared with the initial size, shape and %
entrapment efficiency.
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Shape of the niosomes in both samples was not
changed whereas change was observed with size and
% entrapment efficiency. The variation in size and %
entrapment efficiency is more in niosomes prepared
using span-80 than that of the niosomes prepared
using span-60. This variation is more in sample
which was stored at room temperature than the
sample stored at refrigerated temperature.
Ex vivo drug diffusion of niosomal gel and marketed
preparation was carried out in a fabricated diffusion
cell. The drug release from niosomal gel is
comparatively slow than the drug release from
marketed preparation. This states that niosomal
preparation sustains the drug release than the
conventional preparation.
The present work revealed that the niosomes are
useful carriers for sustained drug delivery through
the skin. The drug release from niosomes against
conventional gel was significantly comparable
(p<0.003) and to achieve sustained drug delivery.
CONCLUSION: The results emphasizing that
niosomal delivery is one of the useful techniques for
achieving the sustained drug delivery and thereby
enhancing the bioavailability of nystatin.
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