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Abstract
The objective of present investigation was to prepare & evaluate the solid lipid nanoparticle (SLN) based gel
using an antifungal agent Miconazole nitrate (MN). Compatibility of drug and excipients were confirmed by
IR studies. The formulation was prepared by Micro emulsion and homogenization method using stearic acid
and tween 80. All the Solid lipid nanoparticle formulations were subjected to particle size, drug entrapment
efficiency, scanning electron microscopy and Differential Scanning Calorimetry. Formulation F2 resulted in
least SLN particle size. The F3-SLN dispersion showed higher entrapment efficiency of 78.7%. Scanning
Electron Microscopy of prepared SLN particles showed that prepared particles were spherical in shape and
surface was rough. The Differential Scanning Calorimetry of the SLN particles showed conversion of drug
from crystalline to amorphous state. The prepared SLN particles were dispersed in HPMC Carbopol gel. The
resulting SLN loaded gels were evaluated for appearance, spreadability and in vitro drug release. The SLN
loaded gels showed good appearance and spreadability. The invitro drug release of SLN gel was evaluated
using Franz diffusion cell using dialysis membrane 70 with phosphate buffer pH 7.4 as a dissolution media.
All the formulations showed drug release till 24hrs. It was concluded that Miconazole Nitrate loaded SLN
gel formulation containing Carbopol 940 in combination with Hydroxy Propyl Methyl Cellulose was
suitable for topical application since it showed prolonged drug release.
Keywords: Carbopol 940, Hydroxy Propyl Methyl Cellulose, Miconazole nitrate, solid lipid nanoparticle.
Introduction
Delivery of drug to the skin is an effective & targeted therapy for local dermatological disorders. 1 Topical
application have many advantages over the conventional dosage forms, especially to avoid some serious
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systemic adverse effect , when the drug is delivered topically it can penetrate deeper into skin and since
2

MN is a BCS class II drug have better penetration & hence it shows better absorption.3,4 Topical route of
drug delivery has gained popularity because it avoids the first pass effect, gastrointestinal irritation &
metabolic degradation associated with the oral administration. Solid lipid nanoparticles are the advanced
drug delivery system in which the active ingredient is incorporated into lipid carrier (e.g. Triglycerides, fatty
acid, steroids, partial glycerides & waxes) & it is stabilized by using the biocompatible surfactant such as
poloxamer, polysorbate, lecithin.5 SLN particle size ranges from 50 to 1000 nm.6 Poorly soluble drugs can
be formulated in the form of SLN alone, the SLN has been considered as promising carriers for drug
delivery. The SLN have higher entrapment efficiency for hydrophobic drugs in the core compared with
conventional liposomes.7
Gels are homogeneous, semisolid preparations. It consists of two-phase system in which organic particles
are not dissolved but merely dispersed throughout the continuous phase & large organic particles are
dissolved in continues phase. They are normally prepared with the suitable gelling agents like HPMC,
Carbopol & sodium CMC etc.8 Gels often provide a faster release of drug substance9 fungal infections are
very common in human beings especially in tropical regions.10,11 Fungal infection traditionally have been
divided into systemic & superficial

12

the antifungal agent are developed against some fungus to least the

serious fungal infections.
The antifungal agents are miconazole nitrate, ketoconazole, fluconazole etc. all those drugs work by slowing
the growth of fungi that cause infection (https://www.medscape.com/view). Miconazole nitrate is a broad
spectrum antifungal drug.13,14
MN has limited dissolution properties because of its poor aqueous solubility which also limits its antifungal
activity. MN has a higher efficacy in the treatment of anaerobic & protozoal bacterial infection of dermal,
buccal, vagina & oropharyngeal candidiasis.15,16
Experimental
Material and Methods:
Miconazole nitrate was received as a gift sample from Micro Labs limited, Hosur, HPMC and Carbopol 940,
stearic acid, tween 80, glycerol was kindly provided by East Point College of Pharmacy.
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Compatibility test by Infrared spectroscopy (FTIR)
The infrared spectroscopy was used to ensure the compatibility between drug and other excipients. The
physicochemical characterization was performed using FTIR spectroscopy. About 1-2mg of Samples were
mixed with the KBr pellets compressed into a disc, and then scanned from 4000 cm -1 to 400cm-1.
Preparation of MN loaded SLN dispersion:
SLNs loaded with the Miconazole Nitrate were prepared by Micro emulsion and homogenization method.
Miconazole Nitrate were dissolved in methanol and mixed with acetone solution containing stearic acid. The
above mixture is then sonicated for 20 minutes. The lipid mixture is added drop wise to the aqueous solution
(tween 80 solutions) & stirred at 3000 rpm for 50 minutes at 70ᵒ C temperature. The mixed solution is then
transferred to the icy water bath and stirred for 4 hours at 3000rpm.17 Different formulations of drug loaded
SLN was prepared by varying the concentration of stearic acid as shown in the table 1.
Table 1: Quantity of substances taken for preparation of Solid lipid Nano Particles based gel.
Formulation

Drug (mg)

code

Stearic

Tween 80

Carbopol

HPMC

acid (mg)

(%)

940 (mg)

(mg)

F1

100

1000

1.5

500

500

F2

100

1000

2

500

500

F3

100

1000

2.5

500

500

F4

100

1500

1.5

500

500

F5

100

1500

2

500

500

F6

100

1500

2.5

500

500

HPMC - Hydroxy Propyl Methyl Cellulose
Formulation of miconazole nitrate loaded SLN Based gel:
SLN gel was prepared by taking the required quantity of carbopol940 & HPMC are weighed & dispersed in
small quantity of distilled water to prepare aqueous dispersion. The dispersion was than hydrated for 2 to 3
hours. The glycerol was added subsequently to the aqueous dispersion then 1% of Miconazole Nitrate was
incorporated in it. Triethanolamine was added to the above dispersion using overhead stirrer.18-21
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Characterization of MN Loaded SLN Dispersion
The SLNs characterization parameters are particle size, particle distribution, zeta potential, drug entrapment
efficiency the details are described below:
Particle size, particle size Distribution Zeta potential:
The mean particle size and polydispersity index of SLN for size distribution was measured using Malvern
Master sizer.
Drug Entrapment efficiency: The encapsulation efficiency of nanoparticles was determined by dissolving
the nanoparticles in distilled water and then separating the nanoparticles from the aqueous medium by
ultracentrifugation at 5300rpm for 70 min. The supernatant solution was separated and diluted with
methanol. The amount of free Miconazole nitrate in the supernatant was measured by UV spectrophotometer
at 272 nm. The Miconazole nitrate entrapped in the nanoparticles was calculated by using below formula:
EE=(Wa-Ws/Wa)×100
Where EE is entrapment efficiency, Wa stands for mass miconazole nitrate added to the formulation and Ws
stands for analyzed weight of drug in supernatant.22-25
Scanning electron microscopy
The morphological characteristic of SLN was determined by Scanning electron microscopy. One drop of
sample was placed on a slide & excess water is left to dry at room temperature, then the slide was attached
to the specimen holder using a double coated adhesive tape & gold coated under vacuum using sputter
coater for 10mins and investigated.26
Differential scanning calorimeter Analysis (DSC)
The SLN were analyzed by using differential scanning calorimeter as maintaining a constant scanning
speed. The DSC Thermograms were obtained at temperature range of 30-2500C & scanned rate of 100C/
min. 27-29
Evaluation of Miconazole Nitrate Loaded SLN Gel
Physical appearance:
The prepared SLN gel was observed visually for the color, homogeneity.
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Spreadability study of SLN gel:
1g of SLN gel was placed between horizontal plates. A 100g of weight was placed on the upper glass plate
for 5 minutes to compress the formulation. The time in seconds to sperate the slides was taken as the
measure of spreadability. The spreadability was calculated by using the formula
S=M×L/T
Where S is spreadability, M is weight tied on upper slide, L is the length of glass slide & T is time taken
Invitro drug release studies of SLN based gel
The invitro drug release studies were performed by using Franz diffusion cell to evaluate the amount of MN
released from each formulation. It consists of donor Dialysis membrane 70 having pore size 2.4nm, the
surface area of release membrane was 3.14cm2. The receptor medium was approximately 45ml & composed
of phosphate buffer pH 7.4 stirred by magnetic bead at 100rpm to avoid differences in concentration within
the acceptor medium & to minimize stagnant layers. SLN based gels (equivalent to 1mg of drug (MN) were
placed in the donor compartment. During the experiments, the solution in receptor side was maintained at
37ᵒC+ 0.5ᵒC. After certain time intervals 3ml of the sample medium were withdrawn from receiver
compartment and same volume of freshly prepared receptor medium were added. The samples were
analyzed by uv-visible spectrophotometer at 272 nm. For each formulation, the release studies were
performed in triplicate.
Results and Discussion
FTIR Analysis
Data acquired from FTIR Spectrophotometric studies of drug excipients mixtures stored at 40ᵒC+2/75%+5
RH, indicates no significant changes in spectra. FTIR Spectra of Miconazole Nitrate and mixture of
Miconazole nitrate with excipients indicated no characteristic changes in spectra. The results of the FTIR
studies proved there is no incompatibility between miconazole nitrate and other selected excipients.
Particle size, particle size distribution & zeta potential
The particle size was determined by using Malvern Mastersizer. The particle size of different formulation F1
to F6 are 300, 163.5, 330, 1002, 257 and 205 nm respectively. F4 formulation showed highest particle size
since it contained high concentration of stearic acid and least concentration of tween 80. Formulation F2 was
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smallest SLN particles since it contained lesser amount of stearic acid and intermediate concentration of
tween 80.
Drug entrapment efficiency
From the results obtained, it was observed that the F3 have a higher entrapment as compared to other
formulation, F3 have 78.7% where as other formulation like F1 have 70.04%, F2 have 70.7%, F4 have
75.04%, F5 have 63% & F6 have 52.14% entrapment efficiency. Formulations containing 1000mg stearic
acid showed EE in 70% range with highest for F3. However, formulation containing 1500mg stearic acid
showed comparatively lower EE in the range 50-75%.
Scanning Electron Microscopy
The morphology of MN solid lipid nanoparticles is characterized by scanning electron microscopy. It was
evident from SEM (figure 1) of Formulation F3 that the shape of SLN particles was spherical and surface
was rough.
Figure 1: SEM of F3 Formulation.

Differential scanning calorimeter Analysis (DSC)
Differential Scanning Calorimetry (DSC) is one of the most widely used calorimetric techniques to
characterize the solubility and physical state of drug in lipid vesicles. The DSC analysis of the pure drug
MN (figure 2) and the prepared SLN of MN (figure 3) were studied. The DSC analysis for pure MN showed
a large endothermic peak at 186.13 °C, which represents the melting point of MN. This peak disappeared in
the DSC thermogram of MN SLN particles prepared with stearic acid and Tween 80. The disappearance of
the melting endotherm of MN suggested the presence of drug in a more soluble amorphous state. The
change in melting behavior of MN could be due to the inhibition of its crystallization and solubilization in
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solid lipid nanoparticles since the drug was dissolved in the methanol. Therefore, it could be concluded that
the MN in the prepared SLN particles was in an amorphous form. The physical state transformation of a
drug to an amorphous or partially amorphous state leads to a high-energy state and high disorder, resulting
in enhanced solubility in stearic acid and hence better permeation across skin.
Figure 2: DSC for Miconazole Nitrate.

Figure 3: DSC Graph for Miconazole nitrate loaded SLN

IJPT| June-2020| Vol. 12 | Issue No.2 | 32187-32198

Page 32193

V. Chandrakala*et al. /International Journal of Pharmacy & Technology
Evaluation of Miconazole Nitrate Loaded SLN Based Gel
Physical appearance:
All the formulation was found to be homogenous. The physical appearance of the MN loaded SLN gel was
found to be off white in color, had smooth texture and were translucent.
Spreadability study of SLN gel:
The Carbopol 940 and HPMC in combination shows good spreadability (table 2). Higher the value of
spreadability better the formulation of the SLN based gel. The highest spreadability was observed for the
formulation F6 with the spreadability value of 236.91 which may be due to the smaller SLN particle size.
The spreadability for formulation F4 was lesser which may be attributed to the larger particle size of the
SLN particles.
Table 2: Spreadability of SLN loaded gel.
Sl. No.

Formulation code

Spreadability (g.cm/sec)

1

F1

219.64

2

F2

200.04

3

F3

226.2

4

F4

209.7

5

F5

222.3

6

F6

236.91

In vitro release study of SLN gel
The invitro studies were performed to compare the release rate of the drug from the SLN gel formulation.
The details are shown in figure 4 Percent of drug release at the end of 24hrs was found be maximum for
formulation F6 (94.3%) and minimum for formulation F4 ((94.3%). There was no direct effect of stearic
acid on the drug release of the formulations. however minimum drug release for F4 may be attributed to the
larger size of SLN particles.

Similarly, maximum drug release for formulation F6 may be due to

comparatively smaller size of SLN particles.
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Figure 4: In vitro drug release profiles for formulation F1 to F6.

In vitro drug release profiles for formulation F1 to F6
100
90
80

F1

70

F2

% CDR

60

F3

50
F4

40
30

F6

20

F5

10
0
0

5

10

15

20

25

30

Time (hrs)

Conclusion
The Miconazole nitrate loaded solid lipid nanoparticle-based gel was successfully prepared for topical
delivery. The SLN dispersion was prepared by Micro emulsion and homogenization method, the
physicochemical characterization includes particle size, particle size distribution, scanning electron
microscopy, drug entrapment efficiency, spreadability, physical appearance, and drug release profile was
carried out. It was shown that stearic acid had no much influence on the entrapment but however size of the
SLN had an effect on drug release and spreadability of gels. The invitro drug release of SLN gel showed
prolonged drug release. It was concluded that Miconazole Nitrate loaded SLN gel formulation containing
Carbopol 940 in combination with HPMC was suitable for topical application & shows better results for
antifungal action
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