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ABSTRACT 

Objective: The present research work of Amphotericin B Proniosomal gel focuses on improving patient compliance by reducing the side effects of 
conventional intravenous injections and minimizing the problem of physical stability and to localize drug at site of action. 

Methods: Proniosomal gels are prepared by coacervation phase separation technique using different concentration of non-ionic surfactants (Span 
and Tween) for uniform vesicle formation, lecithin as permeation enhancer/membrane stabilizer and cholesterol as a vesicle cement providing 
prolonged release. Prepared gels were evaluated for their viscosity, pH, spreadability, entrapment efficiency, drug content uniformity, extrudability, 
in vitro drug release, permeability and stability studies. 

Results: Among the nine formulations, F2 (containing 10 mg drug, 250 mg Span 60, 50 mg Soya lecithin) was found to be promising. Fourier 
Transform infra-red (FT-IR) spectra studies represented no interaction and physicochemical characteristics were found within the limits. The 
percentages of drug content and entrapment efficiency were determined to be 95.16%±0.40 and 94.20%±0.20, respectively. In vitro drug release 
was about 95.72%±0.30. 

Conclusion: Proniosomal gel could constitute a promising approach for topical delivery of Amphotericin B by encapsulating it in non-ionic 
surfactant to provide patient compliance with cutaneous fungal infection, which was found to be safe, tolerable and efficacious. 
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INTRODUCTION 

Although drugs for oral and intravenous administration can be 
commonly used to treat skin conditions, they can also cause 
gastrointestinal irritation and minimise the effects of first pass 
metabolism. An alternative route is the use of vesicular drug 
encapsulation methods that include liposomes, niosomes, 
proniosomes, etc., which encapsulate the drug moiety in non-ionic 
surfactant vesicles. These are mainly used for achieving controlled 
release and increasing the retention time of the drug in the body and 
avoiding systemic absorption [1]. Formalized paraphraseIn vesicular 
drug delivery systems, lipid vesicles encapsulate the drug, which 
enters the cell membrane and, thus, enhances the bioavailability and 
disposition of the drug. They broadly include liposomes and 
niosomes [2]. 

Proniosomes are much more advanced than liposomes and 
niosomes, which is a provesicular carrier that showcasts both an 
improvisation in their physicochemical properties like prolonged 
stability, easy transportation, distribution and storage and also of 
pharmacological properties like prolonged existence in the systemic 
circulation, controlled release of the drug, augmented penetration to 
target organs via different routes of administration and reduced 
toxicity. These vesicles can encapsulate both hydrophobic and 
hydrophilic drugs, thus acting as a promising candidate for drug 
delivery [4]. Formal paraphraseNon-ionic surfactants are used in the 
formation of vesicles because of their benefits with respect to 
stability, maintaining physiological pH, compatibility, and toxicity 
[5]. Formal paraphraseCholesterol forms a bilayered vesicle and also 
increases the stability of the prepared vesicles. Cholesterol subsides 
the ability of the surfactant to form aggregates and eventually 
provides greater stability to the lipid bilayer [6]. Formalized 
paraphraseSoya lecithin acts: (a) as a permeation enhancer; (b) 
increases drug entrapment; (c) due to an increase in lipophilicity, it 
changes into smaller sizes and results in a reduction of vesicle size; 

and (d) avoids the leakage of drug [7]. Formalized paraphrase 
Amphotericin B is an antifungal polyene antibiotic that is commonly 
used intravenously to treat visceral leishmaniasis. However, it is not 
always considered as an effective treatment for cutaneous 
leishmaniasis (CL) based on the infecting species [8]. Formalized 
paraphraseIt opens the Leishmania membrane and activates its ion 
channels and aqueous pores by binding to ergosterol, which makes 
the bilayer thinner and increases permeability as well as loss of 
intracellular compounds, resulting in lysis and parasite death [9]. 
Amphotericin B intravenous injections cause severe toxicity, 
particularly nephrotoxicity in the case of conventional Amp B [10]. 
Hence, the current work deals with the formulation and 
characterization of topical proniosomal gel using cholesterol, soya 
lecithin and non-ionic surfactants as prime excipients. 

MATERIALS AND METHODS 

Materials 

Amphotericin B was a generous gift sample from Piramal Pharma 
Ltd, Navi Mumbai, India. Cholesterol, Span (40, 60, 80), Tween (20, 
60,80), Phosphate Buffer Saline, Ethanol, Methanol, Carbopol 934, 
Methyl paraben, Triethanolamine were procured from Vishal 
Chemicals and were of an analytical and pharmacopeial grade. 

Methods 

Preformulation studies 

Determination of melting point of the drug 

The melting point of Amphotericin B was determined by using 
capillary tube method using a melting point apparatus. 

Fourier transform infrared spectroscopy (FT-IR) studies 

Compatibility of Amphotericin B with excipients was confirmed by 
FTIR studies. The FTIR study was conducted using potassium 
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bromide (KBr) disc (pellet) method. FT-IR (IR Affinity S1, Shimadzu, 
Kyoto, Japan) was used to analyze pure drug Amphotericin B, 
Cholesterol, Soya lecithin, non-ionic surfactants (Span 40, Span 60, 
Span 80), carbopol, and their physical mixture in the same amount. 

Differential scanning calorimetry (DSC) studies 

The Differential Scanning Calorimetry (DSC) thermogram of Amp B 
drug was analyzed using Differential Scanning Calorimetry equipped 
with a computerized data station. The sample was weighed and 
heated in a closed pierced aluminium pan at a heating rate of 10 
°C/min between 30 °C and 300 °C with a nitrogen flow rate of 25 
ml/min. It illustrates the interaction of various materials at various 
temperatures. It also allows studying the possible degradation 
pathways of the materials. It gives an idea of the physical and 
chemical interactions between the drugs.  

Determination of absorption maximum (λ max) of the drug 

A stock solution of the drug was prepared using phosphate buffer 
solution (PBS) at pH 7.4 to give concentration of 100 ppm. 1 ml of 
the above solution was diluted up to 10 ml in a volumetric flask to 
give concentration of 10 ppm. Wavelength was adjusted from 800-
200 nm to find the absorbance maxima. 

Preparation of proniosomal suspension 

Proniosomes were formulated using the coacervation phase 
separation method, with some advancements using different 
surfactants from Span and Tween for topical application. The 
composition of different proniosomal formulations is outlined in 
table 1. In a glass vial, 10 mg of Amphotericin B was added along 
with the surfactant and cholesterol. Add the required quantity of 
ethanol and heat it over a water bath at about 60-70 °C for 5 min by 
closing the glass tube to prevent loss of solvent while shaking until 
the complete dissolution of cholesterol. After complete dissolution of 
the solution, add 1 ml of phosphate buffer saline and warm for 
another 5 min until the formation of a clear or translucent solution. 
The formulation was cooled down at room temperature to get a 
clear milky white solution of proniosomes [11]. 

Preparation of proniosomal gel 

In distilled water, a solution of carbopol 934 (2% w/v) was 
allowed to swell for 3-4 h. 2 ml of proniosomal suspension was 
added into carbopol 934 containing glycerin, methyl paraben and 
mixed with mechanical stirring. Triethanolamine was added to 
adjust pH and was sonicated for 15 min and kept overnight to 
remove air bubbles [12]. 

 

Table 1: Composition of proniosomal suspension 

Formulation ingredients Formulation code 
F1 F2 F3 F4 F5 F6 F7 F8 F9 

Amp B (mg) 10 10 10 10 10 10 5 5 5 
Cholesterol (mg) 25 25 25 25 25 25 15 15 15 
Soya Lecithin (mg) 50 50 50 50 50 50 30 30 30 
Span 40 (mg) 250 - - - - - 150 - - 
Span 60 (mg) - 250 - - - - - 150 - 
Span 80 (mg) - - 250 - - - - - 150 
Tween 20 (mg) - - - 250 - - - - - 
Tween 60 (mg) - - - - 250 - - - - 
Tween 80 (mg) - - - - - 250 - - - 
Ethanol (ml) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Phosphate buffer saline (ml) Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml Upto 2 ml 

  

Vesicle size and shape 

By optical microscope 

Proniosomal suspension (0.1g) was diluted with phosphate buffer 
pH 7.4 (10 ml) and sonicated for about 2 min. A drop was placed on 
a glass slide and the shape of vesicles was measured using an optical 
microscope at magnification powers of 10X, 45X and pictograms 
were recorded [13]. 

Measurement of vesicle size 

The mean particle size diameter and size distribution (poly 
dispersity index, PI) were determined by the Malvern Zeta sizer. 
Each sample was run 3 times and analysis was continued at 25 °C 
with a scattering angle of 173 °C [14]. 

By scanning electron microscope 

The surface morphology of proniosomes was studied by Scanning 
Electron Microscopy (SEM). The shape of the formulation and the 
sizes of the vesicles were determined by SEM. A drop of proniosomal 
suspension was placed on the specimen stub which was coated with 
carbon and then with gold vapour appeared using a Hitachi vacuum 
evaporator. The samples were examined under a scanning electron 
microscope for vesicular shape and then photographed [15]. 

Determination of zeta potential 

The zeta potential of the proniosomal formulation was analyzed at 
25 °C using Zeta sizer. Proniosomal suspension was diluted 100 
times with doubled-distilled water and voltage was set at 1.4 V and 
electrodes were placed in dispersion for the measurement of zeta 
potential. Each sample was run 3 times and analysis was continued 
at 25 °C with a scattering angle of 173 °C [16]. 

Determination of entrapment efficiency by centrifugation 

The proniosomal suspension (0.1g) was taken in a test tube and 
reconstituted with 10 ml Isotonic phosphate buffer of pH 7.4. This 
aqueous solution was sonicated in a sonicator bath. The drug 
containing niosomes were separated from the dispersion by 
centrifugation at 3000 rpm for 30 min at 20 °C. The supernatant (1 
ml) was taken and diluted with phosphate buffer (in 10 ml 
volumetric flask). And again, from stock solution, 1 ml was 
withdrawn and transferred to a 10 ml volumetric flask and made up 
to the mark with buffer. The drug concentration in the resulting 
solution was assayed by UV-visible spectroscopy method. The 
percentage of drug encapsulation was calculated by the following 
formula: [17] 

EE(%) =  [(Ct– Cr)/Ct] X 100 

Where, EE= Entrapment Efficiency,  

Ct = Concentration of total drug,  

Cr = Concentration of unentrapped drug 

Drug content 

Standard Preparation 

Standard solution was prepared with 10 mg of Amphotericin B 
dissolved in 1 ml of ethanol and 4 ml of phosphate buffer pH 7.4 in a 
10 ml volumetric flask. Diluted and made up to 10 ml phosphate 
buffer pH 7.4  

Sample preparation 

Weigh 2 ml of suspension containing 10 mg of drug and add 1 ml of 
ethanol and 4 ml of phosphate buffer to a 10 ml volumetric flask and 
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sonicate until dissolved. Make up the final volume with buffer. 
Absorbance was measured at 408 nm [18]. 

Drug Content (DC): 
Sample Absorbance

Standard Absorbance
X Dose 

%Drug Content:− DC X 100/Dose 

Evaluation of proniosomal gel 

Physical appearance and homogeneity 

The physical appearance and homogeneity of the prepared gels were 
tested by visual observations after the gel had been set in the 
container. They were analysed for their appearance and the 
existence of any aggregates [19]. 

Viscosity 

The measurement of the viscosity of the prepared proniosomal gel 
was done with a Brookfield Viscometer (DV-E). 10g of gel formulation 
was measured by rotating the spindle 64 at 12 rpm at 37 °C because 
gel comes under the High Viscosity (HA) category [20]. 

Measurement of pH 

The pH measurements are performed in triplicate using a digital pH 
meter. Before measurements, the pH meter was calibrated and 
readings were taken by dipping the glass electrode into the gel 
formulations [21]. 

Spreadability 

The Spreadability was identified with the following procedure: 0.5g 
of gel was placed within a circle of 1 cm diameter premarked on a 
glass plate over which a second glass plate was placed. A weight of 
50g was allowed to rest on the upper glass plate. Due to spreading of 
the gels, the diameter was increased and noted. The time in s taken 
in order to separate the two slides was measured as Spreadability. 
The mean diameter was determined by repeating the experiment 
thrice [22]. 

S =  m X L/t 

Where,  

S: Spreadability;  

m: weight of load;  

L: length travelled by upper slide;  

t: time in seconds 

Drug content 

Standard preparation 

Standard solution was prepared with 10 mg of Amphotericin B 
dissolved in 1 ml of ethanol and 4 ml of phosphate buffer pH 7.4 in a 
10 ml volumetric flask. Diluted and made up to 10 ml of pH 7.4 
phosphate buffer.  

Sample preparation 

Weigh 2g of gel containing 10 mg of drug and add 1 ml of ethanol 
and 4 ml of phosphate buffer to a 10 ml volumetric flask and 
sonicate until dissolved. Make up the final volume with the buffer. 
The resulting solution was filtered using Whatman filter paper, and 
1 ml of filtered solution was taken and transferred into a volumetric 
flask containing 10 ml of phosphate buffer pH 7.4 and the volume 
was made up to the mark with phosphate buffer pH 7.4 and 
absorbance was measured at 408 nm [23]. 

Extrudability 

The extrusion of the gel from the tube is an important aspect during 
its application and patient acceptance. This study is helpful in 
elaborating whether the gel has the ability to remove itself from the 
collapsible tube during application. Viscous gels may not extrude 
easily from the tube, whereas less viscous gels may flow readily, and 
hence, suitable consistency is required in order to extrude the gel 
from the tube. The formulations were filled into the collapsible 

aluminium tubes. The tubes were stressed to extrude 0.5 cm of gel in 
10s, and the extrudability of formulations were analyzed [24]. 

In vitro drug release study 

An in vitro drug release study of proniosomal gel was carried out by 
using a dialysis bag with a 70µ pore size as the donor compartment. 
Proniosomal gel equivalent to 10 mg was taken in a dialysis bag, 
placed in a buffer containing phosphate buffer solution pH 7.4 which 
acted as receptor compartment. Before use, a standard dialysis 
membrane was soaked in pH 7.4 for 24 h or it can be soaked in 
warm water for 10 min. Both ends were sealed with thread by 
adding a proniosomal gel formulation. The dialysis membrane with 
gel was tied to the paddle apparatus with a dissolution medium 
(phosphate buffer pH 7.4) of 500 ml at a speed of 50 rpm and 
maintained at 37 °C. At a predetermined interval of 24 h, samples 
were withdrawn and replaced with 3 ml of fresh phosphate buffer 
solution to maintain the sink condition throughout the experiment. 
The samples withdrawn were diluted and analysed by a UV-visible 
spectrophotometer at 408 nm [25]. 

In vitro diffusion studies 

An in vitro diffusion study was performed by using Franz diffusion 
cell assembly. It consists of two compartments, one of the receptor 
chambers containing a Phosphate Buffer Saline (PBS) of pH 7.4 and 
another donor compartment containing proniosomal gel of 10 mg of 
the drug. A dialysis membrane (molecular size 12000-14000) was 
previously soaked for 24h. The dialysis membrane was placed in 
contact with PBS filled in the receptor compartment to avoid 
disruption in the ongoing process; it was ensured that no air bubbles 
were seen between the dialysis membrane and the liquid surface of 
PBS. The temperature was maintained at 37 °C±0.5 at 50rpm using a 
magnetic stirrer. 0.5 ml of the sample was withdrawn from the 
receptor chamber side tube at the time interval of 15 min, 30 min, 45 
min, 1h, 2h, 4h, 6h, 8h, 12h, and 24h and equilibrated with a new or 
fresh dissolution medium to maintain a sink state. Suitable dilution 
was carried out and was spectroscopically analysed at a λ max of 
240 nm using UV-visible spectroscopy (Shimadzu, UV-1800) [15]. 

Ex-vivo permeability study 

A skin permeation study was performed using a Franz diffusion cell 
with an effective diffusion area. The experiment was carried out 
using freshly killed goat dorsal skin obtained from the local 
slaughter house and stored at 18 °C in the physiological salt solution. 
The skin was first flushed with a physiological solution at room 
temperature for 2h to remove any skin content. Skin was shaved 
using a blade to remove subcutaneous tissue and the dermis side 
was cleaned with isopropyl alcohol to remove adhering fat. The 
cleared skin was cleaned with distilled water. A circular piece of skin 
(about 3 cm) was sandwiched between the donor and receptor 
compartment of the vertical diffusion chamber and 1g of drug 
loaded proniosomal gel was added to the mucosal side. In the donor 
compartment, the formulation was placed in intimate contact with 
the skin. The receptor compartment was filled with phosphate 
buffer pH 7.4, kept at 37 °C±5, and stirred with a magnetic stirrer. At 
appropriate intervals, 3 ml aliquots of the receptor medium was 
withdrawn and immediately replaced with an equal volume of fresh 
receptor solution. Samples were analysed by UV-visible 
spectrophotometer at 408 nm using phosphate buffer pH 7.4 as 
blank [26]. 

Anti-fungal studies 

Candida albicans slant as obtained from the microbiology 
department of Patkar College, Mumbai. 5 ml Sabouraud Dextrose 
Broth (SDB) was added to the slant and incubated for 24 h for the 
growth of Candida albicans. 2.6g of Sabouraud Dextrose Agar (SDA) 
was added to 40 ml of distilled water in conical flask and stoppered 
with a cotton plug and autoclaved for 15 min at 15lbs of pressure. 
After cooling it at room temperature, pour 20 ml into two sterile 
petri plates between two flames, swirl the plates to remove air 
bubbles, and let it solidify at room temperature near the sterile area. 
Addition of Candida albicans through a cotton swab and streaked in 
all directions into the solidified agar, bore four wells from the sterile 
borer to add the proniosomal gel formulation. Incubate at 25-30 °C 
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for 72h for inhibition of fungi and observe the Zone of Inhibition and 
measure the diameter in mm; the greater the zone of inhibition, the 
more susceptible is the formulation [27]. 

Stability study 

Th stability of the proniosomal suspension was performed as per 
International Council on Harmonisation (ICH) guidelines for 3 mo. 
sufficient quantities of the proniosomal gel formulations were sealed 
in 10g collapsible aluminium tubes in triplicate. The samples were 
withdrawn at each mo over a period of 3 mo, and leakage of drug 
from the formulation was analysed for drug content by using a UV-
visible spectrophotometer [28]. 

RESULTS AND DISCUSSION 

Determination of melting point of the drug  

The Melting point of Amphotericin B was found to be in the range of 
97.8 °C-199 °C shown in fig. 7 and it complies with the Indian 
Pharmacopoeia (IP) standard, thus indicating the purity of the sample.  

Drug excipient compatibility studies by FTIR  

The Fourier Transform Infrared Radiation (FT-IR) spectrum of 
Amphotericin B powder was shown in fig. 1. The results reveal 
identical spectra for the tested powder and the reference. Where, 
characteristic peaks and other principle peaks are shown in table No. 
2. The structural characterization of cholesterol was performed by 
recording FT-IR spectra of the samples. The comparison between the 
spectrum of pure Amphotericin B powder with cholesterol shows the 
presence of Amphotericin B and cholesterol bands similar to each one 
alone. No incompatibilities was present and no new bands appear as 
shown in fig. 2. The spectra in the mixture of Amphotericin B with 
span 60 are similar to those in fig. 4. No drug interaction was present 
and no new bands appeared. The Infrared Radiation (IR) spectrum of 
Amphotericin B (drug), physical mixture with excipients in fig. 6, was 
recorded and it was found in accordance with the reported peaks. 
There were no observed significant peak shifts and no generation of a 
new peak, although there might be no possible interaction between 
drug and excipients. The FTIR spectrum was found to be 
unadulterated, stable and unaltered [29]. 

 

 

Fig. 1: IR spectrum of pure amphotericin B 
 

 

Fig. 2: IR spectrum of amphotericin B and cholesterol 
 

Table 2: Infrared spectral assignment for amphotericin B 

S. 
No. 

Functional 
group 

Reported 
frequency 
(cm-1) 

Frequency 
of drug 
(cm-1) 

Frequency of drug 
and cholesterol 
(cm-1) 

Frequency of drug 
and soya lecithin 
(cm-1) 

Frequency of 
drug and Span 60 
(cm-1) 

Frequency of drug 
and carbopol (cm-
1) 

1. O-H (S) 3500-3200 3356.14 3360.00 3352.28 3358.07 - 
2. C=O(S) 1760-1690 1693.50 1693.50 1732.08 1693.50 1693.50 
3. =C-H bend 1000-650 999.13 999.13 999.13 997.30 999.13 
4. C-O (S) 1300-1000 1180.44 1180.44 1178.51 1180.44 1174.65 
5. N-H Aromatic 

2° amine (S) 
3250-3400 3356.14 3360.00 3352.28 3358.07 - 

From the above results, it could be inferred that the drug remained intact and no chemical interaction appeared to occur between the drug and 
excipients therein. 
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Fig. 3: IR spectrum of amphotericin B and soya lecithin 
 

 

Fig. 4: IR spectrum of amphotericin B and span 60 
 

 

Fig. 5: IR spectrum of amphotericin B and carbopol 934 
 

 

Fig. 6: IR spectrum of amphotericin b and physical mixture (Span 60, Cholesterol, Soya Lecithin, Carbopol 934) 
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Fig. 7: Differential scanning calorimeter (DSC) thermogram of amphotericin B 

 

 

Fig. 8: UV spectrum of amphotericin B at 408 nm 

 

DSC thermogram of drug  

The DSC thermogram of drug showed a broad endothermic peak due 
to the loss of moisture attributed to the loss of adsorbed water (Amp 
B is hygroscopic in nature). Two characteristic endothermic peaks 
were observed for Amp B at 97.8 °C to 199.0 °C as shown in fig. 7. 
Similar findings were observed in the reference. However, the 
complete disappearance of the characteristic endothermic peaks for 
Amp B from the thermograms was a strong evidence of an 
amorphous transformation that is favourable to rapid bioavailability 
during in vivo drug release [30]. 

Determination of λ max  

A concentration of 10μg/ml was prepared from a standard 
Amphotericin B solution scanned by a UV-visible spectrometer in 

the range of 200-800 nm using pH 7.4 PBS as a blank, then the 
maximum wavelength (λ max) was determined as shown in fig. 6.  

Evaluation of prepared proniosomal suspension 

Vesicle size and shape 

By optical microscope 

Optical microscope under 45x showed the size range of vesicles are 
decreased in the sequence of F1>F2>F3 that correspond to span 40, 
span 60 and span 80, respectively. The results obtained as shown in 
the fig. 9 indicated that the mean size of the proniosomes showed a 
regular increase with increasing the hydrophilic lipophilic balance 
(HLB) of the surfactant because surface free energy decreases with 
increasing hydrophobicity [31]. Generally, the surfactant with longer 
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alkyl chains shows smaller vesicles because the diameter of vesicles 
is dependent on the length of the alkyl chains of surfactants [32]. 

Measurement of vesicle size 

The particle size distribution profile of proniosomal suspension 
(Particle size d. nm vs intensity %) was found to be 211.5 nm as 

shown in fig. 10. The uniformity of vesicle size is determined by 
polydispersity index (PI) values, in which the lower the value, the 
more uniformity in size. The lower the PI value, the more 
monodispersed and homogeneous the dispersion. The 
polydispersity index (PI) value was PI= 0.956, which is a measure of 
the uniformity of proniosome size within the formulation [33]. 

  

 

A     B 

Fig. 9: F2 Proniosomal vesicles under optical microscope 45x, (A) without drug and (B) entrapped drug (2 ml) 

 

 

Fig. 10: Particle size distribution of F2 proniosomal suspension (2 ml) 

 

By scanning electron microscope (SEM) 

Surface morphological properties of formula F2 nano size vesicles 
were obtained by SEM at three magnifications (1.00 K X, 5.00 K X, 

10.00 K X) and shown in fig. 11. The vesicular properties of these 
drug carriers form double layers. SEM revealed the morphology of 
the vesicles and the arrangement of the lamellar structure 
encapsulating the drug molecules [34]. 

 

   

(A)    (B)    (C) 
Fig. 11: Scanning electron micrographs of proniosomal formula F2 at three different magnification powers (A)1.00 K X, (B)5.00 K X, 

(C)10.00 K X) 
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Determination of zeta potential 

The formulation F2 which was subjected to zeta potential 
analysis had a zeta value of-1.57mV as shown in the fig. 12, 

which is a measure of net charge of proniosomes. The high 
surface charge provides sufficient electrostatic repulsion 
between the vesicles, which makes them stable by preventing 
aggregation [35]. 

 

 

Fig. 12: Zeta potential analysis of proniosomal suspension (2 ml) 

 

Determination of entrapment efficiency by centrifugation 

Higher entrapment efficiency of the vesicles of a formulation containing 
surfactant Span 60 is expected due to its higher alkyl chain length. The 
F2 formulation showed the highest entrapment efficiency of 
94.20%±0.20, which may have an optimum surfactant cholesterol ratio 
to provide a high entrapment of Amp B. The proniosomal formulations 
having high surfactant concentration (F1, F2, and F3) showed higher 
entrapment efficiency, which might be due to the high fluidity of the 
vesicles. The formulation with very low cholesterol content (F7) was also 
found to cause low entrapment efficiency (75.16.15±0.15%) which 
might be because of leakage of the vesicles. It was also observed that a 

formulation with very high cholesterol content (F2) had a low effect on 
drug entrapment. This could be because cholesterol beyond a certain 
level starts disrupting the regular bi-layered structure, leading to the loss 
of drug entrapment. Entrapment efficiency obtained for all the 
formulations is given in table 3 [36]. 

Drug content 

The percent of drug content for all the formulations F1 to F9 was 
obtained in the range of 89.71%±0.53 to 95.16%±0.40. The results 
given in table 3 indicate that the drug is distributed uniformly in all 
film formulations and will deliver the dose of drug accurately. 

 

Table 3: Evaluation of proniosomal suspension of amphotericin B (2 ml) 

Formulation code Drug content (%) Entrapment efficiency (%) 
F1 89.71%±0.53 84.26±0.25 
F2 95.16%±0.40 94.20±0.20 
F3 93.41%±0.23 81.46±0.45 
F4 94.08%±0.23 80.4±0.36 
F5 93.14%±0.20 78.33±0.30 
F6 92.87%±0.30 79.2.16±0.15 
F7 93.75%±0.20 75.16.15±0.15 
F8 93.95%±0.20 77.52.55±0.04 
F9 92.80%±0.11 76.33.23±0.19 

All data are given in mean±SD, n=3 
 

Evaluation of prepared proniosomal gel 

Physical appearance and homogeneity 

All the proniosomal gel formulations had pale yellow to vibrant 
yellow colour, were transparent in appearance, free from presence 
of particles, and showed good homogeneity with the absence of 
lumps.  

Viscosity 

All the proniosomal gel formulations had sufficient gel-like viscosity. 

Viscosity was found to be in the range of 4146±1 cps to 4269±1 cps 
shown in table 4.  

Measurement of pH 

The pH was noted by pH meter by dipping into the gel formulation 
and allowing for equilibration. The pH of all gels was found to be in 
the range of 5.8±0.1 to 6.4±0.05 pH given in table 4, which lies in 
the normal pH range of the skin. All the formulation batches show 
pH in the neutral range, which indicates for the absence of skin 
irritation [37]. 

Spreadability 

The spreadability plays an important role as it shows the behaviour of 
the gel that comes out of the tube. The result of spreadability shown in 
table 4 indicate that the polymer used gave a bit of shear to the gel. 
The diameters of the spread circles ranged from 4.22±0.02 cm to 
5.19±0.01 cm as seen with carbopol gel. Increasing the concentration 
of the gelling agents causes a decreasenin the spreadability [38]. 

Drug content 

Table 4 shows the results of drug content. After various formulation 
of Amp B gel, the drug content of the formulated gel was estimated 
and the results were within the official limits with a range of 
94.24%±0.29 to 97.05%±0.19. The drug content determination also 
showed that the drug was uniformly distributed throughout the gel 
and would deliver the dose of drug accurately [39]. 

Extrudability 

With the increase of material flow rate, all gel formulations lead to a 
larger extrusion pressure. The increased dosage could lead to a rise in 
the shear yield stress and flow consistency, which would result in higher 
extrusion pressure. Table 4 shows the results of extrudability tests [40]. 
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Table 4: Evaluation of 2% w/w proniosomal gel of amphotericin B (10g) 

Formulation code Viscosity (cps)  pH  Spreadability (cm)  Drug content (%) Extrudability 
F1 4115.33±1.52 6.13±0.15 4.4±0.1 95.81%±0.29 ++ 
F2 4269±1 5.8±0.1 5.19±0.01 97.05%±0.19 +++ 
F3 4146±1 6.43±0.05 4.22±0.02 95.88%±0.19 ++ 
F4 4248.33±0.57 5.86±0.05 5.18±0.01 94.50%±0.19 + 
F5 4177±1 6.1±0.1 4.53±0.01 95.62%±0.45 ++ 
F6 4215±1 6.3±0.1 4.64±0.01 95.16%±0.11 ++ 
F7 4181±1 6.4±0.05 3.86±0.02 94.31%±0.19 +++ 
F8 4214±1 6.33±0.15 4.31±0.01 94.24%±0.29 ++ 
F9 4174±1 5.9±0.1 5.17±0.01 94.37%±0.11 + 

All data are given in mean±SD, n=3 
 

In vitro drug release  

The in vitro release study of Amp B was conducted in phosphate 
buffer pH 7.4 for release studies through a dialysis bag of 
Amphotericin B proniosomal gel. This medium throughout 
maintained sink conditions, and thus release studies were 
performed. The drug release pattern for 24 h is depicted in fig. 13. 
The release profile indicated a biphasic release of Amp B from the 
proniosomes. Given in the table no. 5, in the first phase (6 h), there 
was an initial rapid release of about 69.48%±0.11-76.58%±0.33 
according to the formulation, followed by a slow phase from 6 h to 
24 h where about 20% was released. The results showed no lag time 

which causes a burst in drug release during the first 15 min (about 
4–7%) of the encapsulated drug in the proniosomes. The highest 
drug release within 24 h was obtained with F2 (95.72%±0.30), while 
the lowest was F8 (88.006%±0.04). 

Drug release from F1 to F9 was found to be in the range of 
88.006%±0.04 to 95.72%±0.05. The formulation F2 was selected 
as an optimized formulation based on these in vitro release 
studies, which showed satisfactory drug release rate of 
95.72%±0.05 in 24 h. The selected optimized formulation F2 was 
used further for the evaluation of ex vivo permeation studies 
through goat skin [41]. 

 

Table 5: In vitro drug release of amphotericin B proniosomal gel (10g) 

Time duration  Cumulative % drug release 
F1 F2 F3 F4 F5 F6 F7 F8 F9 

15 min  5.60±0.02 7.70±0.01 5.39±0.01 5.39±0.02 5.20±0.09 5.28±0.01 4.15±0.04 3.85±0.03 3.89±0.06 
30 min 12.99±0.02 16.96±0.02 12.92±0.02 12.68±0.04 12.68±0.14 12.78±0.03 11.94±0.03 11.48±0.05 11.71±0.01 
45 min 21.54±0.06 27.44±0.11 22.80±0.02 21.32±0.05 21.36±0.18 21.52±0.08 20.37±0.05 19.50±0.11 19.90±0.06 
1h 31.82±0.07 39.69±0.33 34.64±0.03 31.93±0.12 31.98±0.06 31.20±0.17 30.14±0.07 28.86±0.18 29.02±0.03 
2h 46.49±0.04 54.85±0.33 49.65±0.04 46.35±0.12 46.73±0.17 46.29±0.16 45.20±0.06 43.69±0.14 43.69±0.04 
4h 60.82±0.05 68.19±0.34 62.86±0.07 61.20±0.08 61.80±0.23 61.27±0.11 60.90±0.07 59.10±0.07 59.10±0.07 
6h 70.71±0.01 76.58±0.33 71.21±0.03 71.15±0.07 71.58±0.20 71.31±0.09 70.77±0.05 69.48±0.11 69.55±0.05 
8h 81.91±0.01 84.00±0.33 78.82±0.06 80.19±0.07 80.69±0.14 80.56±0.07 80.68±0.07 79.35±0.13 80.12±0.09 
12h 86.62±0.03 90.96±0.31 85.66±0.04 85.85±0.07 86.32±0.04 86.31±0.08 86.40±0.04 85.84±0.07 87.24±0.03 
24h 91.13±0.05 95.72±0.30 90.36±0.05 90.11±0.04 91.06±0.05 91.13±0.05 88.18±0.06 88.006±0.04 88.88±0.06 

All data are given in mean±SD, n=3 
 

In vitro diffusion studies 

In vitro diffusion of all formulations ranges from 76.27%±0.27 to 
82.62%±0.16 depicted in fig. no. 14. In the case of F series 
formulations, F1, initially, the drug release was rapid, more than 
60% in 2 h and followed by slow release and showed about 
78.79%±0.27 in 24 h respectively. In 4 h, the formulations F4 and F5 
yielded 63.59%±0.16 and 62.75%±0.16, respectively. There was no 
remarkable difference in the final percentage of drug diffusion due 

to fact that in all formulations, the drug was dissolved completely in 
the medium. It is clear from the plots that the drug diffusion was 
governed by the polymer content. No lag time was observed as the 
gel was directly exposed to the medium. The formulation F2 was 
selected as an optimized formulation based on the in vitro diffusion 
studies which showed a satisfactory diffusion rate 82.62%±0.16 in 
24 h. The selected optimized formulation F2 was used further for the 
evaluation of ex-vivo permeation studies through goat skin [42]. 

 

 

Fig. 13: In vitro drug release profile of 2% w/w of amphotericin B proniosomal gel (10g), all data are given in mean±Error bars, n=3 
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Fig. 14: In vitro diffusion profile of 2% w/w Amphotericin B proniosomal gel, All data are given in mean±Error bars, n=3 

 

Ex-vivo permeation studies  

The formulation F2 was selected as optimum for the ex-vivo 
permeation studies due to adequate in vitro drug release, in vitro 
diffusion studies. The result of drug permeation from the 
proniosomal gel drug release of Amp B through the goat skin reveals 
that drug was released from the formulation and permeated through 

the goat skin and hence can feasibly be permeated through the 
human skin. The result indicated in the fig. 15 that the drug 
permeation was slow and steady and 76.55%±0.27 of Amp B 
permeate through the skin from the optimized formulation in 24 h. 
The cumulative percentage amount of Amp B that had penetrated 
through the skin from the proniosomal gel was shown in the fig. 15 
[43].

 

 

Fig. 15: Ex-vivo permeation of 2% w/w Amphotericin B proniosomal gel, All data are given in mean±Error bars, n=3 

 

Anti-fungal studies 

The antifungal activity of Amp B from its different gel formulae 
compared with control revealed in fig. 16. The antifungal activity 
was determined by measuring the inhibition zone. The results 
observed with F2 were greater where the inhibition zone reaches 
4.5 cm, while the lowest activity was seen with F8 where the 
inhibition was 2.3 cm. This indicates good correlation between the 
chosen dissolution model and the in vitro antimicrobial 
susceptibility testing. The obtained results showed that the 
developed proniosomal gel was more efficient when compared to 
the control. Fig. 17 shows a comparison between the mean values of 
inhibition zones of Amp B proniosome gel F2, F5, F8 and control 
after 48 h. Results indicate that F2 exhibits maximum antifungal 
activity after 48 h [44].  

 

Fig. 16: Antifungal study of 2% w/w Amphotericin B 
Proniosomal gel by Agar Plate Method using Candida albicans
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Fig. 17: Zone of inhibition of control gel (a), F8 Amp B gel (b), F5 Amp B gel, (d) F2 Amp B proniosomal gel after 48 h, n=3, all data are 
given in mean±Error bars 

 

Stability studies  

Based on the above results, stability studies were conducted only 
for optimized formulation F2. From the stability studies, it was 
known that optimized formulation F2 has stability in human skin; 
there were no change in the colour and viscosity of the 
proniosomal gel. A stability study was performed on the optimized 

formulation F2 at temperatures 25ᵒC±2 and 60%±5 Relative 
Humidity (RH) and at 40ᵒC±2 and 75%±5 RH, for short-term and 
accelerated studies, respectively, for the period of 3 mo. The 
proniosomal gel was analysed for drug content and in vitro drug 
release. There was a minor decrease in all the parameters. Hence, 
the results of formulation F2 showin in table 6 was indicated as 
stable [45]. 

 

Table 6: Short term at 25 °C and accelerated stability at 40 °C studies of optimized batch F2 

Time (d) 25ᵒ±2 ᵒC/60% RH±5% RH 40ᵒ±2 ᵒC/75% RH±5% RH 
Drug content (%) In vitro drug release (%) Drug content (%) In vitro drug release (%) 

0  97.05±0.19  95.72±0.30  96.87±0.01  95.32±0.01 
30  96.81±0.01  95.52±0.005  96.65±0.01  95.11±0.01 
60  96.62±0.005  95.10±0.005  96.42±0.01  94.80±0.005 
90  96.45±0.005  94.87±0.005  96.17±0.01  94.65±0.01 

All data are given in mean±SD, n=3 

 

CONCLUSION  

The results of the study indicated that Amphotericin B proniosomal 
gel containing lecithin, cholesterol, and surfactant Span and Tween 
formulations were prepared successfully using the coacervation-
phase separation method. The F2 formulation showed the highest 
efficiency. The proniosomal gel formulations were evaluated for 
their entrapment efficiency, drug content, UV-visible spectroscopy, 
viscosity, vesicle size and shape with SEM, and the results were 
found to be within the acceptable range. The study found that F2 has 
antifungal activity after 48 h, indicating that the developed 
proniosomal gel was more effective than the control. The results 
showed that F2 containing span 60 is the most appropriate 
surfactant for the formation of proniosomes. In vitro release studies 
proved that the proniosomal gel contains Amp B, which is considered 
to be a successful topical drug delivery system and provides a 
sustained release of the encapsulated drug. In vitro release studies 
showed satisfactory results, and the permeation studies showed good 
control release for a prolonged period of time. Permeation studies 
showed the highest permeation of proniosomal gel formulation F2, 
and in vitro goat skin permeation studies proved that a good amount of 
drug is permeated and has good stability characteristics. The study 
showed that the proniosomal gel formulation was quite stable at room 
temperature and accelerated temperature as well. All the results 
suggest that Amp B proniosomal gel formulations may be used 
topically for cutaneous leishmaniasis (CL) treatment. 
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