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ABSTRACT: Nystatin, an antifungal drug for mucosal infections has a large dosing 

frequency and is rapidly inactivated by acids. In order to increase drug stability and 

reduce dosing frequency and reduce dosing frequency and gastric irritation, formulation 

into inert lipid matrices as solid lipid microparticles may be utilized. The formulations 

were done from Shea butter extract using either Tween 20 or Tween 65. The mixture was 

homogenized in each case to enable the incorporation of drug into solid lipid 

microparticles. The properties of the microparticles were evaluated by determination of 

size, percentage recovery, encapsulation efficiency and drug release in simulated gastric 

fluid (without enzymes). The antimicrobial activities of the microparticles were then 

investigated by the agar-diffusion inhibition zone diameter method against Candida 

albicans, using pure nystatin dispersed in DMSO as a control. Micron-sized particles 

with a narrow size distribution were obtained. Though drug encapsulation efficiency and 

loading were very low, good activity was exhibited against the test organism, in vitro. 

The antimicrobial activity and release profile obtained with Batch A containing Tween 

65 indicated that it could be used to formulate sustained release nystatin microparticles 

with good anti-candida activity. 

INTRODUCTION: Many antimicrobial agents are 

limited by poor pharmacokinetics, leading to 

variable and incomplete absorption. Colloidal 

particles formed from solid lipid systems are an 

attractive option for drugs due to their ease of 

preparation, stability, potential for slow release or 

depot effects and capacity to improve the 

absorption of lipophilic drugs.  
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Several such systems exist such as solid lipid 

nanostructured 
1, 2, 3

 lipid carriers 
4-5

, solid lipid 

microparticles 
6
 as well as lipospheres 

7, 8
 etc. 

Though these several types of lipid-based carrier 

systems exist each with its own merits and 

demerits, selection of a carrier system and its 

excipients should be dictated by the physical 

properties of the drug, the route of administration 

sought, safety/toxicity considerations, drug loading 

and scalability, and also ease of preparation. Solid 

lipid microparticles, because of their large exposed 

surface areas can potentially improve contact area 

between drug and skin or mucosa, enhance drug 

permeability and, by their matrix nature, protect 

acid-labile drugs from inactivation. In addition, 
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they can serve as slow release “depot” from which 

drug is released by diffusion or surface erosion, 

maintaining adequate drug levels over a long 

period of time. This can reduce dosing frequency, 

reduce side-effects, improve compliance and help 

prevent microbial resistance which can stem from 

low drug pressures. Though they can also be 

prepared by several different techniques 
9
, hot-

homogenization technique is a very convenient 

scalable and modifiable method which has gained 

wide acceptance. Solid lipid microparticles have 

been used as oral 
10, 6

 topical 
11, 12

 and parenteral 

deliveries 
13

.  

 

Nystatin, a polyene antifungal produced from 

Streptomyces noursei is structurally similar to 

amphotericin B and they share the same 

mechanism of action. It is not absorbed and the oral 

preparation has been used rather in treating 

mucocutaneous mycoses 14 such as oral and 

intestinal candidal infections. Due to instability due 

to long exposure to light, heat and air 
15

 or acid 

inactivation 
16

, the goal of application of solid lipid 

microparticle technology to formulation of nystatin 

is to preserve molecular stability, and possibly 

confer sustained release effect, since its dose 

frequency in most conditions is fairly high (four 

times a day). The hydrophobic core of solid lipid 

systems provides a cloistered microenvironment 

where the drug is shielded from the activities of 

reactive species in solution such as hydrogen ions. 

In addition, attainment of higher drug stability can 

lead to reduced dose size and lead to 

miniaturization, thereby saving cost.  Therapeutic 

activity at reduced doses can also help contain the 

incidence of dose-related side effects, such as 

gastrointestinal disturbances.  

 

Shea butter is a cream coloured fatty substance 

extracted from the nuts of Vitellaria paradoxa, 

which grows abundantly in the savannah regions of 

West and Central Africa. It is widely consumed as 

food, being the most important source of dietary 

fatty acid and glycerol, 
17, 18

 and also finds use in 

cosmetic preparations for its moisturizing quality. 

On the other hand, polysorbates have long been 

used to facilitate the solubilisation of poorly 

soluble drugs
 19 

and to stabilize emulsions
 20, 21

. 

 

Following some success in the development of 

intralipid-based parenteral nystatin with reduced 

toxicity 
14

, it is necessary to study the applicability 

of Shea butter as lipidic material in the re-

formulation of oral nystatin as solid lipid 

microparticles using common surfactants. It is 

hoped that this can increase acid stability and 

confer sustained release effects. Moreover, the use 

of a homolipid instead of admixtures will waive the 

complex regulatory considerations involved in 

mixed lipid systems or admixtures.  

 

MATERIALS AND METHODS: 

Materials    
Tween 65 and Tween 20 (Merck), n-hexane (May 

and Baker).  Nystatin (Mekophar, Vietnam) was 

procured locally from a pharmacy shop. Distilled 

water was obtained from an all-glass still. Raw 

shea butter seeds were purchased from the local 

market. All other reagents were of analytical grade 

and were used as such without further treatment. 

   

Extraction of shea butter 

A 10 kg quantity of the yellow waxy shea butter 

from the local market was extracted using 1.5 liters 

of n-hexane. The system was left undisturbed for 

24 hrs after which the supernatant was decanted 

into an evaporating dish where the solvent was 

allowed to evaporate, leaving only the yellow semi-

solid. 

 

Extraction of pure nystatin from tablets 

Sixty tablets of nystatin equivalent to 30, 000 units 

of nystatin were first ground and then extracted 

with agitation over 4 hours using a mixture of 

glacial acetic acid (25 ml) and methanol (250 ml).  

The system was filtered and the solvent evaporated 

at room temperature under a current of air. The 

percentage recovery was 95 %.  

 

Preparation of solid lipid microparticles 

A preliminary study was first conducted which 

investigated the influence of varying drug and 

surfactant ratios on formulation isotropicity. This 

established that stable samples could be prepared 

from Tween 65 and 20 according using the 

quantities shown in Table 1. The three batches 

were prepared using the same procedure. Briefly, 1 

g quantity of nystatin was dispersed in 1ml of 

dimethyl sulfoxide (DMSO) and a 10 g of melted 

shea butter was incorporated into the dispersion. 

Surfactant dissolved in 45ml of warm water was 

introduced into the drug-Shea butter dispersion 



Nwuke et al., IJPSR, 2015; Vol. 6(2): 624-629.                                              E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              626 

followed by high speed homogenization in a 

vortexing mixer (Sonik, Japan) for 5 minutes.  

Three batches of solid lipid microparticles were 

produced according to the quantities shown in 

Table 1. The systems were allowed to stand for 24 

hours after homogenization before analyses. 

TABLE 1: QUANTITIES OF INGREDIENTS USED IN 

PREPARING THREE BATCHES OF SOLID LIPID 

MICROPARTICLES 

Batch Shea 

butter (g) 

Nystatin (g) Tween 

type 

Tween 

conc.  

A 10 1 65 2.5 g 

B 10 1 20 1.5 ml 

C 10 0 20 1.5 ml 

Micrography  

A small quantity of each preparation were dropped 

on a microscope slide, covered with a cover slip 

and viewed under oil immersion in a microscope 

enabled with a camera. The sizes of the individual 

microspheres in each batch were measured using a 

meter rule, while correcting for the magnification 

of the microscope. 

 

Percentage recovery and encapsulation 

efficiency 

The solid lipid microparticles were recovered by 

filtration and weighed. Percentage recovery is the 

ratio of the final weight of the microparticles to the 

sum of the weights of drug and excipients, 

expressed as a percentage.  

                   (1) 

Where W1 is the mass of micropartciles; W2 is the 

mass of nystatin and W3 is the combined masses of 

Shea butter and Tween. 

Encapsulation efficiency (EE) is the ratio of actual 

to theoretical drug content, also expressed as a 

percentage. These determinations were done for 

each formulation. 

       (2)

     

Antimicrobial activity 

A Saboraud dextrose agar plate was seeded with 

Candida albicans. A hole was bored in each of four 

sections of the plate and each hole was filled with 

one of the batches (the fourth was pure nystatin 

dispersed in DMSO. The plates were appropriately 

labeled underneath and incubated at 25 
o
C for 48 

hours. This was done in triplicate. The inhibition 

zone diameters produced were measured at the end 

of the period
 22

.
 

 

Drug release studies 

Equal amount (100 mg) of batches A and B SLMs 

(containing nystatin) was encapsulated in a size 

300 gelatin shell. The capsule was placed in a 

basket which was immersed in simulated gastric 

fluid (SGF) (without enzymes) at 37 
o
C. Stirring 

was achieved by means of a magnetic stirrer 

assembly operating at 50 rpm. At suitable time 

intervals, a 2 ml sample was withdrawn from the 

medium and analyzed for content of nystatin by 

taking absorbance readings in a Pye Unicam SP6-

450 UV/Vis spectrophotometer (Philips, England) 

at 305 nm (previously determined). The 

corresponding concentrations of drug were 

calculated using a calibration plot previously 

obtained in the medium. 

 

RESULTS AND DISCUSSION: 

Size, morphology and drug loading 

The micrographs are presented in Figure 1. The 

mean particle sizes of batches A, B and C were 

16.25 µm (± 0.01), 29.69 µm (± 0 0.01) and 31.3 

µm (± 0.02) respectively. The particles were 

roughly microspherical in shape, which is not 

always the case 
6, 9

. Surface characteristics differed, 

being smooth in Batch C (no drug) and roughest in 

Batch B.  

 

The explanation offered is that the surface is 

affected by the presence of drug crystals 
8
 and also 

nature of excipients used 
23

. Such surface-residing 

drug loads could be quantified using X-ray 

photoelectron spectroscopy 
9
, particularly if the 

drug molecule contains functional growths 

absorbing differently from matrix material.  

 

Low standard deviations indicated that size 

distribution was narrow, as previously reported 
8
. 

Though light microscopy could be easily used in 

this way to determine size and morphology, it is not 

suitable for use in counting the rather high numbers 

of particles (300 – 500) needed to fully unravel 

particle size distribution and detect the presence of 

submicronic aprticles 
9
.  
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A                                                       B                                                  C 

FIG. 1: MICROGRAPHS OF BATCHES OF NYSTATIN SOLID LIPID MICROPARTICLES (BAR REPRESENTS 50 µm) 

       Batch A contained nystatin, shea butter and Tween 65 

       Batch B contained nystatin, shea butter and Tween 20 

       Batch C contained shea butter and Tween 20 without nystatin 

In this case, only about 32 particles or less were 

counted for each batch. Though drug loading 

should lead to increased size 
24

, unloaded batch (C) 

exhibited higher particle sizes and may have a 

vesicular nature. 

 

Optimum particle size is dependent on intended 

application and route of administration. For 

particles intended to be absorbed topically, sizes 

need be smaller than 3 µm (such as solid lipid 

nanoparticles) 
7, 25

 in order to eliminate kinetic 

barriers. For drugs which need not undergo 

absorption like nystatin, the thermodynamic 

stability of the microparticle system would be an 

important parameter, in order to prevent size 

growth with time. This growth tendency is more 

likely in nanosubdivision, due to the high surface 

energies. As with all such lipid-based carrier 

systems, small particle sizes are can be used by 

using including high pressure homogenization step, 

using high concentrations of surfactants 
1
 or 

reducing the concentration of lipid which would 

affect homogenization efficiency.   

 

Very low encapsulation efficiency was obtained for 

the two batches. This could be due to a number of 

factors such as low drug solubility in the lipid. In 

general, higher encapsulation efficiencies are 

obtained with lipophilic drugs which dissolve in the 

lipid matrix such as gonadotropin-releasing 

hormone 
26

.  Entrapment can be promoted by 

dissolving the drug first in a solvent in which it is 

soluble, such as methanol or propylene glycol.  

 

Trapping may also be promoted by heating the drug 

to melting, in order to promote formation of mixed 

drug-lipid crystals. This temperature has been 

determined for nystatin by Samein27as 158-160 °C, 

who was able to get higher drug trapping by aiding 

drug solubilization using a co-solvent system of 

propylene glycol and glyceryl monostearate. 

However, this higher temperature could affect the 

physical stability of the lipid and cause 
polymorphic changes. 

TABLE 2: ENCAPSULATION EFFICIENCY, PERCENTAGE 

RECOVERIES, AND INHIBITION ZONE DIAMETERS OF 

THREE BATCHES OF NYSTATIN SOLID LIPID 

MICROSPHERES. 

Batch                Encapsulation     Percentage     Mean IZD* (mm) 

                         Efficiency (%)    recovery (%)   ± SEM 

   

A                              9                       77                             31.0 ± 0.47 

B                             3.5                     90.4                           35.7 ± 2.13 

C                              -                         92                            12. 0 ± 0.47 

Pure nystatin            -                         -                              41.3 ± 0.55 

*Except for C, the rest contained equal nystatin 

concentrations (20 mg/ml). 

A contained Shea butter, Tween 65 and nystatin 

B contained Shea butter, Tween 20 and nystain 

C contained Shea butter, Tween 20 and no drug 

Pure nystatin was dispersed in DMSO. 

No of replicates equals 3. The inhibition zone diameter was 

measured after incubation at 25 
o
C for 48 hours against 

Candida albicans. 

 

In order to promote trapping and modify drug 

release, mixed lipid systems such as Shea butter 

and goat fat admixtures 
8
 have been tried 

successfully, but concerns about the regulatory 
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burdens on development of such complex systems 

abound. Moreover, techniques which promote drug 

trapping may not necessarily promote drug release, 

and this would affect antimicrobial activity. Drug 

crystal extrusion may also occur in highly 

crystalline lipid  

 

Antimicrobial activity and drug release 

The inhibition zone diameters (IZD) produced by 

the two formulations of equal nystatin content (20 

mg/ml), as well as batches C (no drug) and D (pure 

drug), are presented in Table 2.   Inhibition zone is 

seen in Batch C, which contained no nystatin. This 

could be due to the small antimicrobial activity of 

Tween 20 
28

, which also explains the slightly 

higher activity seen in Batch B.       

  

The release curve for pure nystatin suggests 

delayed drug release but this may be due to poor 

drug wettability in the absence of surfactant, in 

contrast to the others. The poor percentage drug 

release obtained for all samples in 120 minutes may 

be associated with degradation of drug in acid 

environment, and correlates with pharmacopoeial 

prescription that analysis should be done within 30 

minutes of dissolution in hydrochloric acid. After 

the onset of drug release, Batch A approximated 

zero order kinetics (r
2
 of 0.9). Non-swelling matrix 

systems may be expected to show good correlation 

with Higuchi square root law, but this is not the 

case. Complex mechanisms or combinations of 

mechanisms may therefore be involved.  

 
FIG. 2: RELEASE PROFILE OF BATCHES OF NYSTATIN 

SLM IN SIMULATED GASTRIC FLUID. 

Equal quantity (100 mg) of SLM preparation or pure nystatin was 

used in the test in total medium volume of 100 ml. 

TABLE 3: CORRELATION COEFFICIENTS FOR 

DIFFERENT KINETIC TREATMENTS OF NYSTATIN 

RELEASE DATA FROM TWO SLM BATCHES 

Kinetic 

model 

Zero order First Order Higuchi 

R
2
 (Batch A) 0.90 0.89 0.70 

R
2
 (Batch B) 0.53 0.56 0.78 

 

Zero order release controlled entirely by dissolution 

would be an advantage in development of sustained 

release formulations. This is particularly relevant in 

developing low-frequency nystatin regimens which 

would also avoid the toxicities seen in fluctuating-

concentration systems. This will minimize dose 

dumping and reduce toxicity without sacrificing 

efficacy
 29

.   

 

CONCLUSIONS: The foregoing discussion 

reveals that nystatin can be loaded into SLMs for 

oral delivery in the management of mucocutaneous 

mycoses. The lipid ingredient used is readily 

available, and the formulation does not involve 

many processing steps. Though drug entrapment 

was very poor, formulation of nystatin in Shea 

butter-Tween 65 SLM (Batch A) preserves the 

antimicrobial activity of nystatin against Candida 

albicans, in vitro and also exhibits sustained release 

profile. This has the advantages of economy and 

efficacy, and safety as it guarantees non-fluctuating 

drug levels in intestinal fluid. It can also improve 

compliance due to reduced dosing frequency. 

Further studies will seek to improve entrapment 

efficiency. 
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