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ABSTRACT 
 

Background:
 
Antifungal medication is used in adults to indulge infections caused by fungi. This 

includes infections in any part of the body including the lungs, mouth or throat, toenails, or 
fingernails. The widespread fungal pathogens causing stern insidious infections surrounded by 
immuno compromised patients are Candida albicans and Aspergillus niger. Itraconazole, is an 
antifungal medication used to treat a number of fungal infections.

 
Itraconazole undergoes rapid 

metabolism to form hydroxyitraconazole, which also contributes to the anti-fungal activity exhibited 
by the parent compound. In the present study the assessment of plain Itraconazole and micronized 
Itraconazole material for increasing health safety and its biological evaluation by using Candida 
albicans and Aspergillus niger was reported. 
Methods: The determination of particle size of the micronized material which is a very fine powder 
and its characteristics was carried out by Dynamic light scattering(DLS) and Scanning Electron 
Microscopy(SEM).Structural identification was done by UV-spectroscopy and Fourier transform 
Infrared spectroscopy(FT-IR). 
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Results: An active pharma ingredient having antifungal activity was selected and micronized using 
Microniser to reduce the particle size as small as possible. The product antifungal activity was 
reviewed between untreated material(large particle size, 200 microns) and reduced particle 
size(micro particles, 2.72 microns). Size reduction showed an increased efficiency of antifungal 
activity  
Conclusion: The antifungal activity of Itraconazole can be enhanced if the coarse large particles 
are micronized to significantly (>70 folds) smaller particles.  
 

 
Keywords: Itraconazole ; Micronization; Electron microscopy; Bioassay. 
 

1. INTRODUCTION 
 
A. new tri azole antifungal agent is Itraconazole. 
Itraconazole(ITZ)(

 
C35H38Cl2N8O4) is 

an antifungal medication used to treat a number 
of fungal infections. Itraconazole is a relatively 
well-tolerated drug (although not as well tolerated 
as fluconazole or voriconazole) and the range of 
adverse effects it produces is similar to the other 
azole antifungals. 
 

 
 

Fig. 1. Structure of ITZ 
 
Many types of fungi live harmlessly on our skin 
and in other places in the environment. However, 
some types of fungi can thrive and multiply on 
the surface of our bodies to cause infections of 
the skin, mouth or vagina. The most common 
fungi to cause skin infections are the tinea group 
of fungi. A common infection of 
the mouth and vagina is called thrush. It is 
caused by an overgrowth of a yeast (which is a 
type of fungus) called candida.Fungal infections 
sometimes occur within the body as well. You 
are more at risk of developing an internal fungal 
infection if your immune system does not work 
properly. For example, if you are having 
chemotherapy, or if you are taking medicines for 
rheumatic disease, or if you have HIV/AIDS. 
Internal fungal infections can be 
serious.Itraconazole is used to treat fungal 
infections. It works by killing yeast and fungi. 

Ming Yao
 
[1] studied the bioanalytical methods 

available for the quantitation of both itraconazole 
and hydroxyitraconazole.M.P.Ducharme et.al 
observed that the serum concentrations of 
Itraconazole and hydroxyitraconazole serum 
concentrations are reduced more than tenfold by 
phenytoin

 
[2] (an anti-epileptic drug, also called 

an anticonvulsant).Mouton placed 
Pharmacokinetics of itraconazole and 
hydroxyitraconazole in healthy subjects after 
single and multiple doses of a novel formulation

 

[3]. Increased oral bioavailability of itraconazole 
and its active metabolite, 7-hydroxyitraconazole, 
when coadministered with a vitamin C beverage 
in healthy participants were studied

 
[4]. 

Sebastian described that Itraconazole-remdesivir 
and fluoxetine-remdesivir combinations are 
promising starting points for therapeutic options 
to control SARS-CoV-2 infection and severe 
progression of COVID-19

 
[5]. Clinical 

pharmacokinetic monitoring of itraconazole is 
warranted in only a subset of patients

 
[6]. ITZ 

offers greater benefit than conventional therapies 
(griseofulvin and ketoconazole) in terms of 
efficacy and tolerability, wider clinical experience 
is required to determine its merits relative to the 
newer agents, terbinafine and fluconazole

 
[7]. At 

present time Because of the high mortality of 
invasive fungal infections (IFIs), appropriate 
exposure to antifungals appears to be crucial for 
therapeutic efficacy and safety

 
[8]. A simple, 

rapid ultra-performance liquid chromatography 
(UPLC) method was developed for the analysis 
of itraconazole and its associated production 
impurities

 
were reported

 
[9]. Fungal prophylaxis 

has been proven effective in certain high menace 
patients such as bone marrow transplant and 
other immune concession patients.Bioassays 
afford several practical advantages, such as 
simplicity, rapidity and economy in disease and 
patient management. Several studies describe 
ITZ bioassay using Candida genus

 
[10-14]. This 

study aimed at to evaluate the performance of 
micronized ITZ to increase health safety and its 
bioassay by using Candida albicans and 
Aspergillus niger. 
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2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Itraconazole (ITZ; C35H38Cl2N8O4) working 
standard was procured from Granules India 
limited, Visakhapatnam, AP, India. All other 
chemicals used were of analytical reagent grade. 
 

2.2 Instrumentation 
 
A laser diffraction technique from Malvern 3000 
was used to analyse the particle size of the all 
the batches.

 
Fourier Transform Infra red 

Spectroscopy(FTIR)(Bruker) was used to 
characterize and identify the organic molecule. 
Surface topology was determined by using 
scanning electron microscopy(SEM)(ZEISS EVO 
18). 
 

2.3 Preparation of Untreated Material 
 
The white crystalline hygroscopic technical active 
pharmaceutical ingredient sample was firstly 
analysed for identification of impurities. The 
impurities present in the sample are about 0.06% 
.The residual solvents like 
methanol,acetone,ethyl acetate,toluene etc were 
not detected. The bulk density of the ITZ was 
0.63g/mL(untapped) and tapped 0.76g/mL.The 
sieve analysis was conducted and ITZ was 
passed through 20mesh.The loss on drying was 
0.22%w/w. 
 

2.4 Preparation of Micronized Material 
 
The plain material was transferred into a dry 
Micronizer equipment with pressure controllers of 
feeding pressure and micronization pressure. 
The sample was poured into micronizer hopper 
with a feed rate of 4 Kg air pressure and 6 Kg 
micronization pressure with the help of moisture 
free air. The same procedure was repeated for 
three cycles to get maximum micronized 
material. 
 

2.5 Test Microorganism and Continuance 
 
The yeast and fungi strains of Candida albicans 
and Aspergillus niger were used and have been 
obtained from GVK Bio.Sci,Hyderabad,India .The 
pathogenic strains under test were maintained on 
nutrient agar slants and stored at 4

0
c.The slants 

were preserved in 25 % glycerol for long period 
storage at -80º C. 

2.6 Antifungal Activity Preparation 
(Agarwell Diffusion) 

 
In antifungal activity,the potato dextrose agar 
medium was suspended in 100mL distilled water 
and heated till complete dissolution. The medium 
and glass petri-dishes were autoclaved at a 
pressure of 15 Pascal (Pa) for 20 min. The 
medium was cooled to 50ºC and poured in to 
sterile petri-dishes under aseptic conditions in a 
laminar flow chamber.  
 

3. RESULTS AND DISCUSSION 
 
The smaller and finer the particles, the weaker 
the barriers to dissolution and it leads to higher 
dissolution rate rate resulting from a substantial 
increase of surface area to volume ratio. The 
other benefits of particle size reduction was 
increased conductivity, smooth surface quality 
and high quality product function. The surface 
modification of ITZ particles showed remarkable 
enhancement of antifungal activity. 
 

3.1 DLS Analysis 
 
The diameter of the micronized ITZ was obtained 
by pade laplace dispersion. It mainly depends on 
Rayleigh scattering, oscillations, Brownian 
movement and fluorescence exponential decay. 
In this method a time dependent signal was 
transformed into the hydro colloidal solution and 
it results in the exponential decay of the particles. 
The transformed laplace signal is defined as an 
infinite integral over time. Through this 
transformed signal number of components in the 
micronized ITZ solution can be easily obtained. It 
can be clearly depicted in the following pade 
laplace dispersion graph shown in Fig. 2. 1 g of 
sample is loaded into the sample holder and 
analysed using laser diffraction particle size 
analyser using dry accessory.One milli litre of 
micronized ITZ solution was suspended in 5ml of 
water. The resultant hydro dispersed suspension 
was analyzed with DLS at 25-40

0
c. The average 

particle size distribution (shown in Figs 2and 3) 
was appeared 2.72µm. 
 

3.2 Fourier-transform Infra Red 
Spectroscopy (FT-IR) Analysis 

 
FT-IR analysis would help to identify the 
functional groups by placing a small amount of 
untreated and micronized ITZ compound in 
potassium bromide(KBr) pellets in transmittance 
mode. FT-IR analyses were carried out to identify 



 
 
 
 

Venugopal and Reddy; JPRI, 33(49B): 311-319, 2021; Article no.JPRI.76665 
 
 

 
314 

 

the possible if any change in the functional 
groups. Fig. 4 shows the chemical stability of the 
micronized form as indicated by the recorded 
spectra in the range of 400–4000cm

-1.
The FTIR 

studies (shown in Fig. 4) reveal that there was no 
change in the chemical structure of plain and as 
well as micronized ITZ as evident from the 
presence of peaks due to the same functional 
group. 

 
3.3 UV-Visible Spectral Study 
 
To confirm the formation and the stability of 
micronized ITZ material, UV-Vis spectra is 

necessary. The maximum absorption spectra of 
plain and micronized form of ITZ was observed 
at 262nm.(shown in Figs.5and 6). 

 
3.4 SEM Analysis 
 
The surface topology and size of the ITZ material 
were obtained by SEM at (35–45.00 
k_)magni¯cation, 15 kv vacuum. A drop of 
encapsulation complex is taken on the stub and it 
was air dried then subjected to sputtering by 
using sputter coater. The SEM image shown in 
Fig. 7 reveals the homogeneity in shape and it is 
regularity among different scan regions. 

 

 
 

Fig. 2. Size distribution of plain ITZ material 
 

 
 

Fig. 3. Size distribution of micronized ITZ material 
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Fig. 4. IR spectra: A:Standard spectrum B: Comparison spectrum (overlay) of plain and 
micronized showing identical profiles 

 

 
 

Fig. 5. UV spectra of plain ITZ material 
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Fig. 6. UV spectra of micronized ITZ material 
 

 
 

Fig. 7. SEM images of Micronized ITZ material 
 

3.5 Application of Micronized ITZ on 
Candida albicans and Aspergillus 
Niger Agar Diffusion Method 

 
Inoculated a previously Liquefied medium 
appropriate to the assay with the requisite 
quantity of suspension of the micro-organism 
Candida albicans and Aspergillus niger.Added 
the suspension to the media (sabouraud 
Dextrose Agar and Soyabean casein digest agar 

) and immediately pour the inoculated media into 
the Petri dishes (or) large rectangular plates to 
give a depth of 3 to 5mm.Ensured that the layers 
of medium are uniform in thickness, by placing 
the dishes or plates on a level surface.Stored the 
prepared plates in a manner so as to ensure that 
no significant growth or death of the test 
organism occurs before the plates are used and 
that the surfaces of the agar layer dry at the time 
of use. known concentration of the sample that is 



 
 
 
 

Venugopal and Reddy; JPRI, 33(49B): 311-319, 2021; Article no.JPRI.76665 
 
 

 
317 

 

10mg/mL of Itraconazole(ITZ) is prepared 3 to 5 
mm holes are made on the separate agar plates 
for two batches that is 001(normal) and 002 
(Micronized) for both the above mentioned 
organisms with the help of sterile borer.Known 
concentration of both the products that was 
1.0,2.0 and 10mg/mL is added in to the holes for 
respective organisms. The volume of solution 
added to each cylinder must be uniformLeft the 

plates standing for 1 to 4hrs at room temperature 
under Laminar air flow Incubated them for about 
3 to 5 days at 20 to 25

0
c. Accurately measured 

the diameters or areas of the circular inhibition 
zones.The results obtained about the 
effectiveness of ITZ on Candida albicans and 
Aspergillus niger were given in Table 1.

 
The anti-

fungal activity of plain and micronized ITZ was 
shown in Fig. 8. 

 
 

Fig. 8.
 
Antifungal activity of plain and micronized ITZ material 

 
Table 1. The effectiveness of ITZ on Candida albicans and Aspergillus niger 
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4. CONCLUSION  
 
Aspergillus fumigatus and C albicans are the two 
most common fungal pathogens causing severe 
invasive infections among immuno compromised 
patients. ITZ is a -triazole antifungal agent. In the 
mechanism of ITZ involves the interruption of the 
conversion of lanosterol to ergosterol via binding 
to fungal cytochrome P-450 and succeeding 
distraction of fungal membranes.From the above 
study, it is proved that the efficiency of ITZ in-
terms of antifungal activity of micronized material 
shows increased efficiency when compared to 
ITZ plain material(coarser type particles).  
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