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The development of a specific agar diffusion bioassay for the quantitative determination of fluconazole 
formulated in capsules was carried out using a strain of Candida albicans ATCC 18804 as the test 
organism. A prospective validation of the method showed adequate linearity (r2=0.9995), precision 
(R.S.D. = 4.0% for intra-day and 4.5% for inter-day precision) and accuracy (mean recovery = 102.9%). 
High performance liquid chromatography was chosen as a comparison method for the fluconazole 
determination. The contents of fluconazole determined by both methods, for four capsule samples, showed 
a strong correlation, confirmed by Pearson’s correlation coefficient value (r = 0.9884). The bioassay is 
a suitable method for both research and pharmaceutical industry laboratories.

Uniterms: Fluconazole/quantitative determination. Microbiological assay/agar diffusion. High 
performance liquid chromatography.

Este trabalho visou ao desenvolvimento e validação de um método microbiológico por difusão em ágar para 
quantificação de fluconazol em cápsulas utilizando o isolado Candida albicans ATCC 18804 como reagente 
biológico. O método foi validado e foi verificada linearidade (r2=0,9995), precisão (D.P.R. = 4.0% para precisão 
intra-dia e 4,5% para precisão inter-dia) e exatidão (recuperação média = 102,9%). Concomitantemente, foi 
realizado o doseamento de fluconazol nas cápsulas por meio de cromatografia líquida de alta eficiência. Os 
teores encontrados por ambos os métodos demonstraram alta correlação, confirmada pelo Coeficiente de 
Correlação de Pearson (r = 0,9884). O ensaio microbiológico desenvolvido pode ser considerado ferramenta 
valiosa tanto para a pesquisa científica quanto para a rotina da indústria farmacêutica.

Unitermos: Fluconazol/quantificação. Ensaio microbiológico/por difusão em ágar. Cromatografia líquida 
de alta eficiência.

INTRODUCTION

Fluconazole, a triazole agent, is one of the most 
commonly prescribed systemic antifungals (Koks et 
al., 1996; Marchetti et al., 2001; Kim et al., 2007). It is 
well absorbed after oral administration and shows good 
penetration into cerebrospinal fluid (Harris et al., 1999). 
This agent is used in the treatment of oropharyngeal, 
esophageal, or vulvovaginal candidiasis, as well as other 
serious systemic candida infections. It is also used for 

the treatment of meningitis caused by Cryptococcus sp. 
(Mathy et al., 2003; Porta et al., 2005). Fluconazole is 
available commercially for oral administration in capsu-
les of 50, 150 and 200 mg. A sodium chloride solution of 
this agent for intravenous administration is also available 
(Porta et al., 2005).

The use of this drug is widespread around the world, 
as the pharmaceutical industry and even compounding 
pharmacies produce the capsules for human usage. It is 
important to mention that capsules with dosage lower than 
that recommended are ineffective and compromise patient 
health. Studies focused on fluconazole determination in 
pharmaceutical formulation by bioassay are scarce, where 
the majority of papers are related to its study in clinical 
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samples using a HPLC method (blood, serum, saliva 
or skin) (Harris et al., 1989; Rex et al., 1991; Garcia-
Hermoso et al., 1995; Koks et al., 1996; Hülsewede and 
Dermoumi, 1996; Cohen et al., 1997; Moraes et al., 1999; 
Abdel-Moety et al., 2002; Mathy et al., 2003; Marchetti 
et al., 2003; Porta et al., 2005; Kim et al., 2007; Lima et 
al., 2009).

The most commonly described assay for fluco-
nazole content in capsules are high performance liquid 
chromatography (HPLC), gas liquid chromatography and 
spectrophotometry (Harris et al., 1989; Rex et al., 1991; 
Moraes et al., 1999; Porta et al., 2005; Kim et al., 2007). 
These methods require expensive equipment and consi-
derable technician time (Rex et al., 1991). Furthermore, 
fluconazole, as with other antibiotics, may be also quan-
tified by bioassay for its activity assessment (Puranjoti et 
al., 1999; Porta et al., 2005), but experimental conditions 
such as concentrations of the inocula, incubation tempe-
rature and test microorganism are not yet well established 
official methods.

Previous studies focusing on fluconazole bioassay 
development presented methods used for determination of 
the antifungal levels in plasma, serum (Rex et al., 1991; 
Porta et al., 2005) and saliva (Koks et al., 1996). Studies 
of fluconazole determination in pharmaceutical capsules 
have used mainly HPLC and UV (Abdel-Moety et al., 
2002; Porta et al., 2005; Kim et al., 2007), while micro-
biological method use is scarce. This assay can reveal 
subtle changes not demonstrable by chemical methods. 
Moreover, it gives the possibility to evaluate the potency of 
fluconazole, which is considered important for the analysis 
of antibiotics (Salgado et al., 2006).

The purpose of this study was to develop and vali-
date a microbiological method to determine the potency 
of fluconazole in commercial capsules. The bioassay 
results were compared to those obtained by HPLC, using 
the same samples. 

MATERIAL AND METHODS

Reagents and materials

Fluconazole reference standard was kindly supplied 
by Pfizer. Fluconazole capsules (150 mg) were obtained 
from four different compounding pharmacies of Gover-
nador Valadares, Minas Gerais State, Brazil. Distilled 
water purified in a Millipore (Bedford, MA, USA) system 
was used in the analysis. Acetonitrile (HPLC grade) was 
purchased from Tedia (Fairfield, OH, USA) and dimethyl 
sulfoxide (DMSO) (analytical grade) from Synth (Diade-
ma, São Paulo State, Brazil).

Bioassay of fluconazole

A stock standard solution of 1000 mg/mL was pre-
pared by placing 10 mg of fluconazole reference standard 
into a flask and diluting in DMSO to a total volume of 
10 mL. This solution was further diluted in sterile distil-
led water to a concentration of 625.00 mg/mL, which was 
used for serial two-fold dilution up to 39.06 mg/mL. The 
standard tested concentrations were 625.00 (S1), 312.50 
(S2), 156.25 (R: reference concentration), 78.13 (S4) and 
39.06 (S5) mg/ml.

A pool of each sample of fluconazole capsules was 
made and a stock solution of 1000 mg/mL in DMSO was 
prepared. This solution was diluted in sterile distilled 
water to a concentration of 156.25 mg/mL (identical to the 
standard reference concentration - R). All the fluconazole 
solutions (standard and test) were prepared immediately 
before performing the test.

Candida albicans ATCC 18804 was maintained on 
Sabouraud dextrose slant agar at 4 °C. Prior to use, the mi-
croorganism was transferred to Sabouraud dextrose slant 
agar and incubated for 24 h at 28 °C. After this period, a 
small portion of the yeast was transferred to a sterile sali-
ne solution (0.9%) and the transmittance was adjusted to 
85% at a wavelength of 520 nm, which measured 1-5 x 
106 CFU/mL (Figueiredo et al., 2007). Further dilution of 
the inocula suspension was made in 15 mL of Sabouraud 
dextrose agar melted at 45 °C to achieve a final concen-
tration of 1-5 x 105 CFU/mL. 

Sterile Petri dishes (100 mm x 20 mm) were used in 
all microbiological tests. A base layer of Sabouraud dextrose 
agar (8 ml) was plated before the test to facilitate the visua-
lization of inhibition zones. After base layer solidification, 
the next layer, to be used for inoculation, was poured into 
Petri dishes on top of the base layer. The agar was allowed 
to gel at room temperature for 10 to 15 min. After solidifi-
cation, 5 mm-diameter wells were bored at six points for a 
5 x 1 assay (Figure 1). Five Petri dishes were used for each 
assay in order to test the reference concentration (R) conco-
mitantly with each standard or sample concentrations. Forty 
microliters of each standard or test solution were pipetted 
into individual wells. The plates were incubated at 28 °C 
for 24 h. The inhibition zone was measured using calipers. 
Assay plates were tested in triplicate (corresponding to 
15 dishes in each assay), resulting in nine measures of the 
standards S1, S2, S4 and S5 and the test sample. The R con-
centration was tested forty-five times (Figure 1) in order to 
fit data obtained in all the dishes.

The optimization of the previously mentioned expe-
rimental conditions were achieved by testing: (i) incuba-
tion time of 24 h and 36 h; (ii) incubation temperature of 
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28 °C and 37 °C and (iii) inocula concentration varying 
from 1-5 x 103 to 1-5 x 105 CFU/mL.

Correction of the inhibition zone (IZc) with the 
reference (R) concentration

The average of all measures of R concentration (in 
all the dishes) was used to fit the values of inhibition zones 
in each individual dish.

To fit the obtained data, the following equation was 
applied:

IZc = IZ + (RA -Rs)

where: IZc is the value of the corrected inhibition 
zone; IZ, the average value of the inhibition zone of the 
standard or tested sample in the studied dish; RA, the ave-
rage of the inhibition zone values for the R concentration 
in all dishes (a total of 45 values) and Rs, the average of 
inhibition zone values for the R in the studied dish (a total 
of nine values) (Lima et al., 2009). 

The data analysis was made by plotting log10 of flu-
conazole concentration versus inhibition zones; the curve 
equation was obtained by regression analysis. Concen-
trations of test solutions were determined using the curve 
equation of the standard curve.

Method validation

The microbiological method was validated by evalu-
ation of linearity, precision and accuracy, according to the 
procedures described in ICH guidelines Q2 (R1).

(i) Linearity: in order to assess the linearity of the 
assay, five concentrations of the reference standard were 
tested (625.00; 312.50; 156.25; 78.16 and 39.06 µg/mL). A 
calibration curve for log10 of fluconazole concentration versus 
inhibition zones was plotted and the obtained data were sub-
jected to regression analysis using the Least Squares Method.

 (ii) Precision: the intra-day precision was evalu-
ated by analyzing six replicates of fluconazole solutions 
(n=6), at 100% of the test concentration (156.25 mg/mL). 

Similarly, the inter-day precision was evaluated on two 
consecutive days (n=12). The concentration of flucon-
azole in capsule samples was determined and the relative 
standard deviation (R.S.D.) was calculated.

 (iii) Accuracy: this was determined by adding known 
amounts of fluconazole reference standard (39.06, 117.18 
or 195.30 mg/mL) to a sample solution (39.06 mg/mL) 
at the beginning of the analyses, corresponding to 50, 100 
and 150% of the test concentration. At each level, solutions 
were prepared in triplicate and applied to the plate assay de-
scribed above. The recovery percentage of fluconazole was 
determined. In addition, the bioassay results were compared 
to a second known method (HPLC-UV).

HPLC assay for fluconazole

The HPLC analyses were carried out on a Agilent 
1200 system (Santa Clara, CA, USA), composed of a qua-
ternary pump, an auto sampler, a photodiode array detector 
(DAD) and HP ChemStation software. The chromatogra-
phic conditions employed were those described by Porta 
et al. (2005). The column used was a reversed-phase C18 
(150 × 4.6 mm I.D.; 5 µm particle size) from ACE (Aber-
deen, Scotland), at 30 °C. UV-photodiode array detection 
was performed at 260 nm. The mobile phase was com-
posed of acetonitrile and water (22:78), at a flow rate of  
1.0 mL/min. The injection volume was 20 µL.

Approximately 25 mg of fluconazole reference 
standard were accurately weighed in a volumetric flask 
of 50 ml and dissolved in mobile phase. The flask vo-
lume was adjusted to 50 ml with the same solvent. The 
sample solutions were prepared by weighing a portion 
of the capsule’s powder, equivalent to about 25 mg of 
fluconazole, and dissolving in mobile phase, obtaining a  
500 µg/mL solution. All solutions were filtered through 
0.45 µm membranes before injection. 

Analysis of fluconazole capsules

Four commercial samples of fluconazole capsules 
were analyzed using both the developed and validated mi-

FIGURE 1 - 5 x 1 assay: five Petri dishes were used. The reference concentration (R) was tested concomitantly with all other 
concentrations. S1 (625.00 µg/mL), S2 (312.50 µg/mL), R (156.25 µg/mL), S4 (78.16 µg/mL) and S5 (39.06 µg/mL) represent the 
standard solutions. T represents the sample solution (156.25 µg/mL).
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crobiological method and the HPLC method. The content 
results obtained by both methods were compared and the 
agreement between them was evaluated by the Pearson 
coefficient (r).

RESULTS AND DISCUSSION

Method development

In this study we developed and validated a bioassay 
to determine fluconazole potency in capsules. The stan-
dardization of experimental conditions is crucial to obtain 
reliable and reproducible results. In spite of achieving 
adequate results, the lack of this standardization is clearly 
detectable in previous studies involving potency determi-
nation of antifungals, since each paper describes a differ-
ent way of performing the tests. Firstly, the presence of a 
base layer without the inocula provided easier-to-measure 
inhibition zones. The described incubation temperatures 
were 30 °C (Espinel-Ingroff et al., 1977; Odds et al., 
1999), 32 °C (Purangioti et al., 1999), 35 °C (Pascual et 
al., 2007) and 37 °C (Law et al., 1994; Perea et al., 2000). 
The temperatures tested in the present paper (28 °C and 37 
°C) did not yield different results, revealing that both can 
be used in the experiments. Published incubation times 
varied from 14 h (Pascual et al., 2007) to 24 h (Odds et al., 
1999). The incubation time tested in our study (24 h) was 
adequate to provide sufficient yeast growth and regular 
inhibition zones. This was not observed when the plates 
were incubated for 36 h, which provided lower zones and 
culminated in significantly reduced concentrations (prob-
ably due to the more prominent yeast growth) which were 
not well correlated to the HPLC assay (data not shown).

A large number of strains have also been used as test 
organisms: Candida kefyr 706 (Garcia-Hermoso et al., 
1995), Candida kefyr ATCC46764 (Perea et al., 2000), 
Candida albicans DSY1024 (Marchetti et al., 2001), 
Candida albicans ATCC95020 (Pascual et al., 2007) and 
Sacharomyces cerevisiae ATCC2601 (Adams, 2006). The 
strain C. albicans ATCC 18804 used in this work was con-
sidered to be adequate for fluconazole testing. In addition, 
it would be very helpful if researchers and industries used 
the same strain to perform antifungal determination so as 
to improve test standardization. The inocula concentration 
of 1-5 x 105 CFU/mL provided the best visualization of 
the inhibition zones compared to the inocula with 103 and 
104 CFU/mL, for which zones were not clearly delineated. 

In our study design, we used six wells per plate (as 
depicted in Figure 1), which make possible lower devia-
tions due to the correction of the inhibition zone values 
by a standard concentration (R). Other researchers have 

used larger plates in which 16, 36 or even 38 wells were 
made (Rex et al., 1991; Perea et al., 2000; Marchetti et 
al., 2001; Pascual et al., 2007). However, a large number 
of wells on a single plate makes performing the assay and 
the measurements of the inhibition zones more difficult. 
Furthermore, the excessive manipulation of each plate 
increases the possibility of undesirable contamination.

Bioassay

The inhibition zones were clearly delineated by 
using optimized testing conditions. Triplicate wells gave 
the same zone diameters within 1 mm. The average of the 
corrected inhibition zones values for standard concentra-
tions were 16.61 mm (S1), 13.78 mm (S2), 10.72 mm (R), 
8.07 mm (S4) and 5.28 mm (S5). Calibration curves were 
plotted and the r2 value was > 0.9990. DMSO, at the final 
concentration, did not influence the C. albicans ATCC 
18804 growth.

Validation of bioassay

A good linear relationship (r2 = 0.9995) was found 
between the fluconazole concentrations and growth inhi-
bition zone diameter, in the assayed range. The regression 
analysis data are shown in Table I. The representative 
linear equation for fluconazole was 9.429x + 9.869. The 
low R.S.D. value (1.04%) indicated the precision of the 
calibration curve.

Precision was expressed as relative standard devia-
tion (R.S.D.). In the intra-day precision assay (n=6), the 
mean content of fluconazole was 95.8% (R.S.D. = 4.0%). 
For the inter-day precision (n=12), the obtained mean 
was 96.8% (R.S.D. = 4.5%). The obtained R.S.D. values 
confirmed the adequate precision of the method.

Accuracy was investigated by means of a standard 
addition experiment, at three concentration levels, in 
triplicate (n=9). The recovery percentages varied from 
101.5% to 104.4% (Table II). The mean recovery of 

TABLE I - Overview of the linearity data obtained for fluconazole

Parameters Regression analysis results
Regression coefficient 0.9995
Slope ± standard deviation 9.429 ± 0.118
Intercept ± standard deviation -9.869 ± 0.264
Relative standard deviation (%) 1.04
Concentration range (mg/ml) 39.06 - 625.00
Number of points 5
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102.9% assured accuracy of the method. In addition, an 
adequate correlation with HPLC-UV method was obtai-
ned, as depicted in Table III.

HPLC assay

Samples of four commercial fluconazole 150 mg 
capsules were quantified in triplicate by HPLC. The 
obtained chromatogram (Figure 2) shows a symmetrical 
peak, with a tailing factor of 1.09 and retention time of 

4.44 min. The fluconazole contents in each sample are 
presented in Table III. 

Correlation of bioassay results and HPLC

The correlation between both methods was evalua-
ted. Figure 3 demonstrates the high agreement regarding 
the zone inhibition of the bioassay and the peak area 
of the HPLC method, in five different concentrations  
(r = 0.9950). The contents of fluconazole determined by 
both methods, for four capsule samples, showed strong 
correlation, indicated by Pearson’s correlation coefficient 
value (r = 0.9884).

The data in Table III indicate higher contents of 
fluconazole determined by bioassay in comparison to the 
concentrations assayed by the HPLC method. This obser-
ved deviation may be due to the considerable differences 
between the two distinct methods, such as experimental 
conditions and detection techniques. In addition, bio-
assays can reveal subtle changes not demonstrable by 
chemical methods. However, the contents of fluconazole 
determined by both methods showed a strong correlation  
(r = 0.9884), which is clear evidence of the corresponden-
ce in the results. Similar results were found by Warnock 
(1988) when comparing bioassay and HPLC for determi-
nation of itraconazole.

The bioassay, as presented, is suitable for both rese-
arch and pharmaceutical industry laboratories. The major 
advantage of the bioassay is its low cost and relative simpli-
city; it is easy to perform and requires no special equipment 
(Rex et al., 1991; Perea et al., 2000). It is interesting to note 
that in some studies involving bioassay for fluconazole in 

FIGURE 2 - Chromatogram obtained with acetonitrile:water (22:78), using an ACE C18 column (250 × 4.6mm I.D.; 5 µm particle 
size), at 30 °C, detection at 260 nm. Retention time of fluconazole peak was 4.44 min.

TABLE II - Recovery of fluconazole in a standard addition 
experiment for accuracy evaluation

Sample Added 
(mg/mL)

Found 
(mg/mL)* %

1 39.06 40.78 104.4
2 117.18 118.95 101.5
3 195.30 200.99 102.9
* average of three determinations

TABLE III - Fluconazole contents in capsule samples obtained 
by bioassay and HPLC methods

Samples
Fluconazole content (%)

Bioassay HPLC
1 103.9 99.1
2 95.6 90.7
3 95.5 90.7
4 103.2 100.3
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plasma and sera, the r2 values were lower than the value 
found in the present paper (Rex et al., 1991; Hüsewede, 
Dermoumi, 1996). In spite of this slight difference, our re-
sults showed bioassay to be reliable, which may encourage 
other authors and the pharmaceutical industry to perform 
it for fluconazole, concomitantly with the HPLC method. 
This is an important step for potency verification of antifun-
gals, even though this kind of test is not present in official 
pharmacopoeias (Farmacopéia Brasileira, 1988; British 
Pharmacopoeia, 2007; The United States Pharmacopoeia, 
2007). For antibacterial drugs, pharmacopoeias recommend 
the performing of both HPLC and bioassays, as the tests are 
complementary to each other.

Bioassays play an essential role in manufacturing 
and quality control of antibiotic medicines (Salgado et 
al., 2006). Therefore, the method reported here represents 
a simple and low cost assay to quantify fluconazole in 
capsules. The potential of adapting this method for use 
with other azole antifungals warrants further investigation.

In conclusion, the bioassay for the determination of 
fluconazole in capsules proved reliable when performed 
using an inoculum of 1-5 x 105 CFU/mL of C. albicans 
ATCC 18804 and an incubation time of 24h, at 28°C or 
37°C.
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