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ABSTRACT 

Fluconazole is an effective bis-triazole oral antifungal agent indicated for the treatment of systemic and superficial candidiasis. The 
clinical pharmacokinetics and relative bioavailability (bioequivalence) of a single dose of new generic formula (capsule) containing 150 
mg fluconazole as a test product was compared against the brand product Diflcan® 150 mg capsule, Pfizer, as a reference product. Both 
products were administered to 28 healthy Arabic adult males applying fasting, a two-sequence, two-period, two-treatment, single-
dose, randomized crossover design with two weeks washout interval between dosing. Eighteen blood samples were taken from each 
subject before dosing (time zero) and then at 0.33, 0.67, 1.0, 1.33, 1.67, 2.0, 2.5, 3, 4, 6, 8, 12, 24, 48, 72, 96, and eventually at 120 

hours post-dosing. From plasma concentrations obtained from each participant, the pharmacokinetic parameters; Kelimination (z), AUC0–t, 
Tmax, Cmax, AUC0–∞, Thalf and MRT were calculated by non-compartmental analysis and statistically analyzed using ANOVA. Ln-
transformed values of the parameters used for bioequivalence evaluation namely Cmax, AUC0–t, and AUC0–∞ were also statistically 
analysed by ANOVA and 90% confidence interval tests. For Tmax and MRT, nonparametric tests were performed. Based on EMEA and 
FDA criteria on bioequivalence, the results showed bioequivalence of the 2 products. Both drug products were well tolerated by all 
participants. Thus, the new generic fluconazole 150 mg capsule can be interchangeable with Diflcan® capsule and may be prescribable in 

clinical practice. 
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Introduction   

Today, infection due to fungal pathogens has become more 

frequent [1]. Fluconazole is prescribed for prevention and 

treateatment of different and many types of superficial and 

systemic fungal and yeast infections in adults and neonates [2-4]. 

It is available as oral tablets containing 50, 100,150, or 200 mg 

fluconazole, as a powder for oral suspension containing 350 or 

1400 mg fluconazole, and as a sterile solution for intravenous 

use containing 2 mg/ml fluconazole [3]. The drug is also 

indicated in severe burn injury [5] and for therapy in diabetes 

mellitus [6]. 

Many clinical advantages of fluconazole are due to its unique 

pharmacokinetic properties. The pharmacokinetics of the drug 

are almost similar after administration by the oral or 

intravenous routes (tablets and suspension). All the oral drug 

dose reaches the systemic circulation due to low first-pass 

metabolism resulting in absolute bioavailability of more than 

90%, therefore, the daily dose of fluconazole is almost identical 

for intravenous, oral tablets and suspension. In fasting healthy 

subjects, fluconazole maximum plasma concentration (Cmax) is 
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attained within 1-3 hours after oral administration. The 

terminal elimination half-life (Thalf) of fluconazole is about 30 

hours with a range of 20-50 hours and is prolonged greatly in 

patients with renal impairment. The relatively long half-life of 

the drug offers the basis for once-daily dosing in treating fungal 

infections. The apparent volume of distribution of fluconazole 

approximates the volume of total body water. Besides, the drug 

has a low degree of binding to plasma protein, which ranges 

between 11%-12%. This degree has no clinical significance. 

Fluconazole is mainly excreted (about 80%) unchanged in the 

urine. Fluconazole demonstrated linear (dose proportional) 

pharmacokinetics in term of its elimination rate constant 

Kelimination (z), the area under plasma concentration-time curve 

(AUC) and the Cmax [3, 7]. 

Fluconazole is widely used worldwide for severe systemic 

fungal infections. Therefore, it is important to avoid therapeutic 

failure and adverse effects of fluconazole formulation by 

achieving the required therapeutic plasma concertation with 

optimal effect and minimal adverse effect which can be assured 

by bioequivalence assssement. If a fluconazole formula yield 

plasma levels below the required therapeutic concertation to 

ensure efficacy, the infection will persist, and the risk of 

developing resistance is expected [8-10]. Hence, many 

bioequivalence researches were conducted in different countries 

to examine the bioequivalence of their marketed generic 

fluconazole in their nations [11-18]. These researches include 

Chinees [11], Arabic [12], Thia [13], Brazilian [14], Spanish 

[15], Serbian [16], Mexican [17], and Bangladeshi [18] 

populations. 

This investigation  aimed at studyning the pharmacokinetics of a 

newly developed generic capsule formula containing 150 mg 

fluconazole in healthy male adult Arabic subjects and to find out 

whether the generic formula is bioequivalent with the reference 

brand  Diflcan® 150 mg capsule produced by Pfizer, by 

comparing the pharmacokinetic characteristics of both 

formulations. Besides, as a secondary purpose, the tolerability 

of both formulas was also assessed.     

Materials and Methods  

Dissolution test 
As a prerequisite for bioequivalence testing of a generic against 

the brand drug formulations, a promising in vitro dissolution 

performance between both formulas should be obtained [19-

22]. As recommended by FDA guidelines on dissolution [19], 

the similarity factor (F2) between the dissolution profiles of 

both products should be more than 50 (50-100), which confirm 

the pharmaceutical similarity between both products and may 

reflect sameness or equivalence of the in vivo performance of 

both products [19-22].  

Study design 
This research was conducted as per a study protocol applying 

ICH guidelines on good clinical practice [23, 24], the latest 

version of the Declaration of Helsinki [25], and international 

guidelines on bioavailability and bioequivalence [26-28],  

including FDA and EMEA. The study protocol involved all 

details of this study, i.e., clinical, bioanalytical, 

pharmacokinetics, biostatistics, consent forms, and approvals 

from the principal investigator, the institutional review board 

(IRB), and the clinical investigator. All subjects recruited for 

the study gave their signed and written informed consent 

together with two witnesses and the clinical investigator before 

screening the subjects. Twenty-eight Arabic healthy male adult 

subjects were given each investigational drug product applying 

an open-label, single-dose, fasting, two-period, crossover 

design, two-sequence, two-treatment, randomized, with two-

week washout interval between dosing. In each period (i.e., 

period 1 and 2) of this research, an equal number of participants 

(14) were randomized based on a randomization scheme 

established in the study protocol in order to receive each 

formula per sequence.  

Investigational drug products 
The generic formula was a capsule containing 150 mg 

fluconazole and the brand product was Diflcan® 150 mg 

capsule, Pfizer, Canada as a reference product. 

Selection of eligible subjects 
Arabic healthy adult men were selected to participate in this 

research according to the inclusion/exclusion criteria stated in 

the study protocol. The subjects age was between 18-48 years, 

body mass index (BMI) 18-30, non-smoker or light smoker 

(less than 10 cigarettes a day), have no history of alcohol and 

drug abuse, did not participate in any clinical trials, no recent 

surgery and blood donation within the last 2 months prior to 

the current study. 

The subjects were regarded healthy based on personal 

interviews, complete physical examinations, clinical laboratory 

tests, and clinical examinations involving normal vital signs 

(temperature, blood pressure, and pulse), normal ECG, no 

medical history or diseases including cardiovascular, 

respiratory, renal, hepatic, gastrointestinal, epilepsy, bleeding, 

severe anemia, coagulation disorders, and psychiatric problems. 

The subjects should not have a history of hypersensitivity and 

contraindication to fluconazole and any related compounds. 

The clinical laboratory tests included normal biochemistry and 

hematology, negative (HIV, hepatitis B and C), negative drug 

abuse by urine examination, negative alcohol abuse by salivary 

testing, and normal routine urine analysis.  

Clinical experimental conditions 
The subjects attended the clinical unit before about 14 hours of 

drug product administration to perform vital signs, alcohol and 

drug abuse examinations. The subjects provided standard 

dinners 12 hours prior to dosing. The subjects were confined at 

the clinical unit 24 hours post-dosing for blood sampling and 

returned to the clinical unit for blood sampling at 48, 72, 96, 
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and eventually at 120 hours post-dosing (end of each study 

period). As per the randomization plane, the test or the 

reference product was administered to each subject with 240 ml 

water after overnight fasting of 12 hours. A standard lunch was 

provided at 4 hours followed by a standard snack at 8 hours and 

a standard dinner at 12 h after dosing. No water was allowed 2 

h prior and 2 h after dosing, then water was allowed as desired. 

All the meals given for both periods of the research were 

identical and provided at the same time. The subjects were not 

allowed to sleep or lie during the first hours of drug product 

administration and they were stayed upright sitting or standing. 

After 2-weeks washout interval, the subjects returned to the 

clinical unit, and the same above-mentioned procedure was 

repeated as in the first period to complete the crossover design. 

Collection of blood samples 

Venous blood samples (5 ml) were obtained from subject’s 

forearm antecubital vein at zero time (about one hour prior 

dosing) and then at 0.33, 0.67, 1.0, 1.33, 1.67, 2.0, 2.5, 3, 4, 

6, 8, 12, 24, 48, 72, 96, and eventually at 120 hours post 

dosing. Each blood sample was directly transferred to 

heparinized tube and immediately centrifuged for 5 minutes at 

4000 rpm for separation of plasma. The plasma samples were 

directly placed into Eppendorf tubes and saved  in deep freezer 

at -20±10 °C until assessing fluconazole concentrations.  

Tolerability and safety 
Fluconazole tolerability and safety of each test and reference 

formula administered to each individual and at each period were 

assessed by observing, monitoring, and interviewing each 

individual about any potential adverse events (AEs), adverse 

drug reactions (ADR), and serious adverse effects (SAE) by the 

clinical investigator and the clinical staff. In addition to that, the 

vital signs were recorded at approximately 1 hour prior to drug 

administration, and then at 1, 2, 4, 6, 12, 24, 48, 72, 96, and 

eventually at 120 hours after drug intake, which is the time of 

discharge for periods 1 and 2 of this study.  

Quantification of fluconazole 

concentrations in plasma 

A high-performance liquid chromatography with UV detection 

at 210 nm was used for the quantification of fluconazole in 

human plasma applying modified analytical methods described 

previously [29-31]. Phenacetin was utilized as the internal 

standard. The analytical method was validated according to the 

current recommended FDA bioanalytical method validation 

guidelines [32]. The linearity of the standard calibration curve 

was established for concentrations range from 50-10000 ng/ml, 

which ought to cover the plasma concentrations range of 

fluconazole obtained after therapeutic oral doses of the drug as 

shown in previous pharmacokinetics [3, 7], bioavailability, and 

bioequivalence researches [11-18]. The lower limit of 

quantitation (LLOQ) of fluconazole in plasma was 50 ng/ml. 

After completing the clinical phase (i.e., at the end of period 2),  

all plasma samples collected from each subject for the test and 

reference formulas together with the standard calibration curve, 

in addition to the quality control (QC) samples (low, medium 

& high) were analyzed together as one batch and in one 

analytical run to quantify fluconazole concentrations in the 

unknown authentic plasma samples. In addition to that, 

fluconazole plasma concentrations were not calculated by 

extrapolation below the LLOQ or above the upper limit of 

quantitation (ULOQ) of the established standard calibration 

curve [32]. 

Pharmacokinetic parameters  

Kinetica software was used for the estimation of all 

pharmacokinetic parameters of fluconazole including Cmax, Tmax, 

AUC0–t, AUC0–∞, Kelimination (λ z), Thalf, and MRT of each subject 

and for each period applying non-compartmental analysis [33, 

34]. Plasma concentration versus time data was plotted by 

Excel software. The Cmax and the time at which Cmax occurs 

(Tmax) were obtained without interpolation from the 

concentration versus time curve of each subject. The area under 

the plasma concentration versus time curve from the time of 

pre-dosing (t0) up to the time of last blood sample withdrawal 

(tlast) at 120 hours post-dosing (AUC0-t) was calculated by 

Trapezoidal rule. The extrapolated area under the plasma 

concentration versus time curve from tlast to infinity (AUCt-∞) 

was calculated from the ratio of Clast/λ z. The Clast is the last 

quantifiable fluconazole plasma level that meets or exceeds the 

LLOQ. The terminal elimination rate constant Kelimination (λ z) 

was determined by least-square linear regression fitness of not 

less than three data points at the terminal phase of the log-

concentration versus the time curve of each subject. The 

terminal elimination half-life (Thalf) was calculated from the 

ratio of 0.693/λ z. The area under the plasma concentration 

versus time curve from t0 to infinity (AUC0-∞) was calculated as 

AUC0-t plus AUCt-∞. The % extrapolated AUC was calculated 

from (AUCt-∞/AUC0-∞) ×100. The mean residence time 

(MRT) was derived from the ratio of area under the moment 

curve (AUMC)/AUC [33, 34]. The mean±SD fluconazole 

plasma concentration versus time data for the test and the 

reference formulas were plotted in rectilinear and semi-log 

graphs.  

Statistical data analysis for bioequivalence 

judgment  

In order to evaluate the presence of statistical difference (if any) 

between the concentration-time profiles of fluconazole obtained 

from  the test formula given to each subject against the 

corresponding profiles obtained from the reference formula, 

fluconazole plasma levels at each time point of the test formula 

were statistically compared against the corresponding 

concentrations for the reference formula by ANOVA tests.  
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The descriptive statistics involving geometric means, arithmetic 

means, ratio of means, coefficient of variation (CV), standard 

deviation (SD), minimum and maximum values were calculated 

for all the determined pharmackinetic parameter Cmax, Tmax, 

AUC0–t, AUC0–∞, λ z,  Thalf and MRT. ANOVA tests were 

carried out for all the above-mentioned parameters of the test 

formula against the corresponding values obtained from the 

reference formula to demonstrate the impact of treatment (test 

versus reference formula), period, sequence, and subjects 

nested in sequence sources of variations. Moreover, ANOVA 

tests were also carried out for the Ln-transformed values of the 

primary parameters utilized for bioequivalence evaluation, 

namely Cmax, AUC0–∞, and AUC0–t. The test formula (T) was 

declared bioequivalent to the reference formula (R) if the 

ranges of 90% Cl of the (T/R) ratio for the Ln-transformed 

values of AUC0–∞, AUC0–t, and Cmax are 80.00-125.00 % [26].  

Besides, the non-parametric Wilcoxon signed-rank test was 

used to evaluate the difference between Tmax values of the test 

versus reference formulas [35].    

Results and Discussion  

Dissolution data 

The dissolution profiles of both formulas were almost similar 

and to a good extent superimposable. Besides, the similarity 

factor F2 was calculated to be 95.6, which indicated sameness 

and pharmaceutical equivalence of both formulas. Thus, the 

dissolution result obtained in this study was so encouraging and 

promising to proceed to in vivo bioequivalence study [19-22].      

Study conduct  

Figure 1 shows the disposition of study subjects from the 

screening until the completion and discharged from the study at 

the end of period 2. As per previous fluconazole bioequivalence 

studies conducted in different populations [11-18], it appeared 

that sample size of 28 subjects is enough for achieving adequate 

power for bioequivalence judgments [11-18]. Thus, 38 subjects 

were recruited to be screened in order to end up with a 

minimum of 28 eligible subjects to be selected for participation 

in the study. Eight subjects were found to be not eligible to 

participate in this study according to the inclusion/exclusion 

criteria stated in the study protocol. Two more subjects 

withdrew from the study at the screening phase due to personal 

reasons. Hence, 28 eligible subjects were enrolled in this 

research as depicted in Figure 1. Since no dropout and 

withdrawal took place during the entire study, thus, all the 28 

participants who started this research completed both periods of 

the study.   
 

 

Figure 1. Disposition of the study subjects from screening until discharged 
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Tolerability and safety data 

Both the test and the reference formulas were well tolerated by 

all subjects. Unexpected AEs, ADR, and SAE that possess a 

significant impact on study conduct were not documented. All 

the participants were discharged with no significant change in 

their baseline clinical data including vital signs and clinical 

laboratory tests involving biochemistry, haematology, and 

routine urine analysis which were done before drug intake of 

period 1, at the end of period 1, before drug intake of period 2, 

and eventually at the end of period 2 upon subjects discharged 

from the study. 

Bioanalytical data 

The analytical method used in the current study for 

determination of fluconazole plasma concentrtions was found to 

be accurate, precise, specific, selective, sensitive, and met the 

acceptance criteria according to the current recommendations 

of FDA bioanalytical method validation guidance [32]. In 

addition to that, the ranges for quantification of fluconazole 

from 50-10000 ng/ml was quite enough for covering the 

plasma concentrations range of fluconazole obtained as shown 

in Figure 2. 

The inter- and intra-batch precision and accuracy for 

fluconazole at low, mid, and high concentrations were less than 

9%, which is well within the accepted ranges of 15-20% as 

recommended by the above guidelines [32]. The recovery of the 

drug in all plasma concentration ranges was reproducible and 

the average value was 87±7. The LLOQ was reproducible and 

identifiable at 50 ng/ml. No interfering peaks with fluconazole 

were detected in the chromatograms. The correlation 

coefficients (r) were greater than 0.9988.  Therefore, the 

bioanalytical method applied in this research is suitable for 

analysing fluconazole in plasma samples collected from 

bioavailability, pharmacokinetic, and bioequivalence studies. 

Plasma concentrations of fluconazole 

Plasma concentrations versus time profiles of fluconazole 

(mean±SD) which were obtained after the administration of the 

test and the reference formulas are plotted in rectilinear and 

semilog graphs as shown in Figure 2. It is apparent from 

Figure 2 that fluconazole is rapidly absorbed from the 

administered capsule since plasma levels above the LLOQ (50 

ng/ml) appeared in all the 28 subjects and for both formulas at 

the first blood sample withdrawal (at 0.33 minutes post-

dosing), and fluconazole reached its maximum levels within 2 

hours of drug intake. The plasma levels of fluconazole then 

declined mono-exponentially with a long terminal elimination 

phase as shown in Figure 2. The present finding is supported 

by several previous pharmacokinetics [3, 7], bioavailability and 

bioequivalence studies [11-18]. 

Visual observation of Figure 2 demonstrates excellent 

agreement between the plasma concentration-time profiles for 

both formulas since both profiles are nearly superimposable. 

ANOVA tests for the individual plasma concentrations at each 

blood sampling time point (18 blood samples from 0.33 and up 

to 120 hours post-dosing) of the test formula versus the 

corresponding concentrations for the reference formula 

revealed no significant differences (p>0.05). Hence, this 

finding indicates that the absorption and disposition behaviors 

for the test formula are identical to the reference formula and 

suggest bioequivalence of both formulas.  

The current research showed that for both formulas and for all 

participants, fluconazole levels were not detected (below the 

LLOQ of 50 ng/ml) in plasma samples obtained prior to drug 

intake at period 2 of the study. Hence, this observation ensures 

the absence of carry-over effect and indicates that two weeks 

washout interval between dosing is enough for the 

bioequivalence study of fluconazole. 
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b) 

Figure 2. Plasma concentrations (Mean±SD) versus time profiles of fluconazole after administration of 150 mg 

capsules of the reference and test products to 28 healthy men. a) Rectilinear graph, b) Semilog graph 

 

Pharmacokinetic data 

Table 1 presents the descriptive statistics of all the calculated 

pharmacokinetic parameters including Kelimination (λ z), AUC0–∞, 

AUC0–t, Tmax, Cmax, Thalf, and MRT. Table 1 demonstrate good 

agreement between all the above-mentioned parameters of both 

formulas. The % extrapolated AUC was less than 9 % as shown 

in Table 1, which clearly indicates that 120 hours blood 

sampling after fluconazole intake was very enough for reliable 

measurements of fluconazole levels for pharmacokinetics, 

bioavailability, and bioequivalence studies. 

Interestingly, the average and the ranges of all the current 

pharmacokinetic parameters obtained after the administration 

of fluconazole capsule to the Arabic population  (Table 1) are 

almost similar to the corresponding pharmacokinetic 

parameters obtained after the administration of fluconazole 

capsule or tablets to other populations including Thai [13], 

Brazilian [14], Spanish [15], Serbian [16], Mexican [17], and 

Bangladeshi [18]. Thus, it can be concluded that ethnicity may 

possess no significant impact on the pharmacokinetics of 

fluconazole, i.e., absorption (rate and extent), and disposition.  

Statistical data analysis for bioequivalence 

judgment 

Statistical comparison applying ANOVA test between the test 

and the reference formulas for all pharmacokinetic parameters 

introduced in Table 1 demonstrated no significant differences 

for the period, formulation, and sequence sources of variation. 

The non-parameter Wilcoxon signed-rank test exihibited no 

significant variations between the Tmax values of both formulas. 

The arithmetic and geometric mean ratios and the relative 

bioavailability of the test/reference formulas approach 100% as 

shown in Table 2. Moreover, the ranges of 90%CI (Table 2) 

were well within bioequivalence accepted ranges of 80.00%-

125.00% [26]. Hence, it is concluded from the current research 

that the newly developed generic fluconazole 150 mg capsule is 

bioequivalent to the brand product Diflcan® 150 mg capsule, 

Pfizer, and can be considered interchangeable with Diflcan® and 

prescribable in clinical practice.  

 

Table 1. Pharmacokinetic parameters of fluconazole 150 mg capsule after administration of the reference and test products to 

28 healthy men 

Test product 

Statistics 
Cmax 

(ng/ml) 

Tmax 

(h) 

AUC0-t 

(ng.h/ml) 

AUC0–∞ 

(ng.h/ml) 

% 

AUCextra 

λ z 

(h-1) 

T0.5 

(h) 

MRT 

(h) 

Mean 3068.5 2.16 112215.8 122810.2 8.6 0.021 33.8 48.8 

±SD 512.9 0.75 14854.9 17445.8 2.1 0.002 2.5 5.1 

%CV 16.7 34.7 13.2 14.2 24.6 9.6 7.5 10.4 

Min 2271 0.67 90081 97932 6 0.016 31 43 

Max 3891 3 132416 148688 14 0.023 39 62 
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Geomean 3029.0 2.25* 111301.9 121661.5 ** 0.021 33.7 48.6 

Reference product 

Statistics 
Cmax 

(ng/ml) 

Tmax 

(h) 

AUC0-t 

(ng.h/ml) 

AUC0–∞ 

(ng.h/ml) 

% 

AUCextra 

λ z 

(h-1) 

T0.5 

(h) 

MRT 

(h) 

Mean 3117.3 1.625 112876.4 122710.8 8.5 0.021 33.8 48.5 

±SD 472.6 1.21 11682.9 15802.8 2.54 0.002 3.98 5.02 

%CV 15.2 74.7 10.4 12.9 29.9 10.3 11.8 10.3 

Min 2345 0.67 95533 92133 5 0.016 29 41 

Max 3691 4 128753 141911 15 0.024 44 61 

Geomean 3083.2 1.17* 112319.7 121733.2 ** 0.021 33.6 48.3 

* Median, **Geomean was not calculated  

   

Table 2. Geometric mean ratio, relative bioavailability, and 90% CI for the test versus the reference products 

Parameter Geomean ratio Relative bioavailability* 
90% CI 

lower limit 

90% CI 

upper limit 

Cmax 0.98 0.98 94.22 102.43 

AUC0–t 0.99 0.99 96.30 103.83 

AUC0–∞ 1.00 1.00 95.50 104.77 

    *Relative bioavailability=arithmetic mean test/arithmetic mean reference 

Conclusion 

This research displays the pharmacokinetic characteristics of 

fluconazole 150 mg capsule for a newly developed generic 

product in comparison to the brand product Diflcan® 150 mg 

capsule, Pfizer after administration to Arabic adult male healthy 

individuals. The ranges of 90% CI for the  primary parameters 

used in bioequivalence judgment namely Cmax, AUC0–t, and 

AUC0–∞ were well within the accepeted interval as per FDA and 

EMEA guidinace. Hence, the new generic formula of 

fluconazole 150 mg capsule was considered bioequivalent to the 

brand formula and may be prescribable and interchangeable 

with the brand Diflcan® 150 mg capsule in clinical practice.  
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