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Abstract

We studied the pharmacokinetics and compared the oral bioavailability of the "generic”
(Biozole®, Biolab Company, Thailand) and the "innovator" (Diflucan®, Pfizer Incorporation,
U.S.A.) fluconazole preparations in 12 healthy Thai volunteers. A 200 mg single oral dose of
each preparation was given to the subjects in a randomized double-blind 2-period crossover
design with 2 weeks washout period. Blood samples were collected just before and at 0.5, 1,
2, 2.5, 3, 4, 24, 48, 56 and 72 hours after drug administration. Serum fluconazole concentra-
tions were determined by using high performance liquid chromatography. Individual concen-
tration-time profiles and the pharmacokinetic parameters were analyzed by the noncom-
partmental pharmacokinetic method [TOPFIT, a pharmacokinetic data analysis program]. The
pharmacokinetic parameters (T v, Chax Vd» Cl) of fluconazole in Thai healthy volunteers
were comparable to those values observed in Caucasian subjects. The relative bioavailability
of the generic Biozole® was 102.38 + 9.79 per cent of Diflucan®. The means and 90 per cent
confidence intervals (90% CI) of the [Biozole®/ Diflucan®] ratio of AUC( 79, AUCq ipt and
Cinax were 1.02 (0.98-1.06), 0.99 (0.95-1.03) and 1.13 (1.03-1.25), respectively. These values were
well within the acceptable bioequivalence ranges of 0.8-1.25 proposed by the US FDA. The
means and 90 per cent CI of Ty, ., differences [Biozole®- Diflucan®] were -0.46 [(-1.03)-
(0.12)]. This value was outside the stipulated bioequivalence range of + 0.41 h (x 20% of the
Tiax of the reference formulation). Nevertheless, the T, ,, difference was not expected to be
related to the differences in safety and efficacy of the drug. Hence, Biozole® and Diflucan®
were bioequivalent with respect to the extent of absorption (AUC), ard the C and could be
used interchangeably.
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Fluconazole is a synthetic antifungal bis-
triazole developed by Pfizer, Inc. and has been
marketed as Diflucan®. The insertion of 2 fluoride
atoms into its chemical structure increases its
polarity and hydrosolubility. Thus, allowing the
drug to be available in either oral or parenteral
form(1). Fluconazole is currently approved for the
therapy of candida infections including oropharyn-
geal, esophageal and systemic candidiasis(2.3). It
is also effective in acute therapy and suppression
of relapse cryptococcal meningitis(3:4). In addi-
tion, it has been used for the treatment of severe
fungal infections in AIDS, immunocompromised
hosts and cancer patients(3). Oral fluconazole is
rapidly absorbed with bioavailability of approxi-
mately 90 per cent(1). The bioavailability is not
altered by food or gastric acidity(3). Oral adminis-
tration of single dose fluconazole results in peak
plasma concentrations within 2 hours(6). Fluco-
nazole is widely distributed in tissues and body
fluids including cerebrospinal fluid (CSF)(4),
saliva(2) and vaginal secretion(6). Plasma protein
binding 1s low (11 to 12%). Fluconazole is excreted
predominantly unchanged (more than 66%) in the
urine(7,8). The half-life of fluconazole is about
30 hours(4) and is greatly prolonged in pateints
with renal insufficiency(9).

Although generic fluconazole preparations
may be chemically equivalent to the innovator, the
study of relative bioavailability is still required to
determine whether the "generic” is bioequivalent to
the "innovator". The purpose of this study is to
investigate the pharmacokinetics of fluconazole
and to compare the oral bioavailability of the
"generic" (Biozole®) and the "innovator” (Diflu-
can®) preparations in healthy Thai volunteers.

MATERIAL AND METHOD
Subjects

Twelve healthy volunteers (6 women and
6 men), 21-38 years of age (mean + SD = 25.83 +
4.73 years) participated in the study. Their weight
and height ranged from 42.5-65 kg (54.75 + 8.05)
and 154-177 ¢cm (161.83 + 5.83), respectively. All
subjects were abstinent from any medications for
at least 1 week prior to the study and were free
from any medical illnesses or underlying diseases
Judged by physical examination and routine biood
test including complete blood count with differen-
tial count, blood urea nitrogen and creatinine, and

COMPARATIVE BIOAVAILABILITY OF FLUCONAZOLE PREPARATIONS 773

liver function test. Female subjects who were
sexually active, had reliable methods of contracep-
tion and were not pregnant at the time of the
study (comfirmed by a urine pregnancy test). All
subjects signed a written consent form to partici-
pate in the study. The study was approved by the
Medical Ethic Committee of the Chiang Mai Uni-
versity, Faculty of Medicine.

Study Design

This was a randomized, double-blind. 2-
period crossover study. All subjects, the physician
administering the assigned treatment and the tech-
nician who performed the drug analysis were
blinded. Each subject was randomly assigned to
receive a 200 mg capsule of either Diflucan® (lot
number 612064107, purchased from the Maharaj
Nakorn Chiangmai Hospital) or Biozole® (lot
number FC200G/1, donated from the Biolab Com-
pany) in the morning after an overnight fast and
remained without food at least 4 hours after the
oral dose administration. Blood samples were
collected immediately before and at 0.5, 1, 2, 2.5,
3, 4, 24, 48, 56 and 72 hours after the drug admi-
nistration. The blood samples were allowed to
clot at room temperature, then centrifuged at 2400
rpm for 6 minutes. The serum samples were kept
overnight at 0-4°C and then were analyzed for
fluconazole concentrations within 24 hours after
blood sample collections. At least 2 weeks after
the previous visit, subjects were crossed over to
receive a different fluconazole preparation.

Drug Assay

Concentrations of fluconazole in the
serum samples were quantified with the use of the
high performance liquid chromatography (HPLC)
rechnique(2.4). The HPLC system consisted of a
CS reversed-phase column (4.6 mm X 150 mm).
an 1SS-200 automatic sampler and a model 410LC
pump connected to an LC-235 diode array detec-
tor. Column eluate was monitored at 260 nm
wavelength. Peak areas of the chromatogram were
integrated with the use of a model 2100 PC inte-
grator. The isocratic mobile phase was a mixture
of 0.02 M phosphate buffer in methanol (69:31,
v/v), pH 6.85. Hexadecyltrimethyl-ammonium
bromide (0.182 g%) was used as an ion-pare
reagent in the mobile phase. The mobile phase was
pumped through the column at 1 ml/min. The serum
sample was prepared with the use of a solid phase
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extraction column. The retention time for flucona-
zole was approximately 5.98 minutes with the
lower limit of detection of 1 pg/ml. Fluconazole
concentrations were determined from a calibration
curve of the standard concentrations of fluconazole
peak areas with the use of linear regression. The
interday and intraday variations were 6.54 and
5.05 per cent, respectively.

Statistical Methods and Data Analysis

The serum fluconazole concentration-time
curves were analyzed by non-compartmental
model. Maximal serum concentration (Cmax) and
time to reach the peak concentration (Tp,,.) were
obtained directly by visual inspection of each sub-
ject's serum concentration-time profile. Other phar-
macokinetic parameters in\qluding elimination half-
life (t1/2), plasma clearance (CL), volume of dis-
tribution (V4), area under the concentration time
curve from time O to 72 hours (AUCq 77 ) and
area under the concentration time curve from time
0 to infinity (AUCq_jnf) were derived with the
use of TOPFIT 2.0, a Pharmacokinetic and Phar-
macodynamic Data Analysis System for the PC.

Paired Students' t-test was used to deter-
mine the statistical differences between the mean
values of serum fluconazole concentrations of the
two preparation over time.

The 90 per cent confidence intervals
(90% CI) of the mean ratio of AUC and Cp .y
were parametric and calculated according to the
method of Schuirmann and Bolton(37,38). Sta-
tistic analysis was performed on the natural loga-
rithm (In) transformed data and the three-way
ANOVA. Thereafter, using the variance estimate
(VAR) obtained from the ANOVA, calculated

the 90 per cent CI from the following formula-
tion(10-12);

o 2VAR
(MA-HB) = (XA-XB)£Vg

hn

Where X A iB were the observed means
of the In transformed parameters (either Cmax or
AUC) of test product (Biozole®) and reference
product (Diflucan®). VAR (or S2) was the error
variance obtained from the three-ways ANOVA
(the residual mean square of a two-way crossover
study). n was the number of subjects. Vg1 was
the tabulated two-tails ¢ value for 90 per cent CL v
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was the number of degrees of freedom of the
mean square from the ANOVA. The next step was
taking the antilogarithm of the CI, which would
express the bioequivalence as a ratio of the test
product (Biozole®) and the reference product
(Diflucan®). The two preparations were consi-
dered to be bioequivalent if the 90 per cent CI (2-
sided at the 5% level) of these ratios were within
the bioequivalence range of 0.80-1.25(10.11),
The limits for the bioequivalence range
of Trpax Were expressed as untransformed data
(absolute differences) and the stipulated bioequi-
valence range of the Ty, difference [Ty, (Bio-
zole®)'Tmax (Diﬂucan®)] was + 20 per cent of
the Ty, of the Diflucan® preparation(10,11),
The other pharmacokinetic perameters
were expressed as mean + SD. The relative bio-
availability (Fe)) of the generic preparation was
determined with the use of the formula: AUC(_75

h (Biozole®yYAUCp.72 h (Diflucan®)

RESULTS

Twelve healthy subjects completed this
study without any serious adverse effects. The
mean serum fluconazole concentrations over time
following single oral dose of 200 mg of Diflucan®
and Biozole® are shown in Table 1 and Fig. I,
respectively. There were no statistical differences
between the mean values of serum fluconazole
concentrations of the two preparations over time.
The means of each pharmacokinetic parameter
of the two formulations are shown in Table 2.
Both formulations of fluconazole were rapidly
absorbed after oral administration with the mean
Tpnax of 2.04 +0.81 and 1.58 + 1.28 h for Diflucan®
and Biozole®, respectively. At this time point,
the mean Cp,, of Diflucan® and Biozole®
were 5.77 £ 1.10 and 6.67 + 1.92 pyg/ml, respectively.
The mean values of AUC(_75 and AUCq ;¢ for
Diflucan® were 206.85 + 38.48 and 279.05 + 52.98
pg.h/ml, comparable to those values of 21022 +
35.10 and 275.79 + 51.21 pg.h/ml for Biozole®.
The average extrapolation fraction of the AUCO'iE‘S
were 26 per cent and 24 per cent for Diflucan
and Biozole®, respectively.

Table 3 illustrates 90 per cent CI and point
estimate of [Biozole®/Diflucan®] of AUC(_7,.
AUCq_jpf, and Cpyay as well as the Ty, dif-
ferences of [Biozole®-Diflucan®]. The mean
and 90 per cent CI of [Biozole®/Diflucan®] of

AUCq.7p, AUCq i and Cp o, were 1.02 [0.98-
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Table 1.
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Mean serum concentrations of fluconazole over time after a single 200 mg oral dose of the inno-
vator and generic preparations in 12 healthy Thai volunteers.

Serum conceatration (ug/mi)

Time (h) Diflucan® Biozole® p valueb
0 0 0
0.5 3.14 0.602 4.83 1.00 0.21
1 4.51 0.46 5.76 0.51 0.08
2 5.42 0.32 5.40 0.33 0.87
25 5.44 0.31 5.54 0.38 0.56
3 5.38 0.30 5.21 0.31 0.35
4 S.11 0.31 5.20 0.31 0.56
24 327 0.18 3.31 0.16 0.72
48 2.08 0.14 2.15 0.12 0.55
56 1.78 0.09 1.71 0.10 0.50
72 1.37 0.08 1.28 0.09 0.07
a: Mean (SE)
b : paired r-test
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Fig. 1.

Mean serum concentrations of fluconazole over time after a single 200 mg oral dose of the innovator

and generic preparations in 12 healthy Thai volumteers. Data represent mean + SEM.
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Table 2. Pharmacokinetic parameters after a single 200 mg oral preparation of the innovator and generic

fluconazole in 12 healthy Thai volunteers.

Diflucan® Biozole®

Chax (vg/ml) 577 1.10a 6.67 1.92
Tax 2.04 0.81 1.58 1.28
t12 () 36.20 4.09 34.56 5.21
CL (ml/min/kg) 0.23 0.03 0.23 0.03
Vq (L/kg) 0.70 0.09 0.68 0.09
AUCq_72 (ug.h/ml) 206.85 38.48 210.22 35.10
AUCq_inf (ug.h/ml) 279.05 52.98 27579 51.21
Frel (%) 102.38 9.79b
a: Mean (SD)

b : Determined at the time 0-72 h

Table 3. Parametric 9% CI for the mean pharmacokinetic parameters of fluconazole 200 mg.
Parameters [Biozole®/Diflucan®] ratio

Mean 90% Ct
AUC(.721, (Mg W/ml) 1.02 0.98-1.06
AUCq_ipf (Mg-/m) 0.99 0.95-1.03
Cpnax (Hg/mb) 113 1.03-1.25
Parameters Difference between [Biozole®/Diflucan®]

Mean 90% CI
Tmax (-0.46) (-1.03)-(0.12)

1.06], 0.99 [0.95-1.03] and 1.13 [1.03-1.25], res-
pectively. These values were well within the
acceptable bioequivalence range of 0.80-1.25(36).
The mean and 90 per cent CI of the Tp,,, diffe-
rence were -0.46 and [(-1.03)-(0.12)], respectively,
which was outside the acceptable range.

DISCUSSION

The bioequivalence testing of Biozole®
and Diflucan® following single oral administration
of 200 mg doses were conducted in a rafidomized
two-way crossover design. The result demonstrated
that the mean ratios {Biozole®/Diflucan®] of the
AUCq_ 77, AUCq_inf and Cppq were close to 1 and
their 90 per cent CI were within the international
bioequivalence range of 0.80-1.25. Therefore, it
could be implied that the two products were
bioequivalent with respect to the extent of drug

absorption and C,,,,. However, the parametric
point estimate of the difference of Ty, [Bio-
zole®- Diflucan®] of (-0.46) h and 90 per cent CI
of (-1.03) - (0.12) h implied that Ty, of Bio-
z0le® was significantly shorter than Diflucan®,
since this value was outside the bioegivalence
range of +0.41 h (+20% of the Ty, of Diflucan®).

In this study, Cp5x and T, were esti-
mated from the highest concentration measured
and the time of its occurrence. Since the accuracy
of the Ty, was limited by discrete blood sampling
schedule and the serum concentration-time curve
was quite flat near the peak, the value of T, .,
chosen may not be a good representative of the
actual value. Nevertheless, the Tmax difference
which occurred between the two products may be
explained by the presence of different excipients
and manufacturing process which could affect the
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rate of drug dissolution in vitro and drug absorp-
tion in vivo. Another reason was the variations in
absorption rate due to physiological conditions
such as gastric emptying time and intestinal transit
time. Although, the average T, of Biozole®
and Diflucan® were statistically different between
the two formulations (1.58 + 1.28 vs 2.04 + 0.81 h).
These values were within the average T .,
values reported in the literature (1-3 h)(9,13).
Other pharmacokinetic parameters such as
ty172, Vq(L/kg), CL(ml/min/kg), AUC(_ 7, and
AUCq_j,r were comparable between the two pro-
ducts. The average V4 reported in this study was
slightly smaller than those values reported in the
literature (0.71 L/kg)(14). On the other hand, the
Cinax values of fluconazole from our study were
also higher than the averaged values reported in
other studies (4.70 pg/ml)(13). The reason may be
due to the smaller volume of distribution of our
subjects compared to Caucasian subjects. The
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averaged Cl of the two products reported here was
less than the values reported in the literature
(0.27 + 0.070 ml/min/kg)(1). The averaged t;, of
Diflucan® and Biozole® in this study was slightly
longer than the values reported in other studies
(32 + 5 h)(®),

SUMMARY

The bioequivalence testing demonstrated
bioequivalence of the two brands concerning the
extent of absorption (AUCgp_ 75, AUCq_jp¢) and
Cruax The time to reach the peak (Tiax) of Bio-
zole® was shorter than Diflucan®, and was out
of the bioequivalent range. However, since the
difference of Ty, is usually not related to the dif-
ferences in safety and efficacy of the drug. the
bioequivalence with respect to the AUC and C,,«
might imply that the generic Biozole® may be
used interchangeably with Diflucan® when the
cost-effectiveness is concerned.

(Received for publication on March 31, 1998)
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