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ABSTRACT

The pharmacokinetics and relative bioavailability of fluoxetine capsules manufactured by two different pharmaceutical factorieswere
carried out. A multiple oral doses ((20 mg/cap) x 2/day x 13 day)of fluoxetine was administered in 8 healthy young Chinese malesin a
completely double-blind cross-over design with a two week washout period between each dose. Plasma samples were obtained before
(three minimum concentrations) and at various appropriate intervals after last dosing up to 72 hours. The plasma concentrations were then
analyzed by a HPL C method. The limit of quantitation of this HPLC method was 5 ng/mL. The coefficients of variation of the within-day
and between-day calibration curves (n = 6) range from 5 ng/mL to 500 ng/mL were less than 16 %, and the accuracy of this method was
aso verified. Valuesfor the area under the plasma concentration-time curve at steady state (AUC), peak concentration (Cynay), timeto peak
concentration (Tnay), €limination rate constant, half-life, oral clearance were estimated and compared for each preparation. By ANOVA,
power analysis, 90% confidence interval, and two one-sided tests, PROZAC and FLUOXETINE can be considered bioequivalent.
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INTRODUCTION

Fluoxetine is a bicyclical derivative of phenylpropy-
lamine. It is the most widely used selective serotonin (5-
hydroxytryptamine; 5-HT) reuptake inhibitor (SSRIs), andis
prescribed for a variety of psychopathological conditions
including mood and eating disorders, obsessive-compulsive
disorders, depression in the elderly and dysthymiall9. Food
does not appear to affect the systemic biocavailability of flu-
oxetine, although it may delay its absorption as a conse-
quence. Thus, fluoxetine may be administered with or with-
out food®), Absolute bioavailability of oral fluoxetine in
dogs is about 72% of the intravenous dose®. In humans, fol-
lowing asingle oral 40 mg dose, peak plasma concentrations
of fluoxetine from 15 to 55 ng/mL are observed after 6 to 8
hours®.

Over the concentration range from 200 to 1,000 ng/mL,
approximately 94.5% of fluoxetine is bound in vitro to
human serum protein, including albumin and a4-acid-glyco-
protein. The interaction between fluoxetine and other highly
protein-bound drugs has not been fully evaluated, but may be
important(®-9),

Fluoxetineis extensively metabolized in theliver to nor-
fluoxetine and a number of other, unidentified metabolites.
The only identified active metabolite, norfluoxetine, is
formed by demethylation of fluoxetine. In animal models,
norfluoxeting’s potency and serotonin as an uptake blocker
are essentially equivalent to fluoxetine's. The primary route
of elimination appears to be hepatic metabolism to inactive
metabolites excreted by the kidneys>9).
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The relatively slow elimination of fluoxetine (elimina-
tion half-life of 7 to 9 days), assures significant accumulation
of these active speciesin chronic use. After 30 days of dosing
at 40 mg/day, plasma concentrations of fluoxetine in the
range of 91 to 302 ng/mL and plasma concentrations of nor-
fluoxetine in the range of 72 to 258 ng/mL have been
observed. Plasma concentrations of fluoxetine were higher
than those predicted by single-dose studies, presumably
because fluoxetine’s metabolism is not proportional to dose.
Norfluoxetine, however, appears to have linear pharmacoki-
netics. Its mean terminal half-life after a single dose was 8.6
days and after multiple dosing was 9.3 days. Thus, even if
patients are given a fixed dose, steady state plasma concen-
trations are only achieved after continuous dosing for weeks.
Nevertheless, plasma concentrations do not appear to
increase without limit. Specifically, patients receiving fluox-
etine at doses of 40-80 mg/day over periodsaslong as 3 years
exhibited, on average, plasma concentrations similar to those
seen among patients treated for 4 or 5 weeks(19),

The purpose of this study was to evaluate the pharmaco-
kinetic property and bioavailability of two fluoxetine cap-
sules from different pharmaceutical factories. (PROZAC, Eli
Lily Product Co., U.S.A., FLUOXETINE, Tung-Yang
Chemical Co,, Ltd., R.O.C.)

MATERIALSAND METHODS

|. Instrumentation

The HPLC set was equipped with a pump (Kratos-400,
USA), an automatic sampler (SIC Autosampler 23, Japan), a
variable wavelength UV detector and an integrator (SIC
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chromatocorder 12, Japan). Separations were performed
under 40°C controlled by a heater (Kratos PCR 520, USA) on
areverse phase C8 (4.6 mmx250 mm) column. In this exper-
iment, 180 pL protriptyline (10 pg/mL) was chosen to be the
internal standard. The assays for protriptyline and fluoxetine
were performed by using mobile phase CH3CN/0.067 M
KH,PO, (PH = 3.0) (70/30), flow rate 0.8 mL/min and an UV
detector wavelength of 226 nm at 0.005 AUFS throughout
the assay. The dissolution test was performed using the Jasco
automatic dissolution apparatus (Japan) and a self-designed
programmer, which can fully automatically change the disso-
lution medium continuously(10-12),

I. Drug

PROZAC (20 mg/cap., Dista Product Eli Lily Co.,
U.S.A.) and FLUOXETINE (20 mg/cap., Tung-Yang
Chemical Co., R.0.C.) were purchased and obtained from the
manufacturer. Analysis of these two preparations by HPLC
method showed that PROZAC and FLUOXETINE contained
95.97% and 101.1% of the labeled amount respectively.

I11. Dissolution Test

Theinvitro dissolution rate in pH values of 1.2, 3.6 and
7.5 mediafor each dosage form was determined according to
the general method of USP XX, rotating basket method (50
rpm; replication = 6). A self-designed fully automatic contin-
uously changing pH dissolution medium system was used.
The amount of dissolved drug at two-minute intervals was
determined spectrophotometrically (Amax = 226 nm).

IV. Subject
The Subjects involved in this study were 8 healthy

young Chinese males (Table 2) whose body weights ranged
from 55 to 74 kg (mean + SD: 64.13 + 5.80) and ages ranged

Table 1. Precision and accuracy of fluoxetine in plasma determined by
the HPLC method

Knownconc. Conc. found Coefficient of Accuracy
(ng/mL) (ng/mL) variation (%) (%mean deviation)
within-day(n=6)
5 485+ 0.74 15.18 -2.68
10 9.93+ 0.68 6.88 -0.53
20 19.36+ 1.43 7.36 -3.78
50 51.02+1.79 351 0.36
100 101.66 + 4.33 4.26 0.15
200 204.10+ 6.79 3.33 0.08
500 510.62 + 10.42 2.04 0.15
between-day(n=6)
5 4.92+0.17 3.40 -0.93
10 1040+ 0.35 3.38 4.07
20 19.24+1.12 5.81 -3.96
50 4893+ 1.22 2.49 -2.54
100 102.79+1.48 144 231
200 202.55 + 2.60 1.29 0.79
500 503.95 + 13.23 2.63 0.26
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Table 2. Sex, age, and height of each subject

Subject Sex Age(years) Weight(kg) Height(cm)
1 M 22 63 172
2 M 20 74 175
3 M 21 55 167
4 M 21 64 172
5 M 21 65 170
6 M 21 70 170
7 M 20 57 168
8 M 19 65 175
Mean - 20.63 64.13 171.13
SD - 0.86 5.80 2.76

from 19 to 22 years (mean + SD: 20.63 + 0.86). All subjects
were in good physical condition as determined by complete
physical and clinical examinations before the study. These
subjects were instructed to abstain from any drugsfor at least
2 weeks prior to and during the study. Subjectswith ahistory
of drug or alcohol abuse or drug sensitivity were excluded to
each subject. The study was explained and informed consent
was obtained.

V. Sudy Design

A multiple dose of fluoxetine (20 mg) was given on a
b.i.d. schedule and with 200 mL water for 13 days. All 8 sub-
jects received each formulation according to randomized
crossover design with at least a two-week washout period,
between each treatment. Before drug administration, 30 mL
of blank blood was withdrawn for the construction of the
individuals' calibration curve. Following drug administra-
tion, a 10 mL blood sample was collected from a forearm
vein at day 12 and 13 before each dose and at day 14 after the
final dose, at 0,0.25,0.5,1,15,2,25,3,4,5,6,7, 8,10, 12,
24, 48 and 72 hr. Plasma samples were stored at -30°C until
subsequent assay.

V1. Assay Method

To 3.0 mL of plasma sample, 0.5 mL saturated Na,CO5
solution was added. Then 0.18 mL of 10 pg/mL protriptyline
solution was added as an internal standard. The mixture was
then vortexed for a few seconds to ensure adeguate mixing
followed by adding 10 mL hexane: isoamyl acohol (99:1).
The mixture was vortexed for 1 min then centrifuged
(1080x%g) for 30 min to express the organic layer. The aque-
ous lower layer was discarded. The organic layer (8.0 mL)
wastransferred into another tube for back-extraction with 0.6
mL 0.05% phosphoric acid. The tube was vortex-mixed for 1
min and centrifuged for 10 min. The upper organic layer was
discarded and the acidic solution was transferred to a clean
vial for HPLC analysis. The assay for fluoxetine was per-
formed by using a reverse phase C8 column and mobile
phase CH3CN / 0.067 M KH,PO, (pH = 3.0) (70/30). A flow
rate of 0.8 mL/min, UV detector wavelength of 226 nm at
0.005 AUFS, a column temperature of 40°C and an injecting
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volume of 200 uL were used throughout the assay. Under the
described assay conditions, retention times of protriptyline
and fluoxetine were 8 and 18 min., respectively. In order to
validate the accuracy and precision of the assay method,
between-day and within-day standard curves for the plasma
samples were constructed (n = 6). Standard solutions were
al so determined. Furthermore, every subject had his own cal-
ibration curve using his own blank plasma.

VI1I. Pharmacokinetic Analysis

At steady state, the area under the plasma concentration-
time curve (AUC,.1o) was calculated from time 0 to 12 hours
using the trapezoidal rule. The AUC from zero time to infin-
ity (AUC,,) included aterminal slope correction factor, C/B
where C,, was the last measured concentration-time curve
point, and  was estimated from the slope of theterminal log-
linear phase of the semilog plot of concentration versustime.
The elimination half-life (Tq,,) was equal to -0.693/B. The
maximum plasma concentration (Ca), and time to maxi-
mum plasma concentration (T,,,) Were observed from the
measured plasma concentration following drug administra-
tion.

Pharmacokinetic parameters, such as apparent volume
of distribution (Vd/F) and the total plasma oral clearance
(Clp) were calculated according to the following formula:

F AUGy2
Where F was fraction absorbed of drug, and D was the
dose administered, Cl was |V clearance(13).

VIIl. Satistical Analysis

Analysis of Variance (ANOVA), 90% confidence inter-
vals, power analysis and two one-sided tests were used to
make statistical evaluations of pharmacokinetic data and the
assessment of bioequivalence.

RESULTS AND DISCUSSION

Under the described assay conditions, linearity was
observed in plasma standard curves over a range of 5-500
ng/mL. Plasma within-day and between-day standard curves
had correlation coefficients greater than 0.99. The limit of
quantitation was 5 ng/mL in plasma. From the results shown
in Table 1, for within-day analysis, the coefficient of varia-
tion were range from 2.04 to 15.18% and the deviation from
expected concentration, as a measurement of accuracy,
ranged from -3.78% to +0.36%, for between-day analysis,
the coefficient of variation were all within 10% and the devi-
ation from expected concentration ranged from -3.96% to
+4.07%. These results indicated that the method was precise
and accurate.

From the results of in vitro dissolution studies, prozac
and fluoxetine had very similar releasing profiles in various
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media. Under all conditions, prozac and fluoxetine dissolved
completely within two hours (Figure 1- 4).

During long term administration steady-state plasma
fluoxetine concentrations were achieved within 2 to 4
weeksD), The steady state was further approved in our study
after comparing the pre-dosing concentrations of fluoxetine
(Cmin) of day 12, 13, and 14. No significant difference was
found between Cmin of day of 12, 13, and 14 by ANOVA
(Table 3).
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Figure 1. Dissolution profiles of Prozac and Fluoxetine capsulesin pH
1.2 dissolution medium.
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Figure 2. Dissolution profiles of Prozac and Fluoxetine capsulesin pH
3.6 dissolution medium.
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Figure 3. Dissolution profiles of Prozac and Fluoxetine capsulesin pH
7.5 dissolution medium.
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Table 3. Pharmacokinetic parameters following 40 mg of oral dose of fluoxetine

Parameters Prozac Fluoxetine 90% confidence Interval (%)
AUCq.15 (g - hr/mL)2 10.10 £ 2.08 9.77 + 294 85.8—-101.5
AUC,, (ug -hr/mL) 23.33 £ 9.70 2252 + 9.63 -

Crax (ng/mL)2 218.09 + 41.52 194.82 + 49.53 83.0-95.6
Tmax (hr) 36 +14 48 + 2.3 -
CI/F (L/hr)2 0.98 £+ 0.36 124 + 1.09 -
V/F (L) 108.22 + 20.24 121.75 + 45.26 -
Ty (hr)2 830 £ 224 872 + 37.2 -
Cmin of day 12 (ng/mL)P 175.81 + 83.01 163.37 = 78.98 -
Cmin of day 13 (ng/mL)P 195.99 + 99.83 173.94 + 69.94 -
Cmin of day 14 (ng/mL)P 196.23 + 120.01 177.21 + 100.92 -
aNo significant difference (p>0.05, power >0.8) between the two drugs by ANOVA.
b No significant difference (p>0.05) between Cmin of day 12, 13 and 14 by ANOVA.
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Figure 4. Dissolution profiles of Prozac and Fluoxetine capsules in
continuously changing pH dissolution medium.

The mean plasma concentration-time profiles for each
preparation are shown in Figure 5. No significant difference
in fluoxetine plasma concentration was observed between the
two preparations. On the basis of AUCq.1» and therapeutic
duration, they were not significantly different with power
larger than 0.9. The maximum plasma concentration for
prozac and fluoxetine were non-significantly different with
approximate power of 1.0. The pharmacokinetic parameters
for each preparation are listed in Table 3. After applying
ANOVA to analyze the pharmacokinetic parameters, neither
apparent volume of distribution, elimination half-life, nor
oral clearance differed significantly between treatments. By
comparing the overall ora clearance of these two prepara-
tions with those of each subject, the result showed that intra-
subject variation was not significant.

There were no significant age and body weight differ-
ences among the volunteersinvolved in this study. Since dou-
ble-blind randomized crossover design was used, the inter-
ference of inter-subject variation on the test of two one-sided
tests was minimized. From the pharmacokinetic data such as
oral clearance, half-life, apparent volume of distribution
between proprietary and generic products, intra-subject vari-
ation was acceptable.

Considering the statistical errors, which may be caused

Figure 5. Plasma concentration-time profile after oral administration of
40 mg/day capsules of Prozac and Fluoxetine (Mean £ SE.).

by ANOVA, power analysis, 90% confidence interval and
two one-sided tests were applied asindicators for the purpose
of assessing bioequivalence. Regardless of whether ANOVA,
90% confidence interval, power analysis or two one sided
tests were used, prozac and fluoxetine were bioequivalent.

A comparison of single-dose versus steady-state phar-
macokinetics in men showed that T,/ was longer (3.45 vs.
1.9 days) and Cl was lower (0.98 vs. 35.5 L/hr) after multi-
ple-dose administration than after single-dose administra-
tion. Thischangein pharmacokinetic leadsto alarger AUC at
steady state than is observed after a single dose(1:14),

In conclusion, based on the present results, AUCq.;, and
Cnax Were not significantly different with power equal to 1.0.
Also, according to the results of two one-sided tests, we can
conclude that prozac and fluoxetine are bioeguivalent.
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