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Abstract

Some analytical methods (two spectrophotometric and two chromatographic procedures) for the determination of
fluoxetine in Prozac® capsules are described. All of them are applied to the samples after extracting the drug with a
methanol–water mixture. The direct and derivative spectrophotometric methods are simple and reliable; the
derivative method gives better recovery and lessens interference. Both methods show linearity in the 5–30 mg ml−1

range of the fluoxetine concentration range. Both HPLC methods (spectrophotometric and spectrofluorimetric
detection) use a tetramethylammonium perchlorate buffer–acetonitrile mixture as the mobile phase and a C8 reversed
phase column. The UV detection is performed at 226 nm, while the fluorimetric detection is performed by exciting
at 230 nm and revealing the emission at 290 nm. The HPLC method with UV detection is more precise, but the
procedure with fluorimetric detection is more sensitive. © 1998 Elsevier Science B.V. All rights reserved.
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Fig. 1. Chemical structure of fluoxetine (D,L-N-methyl-3-
phenyl-3-[(a,a,a-trifluoro-p-tolyl)oxy]propylamine).

1. Introduction

Fluoxetine, F, (D,L-N-methyl-3-phenyl-3-
[(a,a,a-trifluoro-p-tolyl)oxy]propylamine) (Fig. 1)
is a strong and selective serotonin reuptake
inhibitor.

* Corresponding author. Tel.: +39-51-259700; fax: +39-
51-259734; e-mail: raggima@kaiser.alma.unibo.it.

0731-7085/98/$ - see front matter © 1998 Elsevier Science B.V. All rights reserved.

PII: S0 731 -7085 (98 )00215 -5



M.A. Raggi et al. / J. Pharm. Biomed. Anal. 18 (1998) 699–706700

Fluoxetine efficacy is very similar to that of
traditional tricyclic antidepressants, but at much
lower doses [1]. It causes very few dangerous
side-effects when compared to tricyclic antidepres-
sants: the treatment with fluoxetine has a very low
risk of causing overdose lethality and the anti-
cholinergic, antihistamine and antiadrenergic ad-
verse effects which are common during the
treatment with traditional antidepressants [2].
Therefore, it is often used as the drug of choice in
the treatment of severe depressive disorders, at
doses ranging from 20 to 80 mg daily. Doses of 60
mg daily are used in the management of bulimia
nervosa and of obsessive-compulsive disorder (in
combination with behavioural and psychosocial
methods) [3,4]. Fluoxetine hydrochloride is most
widely marketed as Prozac® (Eli Lilly Italia S.p.A.
Sesto Fiorentino, Florence, Italy) and it is com-
mercially available in several countries as capsules
and as a mint syrup formulation.

Several procedures for the determination of F
in biological fluids are reported in literature [5];
they include gas chromatography [6,7] and high
performance liquid chromatography (HPLC) with
spectrophotometric [8–12] or spectrofluorimetric
[13–16] detection; only a few works are present
on the determination of F content of pharmaceu-
tical formulations [17,18].

In previous work [19], a HPLC procedure with
fluorimetric detection was developed and applied
to the determination of Fluoxetine levels in
plasma samples of patients subjected to therapy
with Prozac® capsules.

The aim of this research is the development of
analytical methods for a reliable quality control of
Prozac® capsules. For this purpose, two spec-
trophotometric and two HPLC procedures have
been implemented and compared in terms of ac-
curacy, precision and rapidity.

2. Experimental

2.1. Chemicals

Fluoxetine hydrochloride (99% purity) was
kindly provided by Eli Lilly. Methanol, acetoni-
trile and perchloric acid were of HPLC grade and

were purchased from Carlo Erba (Milan, Italy).
Tetramethylammonium perchlorate and Maproti-
line hydrochloride were produced by Sigma (St.
Louis, MO). Ultrapure water was obtained by
means of a MilliQ apparatus by Millipore (Mil-
ford, MA).

The commercial pharmaceutical formulation
analyzed was Prozac® capsules (Eli Lilly); each
capsule contains 22.4 mg of fluoxetine hydrochlo-
ride, which corresponds to 20 mg of Fluoxetine
base, and starch (205.64 mg) and dimethyl-
polysiloxane (2 mg) as excipients.

2.2. Apparatus and chromatographic conditions

The chromatographic system for HPLC analy-
sis was composed of a Varian (Walnut Creek, CA,
USA) model 9001 chromatographic pump, a
Jasco-975 UV detector (Tokyo, Japan), and a
Varian 9075 fluorescence detector.

Separations were obtained on a reversed phase
column (Res Elut, C8 150×4.6 mm i.d., 5 mm,
Varian) connected with a precolumn (Res Elut,
C8 30×4.6 mm i.d., 5 mm, Varian). The injection
was effected through a 20 ml loop. The mobile
phase was composed of a mixture of acetonitrile–
tetramethylammonium perchlorate (pH 2.6; 17
mM) (1:1, v/v). The mobile phase was filtered
through a Phenomenex membrane filter (47 mm
membrane, 0.2 mm, NY) and degassed by an
ultrasonic apparatus. The flow rate was main-
tained at 1 ml min−1. The fluorescence intensity
was monitored at 290 nm (excitation at 230 nm),
while the absorbance values were monitored at
the wavelength of 226 nm. Data processing was
handled by a model 745 integrator (Waters). The
column was maintained at room temperature.

A Jasco UVIDEC-610 double-beam spec-
trophotometer, a MicropH 2000 Crison (Barce-
lona, Spain) pHmeter and an ALC 4225 (Milan,
Italy) centrifuge were used.

2.3. Solutions

Fluoxetine stock solution (1000 mg ml−1), was
prepared by dissolving 22.4 mg of fluoxetine hy-
drochloride in 20 ml of a methanol–water (1:1,
v/v) mixture; standard solutions were obtained by
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diluting the stock solution with the same mixture,
or with ultrapure water.

Maprotiline stock solution (1000 mg ml− l) was
prepared by dissolving 22.6 mg of maprotiline
hydrochloride in 20 ml of methanol; maprotiline
standard solutions were obtained by diluting the
stock solution with ultrapure water.

Prozac® stock solution containing fluoxetine (1
mg ml−1), was prepared by removing, as com-
pletely as possible, the contents of 20 capsules and
mixing. An accurately weighed portion of the
powder, equivalent to 20 mg of fluoxetine, was
transferred into a test tube with 20 ml of
methanol–water (1:l, v/v) mixture and, after agi-
tation, stored for 5 min at 4°C. It was successively
centrifuged for 15 min at 3000 rpm. Finally, the
supernatant was filtered through a Whatman 540
filter paper.

The stock solutions were preserved in tight,
light-resistant containers, where they were stable
for at least 1 month at 4°C.

2.4. Analytical procedure

2.4.1. Spectrophotometric methods
The spectrophotometric assays, using the direct

UV spectra, were performed at a wavelength of
226 nm. A calibration curve was set up by plot-
ting absorbance values against fluoxetine standard
solution concentrations, in the 5–30 mg ml−1

range.
The absorbance values of the first derivative

spectra were calculated as the sum of the height of
the maximum at l=234 nm and the minimum at
l=221 nm. A calibration curve was set up by
plotting derivative absorbance values against
fluoxetine concentration in the same range as the
direct assays.

2.4.2. HPLC analysis with UV detection
The analyses were performed setting the detec-

tion wavelength to 226 nm and injecting into the
HPLC fluoxetine standard solutions in the 25–
1000 ng ml−1 range.

A calibration curve was set up by plotting the
values of fluoxetine/maprotiline peak area ratios
against fluoxetine concentrations (ng ml−1).

After diluting the Prozac® stock solution up to

250 ng ml−1 with ultrapure water, the samples
were analyzed into the HPLC.

The recovery was calculated interpolating the
fluoxetine–maprotiline peak area ratios on the
calibration curve.

As an alternative procedure, the extrapolation
method was used. Four different samples were
prepared; to 0.5 ml of a Prozac® solution (de-
clared concentration of 250 ng ml−1), 0, 0.15, 0.3,
and 0.6 ml of fluoxetine 2.5 mg ml−1 standard
solutions were added (the maprotiline concentra-
tion was maintained constant by adding suitable
amounts of maprotiline standard solution), and
bringing to 3 ml of volume with water. Peak area
ratios of the four samples were plotted against the
additive fluoxetine concentrations. The extrapola-
tion of the obtained plotline to zero of the ordi-
nate gave the value of the fluoxetine concentr-
ation (which had to be multiplied by six according
to the dilution) in the Prozac® sample.

In order to verify the accuracy of the method, a
known amount of fluoxetine standard solution
was added to a Prozac® solution (250 ng ml−1).
The sample was injected into the HPLC and the
mean recovery was calculated on three trials.

2.4.3. HPLC analysis with fluorimetric detection
An excitation wavelength of 230 nm and an

emission wavelength of 290 nm were used.
A calibration curve was constructed in the 10–

200 ng ml−1 range, plotting fluoxetine–maproti-
line peak area ratios against the fluoxetine
concentrations. Fluoxetine standard solutions
were prepared in ultrapure water, in the presence
of a constant maprotiline concentration of 25 ng
ml−1.

The above described procedure was used on a
fluoxetine standard solution of lower concentra-
tion (100 ng ml−1) in order to calculate the drug
recovery.

3. Results

3.1. Spectrophotometric methods

The only reported spectrophotometric method
[17] on the F assay in pharmaceutical formula-
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Fig. 2. Direct (a) and derivative (b) spectra of a fluoxetine
standard solution in methanol (20 mg ml−1).

22 l nm (from the first derivative spectra), in the
same concentration range as above. The obtained
linearity was also good, and the equation was
y=0.0082x+0.0005, Rc=0.9996.

In order to verify the method precision, a 20 mg
ml−1 fluoxetine standard solution was subjected to
spectrophotometric analysis for five trials. The
intraday assays (repeatability) on the direct spectra
gave a relative standard solution (RSD) value of
1.32%, while the interday assays (intermediate
precision) gave a RSD value of 1.80%. Using the
derivative method, the RSD was 1.17% for the
repeatability and 1.47% for the intermediate
precision.

Application to Prozac® capsules: Having thus
validated the method, it was applied to the assay
of F in Prozac® capsules as described in the Section
2. The choice of the solvent used for the extraction
of fluoxetine from Prozac® capsules resulted to be
of great importance. Preliminary assays using
methanol as the solvent led to percentage recover-
ies (drug found of declared) of 109%, clearly
indicating the presence of interference. The inter-
ference was eliminated by using methanol–water
(1:1, v/v) as the extraction solvent.

Under these conditions, the mean recovery was
97.83% (repeatability: RSD=1.22%) intraday and
97.49% (intermediate precision: RSD=1.43%) in-
terday, both on five assays. The first derivative
method gave better mean recoveries on five assays:
99.37% (RSD=1.45%) intraday and 99.1 1%
(RSD=1.46%) interday.

The accuracy of both methods was verified by
adding known amounts of fluoxetine standard
solutions to known amounts of capsule content.
From the spectrophotometric measurements, the
mean percentage recovery obtained was 97.42% for
the direct procedure (RSD=1.16% interday, n=
5) and 98.91% for the derivative procedure
(RSD=1.05% interday, n=5).

3.2. HPLC methods

UV detection: Recently, the European Pharma-
copeia [20] and the United States Pharmacopeia
[21] report fluoxetine determinations in pure sub-
stance and in capsules by means of HPLC proce-

tions is based on the complexation of the drug with
bromocresol purple and the subsequent measure-
ment of the formed complex absorbance at 405 nm.
The spectrophotometric method proposed here is
much simpler and faster, because it needs no
complexation reaction, but uses the direct measure
of the absorbance and of its first derivative.

The absorbance spectrum of a fluoxetine stan-
dard solution in water–methanol (1:1, v/v) pre-
sents a large band at l=226 nm (molar extinction
coefficient 15900) and two small bands at 260 and
275 nm (Fig. 2(a)). The first, second, third and
fourth derivative spectra were also examined. The
first derivative spectrum presents very neat bands
(Fig. 2(b)), and was selected because it allows for
a better sensitivity than the other derivative spec-
tra.

The first calibration curve was set up by plotting
the absorbance values obtained at l=226 nm
from the direct spectra against the fluoxetine con-
centration (mg ml−1), in the 5–30 mg ml−1 range.
A good linearity was found in the examined con-
centration range; the linearity equation, calculated
by means of the least square method, was y=
0.0456x+0.0185, correlation coefficient, Rc=
0.9996.

A second calibration curve was set up by using
the difference of the values obtained at l=234 and
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Fig. 3. HPLC chromatograms (UV detection: l=226 nm): (a) fluoxetine standard solution (250 ng ml−1); (b) Prozac® solution
(nominal concentration 250 ng ml−1); (c) the same solution as in (b) spiked with a fluoxetine standard solution (500 ng ml−1). Each
sample contains maprotiline (500 ng ml−1) as the internal standard.

dures with UV detection. The leading chromato-
graphic conditions of this work are the same used
by the authors in a recent paper [19], with the
detection wavelength set to 226 nm, according to
the above described spectrophotometric analysis,
and are very different from those proposed by both
Pharmacopeias (different column and mobile
phase). The method proposed by us is simpler and
faster, furthermore the mobile phase is easier to
prepare and more stable.

The mobile phase was a tetramethylammonium
perchlorate (pH 2.6; 17 mM)-acetonitrile (1:1, v/v)
mixture (stationary phase: C8 column, 150×4.6
mm, 5 mm) with a flow rate of 1 ml min−1.

The chromatogram of a 250 ng ml−1 fluoxetine
standard solution, obtained at l=226 nm (maxi-
mum of the absorption band), is reported in Fig.
3(a). As can be seen, fluoxetine is revealed as a peak
with retention time (tr)=10.3 min, while maproti-
line, used as an internal standard, has a tr=9.1
min.

A calibration curve was set up, plotting the
values of the fluoxetine/internal standard peak area
ratios against the concentration of fluoxetine, ex-
pressed as ng ml−1. A good linearity was found in

the 25–1000 ng ml−1 range; the regression equa-
tion was y=0.00475x+0.01546, Rc=0.9994.

The method reproducibility was verified by in-
jecting five standard fluoxetine solutions (250 ng
ml−1). The resulting RSD values were 0.93%
for the intraday (repeatability) assays and
1.25% for the interday (intermediate precision)
assays.

Application to Prozac® capsules: After extract-
ing fluoxetine from Prozac® capsules by means of
a methanol–water (1:1, v/v) mixture and subse-
quent suitable dilutions with ultrapure water, the
resulting solution was analyzed by means of HPLC.
The chromatogram of a solution having a nominal
content of 250 ng ml−1 of fluoxetine is reported in
Fig. 3(b). No interfering peak is detected, and the
chromatogram is very similar to that obtained by
injecting a fluoxetine standard solution.

The fluoxetine content was determined by inter-
polating on the calibration curve. The mean per-
centage recovery (n=5), expressed as fluoxetine
found of declared, was 99.65% intraday (RSD=
1.51%) and 100.9% interday (RSD=2.14%).

In order to better eliminate the possible interfer-
ence from the matrix, the amount of fluoxetine
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in the capsules was determined by means of the
extrapolation method. Three different amounts of
fluoxetine standard solutions were added to
known amounts of diluted fluoxetine solution ex-
tracted from Prozac® (as described in Section 2),
then injected in the HPLC.

The chromatogram of a 500 ng ml−1 fluoxetine
standard solution added to a Prozac® solution
(nominal concentration 250 ng ml−1) is reported
as example in Fig. 3(c). The resulting fluoxetine/
internal standard peak area ratios were plotted
against the added fluoxetine concentrations (ng
ml−1). A good linearity was obtained; the regres-
sion equation was y=0.0048x+0.196, Rc=
0.9983. The original concentration of fluoxetine
was found by extrapolating to zero ordinate (then
multiplying by six in order to account for the
dilution). A value of 252 ng ml−1 of fluoxetine
was obtained; this led to a 100.8% recovery value.
This value agrees strongly with the value obtained
by means of the interpolation procedure (100.9%).

The accuracy of the method was verified by
adding a known quantity of fluoxetine standard
solution to known amounts of the pharmaceutical
formulation. The mean recovery was 99. 1%.

Fluorimetric detection: The chromatographic
conditions and the internal standard are the same
as those used for the UV detection method. The
analysis were conducted by exciting at l=230 nm
and monitoring the emission intensities at l=290
nm. Fluoxetine is detected as a neat peak at
tr=10.3 min, while maprotiline (25 ng ml−1) has
a retention time of 9.1 min. It should be noted
that the internal standard maprotiline has a molar
extinction coefficient comparable to that of fluox-
etine, but a much higher fluorescence emission.

A calibration curve was set up, by plotting the
fluoxetine/maprotiline peak area ratio against
fluoxetine concentration. A good linearity was
obtained in the 10–200 ng ml−1; the regression
equation was y=0.01473x+0.00804, Rc=
0.9989.

The reproducibility of the method was evalu-
ated by means of five assays performed on 100 ng
ml−1 fluoxetine standard solutions. The resulting
RSD values were 1.8% for repeatability (intraday)
and 1.94% for intermediate precision (inter-
day).Application to Prozac® capsules: After hav-

ing optimized the method, the determination of
fluoxetine in Prozac® capsules was performed.
The chromatogram of a solution having a nomi-
nal content of 100 ng ml−1 of fluoxetine is re-
ported in Fig. 4. No interfering peak is detected,
and the chromatogram is very similar to that
obtained by injecting a fluoxetine standard
solution.

The fluoxetine content was determined by inter-
polating on the calibration curve. The mean per-
centage recovery (n=5), expressed as amount of
drug found of declared, was 98.2% intraday
(RSD=1.6%) and 100.2% interday (RSD=
1.8%).

In order to evaluate the accuracy of the proce-
dure, the standard addition method was applied.
Known amounts of fluoxetine standard solutions
were added to known amounts of diluted fluox-
etine solution from Prozac® (as described in the
Section 2), then injected into the HPLC. A 75 ng
ml−1 fluoxetine standard solution was added to a
Prozac® solution (nominal concentration, 100 ng
ml−1).The percentage recovery was 100.2%.

Fig. 4. HPLC chromatogram (Fluorimetric detection: lexc=
230 nm, lem=290 nm) of a Prozac® solution (nominal con-
centration 100 ng ml−1), containing maprotiline (25 ng ml−1)
as the internal standard.
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Table 1
Fluoxetine assays in pharmaceutical formulations

RSD%Percentage of labelMethod Sample concentra- Accuracy (% recov-
claima ery)btion

InterdayIntraday

97.49 1.22 1.43A. Direct spectrophotometry 97.4220 mg ml−1

98.911.461.45B. Derivative spectrophotome- 99. 1120 mg ml−1

try
2.14 99.1C. HPLC (UV) 250 ng ml−1 100.9 1.51
1.8 100.2D. HPLC (Fluorimetric) 100 ng ml−1 100.2 1.6

a Each value is the mean of five determinations.
b Each value is the mean of three determinations.

4. Conclusion

We have developed four precise and accurate
analytical procedures, suitable for a reliable deter-
mination of fluoxetine in Prozac® capsules. The
main data are summarized in Table 1. As shown in
the Table, all of the recovery values fall within the
range required by the US Pharmacopeia for fluox-
etine capsules (precisely within 90 and 110%) [21].

Of the two spectrophotometric procedures, the
derivative one is surely more accurate than the
direct one; it is thus suitable for rapid and inexpen-
sive quality control testing of Prozac® capsules.

The results obtained using the HPLC methods
(with UV and fluorescence detection) are similar,
and clearly indicate that both methods are suitable,
in terms of precision and accuracy, for the determi-
nation of fluoxetine in commercial capsules (Tables
1 and 2). The HPLC method with fluorimetric
detection, owing to its sensitivity, seems to be very
promising for the fluoxetine assay in biological

fluids. Preliminary studies showed that the HPLC
methods could also allow for the detection and
determination of some impurities, such as norfluox-
etine and others which can be toxic, often present
in the pharmaceutical formulations. Moreover,
galenic preparations containing fluoxetine often
contain also excipients which can complex or react
with the drug, thus inactivating it. More extensive
studies are in progress, in order to extend the
analysis to various impurities and to the monitoring
of the drug stability.
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Table 2
Comparison of the performance of the methods used for Fluoxetine determination

RSD%a Measure time (min)Method Concentration range

InterdayIntraday

1.80 5A. Direct spectrophotometry 5–30 mg ml−1 1.32
51.471.175–30 mg ml−1B. Derivative spectrophotometry

0.93 1.25C. HPLC (UV) 25–1000 ng ml−1 12
1.80 1.94D. HPLC (Fluorimetric) 10–200 ng ml−1 12

a Each value is calculated by five determinations on Fluoxetine sbtandard solutions having concentrations of 20 mg ml−1 for A
and B. For the HPLC methods, the standard concentrations were 250 and 100 ng ml−1, respectively.
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