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| A simple and selective spectrophotometric method for the determination of citalopram hydrobromide is described. The method is based
on the formation of blue coloured chromogen due to reduction of tungstate in Folin-Ciocalteu reagent by citalopram in alkaline medium.
The coloured species has an absorption maximum at 730 nm and the Beer's law obeys over the concentration range of 5-75 pg mL™". The
limit of detection and quantification value are 3.43 and 11.34 pg mL" respectively. Application of the proposed method to bulk powder

method and the official USP method. The procedure described in this paper is simple, rapid and extraction free.
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| and commercial pharmaceutical tablets is also presented. No significant difference was obtained between the results of the proposed |

INTRODUCTION

Citalopram, [(RS)-1-[3-(dimethyl amino)propyl]-1-(4-
fluoro-phenyl)-1,3-dihydroiso benzofuran-5-carbonitrile]
(Fig. 1) is a widely used antidepressant. It belongs to the class
of selective serotonin reuptake inhibitors (SSRIs) having broad
spectrum of therapeutic activity against depressive disorders'.
It has U.S. food and drug administration (FDA) approval to
treat major depression and is prescribed off label for a number
of anxiety conditions. Citalopram is approved to treat the symp-
toms of major depression. Citalopram is frequently used to
treat anxiety, panic disorder and body dysmorphic disorder’.
This drug has been found to greatly reduce the symptoms of
diabetic neuropathy® and premature ejaculation®. The litera-
ture survey show that citalopram hydrobromide is determined
by various analytical methods including high performance
liquid chromatography®®, micellar electrokinetic chromato-
graphic method’, spectrofluorimetric method'®, LC-MS/MS
method'""?, fast fourier continuous cyclic voltammetry ", capi-
llary electrophoretic method', adsorptive stripping voltametric
method", chiral capillary electrophoresis (CE) method'®,
HPTLC"" and UV-visible spectrophotometric method'®*' in
plasma and pharmaceutical dosage forms. In the available
literature, the proposed analytical spectrophotometric has not
been adopted for the quantities determination of citalopram
in pharmaceutical raw and dosage forms.

In the present era our drug market is loaded with fake and
substandard drugs. Efforts are therefore made in this work to

develop a simple, direct and sensitive analytical method for
the determination of citalopram hydrobromide in pharma-
ceutical formulations. The aim of the present research work is
to develop a sensitive and less expensive spectrophotometric
method that rely on the use of cheap chemicals and simple
techniques but provide accuracy as compared to costly and
sophisticated techniques like HPLC.

F

Fig. 1. Chemical structure of citalopram hydrobromide

EXPERIMENTAL

All absorption spectra were obtained using (U 1100
Hitachi, Japan) spectrophotometer equipped with 1 cm
matched quartz cells.

Chemicals used were of Analytical Grade. Distilled
water was used throughout the investigation. Folin-Ciocalteu
reagent (Fluka, Germany), sodium hydroxide (Merck,
Germany) were of Analytical Reagent Grade and used without
further purification. A pure citalopram hydrobromide (pharma-
ceutical grade) sample was kindly provided by Bio Fine
Pharmaceuticals (Pvt.) Ltd. Multan, Pakistan. Three brands
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of tablets, namely, S-pram (BioFine Pharmaceuticals), Cheer
(Wilshire Laboratories Lahore, Pakistan) and Cipram
(Lundbeck Scientific Karachi, Pakistan) were obtained from
commercial sources.

Drug and reagent solutions: A stock solution of
citalopram hydrobromide (1 mg/mL) is prepared by dissolving
100 mg of pure drug in 100 mL distilled water in a volumetric
flask. Working concentrations of citalopram were prepared
by dilution of the above stock solution with water. Folin-
Ciocalteu reagent solution (2 N) is used as such. NaOH solution
(1 N) is prepared by dissolving 4 g of NaOH in 100 mL of
distilled water.

Determination of absorption spectra: Citalopram
solution equivalent to 10 ug mL" was mixed with 2 mL of
sodium hydroxide solution and 2 mL of Folin-Ciocalteu
reagentin a 10-mL volumetric flask. After 15 min, the volume
was made up to the mark with water and the content was mixed
thoroughly. A blank solution was prepared in the same way in
the absence of citalopram. This solution was scanned in the
range of 400-800 nm against the reagent blank. Maximum
absorption was observed at 730 nm and was fixed as analytical
wavelength.

General analytical procedure: Different aliquots of the
working standard of citalopram hydrobromide solution (10
ug mL™"), ranging from 2-20 pug mL™, were transferred into a
series of 10-mL volumetric flasks and the total volume was
brought to 10 mL with water. To each flask, 2 mL of sodium
hydroxide solution and 2 mL of Folin-Ciocalteu reagent
solution were successively added by means of a microburette.
The flasks were stoppered, contents were mixed and kept at
room temperature for 15 min. The volume was made up to the
mark with water and the absorbance of each solution was
measured at 730 nm against a reagent blank.

Assay procedure for tablets: An amount of finely ground
tablet powder equivalent to 100 mg of citalopram hydro-
bromide was accurately weighed into a 100 mL volumetric flask,
the flask was shaken after addition of a 50 mL of water for
about 2.0 min and finally the volume was made up to the mark
with water. The content was kept aside for 5 min and filtered
using Whatman No. 42 filter paper. The first 10-mL portion
of the filtrate was discarded and a suitable aliquot was used
for the assay as described under general analytical procedure.

RESULTS AND DISCUSSION

The structural features of citalopram allowed the use of
Folin-Ciocalteu reagent for its assay. The proposed method
is based on the formation of a blue coloured chromogen when
citalopram reacted with the Folin-Ciocalteu reagent in the
presence of sodium hydroxide. Colour formation may be
explained as follows based on the analogy reported by
Peterson®. Mixed acids in the Folin-Ciocalteu reagent involve
the following chemical species:

3H20P20513WO35M00210H20 and
3H20P205 14WO34M002 10H20

Citaloprm probably causes a reduction of molybdate in
the Folin-Ciocalteu reagent, thereby producing one or more
reduced species that have a characteristic intense blue colour.
Fig. 2 shows the absorption spectrum of the reaction product.
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Fig. 2. Absorption spectrum of citalopram and Folin-Ciocalteu complex

Optimization of the reaction conditions: Optimum
conditions were fixed by varying one parameter at a time while
keeping other parameters constant and observing their effect
on the absorbance at 730 nm.

Effect of colour producing regent on the formation of
colour complex was studied. Different volume of 2 N Folin-
Ciocalteu reagent was used without further dilution. It was
observed that 2 mL volume of Folin-Ciocalteu reagent is
sufficient for the maximum colour development as shown in
Fig. 3. To find a suitable medium for the reaction different
aqueous bases were investigated. Best results were obtained
with 1N sodium hydroxide. It was found that maximum and
constant absorbance was obtained in the concentration range
of 0.5 to 5 mL of 1 N sodium hydroxide thus 2 mL of 1 N
sodium hydroxide was fixed as optimal as shown in Fig. 4.
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Fig. 3. Effect of volume of reagent on color development
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The reaction time was studied by measuring the absor-
bance of the blue chromogen after mixing the reactants over a
period from 1 to 30 min. Maximum colour developed in 15
min and was stable for at least 90 min as shown in Fig. 5.
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Measurements were therefore made only after 15 min through-
out the investigation.
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Fig. 5. Effect of time on color development and stability of color

Highest sensitivity was obtained when the order of
reactants addition was maintained as described in the general
analytical procedure and the same was followed throughout
the investigation.

Interference effect: More than 99.90 % recovery of
citalopram hydrobromide was obtained in the presence of various
excipients and additives used in tablet formulations such as
microcrystalline cellulose, lactose monohydrous, povidone,
magnesium stearate, starch and primojel. Under the experi-
mental conditions applied, to a known amount (10 ug/mL) of
drug excipients in different concentrations were added and
analyzed. Results of the recovery analysis are presented in
Table-1. Excipients up to the concentrations shown in the
Table-2 have no interference with the assay. In addition
recoveries in most cases were 100 % and the lower values of
the RSD indicate the good precision of the proposed method.

Analytical Applications: Pharmaceutical formulations
(Cheer, S-pram and cipram tablets) containing citalopram
hydrobromide 20 mg/tab were analyzed by the proposed

TABLE-1
STATISTICAL ANALYSIS OF CALIBRATION GRAPH AND

TABLE-2
PERCENT RECOVERY OF CITALOPRAM HYDROBROMIDE
IN THE PRESENCE OF EXCIPIENTS/ADDITIVES

Excipients/ Amount taken Recovery
additives (ug/mL) (% +£S.D.)
Microcrystalline cellulose 460 101.67 + 0.46
Lactose monohydrous 500 100.71 + 0.43
Povidone, 300 99.87 +0.35
Magnesium stearate 500 100.75 + 0.64
Starch 500 100.89 £ 0.60
Primojel 200 100.24 + 0.48
Titanium dioxide 100 100.04 £ 0.76

method and the accuracy was tested by the standard additions
method in which variable amounts of pure drug were added to
the previously analyzed portion of pharmaceutical formulations.
The results shown in Table-3 confirm that the excipients and
additives used in tablet formulations do not interfere with the
assay of citalopram by the proposed method. The proposed
method is highly sensitive; therefore it may be easily used for
the routine analysis of citalopram hydrobromide in pure form
and in its pharmaceutical preparations. The proposed method
was applied to determine citalopram hydrobromide in pharma-
ceutical preparations, the official U.S.P.* method being used
for comparative assay. The results are presented in Table-4. The
performance of the method was estimated by student-t values
and F-ratio tests. At a 95 % confidence level, the calculated
t- and F-values did not exceed the theoretical values, indicating
that the proposed and the official methods are equally accurate.
The proposed method is favourably compared with other exist-
ing spectrophotometric methods as shown in Table-5.

Validation of the proposed method: The proposed Spec-
trophotometric method was validated with respect to linearity
range, accuracy, precision, limit of detection (LOD) and limit
of quantitation (LOQ).

TABLE-4
ALAYSIS OF COMMERCIAL DOSAGE FORMS BY
PROPOSED METHOD AND OFFICIAL METHOD*

Recovery' + S.D. %

ANALYTICAL DATA FOR THE COMPLEX OF CITALOPRAM Sample
WITH FOLIN-CIOCALTEU REAGENT Official method (USP 2009)  Proposed method
b
D Value gheer tablets 100.32 £ 0.47 100.%)4415- 0.38
Ao (D) 730 F 1.98
T IRl () 375 S-Pram tablets” 99.89 +0.29 99.28 +0.47
Molar absorptivity (L mol” cm™) 1.40 x 10* T 0.26
Sandell’s sensitivity 222 x 107 F 133
Limit of Detection (g/mL) 3.43 Cipram tablets® 100.78 + 0.23 99.87 +0.26
Limit of Quantification (lLg/mL) 11.34 t 0.75
Slope 0.11 F 1.13
IntercepF . -0.11 *Mean + standard deviation of five determinations; "All tablets contain
Correlation coefficient 0.999 citalopram hydrobromide equivalent to 20 mg citalopram base
(n=5) The student t-test and F-test were calculated using MS Ecxel 2007.
TABLE-3
RESULTS OF RECOVERY AND PRECISION
Ingredients Amount of drug (mg) Amount added Amount Recovery (%) Precision (intra Precision (inter
in formulation (mg) recovered (mg) Day)* Day)*
20 5 25.05 100.2 1.06 0.97
Citalopram 20 10 29.76 99.20 0.98 1.12
20 15 34.82 99.48 0.75 0.78

*Percentage RSD of three samples
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TABLE-5
COMPARISON OF SPECTROPHOTOMETRIC METHODS WITH NEWLY PROPOSED METHOD
Anax (NM) lir?sfzusgllivle) M(E}frnil))ls'??rﬁ'l ,\)’lty Color producing Reagent Remarks Reference
240 4-40 1.04 x 107 UV method Excipients may interfere 19
590 10-250 3.3 x10° DDQ Less sensitive 20
570 8-240 42 x10° TCNQ Less sensitive 21
480 1.0-7.0 2.10 x 10* Bromate-bromide mixture Mixture of reagent use and involve multi steps 22
510 0.6-6.2 7.30 x 10* 1,10-phenanthroline Involve three reagents and require 20 min. 22
730 5-75 1.40 x 10* Folin-Ciocalteu reagent Highly sensitive single step reaction and Current
require only 15 min to develop color. work

Linearity and range: The prepared aliquots of drug
solution (5-75 pug mL™") were scanned for absorbance maximum
value at 730 nm. The absorbance range was found to be 0.116-
2.21. These solutions obeyed Beer-Lambert's law in above
concentration range with regression of 0.9999.

Accuracy and precision: Accuracy and precision were
investigated by analyzing citalopram tablets (i.e. 20 mg
tablet) in three independent replicates on the same day (intra-
day accuracy and precision) and on three consecutive days
(Inter-day accuracy and precision). The data evaluated were
summarized in Table-3.

Intra-day and inter-day relative standard deviation (RSD)
values and also the low RSD values obtained from the analysis
of the pharmaceutical formulations (Table-4) indicated good
intermediate precision of method.

To validate prediction ability of suggested method, diffe-
rent concentrations of citalopram samples were prepared and
analyzed. The results were satisfactory. Using standard
addition technique, the method was further validated. The
standard addition technique was carried out by adding exci-
pients with the addition of citalopram at 25 % (5 mg), 50 %
(10 mg) and 75 % (15 mg), respectively in sample solution.
The percent recoveries of the three concentrations were found
to be close to 100 %, indicative of high accuracy.

Limit of detection and limit of quantification: LOD (k
= 3.3) and LOQ (k = 10) of the method were established
according to ICH definitions. LOD and LOQ of method are
reported in Table-2. In this study, LOD and LOQ were based
on the standard deviation of the response and the slope of the
corresponding curve using the following equations.

LOD =3.3 S/M; LOQ =10 S/M
where S is the standard deviation of the absorbance of the
sample and M is the slope of the calibrations curve.

Conclusion

Based on the experimental results, it can be concluded
that the newly proposed spectrophotometric method for the
determination of citalopram hydrobromide is rapid, accurate,
extraction free and economical. The simplicity, sensitivity and
selectivity make the method a suitable alternative to the HPLC
methods. Other characteristics such as short performance time,
ease of handling and non-usage of organic solvents, also
suggest this procedure as a routine laboratory method. There-
fore, the proposed method can be adopted for the assay of

citalopram hydrobromide in quality control laboratories where
modern instruments are not available.
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