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ABSTRACT
This was a study to develop a rapid, precise, accurate and sensitive high performance liquid chromatographic method for the simultaneous estimation of citalopram
hydrobromide and dothiepin hydrochloride in spiked human plasma. The chromatographic method was standardized using a Phenomenex C-18 column (250 x 4.6 mm
i.d., 5 µm particle size) with UV detection at 234 nm and flow rate of 1 ml/min. Salbutamol was spiked in plasma as internal standard (IS). The mobile phase consisting
of acetonitrile:water (35:65 v/v) containing of 0.01% orthophosphoric acid and 0.01% sodium chloride. The regression equation for citalopram hydrobromide and
dothiepin hydrochloride were Y = 0.0282X +0.0750 and Y= 0.0312 X + 0.1187 respectively. LOD and LOQ were found to be 7.978 and 26.595 ng/mlrespectively for
citalopram and 11.413 and 38.044 ng/ml respectively for dothiepin. The method was validated and produced accurate and precise results for estimation of the two drugs
in human plasma.
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INTRODUCTION
Citalopram HBr, 1-(3-(dimethylamino) propyl-1-(p-fluorophenyl)-5phthalancarbonitrile hydrobromide is a selective serotonin reuptake inhibitor and
dothiepin HCl, 3-(dibenzo [b,e]thiepin-11(6H)-ylidene)-N,N-dimethylpropan-1amine hydrochloride. is a tricyclic antidepressant both of which are used in treating depression. Citalopram produces its pharmacological action by inhibiting the
serotonin (5 HT, 5-Hydroxytryptamine) and whereby it increases the serotonin
levels in the synaptic clefts (1,2). Dothiepin is a tricyclic antidepressant which
acts by inhibiting the uptake of both serotonin and nor adrenaline levels in the
synaptic clefts by inhibiting the respective amine transporters (3). A large proportion of patients do not get an ideal result from the first antidepressant that they
are given, and it is frequently necessary to consider alternatives which may involve combinations of drugs. Clinicians were found to prescribe 5% of the combination of SSRI and TCA in Australia for treating severe depression (4). Various
cases of pharmacokinetic and pharmacodynamic interactions resulted between
these two classes of drugs and were reported, the severity of which varies from
simple dizziness to even death (5). The severity of interaction depends on the
relative plasma drug concentration. Citalopram is metabolised by CYP2D6, 2C19
and 3A4 and dothiepin by CYP2D6 (6). Citalopram dose dependently inhibits
CYP2C19 and 2D6 and to a mild extent 3A4 (7, 8). Various CYP isoenzymes are
involved in metabolism of dothiepin. Dothiepin in recent studies was found to
inhibit CYP2C19 (9,10). Due to pharmacokinetic interaction the plasma levels of
drugs were expected to rise. In order to study the interaction potential of these two
drugs, the plasma levels of the drugs should be estimated. Various analytical methods have been developed for analysis of citalopram and dothiepin individuallyin
both pharmaceutical and biological fluids (11-20), but there is no method for
simultaneous estimation method of citalopram and dothiepin in plasma.
Hence, we developed and optimized an analytical method which is easy, simple,
sensitive, accurate, and precise and with good extraction recoveries for the estimation of citalopram and dothiepin simultaneously in plasma. The following high
performance liquid chromatographic method provides opportunity for the simultaneous estimation of citalopram and dothiepin in human plasma.
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MATERIALS AND METHODS
Chemicals
Citalopram hydrobromide was kindly provided by Torrent Pharmaceuticals,
Ahmadabad. Dothiepin hydrochloride was obtained as a gift sample from Hetero
chemicals, Hyderabad. Salbutamol sulphate was supplied by Cipla, Mumbai. The
HPLC grade acetonitrile was purchased from Merck Specialities Private Limited,
Mumbai, India. HPLC grade water and analytical grade sodium chloride, sodium
hydroxide, hydrochloric acid, orthophosphoric acid, hexane and iso-amylalcohol
were purchased from Ranbaxy Fine Chemicals Limited, New Delhi, India.
Instrumentation
The HPLC system consists of SHIMADZU LC-2010AHT with auto sampler.
Chromatographic separations were achieved by using a Phenomenex C 18 column
(250 x 4.6 mm i.d., 5 µm particle sizes). The column was maintained at room
temperature. Injections of sample were made by auto injector. The mobile phase
was 35% acetonitrile in water consisting of 0.01% sodium chloride and 0.01%
ortho phosphoricacid. The flow is isocratic with a flow rate of 1 ml/min. The
detector is UV with a detection wavelength of 234 nm. Chromatogram was recorded and peaks were quantified by means of PC based LC Solution Software.
Cooling centrifuge (REMI, Vasai, India), Vibra Cell Sonicator (Sonics and Materials, Inc., Newtown, USA), Refrigerator (REMI, Vasai, India).
Stock and Standard solutions
Stock solutions of citalopram hydrobromide and dothiepin hydrochloride at 1000
µg ml-1were prepared by dissolving each 100 mg of each in 100 ml of HPLC water
and stored at 4 oC. The stock solutions of each drug were further diluted with HPLC
water to give working solutions of 10 µg ml-1. Drug free plasma aliquots of 1 ml
each were spiked with various concentrations of standard solutions obtained by
suitably diluting working solution to give a series of concentration with least
plasma concentration of 50 ng/mlof both citalopram and dothiepin.
Sample Preparation
To each of the above plasma aliquots in centrifuge tubes, 10 ml of standard
solution of salbutamol sulphate as internal standard (IS) was added to give a final
concentration of 100 µg ml-1. Contents of the centrifuge tubes were made alkaline
with 0.2 ml of 1M sodium hydroxide. An aliquot of 10 ml hexane containing 1%
v/v isoamyl alcohol was added and mixture was sonicated for 5 min using a sonicator. After centrifugation at 1500 g for 10 min, the aqueous layers were frozen by
immersing the tubes into a cooling bath consisting of dry ice and ethanol. The
hexane layers were decanted into another centrifuge tubes and 0.2 ml of 0.05 M
hydrochloric acid was added. The mixture was shaken centrifuged and frozen as
mentioned above, and the organic layer was discarded and 50 ml of acid extract was
injected into the chromatograph.
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Table 1. Accuracy and Precision
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0
0

1 0 0

2 0 0

c o n c e n t r a t io n

Calibration Curves, Limit of Detection (LOD) and Limit of Quantification (LOQ)
Calibration curves for both citalopram and dothiepin were plotted individually by
taking the peak areas of drug/Internal standard versus concentration. The slopes
of the plots for citalopram and dothiepin were determined by the method of least
square regression analysis. The LOD and LOQ for citalopram and dothiepin by the
proposed method were determined using calibration curves. LOD and LOQ were
calculated as 3.3 s /S and 10 s /S, respectively, where S is the slope of the calibration
curve and s is the standard deviation of y-intercept of regression equation (n=6).
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Figure 1: (A) Calibration curve of citalopram hydrobromide between
plasma concentrations of 0 to 250 ng/mland (B) Calibration curve of
dothiepin hydrochloride between plasma concentrations 0 to 250 ng/ml.

Accuracy and Precision
Intraday reproducibility precision and accuracy were assessed for three different
concentrations of 100, 250 and 500 ng/ml of citalopram and dothiepin with
replicates of 6 were analyzed on the same day and the concentrations were
calculated by extrapolating peak area ratios to standard curves obtained on that
day. The procedure was repeated on three separate days to allow the determination of interday precision and accuracy. Accuracy and precision were determined
by comparing the calculated concentrations of the extracted standard plasma
analytes with different known concentrations of analytes. Accuracy was expressed as the mean % error and precision was expressed as the coefficient of
variance (%).
Extraction recovery
The extraction efficiencies of citalopram and dothiepin were determined by
taking replicates of 100 and 300 ng/ml. The plasma samples of one milliliter were
spiked with both the drugs with above concentrations and internal standard and
were extracted. One milliliter of 0.05N HCl containing both the drugs at same
concentrations were used for reference. The recoveries were studied by comparing
the peak area ratio of both the drugs in plasma extracts and in acid solution.
Stability
Stabilities of the drugs in plasma samples for short term, freeze thaw and processed
samples of citalopram and dothiepin were assessed to confirm the stability of both
the drugs through the procedure. Aliquots of plasma containing both the drugs with
concentrations each of 100 and 300ng/ml were analyzed immediately and after
storage. Short-term stability was assessed after 5 hours standing at room temperature then samples were subjected to two freeze–thaw cycles to assess drug stability.
Finally, stability of the processed samples stored for 24 hours at room temperature in the auto sampler was determined.
Application of Method
After obtaining approval from Institutional Animal Ethics Committee, Wistar
rats were used for the applicability of the study in vivo. Two groups of rats (n=6),
one for control and another for sample were used. To control group normal saline
solution was given orally and to sample group therapeutic doses of citalopram
hydrobromide (10 mg/kg) (21) and dothiepin hydrochloride (10 mg/kg) (22) were
given orally as a solution. After 4 hours blood was collected by retro-orbital
puncture using a micro haematocrit tube and collected in a heparinized centrifuge
tubes. Centrifuge the tubes at 2000 rpm for 5 min at 4 0C. Separate the plasma and
drugs were extracted and estimated using this HPLC method and were expressed as
mean ± SEM.
RESULTS
The chromatograms of the two drugs, citalopram and dothiepin were as shown in
figure 2. The retention times of citalopram, dothiepin and internal standard were
found to be 5.52, 7.60 and 2.28 minutes respectively for the given set of chromatographic conditions.

Figure 2: Typical HPLC chromatograms after extraction of (A) Blank
plasma spiked with only IS. (B) Blank plasma spiked with each citalopram
and dothiepin to make final concentration of 250 ng/ml. (C) Plasma
obtained from rat after 4 hours of oral administration of citalopram and
dothiepin each with 10 mg/kg.

Linearity, LOD and LOQ
The calibration curve for citalopram was found to be linear between the concentration range of 50 to 250 ng with mean average correlation coefficient, r2 =
0.9958. The calibration curve for dothiepin was found to be linear between the
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concentration range of 50 to 250 ng with r2 = 0.9943. Both the calibration curves
pass through the origin, which justifies the use of single point calibration. The
regression equation for citalopram hydrobromide and dothiepin hydrochloride
were Y = 0.0282 X + 0.0750 and Y= 0.0312 X + 0.1187 (Y = peak area drug/IS
peak area ratio and X = concentration) respectively. LOD and LOQ for citalopram
and dothiepin were calculated from the respective regression equations. LOD and
LOQ were found to be 7.978 and 26.595 ng/mlrespectively for citalopram and
11.413 and 38.044 ng/mlrespectively for dothiepin.
Accuracy and Precision
The accuracy and precision data for both citalopram and dothiepin at three
different concentrations obtained from the above method are shown in table 1.
The average intraday accuracies and precisions ranged from 96% to 98.6% and
1.5% to 2.7% respectively for 100, 250, 500 ng/mlsolutions of citalopram
hydrobromide. For dothiepin the average intraday accuracies and precisions were
ranged from 97% to 101.5% and 1.2% to 2.4% respectively for three sets of
dothiepin hydrochloride solution. The average interday accuracies and precisions
ranged from 94% to 99.6% and 2.1% to 5.4% respectively for three sets of
citalopram hydrobromide concentration. For dothiepin the average interday accuracies and precisions were ranged from 94.7% to 103.6% and 1.8% to 3.9%
respectively for three sets of dothiepin hydrochloride solution.
Extraction Recovery
The mean recoveries of citalopram in spiked plasma (n=6) at concentrations of
100 and 300 ng/mlwere 88% ± 1.2 and 92% ± 2.4 respectively and for dothiepin
92% ± 1.5 and 95% ± 1.8 at 100 and 300ng/mlL respectively.

breast milk. All the three drugs eluted rapidly in 7 minutes, but, there is no
resolution of citalopram and dothiepin peaks. So, in order to resolve the peaks,
the acetonitrile content were further changed to 35% which was the same used by
Ilett KF et al (13) for estimation of dothiepin in breast milk. This mobile phase
eluted all the three drugs with short retention times and eluted all the three drugs
in 8.3 minutes which was rapid.
With the above changes in the detection wavelength, mobile phase content and
extraction recovery procedures, a simple, rapid, accurate and precise and sensitive
HPLC method for simultaneous estimation of citalopram and dothiepin in plasma
was developed which can be applied clinically for the interaction study.
CONCLUSION
The HPLC method mention above for the simultameous determination of
citalopram and dothiepin in human plasma is rapid, sensitive, reproducible, and
can be applicable for pharmacokinetic studies of subject drugs in combination.
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