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Abstract

Two rapid, simple and accurate first derivative spectrophotometry and HPLC method for the determination of nefazodone

hydrochloride and sertraline hydrochloride in pharmaceutical formulations are discussed. The first one is a derivative

spectrophotometric procedure and the second one is based on a HPLC method with a UV detector. In the first method, first

derivative spectrophotometry, nefazodone hydrochloride or sertraline hydrochloride by measurement of their first derivative signals

at 241.8�/256.7 nm (peak-to-peak amplitude), or 271.6�/275.5 nm (peak-to-peak amplitude), respectively. Calibration graphs were

established for 10.0�/42.0 mg ml�1 nefazodone hydrochloride, or 8.0�/46.0 mg ml�1 sertraline hydrochloride. In the other method,

HPLC, the UV detection was carried out at 265.0 nm (nefazodone hydrochloride) and 270.0 nm (sertraline hydrochloride). The

samples were chromatographed on a Supercosil RP-18 column. The mobile phases were methanol:acetonitrile:phosphate buffer at

pH 5.5 (10:50:40 v/v/v) (nefazodone hydrochloride) and methanol:phosphate buffer at pH 4.5 (20:80 v/v) (sertraline hydrochloride).

The results obtained from first derivative spectrophotometric method were comparable with those obtained by using HPLC. It was

concluded that both the developed methods are equally accurate, sensitive, and precision could be applied directly and easily to the

pharmaceutical formulations of nefazodone hydrochloride and sertraline hydrochloride, respectively.
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1. Introduction

Both nefazodone hydrochloride and sertraline hydro-

chloride belong to generation of antidepressant drugs.

Nefazodone hydrochloride appears to block both 5-HT

transport and post synaptic 5-HT2 receptors and, in

these effects, resembles the clinically employed atypical

antidepressant mianserin [1]. Sertraline is a potent

selective serotonin reuptake inhibitor (SSRI) that has

established efficacy in the treatment of depression,

obsessive-compulsive disorder, depression relapse and

social phobia [2].

Scientific literature reports HPLC methods for quan-

titative determination of nefazodone hydrochloride, its

metabolites in human plasma and in pharmaceutical

formulations [3�/7].
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On the other hands, various methods have been used

for the determination of sertraline hydrochloride, its

metabolites in human plasma and in pharmaceutical

dosage forms, including HPLC method [8�/12], gas-

chromatography-mass spectrometry [13,14] and spectro-

photometric method [15].
Nefazodone hydrochloride and sertraline hydrochlo-

ride are not included in any pharmacopoeia. With these

ever increasing use and the number of formulations

entering into the market, there is always a need for

simple, sensitive, accurate, rapid analytical method for

the estimation of nefazodone hydrochloride and sertra-

line hydrochloride in pure form and in pharmaceutical

preparations which can be easily adapted for routine in

quality testing laboratories. On extensive survey of

literature, no derivative spectrophotometric method

came to my notice for the determination of both drugs

in pure form and in pharmaceutical formulations. In the
s Elsevier SAS. All rights reserved.
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present study, two simple, sensitive and accurate analy-

tical methods with better detection range for estimation

of nefazodone hydrochloride and sertraline hydrochlo-

ride in pure form and in pharmaceutical formulations
were developed. In both the methods, no extraction step

is utilized thus reducing the time and error involved in

the estimation thus not necessitating the use of any

internal standard. The proposed methods were applied

to the determination of both analytes in pure form and

pharmaceutical preparations, with satisfactory results in

both cases.
2. Experimental

2.1. Chemicals used

Two commercial preparations, Serzone† tablets (pro-

duced by Bristol�/Myers Squibb Pharm. Ind., Turkey,

containing 200.0 mg of nefazodone hydrochloride per

tablet) and Lustral† tablets (produced by Pfizer Pharm.

Ind., Turkey, containing 50.0 mg of sertraline hydro-
chloride per tablet) were assayed.

Methanol and acetonitrile were of HPLC grade

(Merck Chem. Ind.). All other chemicals were of

analytical-reagent grade.

2.2. Spectrophotometric equipment and conditions

A double beam, Shimadzu 1601 spectrophotometer

model with a fixed slit width (2 nm) connected to an

IBM-PC computer loaded was used. The derivative UV
spectra of standard and test solutions were recorded in 1

cm quartz cells.

2.3. Chromatographic system and conditions

The high-performance liquid chromatography system

consisted of a JASCO model PU-980 pump with a 7725

rheodyne value injector 20 ml fixed loop, equipped with

a JASCO UV-975 UV�/Vis detector. The detector was
set at 265.0 and 270.0 nm (0.02 a.u.f.s.) and peak areas

were integrated automatically by computer using BOR-

WIN software programme.
3. Analytical procedures

3.1. Procedure for spectrophotometric method

3.1.1. Calibration

Stock solutions of 1 mg ml�1 of nefazodone hydro-
chloride and sertraline hydrochloride were prepared in

methanol, respectively. These solutions were used in the

preparation of calibration graphs and for spectra.
3.1.2. Assay procedure for dosage forms

Twenty tablets were weighed and pulverized. A

weighed quantity of the powder equivalent to one tablet

was transfer into a 100-ml conical flask in methanol.
After 30 min of mechanical shaking, the solution was

filtered in a 100-ml calibrated flask through Whatman

no. 42 filter paper. The residue was washed three times

with 10 ml of solvent and then the volume was

completed to 100 ml with the same solvent. Appropriate

solutions were prepared by taking suitable aliquots of

the clear filtrates and diluting them with methanol.

3.2. Procedure for high performance liquid

chromatography

3.2.1. Chromatographic conditions

Solutions and mobile phases were prepared in the

moment of use. The mobile phases used were methano-

l:acetonitrile:phosphate buffer at pH 5.5 (10:50:40 v/v/v)

(nefazodone hydrochloride) and methanol:phosphate

buffer at pH 4.5 (20:80 v/v) (sertraline hydrochloride).
The analytical column was a Supercosil RP-18 (5 mm, 15

cm�/6.0 mm) column. All analysis were done under

isocratic conditions at a flow rate of 1.0 ml min�1 and

at room temperature.

All solvents were filtered through 0.45 mm milipore

filter to use and degassed in an ultrasonic bath.

3.2.2. Calibration

An external standard method was used for quantita-

tive determinations. Calibration graphs were prepared

from stock solutions of nefazodone hydrochloride and

sertraline hydrochloride in the mobile phase, respec-

tively. Triplicate 20-ml injections were made for each

solution. The final concentrations nefazodone hydro-

chloride and sertraline hydrochloride in the samples

were calculated by comparison of sample and standard
peak area obtained with the average of three injections

of standard solutions.

3.2.3. Analysis of tablets for HPLC

Ten commercial tablets (Serzone† and Lustral†

tablets) were weighed separately and powdered in a

different mortars. A portion of the powder equivalent to

about one tablet was weighed accurately, transferred to
a 100 ml calibrated flask and suspended in mobile phase

for HPLC method. The flasks were completed to volume

with the same solvent. The samples were filtered through

a 0.45-mm membrane filter, then further diluted to suit

the calibration graphs.

3.2.4. Recovery studies

To keep an additional check on the accuracy of the
developed assay methods and to study the interference

of formulation additives, analytical recovery experi-

ments were performed by adding known amount of
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pure drugs to pre-analyzed samples of commercial

dosage forms. The percent analytical recovery values

calculated by comparing concentration obtained from

the spiked samples with actual added concentrations are
also listed in Table 3.
4. Investigations, results and discussion
4.1. Analysis of nefazodone hydrochloride and sertraline

hydrochloride by first derivative spectrophotometry

To develop a sensitive first derivative spectrophoto-

metric method various solvent system were tried, such as

water, methanol, 0.1 N HCl, 0.1 N NaOH and

acetonitrile a lone or in combinations of different

proportions. The final decision of using methanol was

based on sensitivity, interference, ease of preparation,

suitability for drugs content estimation, and cost in that

order.
The direct UV spectrum (Figs. 1a and 2a) or the first

derivative spectrum (Figs. 1b and 2b) of nefazodone
Fig. 1. Zero-order spectra of (a) and first derivative spectra (b) of (a) 10.0 mg m

in methanol.
hydrochloride and sertraline hydrochloride methanolic

standard solutions are given, respectively. Both spectra

could be used for the determination of these drugs. In

the direct UV spectrum, nefazodone hydrochloride

show a single well-defined peak at 247.5 nm. Fig. 2

contains three bands with absorbance maxima at l�/

265.1, 275.3 and 282.6 nm; but resolution of the peaks in

the first derivative spectrum prompted to use this

spectrum for sertraline hydrochloride analysis. In the

derivative method, odd-numbered derivatives are of

most use in determining the exact points of absorbance

maxima of the zero-order absorption spectrum and

hence, the qualitative properties of the substance under

investigation; even-numbered derivatives are helpful in

quantitative determinations [16]. For the determination

of nefazodone hydrochloride or sertraline hydrochloride

in bulk and dosage forms by measuring the peak-to-

peak amplitude in the first derivative spectra at 241.8�/

256.7 nm (peak-to-peak amplitude), and 271.6�/275.5

nm were used, respectively. By measuring the values of

the first derivative, the concentration of cited drugs can

be directly calculated since the first derivative measure-
l�1; (b) 22.0 mg ml�1; and (c) 42.0 mg ml�1 nefazodone hydrochloride



Fig. 2. Zero-order spectra of (a) and first derivative spectra (b) of (a) 8.0 mg ml�1; (b) 27.0 mg ml�1; and (c) 46.0 mg ml�1 sertraline hydrochloride in

methanol.

Table 1

Results of least square regression analysis of data for the estimation of nefazodone hydrochloride and sertraline hydrochloride by the proposed

methods

Parameters First derivative spectrophotometry HPLC

Compound Nefazodone hydrochloride Sertraline hydrochloride Nefazodone hydrochloride Sertraline hydrochloride

Range 10.0�/42.0 (mg ml�1) 8.0�/46.0 (mg ml�1) 5.0�/5000.0 ( ngml�1) 40.0�/1500.0 ( ngml�1)

Detection limits 0.58 (mg ml�1) 0.31 (mg ml�1) 15.8 ( ngml�1) 24.0 ( ngml�1)

Qantitative limits 1.88 (mg ml�1) 0.96 (mg ml�1) 26.4 ( ngml�1) 45.3 ( ngml�1)

Regression equation (Y ) a y�/3.56�/10�3x�/5.91�/

10�3

y�/1.46�/10�4x�/8.13�/

10�5

y�/0.41x�/0.18 y�/0.78x�/0.45

SD on slope (Sb) 5.00�/10�4 1.45�/10�5 1.23�/102 6.25�/102

SD on intercept (Sa) 6.73�/10�3 3.68�/10�5 1.09�/102 4.31�/102

SE of estimation (Se) 8.42�/10�3 2.31�/10�5 5.56�/102 1.52�/102

Correlation coefficient (r ) 0.9991 0.9986 0.9980 0.9999

a Y�/absorbance (firs.der.spec.) and peak area (HPLC); x : concentration of the drug in mg ml�1 (firs.der.spec.) and in ng ml�1 (HPLC). b Five

replicate samples.
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ment cancels the irrelevant absorbance due to the

excipients in pharmaceutical dosage forms. The Beer’s

law range, linear regression equations, and correlation

coefficient determined for each method are given in

Table 1.
4.2. Analysis of nefazodone hydrochloride and sertraline

hydrochloride by HPLC method

In case of HPLC, mobile phase investigated were 20�/

70% methanol in water, 20�/70% acetonitrile in water,



Fig. 3. A typical chromatogram of Serzone† tablet.

Fig. 4. A typical chromatogram of Lustral† tablet.
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phosphate buffer (pH 2.8�/7.8) with methanol or aceto-

nitrile or both. Mobile phases of methanol:acetonitrile:-

phosphate buffer at pH 5.5 (10:50:40 v/v/v) (for

nefazodone hydrochloride) and methanol:phosphate

buffer at pH 4.5 (20:80 v/v) (for sertraline hydrochlo-

ride) and flow rate selection was based on peak

parameters (height, asymmetry, tailing), baseline drift,

ease of preparation of the mobile phases, need for pH

adjustment and cost (in that order). Internal standard

was not used, as there was no extraction or separation

step involved in the estimation of nefazodone hydro-

chloride and sertraline hydrochloride from pharmaceu-

tical dosage forms.

The HPLC method was applied to the determination

of nefazodone hydrochloride and sertraline hydrochlo-

ride in the pharmaceutical formulations. A representa-

tive chromatogram of nefazodone hydrochloride and

sertraline hydrochloride obtained under the optimal

conditions chosen are shown in Figs. 3 and 4. The

wavelength of detection was fixed at 265.0 nm for

nefazodone hydrochloride and 270.0 nm for sertraline

hydrochloride, respectively. Figs. 3 and 4 show a typical

HPLC chromatogram of the two pharmaceutical for-

mulations analysed; the retention times (min) were 9.9

(nefazodone hydrochloride) and 7.5 sertraline hydro-

chloride. The retention times and asymmetry factors

were found to be 9.99/0.064 and 1.129/0.14 (nefazodone

hydrochloride), 7.59/0.015 and 1.109/0.17 (sertraline

hydrochlororide), respectively. A calibration curve was

obtained by plotting the area values against the con-

centrations of these drugs. A good linearity were

obtained over the 5.0�/5000.0 ng ml�1 range for

nefazodone hydrochloride and 40.0�/1500.0 ng ml�1

range for sertraline hydrochloride, respectively. The

regression equations and statistical study are given in

Table 1. The correlation coefficient values obtained were

highly significant for the proposed method (Table 1).

The drugs solutions were found to be stable for a period

of 48 h at room temperature in the solvent system used.
4.3. Validation of the developed methods

The linearity range of nefazodone hydrochloride and

sertraline hydrochloride solutions in case of first deri-

vative spectrophotometry and high performance liquid

chromatography were found to be 10.0�/42.0 mg ml�1

(nefazodone hydrochloride), 8.0�/46.0 mg ml�1 (sertra-

line hydrochloride) and 5.0�/5000.0 ng ml�1(nefazodone

hydrochloride), 40.0�/1500.0 ngml�1 (sertraline hydro-

chloride), respectively.

The validation of the procedures was examined via

evaluation of the limit of detection (LOD), limit of

quantitation (LOQ), repeatability and recovery. The

LOD and LOQ values were calculated from the

calibration curves as kSD/b where k�/3 for LOD and

10 for LOQ, SD is the standard deviation of the

intercept and b is the slope of the calibration curve.

The lowest LOD (0.58 mg ml�1 of nefazodone hydro-

chloride and 0.31 mg ml�1 of sertraline hydrochloride)

for first derivative spectrophotometry and (15.8 ng ml�1

of nefazodone hydrochloride and 24.0 ng ml�1 of

sertraline hydrochloride) for high performance liquid

chromatography were calculated and are given in Table

1. Also, the limit of quantification (LOQ) were found to

be (1.88 mg ml�1 of nefazodone hydrochloride and 0.96

mg ml�1 of sertraline hydrochloride) for first derivative

spectrophotometry and (26.4 ng ml�1 of nefazodone

hydrochloride and 45.3 ng ml�1 of sertraline hydro-

chloride) for high performance liquid chromatography.

Between-day precision and accuracy were evaluated

by using three different concentrations at low, medium

and high concentrations, which were prepared and

analyzed on the same day (Table 2). Within-day

variability was assessed using five samples of three



Table 2

Within- and between-day precision of nefazodone hydrochloride and sertraline hydrochloride standards by using first derivative spectrophotometry and HPLC method (abbreviations as in text)

Theoretical concentration (mg

ml�1)

Within-day concentra-

tion

Measured a Between-day concen-

tration

Measured b Within-day concentra-

tion

Measured Between-day concen-

tration

Measured

Nefazodone Hydrochloride Nefazodone Hydrochloride Sertraline Hydrochloride Sertraline Hydrochloride

Recovery RSD% Recovery RSD% Recovery RSD% Recovery RSD%

First derivative spectrophotometry

10.0 99.0 0.48 98.0 1.04

22.0 100.9 0.85 100.4 1.53

42.0 100.7 0.64 98.8 1.96

8.0 97.5 0.68 98.3 1.47

27.0 98.9 0.66 99.6 1.91

46.0 99.6 0.57 100.6 2.13

High performance liquid chromatography

10.0 103.0 0.08 101.0 0.08

22.0 100.4 0.05 100.0 0.13

42.0 100.2 0.04 100.7 0.25

8.0 98.8 0.06 98.8 1.07

27.0 100.3 0.08 99.6 1.00

46.0 100.4 0.22 100.6 1.03

a Mean values represent five different sample standards for each concentration.
b Within-day reproducibility was determined from five different runs over a 2-week period.
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Table 3

Results of the assay of pure nefazodone hydrochloride and sertraline hydrochloride and its commercialformulations by the proposed methods

Sample Recovery (mean9/SD) (%) a

Nefazodone hydrochloride Sertraline hydrochloride

First der. spectr. HPLC First der. spectr. HPLC

Pure drug solution 98.49/0.35 99.19/0.54 99.19/0.68 99.59/0.34

t�/0.59(2.26) b t�/0.48

Commercial tablets c 99.79/1.43 99.89/0.58 99.79/0.57 99.79/0.25

t�/0.97 t�/0.87

a Mean and relative standard deviation for ten determinations; percentage recovery from the label claim amount.
b Values in parentheses are the theoretical values at p�/0.95. Theoretical values at 95% confidence limits t�/2.26.
c Serzone† tablets were labeled to contain 200.0 mg nefazodone hydrochloride and Lustral† tablets were labeled to contain 50.0 mg sertraline

hydrochloride per tablets.
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different concentrations at low, medium and high
concentrations analyzed on five different days over a

period of two week. Table 2 represents the results

obtained for between-day and within-day variability

studies of nefazodone hydrochloride and sertraline

hydrochloride, respectively. These results show the

accuracy for quantitative determination of cited drugs.

Thus, it was concluded that there was no significant

difference for the assay which was tested within-day and
between-day.

The two methods were further validated by estimation

of nefazodone hydrochloride and sertraline hydrochlo-

ride in pharmaceutical formulations by the developed

methods and analyses of pure drug solutions and the

results are presented in Table 3. The estimated drugs

content with low values of SD further established the

precision of the proposed methods and therefore
suggested the non-interferece from the formulation

matrix present in the studied formulations. The method

was applied to the determination of nefazodone hydro-

chloride in Serzone† tablets and sertraline hydrochlo-

ride in Lustral† tablets and the results are presented in

Table 3.
5. Conclusion

The first derivative spectrophotometry and high
performance liquid chromatographic methods were

developed and validated for the assay of nefazodone

hydrochloride and sertraline hydrochloride in pure

forms and in pharmaceutical formulations, and works

without solving equations or separation steps. The most

striking feature of the derivative spectrophotometry is

its simplicity and rapidity, no requiring time-consuming

sample preparation such as filtration, degassing that are
needed for HPLC procedure. The assay results obtained

by these two methods are in fair agreement. In general,

all the reported methods can be used for the routine
quality control analysis of the investigated drugs in
pharmaceutical preparations.
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