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bstract

A gradient, reversed-phase liquid chromatographic (RP-LC) method was developed for the quantitative determination of rizatriptan benzoate,
sed to treat relieves migraine headache symptoms. The developed method can be also employed for the related substance determination in bulk
amples. Forced degradation studies were performed on bulk sample of rizatriptan benzoate using acid (0.5N hydrochloric acid), base (0.1N sodium
ydroxide), oxidation (3.0% hydrogen peroxide), water hydrolysis, heat (60 ◦C) and photolytic degradation. Mild degradation of the drug substance
as observed in base hydrolysis and considerable degradation observed during oxidative stress. The chromatographic method was fine tuned using

he samples generated from forced degradation studies. Good resolution between the peaks corresponds to degradation products and the analyte
as achieved on Agilent Zorbax SB-CN (250 mm × 4.6 mm, 5 �m) column. The mobile phase consists of a mixture of aqueous potassium di
ydrogen ortho phosphate (pH 3.4), acetonitrile and methanol. The stress sample solutions were assayed against the qualified reference standard of
izatriptan benzoate and the mass balance in each case was close to 99.7% indicating that the developed method is stability indicating. Validation
f the developed method was carried out as per ICH requirements.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Rizatriptan benzoate is described chemically as: N,N-
imethyl-5-(1H-1,2,4-triazol-1-ylmethyl)-1H-indole-3-ethana-
ine mono benzoate (Fig. 1). It is used in the treatment of
igraines. Its empirical formula is C15H19N5·C7H6O2 and its
olecular weight is 391.47.
Rizatriptan benzoate belongs to a group of medicines known

s serotonin (or 5HT) agonists. It is used in the treatment of
igraines. Rizatriptan binds to serotonin receptors in the brain,
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which causes the blood vessels to narrow. By decreasing the
width of blood vessels in the brain rizatriptan relieves the pain.
Rizatriptan is available as orally disintegrating tablets with a
brand name Maxalt.

A liquid chromatography–atmospheric pressure chemical
ionization mass spectrometry method for the quantitative deter-
mination of rizatriptan and sumatriptan from plasma samples
was reported in the literature [1]. A liquid chromatographic
method for the determination of rizatriptan from human plasma
using fluorescence detection has been developed and reported
in the literature [2]. Two more liquid chromatographic methods
were reported in literature for the determination of rizatriptan
from human plasma and serum [3,4]. As on date no stability
indicating liquid chromatographic method was reported in the
literature.
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Fig. 1. Chemical structure of Rizatriptan benzoate.

Attempts were made to develop a suitable single stability
indicating LC method that can be used to determine the related
substances and also the assay of bulk samples of rizatriptan
benzoate. This paper deals with the development of stabil-
ity indicating analytical method using the samples generated
from forced degradation studies. The developed method was
validated to ensure the compliance in accordance with ICH
guidelines.

2. Experimental

2.1. Chemicals

Samples of rizatriptan benzoate and its three impurities
(Fig. 2) were received from Process Research Department
of Custom Pharmaceutical Services of Dr. Reddy’s Labora-
tories Limited, Hyderabad, India. HPLC grade acetonitrile
and methanol were purchased from Rankem, India. Analytical
reagent grade potassium di hydrogen ortho phosphate were pur-
chased from S.D. Fine chem. limited, India and ortho phosphoric
acid were purchased from Qualigens Fine chemicals, India. High
pure water was prepared by using Millipore Milli Q plus purifi-
cation system.

2.2. Equipment

The LC system, used for method development, forced degra-
dation studies and method validation was Agilent 1100 series
Fig. 2. Chemical structures of I
mp-1, Imp-2 and Imp-3.
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(manufactured by Agilent Technologies, Waldbronn, Germany)
LC system with a diode array detector. The out put signal was
monitored and processed using Chemstation software (designed
by Agilent Technologies, Waldbronn, Germany) on Pentium
computer (Digital Equipment Co).

2.3. Chromatographic conditions

The chromatographic column used was an Agilent Zorbax
SB-CN 250 mm × 4.6 mm column with 5 �m particles. The
mobile phase consists of a mixture of 10 mM potassium di
hydrogen ortho phosphate, pH adjusted to 3.4 using diluted
orthophosphoric acid (solvent A), acetonitrile (solvent B) and
methanol (solvent C). The flow rate of the mobile phase was
kept at 1.0 ml/min. The HPLC gradient was set as: T/%B: 0/8,
10/9, 16/9, 19/15, 23/32, 28/50, 34/50 and 35/8 and solvent C
was kept as T/%C: 0/0, 10/3, 16/3, 19/3, 23/3, 28/3, 34/3 and
35/0 with a post-run time of 5 min. The column temperature
was maintained at 25 ◦C and the wavelength was monitored at
a wavelength of 225 nm. The injection volume was 10 �l for
related substances determination and 5 �l for assay determina-
tion. Solvent A was used as diluent during the standard and test
samples preparation.

2.4. Preparation of standard solutions
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reference standard and the mass balance (% assay + % sum of
all impurities + % sum of all degradants) was tabulated. Assay
was also calculated for bulk sample by spiking all three impu-
rities (Imp-1, Imp-2 and Imp-3) at the specification level (i.e. at
0.15%).

2.5.2. Precision
Assay method precision was evaluated by carrying out six

independent assays of test sample of rizatriptan benzoate against
qualified reference standard and calculated the % R.S.D.

The precision of the related substance method was checked by
injecting six individual preparations of (0.5 mg/ml) rizatriptan
benzoate spiked with 0.15% of Imp-1, Imp-2 and Imp-3 with
respect to analyte concentration. % R.S.D. of area for each Imp-
1, Imp-2 and Imp-3 was calculated.

The intermediate precision of the method was also evaluated
using different analyst, different day and different make instru-
ment in the same laboratory.

2.5.3. Limit of detection (LOD) and limit of quantification
(LOQ)

The LOD and LOQ for Imp-1, Imp-2 and Imp-3 were esti-
mated at a signal-to-noise ratio of 3:1 and 10:1, respectively by
injecting a series of diluted solutions with known concentration
[6]. Precision study was also carried at the LOQ level by inject-
ing six individual preparations of Imp-1, Imp-2 and Imp-3 and
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A working solution of 500 �g/ml was prepared for related
ubstances determination and assay determination analysis. A
tock solution of Impurity (mixture of Imp-1, Imp-2 and Imp-3)
t 500 �g/ml was also prepared in diluent.

.5. Method validation

.5.1. Specificity
Specificity is the ability of the method to measure the analyte

esponse in the presence of its potential impurities and degrada-
ion products [5]. The specificity of the developed LC method
or rizatriptan benzoate was carried out in the presence of its
mpurities namely Imp-1, Imp-2 and Imp-3.

Forced degradation studies were also performed for bulk drug
o provide an indication of the stability indicating property and
pecificity of the proposed method. Intentional degradation was
ttempted to stress conditions of photolytic degradation (as per
CH recommended condition), thermal degradation (drug sub-
tance exposed at 60 ◦C), acid hydrolysis (using 0.5N HCl), base
ydrolysis (using 0.1N NaOH), water hydrolysis and oxidative
egradation (using 3.0% H2O2) to evaluate the ability of the
roposed method to separate rizatriptan from its degradation
roducts. For heat and light studies, study period was 10 days
here as for acid, base, water hydrolysis and oxidative degra-
ation it was 48 h. To check and ensure the homogeneity and
urity of rizatriptan peak in the stressed sample solutions, diode
rray detector was employed. Assessment of mass balance in the
egraded samples checked to see whether the amount of impu-
ities detected in a stressed sample matches the amount present
efore the stress was applied. Assay studies were carried out
n the stressed samples against rizatriptan benzoate qualified
alculating the % R.S.D. of the area.

.5.4. Linearity
Linearity test solutions for assay method were prepared from

tock solution at six concentration levels from 25% to 150%
f assay analyte concentration (125, 250, 375, 500, 625 and
50 �g/ml). The peak area versus concentration data was per-
ormed by least-squares linear regression analysis.

Linearity test solutions for related substance method were
repared by diluting the Impurity stock solution (2.4) to the
equired concentrations. The solutions were prepared at six con-
entration levels from LOQ to 200% with respect to the impu-
ities specification level of 0.15% (i.e. LOQ, 0.075%, 0.15%,
.1875%, 0.225% and 0.3%). The calibration curve was drawn
y plotting the peak areas of Imp-1, Imp-2 and Imp-3 versus its
orresponding concentration.

Linearity test was performed for two consecutive days in the
ame concentration range for both assay and related substance
ethod. The % R.S.D. value of the slope and Y-intercept of the

alibration curve was calculated.

.5.5. Accuracy
The accuracy of the assay method was evaluated in triplicate

t three-concentration levels, i.e. 250, 500 and 750 �g/ml in bulk
rug sample. The % recoveries were calculated from the slope
nd Y-intercept of the calibration curve obtained in Section 2.5.4.

The bulk sample, provided by Process Research Department
f Custom Pharmaceutical Services, does not show the pres-
nce of Imp-1 and Imp-3. Some of the bulk samples received
rom process research department of Dr. Reddy’s Laboratories
how the presence of Imp-2 in between 0.03% and 0.05% lev-
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els. Standard addition and recovery experiments were conducted
to determine accuracy of the related substance method for the
quantification of all three impurities in bulk drug samples.

The study was carried out in triplicate at 0.075%, 0.15% and
0.225% of the analyte concentration (500 �g/ml). The % recov-
eries for Imp-1, Imp-2 and Imp-3 were calculated from the slope
and Y-intercept of the calibration curve obtained in Section 2.5.4.

2.5.6. Robustness
To determine the robustness of the developed method, the

chromatographic conditions were deliberately altered and the
resolution between rizatriptan, Imp-1, Imp-2 and Imp-3 was
evaluated.

The flow rate of the mobile phase was 1.0 ml/min. To study
the effect of flow rate on the resolution, the same was altered
by 0.2 units, i.e. from 0.8 to 1.2 ml/min. The effect of pH on
resolution of impurities was studied by varying ±0.1 pH units
(at 3.30 and 3.50 buffer pH). The effect of column temperature
on resolution was studied at 20 and 30 ◦C instead of 25 ◦C. All
the other mobile phase components were held constant as stated
in Section 2.3.

3. Results and discussion

3.1. Optimization of chromatographic conditions
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Table 1
System suitability report

Compound (n = 3) USP
resolution

USP tailing
factor (RS)

Number of theoretical
plates (N) USP
tangent method

Rizatriptan – 1.3 15984
Benzoic acid 5.4 1.1 21138
Imp-2 8.3 1.6 12124

n: number of determinations.

and degradants. pH of the buffer found to be critical in achiev-
ing the separation between rizatriptan and benzoic acid peak. At
lower pH (<3.0) the co-elution of the above peaks were observed.
Satisfactory chromatographic separation was achieved using a
solvent A is 10 mM potassium di hydrogen ortho phosphate (pH
3.40 adjusted with diluted orthophosphoric acid), solvent B is
acetonitrile and solvent C is methanol. The HPLC gradient of
solvent B was kept as T/%B: 0/8, 10/9, 16/9, 19/15, 23/32, 28/50,
34/50 and 35/8, solvent C was kept as T/%C: 0/0, 10/3, 16/3,
19/3, 23/3, 28/3, 34/3 and 35/0 with a post-run time of 5 min.
In the optimized conditions the rizatriptan, Imp-1, Imp-2 and
Imp-3 were well separated with a resolution of greater than 4
and the typical retention times of Imp-1, Imp-2, Imp-3 and riza-
triptan were about 4.0, 19.3, 23.3 and 12.7 min, respectively
(benzoic acid retention time at about 14.8 min) (Fig. 3). The
system suitability results were given in Table 1 and the devel-
oped LC method was found to be specific for rizatriptan and its
three impurities, namely Imp-1, Imp-2 and Imp-3.

3.2. Results of forced degradation studies

No considerable degradation observed in rizatriptan ben-
zoate bulk samples, under stress conditions such as photolytic
stress, thermal stress, acid, base and water hydrolysis. To achieve
some level of degradation the test solutions in acid, base, 3%
h ◦

Imp-1
Imp-2 was the potential impurity present in bulk samples
roduced by Dr. Reddy’s laboratories. The main target of the
hromatographic method is to get the separation of benzoic acid,
mp-2 and degradants generated from analyte peak. Impurities
ere co-eluted by using different stationary phases like C18, C8

nd Phenyl and different mobile phases containing buffers like
hosphate, sulphate and acetate with different pH (7–10) and
sing organic modifiers like acetonitrile, methanol and ethanol
n the mobile phase. Apart from the co-elution of impurities,
e have also observed poor peak shapes for some impurities

Fig. 3. HPLC chromatograms of blank unspiked and spiked (
ydrogen peroxide and water were heated for 2 h at 60 C.

, Imp-2 and Imp-3 were spiked in pure rizatriptan) samples.
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Fig. 4. Typical HPLC chromatograms of stressed test samples of rizatriptan benzoate.

Under these conditions the degradation of drug substance was
observed during oxidative stress and base hydrolysis (Fig. 4).
Rizatriptan benzoate was degraded into Imp-2 under oxida-
tion conditions (treated with 3% hydrogen peroxide at 60 ◦C
for 2 h) and it was confirmed by co-injection with a qualified
Imp-2 standard. Mild degradation of the drug substance was
observed under base hydrolysis conditions (treated with 0.1N
NaOH at 60 ◦C for 2 h) leads to the formation some un known
degradation peaks. Peak purity test results obtained from PDA
confirm that the rizatriptan peak is homogeneous and pure in
all the analyzed stress samples. The mass balance of stressed
samples was close to 99.7% (Table 2). The assay of rizatrip-
tan is unaffected in the presence of Imp-1, Imp-2 and Imp-3,
which confirms the stability indicating power of the developed
method.

3.3. Results of method validation experiments

3.3.1. Precision
The % R.S.D. of assay of rizatriptan during assay method

precision study was well within 0.8% and the % R.S.D. of area
of Imp-1, Imp-2 and Imp-3 in related substance method precision
study was within 10%. The % R.S.D. of assay results obtained in
intermediate precision study was within 1.0% and the % R.S.D.
of area of Imp-1, Imp-2 and Imp-3 were within 9%, confirming
good precision of the method.

3.3.2. Limit of detection (LOD) and limit of quantification
(LOQ)

The limit of detection (LOD) of Imp-1, Imp-2 and Imp-3
were 0.04%, 0.03% and 0.02% (of analyte concentration, i.e.
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Table 2
Summary of forced degradation results

Stress condition Time % Assay of
active substance

Mass balance (% assay +
% sum of impurities +
% sum of all degradants)

Remarks

Acid hydrolysis (0.5N HCl at 60 ◦C) 48 h at RT and 2 h at 60 ◦C 99.6 99.8 No degradation products formed
Base hydrolysis (0.1N NaOH at 60 ◦C) 48 h at RT and 2 h at 60 ◦C 97.5 99.6 Unknown degradation products formed
Oxidation (3% H2O2 at 60 ◦C) 48 h at RT and 2 h at 60 ◦C 92.8 99.5 Degraded into Imp-2 and other unknown

degradants formed
Water hydrolysis at 60 ◦C 48 h at RT and 2 h at 60 ◦C 99.8 99.8 No degradation products formed
Photolytic degradation 10 days 99.8 99.8 No degradation products formed
Thermal degradation 10 days 99.7 99.7 No degradation products formed

Table 3
Recovery results of in bulk drug sample

Added (�g) (n = 3) Recovered (�g) % Recovery % R.S.D.

252 254 100.8 0.9
501 501.5 100.1 0.7
751 746.1 99.3 0.8

n: number of determinations.

500 �g/ml) for 10 �l injection volume. The limit of quantifica-
tion (LOQ) of Imp-1, Imp-2 and Imp-3 were 0.13%, 0.09% and
0.06% (of analyte concentration, i.e. 500 �g/ml) for 10 �l injec-
tion volume. The method precision for Imp-1, Imp-2 and Imp-3
at LOQ level was below 10% R.S.D.

3.3.3. Linearity
Linear calibration plot for assay method was obtained over

the calibration ranges tested, i.e. 125–750 �g/ml and the corre-
lation coefficient obtained was greater than 0.999. Linearity was
checked for assay method over the same concentration range for
three consecutive days. The % R.S.D. values of the slope and Y-
intercept of the calibration curves were 2.3 and 6, respectively.
The results show that an excellent correlation existed between
the peak area and concentration of the analyte.

Linear calibration plot for related substance method was
obtained over the calibration ranges tested, i.e. LOQ to 0.3% for
Imp-1, Imp-2 and Imp-3. The correlation coefficient obtained
was greater than 0.991. Linearity was checked for related sub-
stance method over the same concentration range for three
consecutive days. The % R.S.D. values of the slope and Y-
intercept of the calibration curves were 4.2 and 11, respec-
tively. The results show that an excellent correlation existed
between the peak area and concentration of Imp-1, Imp-2 and
Imp-3.
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3.3.5. Robustness
In all the deliberate varied chromatographic conditions (flow

rate, pH and column temperature) the resolution between riza-
triptan, Imp-1, Imp-2 and Imp-3 was greater than 4.0, illustrating
the robustness of the method.

4. Conclusions

In this paper, the simple, accurate and well-defined stabil-
ity indicating HPLC method for the determination of rizatriptan
benzoate in the presence of degradation products was described
for the first time. The behaviour of rizatriptan benzoate under
various stress conditions were studied and presented. The infor-
mation presented herein could be very useful for quality moni-
toring of bulk samples and as well employed to check the quality
during stability studies.
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ry of Imp-1, Imp-2 and Imp-3 in bulk drugs samples was ranged
rom 90.5 to 107.3. HPLC chromatograms of blank, pure sample
nd all three impurities spiked in rizatriptan bulk drug sample
ere shown in Fig. 3.
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