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ABSTRACT

A smple, specific, accurate and stability-indicating liquid chromatographic
method has been developed for determination of sumatriptan in the pres-
ence of its alkaline degradation product and in pharmaceutical formula
tion. The analysis was carried out on Grace C18 (2.1 x 250 mmwith 5 um
particle size) column with a mobile phase consisting of water (contains 0.1
% triethylamine, adjust pH to 6.5 by phosphoric acid): acetonitrile in the
ratio (6 : 4, v/v). The detection was accomplished iuorometrically setting
the excitation wavelength at 225 nm and emission wavelength at 350 nm.
Theretention timewas4.1 min. and 5.2 min. for sumatriptan and itsalkaline
degradation, respectively, at flow rate 0.2 mL min. The developed and
validated method was successfully applied to the analysis of pharmaceu-
tical formulation. The calibration curve waslinear over the range 50-800 ng
mL-%. The LOD and LOQ values were found to be 16.6 and 50 ng mL?,
respectively. Statistical analysis of the results has been carried out reveal -
ing high accuracy and good precision. A kinetic study of the degradation
reaction was done and proved to follow pseudo-first order kinetics.
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INTRODUCTION

Sumatriptan (SUM) is3-[2-(dimethylamino)ethyl]-
N-methyl-indole-5-methanesulfonamide.lt’sa
serotonin agonist acting at the receptors 5-
HT1D and 5-HT1B*3. SUM reducesthevascular in-
flammation associated with migraine. It decreasesthe
activity of the trigeminal nerve, which, it is presumed,
accountsfor sumatriptan efficacy intregting cluster head-
aches?4.

Theliteraturereview reved ed severd andyticd meth-

odsfor quantitative estimation of SUM in body fluids
andin pharmaceutica formulations. These methodsin-
clude spectrophotometry™8, liquid chromatography!®2
and capillary electrophoresis*®. No stability indicating
method showed high sengtivity likethedevel oped work
inadditionto thekinetic sudy of the degradation.

In modern analytical laboratory, thereisawaysa
need for Sgnificant stability-indicating methodsof andy-
Ss. Thepresent work amed to devel op aninstrumental
method for the quantification of SUM in the presence
of itsakaine degradation product whichwasfound to
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besmpleand rapid (both compounds can be andyzed
inlessthan 6 minutes).

EXPERIMENTAL

Instruments

TheHPLC chromatograph consisted of aWaters
model 600 (Waters Corp., Canada) and a Kontron
model 360 autosampler (Kontron Instruments SPA,
Canada) connected in serieswith aWatersmodd 470
scanning fluorescence detector.

Materialsand reagents

- Pure SUM standard (sumetriptan succi nate powder)
was kindly supplied by Sigma pharmaceuticals—
Egypt. Itspotency wasfound to be 992 ug mg'™.

- Sumagraine® tablets (Sigmapharmaceutica s- Egypt)
were purchased from the Egyptian|oca market. Each
tablet isclaimed to contain 25 mg sumatri ptan succi-
nate.

- Acetonitrile, triethylamine, phosphoric acid and
dichloromethane: Caledon, Canada, HPL C grade.

- Sodium hydroxide and 2-Naphthylamine (NA):
SigmaAldrish, Canada.

Sandard solutions
Stock solution of sumatriptan succinate

Stock solution of sumetriptan succinatewas prepared
by dissolving 50 mg of sumeatri ptan suucinate powder in
100 mL distilled water (500 pg mL™*). Working solu-
tions(5, 50 ug mL™t) were prepared by serid dilution.
Sock solution of 2-naphthylamine

Stock solution of 2-ngphthylaminewasfreshly pre-
pared as10 ug mL*solution in methanol and used as
internal standard (1S).

Sock solution of thealkalinedegradation product

Stock solution of the alkaline degradation product
was prepared by heating 50 mg of SUM with 25mL 2
M NaOH for 4 hoursat 85° C then neutralized by 2 M
HCIl and thevolumewas completed to 100 mL by dis-
tilled water (500 ug mL™) . Working solutions (5, 50 ug
mLt) were prepared by serid dilution.

Procedures

Degradation of sumatriptan
Accelerated akaline- degradation was performed
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asmentioned and the degradati on product solutionwas
exposed to evaporationtill drynessand theresiduewas
dissolvedindichloromethanefor IR analysisfor subse-
quent identification.
Linearity

Aliquot portions of sumatriptan working solutions
wereaccurately transferred into aseriesof 10-mL volu-
metric flasksto providefina concentration of 50-800
ng mL*. Theinternal standard solution (2-naphthy-
lamine) was added to each flask to providefinal con-
centration of 200 ng mL* and the volume was com-
pleted with the mobile phase. Triplicate 100 puL solu-
tionsfor each concentration wereinjected usng thefol-
lowing chromatographi c conditions: stationary phase;
Grace C18 (2.1 x 250 mm with 5 um particle size)
column and the mobile phase composition waswater
(containing 0.1 % triethylamine, adjust pH to 6.5 by
phosphoric acid): acetonitrile=6:4, v/iv. Theflow rate
was 0.2 ml min, Themobile phasewas sonicated and
filtered through a0.45 pm millipore membrane filter and
was degassed for about 15 minin an ultrasonic bath
prior to use. The detection wasdoneat excitation wave-
length 225 nm and measuring theemission at 350 nm.
Thecdlibration curve was constructed by plotting the
relative peak area (peak area of SUM to that of the
interna standard [ 200 ng mLY]) using versusthe cor-
responding concentration of SUM (ng mL™?) and the
regress on equation was computed.

Analysisof laboratory prepared mixturescontain-
ing different ratios of SUM and its degradation
product (specificity)

Mix aiquotsof intact drug and the degraded drug
to preparedifferent mixturescontaining 7-93 % (w/w)
of the degradation product, and proceed similarly as
under linearity. The concentrations of SUM werecal-
culated from the corresponding regress on equation.

Assay of thephar maceutical for mulation

Ten sumagraine® tabletswereweighed and findly
powdered to determinethe averagetablet weight. A
portion of the powder equivalent to onetablet (con-
taining 25 mg sumatri ptan succinate) wasdissolved in
80 mL of water in 100-mL volumetricflask. Thesolu-
tion was stirred with magnetic stirrer for 10 minutes,
filtered through filter paper and the volume wasthen
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completed to 100 mL with water. Working solutions
wereprepared by seria dilutionsthen the procedures
werefollowed asunder linearity. The concentrations of
SUM were cal culated from the corresponding regres-
sonegquation.

Kinetic study of thedegradation

In8cdl culturetubes, ImL of thestock solution of
SUM (500 pg mL1) wasadded and heated with 2 mL
of 2M NaOH for 4 hours a 85° C. Every half hour
one tube was removed from the water bath, cooled
and transferred quantitatively into 10-mL volumetric
flask. The solution was neutralized with2M HCl and
volumewascompletedto 10 mL withwater then work-
ing solution (5 ng mL™t) wasprepared. Further dilution
from theworking sol ution wastakento providefina
concentration of 600 ng mL* and NA was added to
providefina concentration of 200 ngmL*. Thevolume
was compl eted with the mobile phase and injection of
the sol ution under the same chromatographic condi-
tions described under linearity. Theremaining concen-
tration of SUM was cd cul ated from the corresponding
regression equation.

RESULTSAND DISCUSSION

In this work, systematic studies focused on
sumatriptan degradation have been performed using
different concentration of sodium hydroxideat different
temperaturefor different timeintervd. It wasfound that
heating with 2 M NaOH in water bath at 85° C for 4
hourswas sufficient for complete degradation.

The suggested degradation pathway isshowninthe
following scheme:

\
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Sumatriptan C,,H, N,O,S  Alkaline degradation product of sumatriptan

Mol. mass 295.402 g/mol

Schemel1: Thesuggested degradation pathway of SUM.

Iz

Only one degradation product was observed un-
der the conditionsused in the preparation of thedegra-
dation product asonly one pesk appearedintheHPLC
chromatogram.

—= Fyll Paper

IR spectrafor both theintact and the degradation
product showed that the function groupsin both are
typica astheorganic chemistry literaturé®. Thestruc-
ture elucidation showed the disappearance of theNH,
peak of the sulphonamide group of theintact drug at
3379 cmr! and the appearance of the peak OH of the
sulphonic acid at 3445 cm™.

The International Conference of Harmonization
(ICH) guiddineentitled “stability testing of new drugs
substances and products” requires the stress testing to
be carried out to ducidate theinherent stability charac-
teristics of the active substance®™. An ideal stability
indicating method isthe onethat quantifiesthe standard
drug aoneand also resolvesits degradation products.

Method development

Different types of stationary phase C,and C ;col-
umnswith different dimensionsand particlesizeswere
tested to find the best stationary-mobile phases match.
It wasfound that Grace C18 (2.1 x 250 mm) column
gavethe most suitableresolution for the separation of
thedrug from its degradation product.

The chromatographic conditionswereadjusted in
order to provideagood performance of theassay. Vari-
ous mobile phase systemsweretested for optimizing
the HPL C-separation. Themobile phase composition
waswater (containing 0.1 % triethylamine, adjust pH
t0 6.5 by phosphoricacid): ACN =6 4, v/v. Theflow
rate of 0.2 ml min wasfound to be quite satisfactory
for the good resol ution and determination of the stud-
ied drug substancein presence of itsdegradation prod-
uct. System suitability parametersweretestedand dis-
playedinTABLE 1.

Thechromatographic sysem describedin this work
alowscomplete baseline separation of SUM fromits
degradation product (Figure 2). Peak purity was con-
firmed for theHPL C peaksof both intact SUM and its
degradation product by apilot run using aphotodiode
array detector. Spiking of both intact druganditsdeg-
radation product assured the presence of only onedeg-
radation product during preparation of the degradation
product. Also by changing themobilephaseratios, just
one peak appeared corresponding to thedrug at about
4.1 minand another onefor the degradation product at
5.2 min. withthe peak of ISat about 10.9 min.

Kinetic study for the degradation showed that
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TABLE 1: System suitability datafor thedeveloped HPL C method

Par ameter Sumatriptan alkaline degradation product Reference value
Capacity factor 2.39 3.33 1- 10 accebtable
T (Tailing factor) 0.98 0.93 T = 1for atypical symmetric peak
Resol ution factor 1.83 6.58 0.8
N 736 903 Increases with the efficiency of separation
HETP 0.034 0.027 The smaller the va_I ue, the higher
column efficiency
"
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Figure2: HPL C chromatogram for the developed method
under thespecified conditionsshowing sumatriptan (400 ng
mL 1), alkaline degradation (400 ng mL 1) and I S(Rt: 4.07,
5.26 and 10.86 min. respectively).

it follows pseudo-first order kineticsas shownin
Figure 3.

Method validation
Linearity and calibration curve

Under the specified optimum conditions, calibra-
tion curvewas constructed by plotting there ative peak
areaversusthe concentrations of SUM inngmL*as
showninFigure4.

Accuracy and precision

Themethodsweretested for accuracy and preci-
sionfor SUM in bulk form and in the dosageform by
theanalysisof six replicates of threedifferent concen-
trations. Validation resultsarerepresented in TABLE
2. Statistical comparison showed no significant differ-
ence between the devel oped methods and the official
method® asshown in TABLE 3which revealed that

Time (hr)

Figure3: Kineticstudy of the degradation showing pseudo-
first order kinetics.

y = 0.0027x + 0.0183
R = 0.9995

Relative peak area

Conc. (hg mL-1)

Figure4: Linearity of sumatriptan conc. (hngmL?*) and rela-
tivepeak areain theproposed method.

thecalculated t-test and F-value arelessthan the tabu-
lated ones.

Therobustness of the HPLC method was exam-
ined by theanalysis of samplesunder avariety of ex-
perimental conditionssuch assmall changesinthepH
(£ 0.2 units), small changes in proportions of mobile
phase, by upto+ 0.5 % mainly of the organic part of
themobile phase. The effect on retentiontimeand peak
parameterswas studied. It wasfound that the method
wasrobust when the column and themobile phasera-
tiowerevaried. During theseinvestigations, the reten-
tion timesweremodified, however theareasand peaks
symmetry were conserved.
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TABLE 2: Validation sheet for thedeveloped HPL C method

Parameters The developed HPL C method
Linearity range (ng mL™) 50-800
Regression equation
Slope 0.0027
Intercept 0.0183
Correlation coefficient 0.9995
Accuracy
Mean £ SD 100.07 £ 1.25
Precision
Intra-day (Mean £ RSD) 99.80+ 0.723 %

Inter-day (Mean + RSD) 100.20 + 0.844 %

TABLE 3: Satistical comparison between theresultsob-
tained by the pr oposed method and theofficial method.

Par ameter The developed The official

method method™

Mean 100.07 99.30

SD 1.25 1.10

RSD 1.249 % 1.107 %

Variance 1.56 121

N 6 6

Student’s t-test 0.31(2.26)%

F-value 1.29(5.19)%

aThevaluesin the parenthesisarethe corresponding thoretical
t- and F-valuesat P = 0.05.

Specificity (Analysisof laboratory prepared mix-
turesof sumatriptan and itsalkalinedegradation
product)

Each laboratory prepared mixturewasanalyzed as
described under linearity then the concentrationsof the
intact SUM inthe prepared mixtureswere determined
fromitscorresponding regress on equation asshownin
TABLEA4.

TABLE 4: Determination of sumatriptanin laboratory pre-
pared mixtures.

Intact Added degradation Recovery %

(ngmL™ (ngmL™) of the intact
50 750 103.44
200 600 101.39
400 400 100.91
600 200 102.25
750 50 100.00

M ean 101.59
SD 1.31

—— Fyll Peper
Analysisof pharmaceutical dosageform

The suggested methods are valid and applicable
for theanalysisof SUM insumagraine® tablets. The

resultsin TABLE 5 showed that no interferencefrom
theadditivesinthetablets.

TABLE 5: Determination of sumatriptan in phar maceutical
dosagefor m by theproposed HPL C method.

Taken (ngmL™) Found Recovery %
296.79 98.93
300.00 298.94 99.65
298.94 99.65
Mean 99.41
SD 0.41
CONCLUSION

The suggested method isfound to be accurateand
sdlectivewith no significant difference of theprecision
compared with the official HPLC method of analy-
sig¥ with the advantage of being more sensitive. Ap-
plication of the proposed method to the analysi s of
sumatriptan inits pharmaceutical formulation shows
that neither the excipient nor the degradation product
interfereswiththe determination. Theruntimeisrela
tively short, which enablerapid determination of many
samplesinroutineand quality control anaysisof tab-
let formulation. Thehigh sengitivity of the method may
permit its application for the determination of
sumatriptan in plasmawith high accuracy.
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