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ABSTRACT

A simple, sensitive, and precise high performamgaid chromatographic method for the impurities fiiog of
Sumatriptan succinate in Sumatriptan and naprotedlets has been developed, validated and usedhfor
determination of impurities in commercial pharmaiieal products. The Impurities were well sepadaten a
Waters Spherisorb ODS-1 column ( 250mm X 4.6mm) Shynthe gradient program using 0.05 M Phosphate
buffer (pH 3.0), Acetonitrile and methanol at afleate of 1.0 mL min-1 with detection wavelengt22% nm. The
developed method was found to be specific, prelirssgr, accurate, rugged and robust. LOQ Valuesdi the
known impurities were below reporting thresholds.

Keywords: Development, Stability-indicating, Sumatriptan, Kagen, Impurities, Combination, HPLC.

INTRODUCTION

Sumatriptan Succinate is a triptan sulfa drug @iogt a sulfonamide group. It is used for the tremttof migraine
headaches. Chemically it is 1-[3-(2-dimethylamihg8t1H-indol-5-yl]-N-methyl-methanesulfonamide. Sirtate
(Fig.1)[1]. As per the EP [2] and U.S Pharmacojaumatriptan succinate having four impuritiegy(E),

A number of analytical methods available to estamtite Sumatriptan active ingredient in the pharmtca
formulation and Plasma. To the best of our knowéedw single method which is available currently saparate
and estimate all the known related compounds angradation impurities of Sumatriptan succinate in
pharmaceutical dosage form. The analytical method@sntioned in pharmacopeia for impurity determiratio
comprises separate methodologies for Impurity-Aaland second method for remaining impurities.

Attempts were made to develop a stability indiatLC[4-8] method for estimation of related sulbs@ of
Sumatriptan succinate in the Sumatriptan SucciaateNaproxen Tablets formulations.

The developed analytical method demonstrates dmabyfs estimation of Sumatriptan succinate impusitiie
presence of placebo like Naproxen and other phagut@al excipients with detection wavelength at Bgh

We also verified forced degradation of Sumatriptancinate and Naproxen Tablets as per ICH[11-I8id@ions
like acid hydrolysis, base hydrolysis, oxidatioeah, UV light and photo light. The developed meitl@-10] was
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found to be specific, precise, linear, accuratgged and robust. LOQ Values for all the known inijes were
below reporting thresholds.

EXPERIMENTAL SECTION

2.1. Chemicals and reagents

Tablets and standards of Sumatriptan succinateitandl impurities namely impurity-A, impurity-B, inypity-C,
impurity-D, were supplied by Dr. Reddy’s laboragsilimited, Hyderabad, India. The HPLC grade adeitm and
analytical grade KkPQy, Dibutyl amine and ortho phosphoric acid were fristerck, Darmstadt, Germany. Water
was purified by a Millipore (Bedford, MA, USA) MilQ water-purification system and passed through22 pum
membrane filter (Durapore; Millipore, Dublin, Ireld) before use. 2.2. Equipment

The waters HPLC PDA 2996 system used consists Quaternary solvent manager, a sample manager and a
Photodiode array UV detector. The output signal wamsitored and processed using empowers softwaeteW
baths equipped with MV controller (Julabo, Seelbaghrmany) were used for hydrolysis studies. Plstability
studies were performed in a photo stability chambflight (200 watt hours / square meter), sun lighg Million

Lux hours )Calibrated (Sanyo, Leicestershire, UK). Thermabitityg studies were performed in a dry air oven
(MACK Pharmatech, Hyderabad, India).

2.2. Chromatographic Conditions

The analytes were separated on (250 x 4.6 mm, S{aders Spherisob ODS-1 column with mobile phase
containing a gradient mixture of solvent A and Balumn oven temperature of Zswith a gradient run program
at a flow-rate of 1.0 mL mifi 0.05 M potassium dihydrogen orthophosphate, 1.5nDibutylamine in 1000ml
Milli-Q-Water, pH adjusted to 3.0 with orthophospiwoacid was used as buffer. Buffer pH 3.0 was wasedolvent
A and MilliQ water, Methanol and acetonitrile iIO®R150:650 v/v ratio was used as solvent B. Theusgjpn was
achieved by gradient elution (T/%B) set as 0/5, 8810, 50/50, 55/60, 57/100, 60/100, 62/5 an&.70he mobile
phase was filtered through a nylon membrane (paee&45 um) and degassed with a helium spurgédamin,
before use. UV detection was performed at 225 nine Jample injection volume was 10 pl. Diluent festtand
standard preparation is prepared by mixing Bufféethanol and Acetonitrile in the ratio of 500: 2350 v/v/v
respectively.

2.3. Preparation of standard Solutions

A standard stock solution of Sumatriptan succin@®®&0 mg/mL) prepared by dissolving 60 mg Sumeédript
succinate of reference standard in 100 mL diluRequired dilutions of stock solution are done ttaobworking
solution of standard with a concentration of 30mlgivhich is used for the related substance detextian (Fig.4).
The impurity stock solution was prepared by dissg\an accurately weighed amount of impurity A, umipy-B,
impurity-C, and impurity-D in diluent, resulting amconcentration of 3 pL/mL of each impurity.(Fig.2

2.4. Preparation of Sample Solution

The tablets of Sumatriptan succinate and Naprogelium are crushed into a fine uniform powder. A ity of
powder equivalent to 100 mg of Sumatriptan suceinas transferred to a 100 mL volumetric flaskp80diluent
was added. The mixture was then sonicated for Hitmiand diluted to volume to give a solution coritey
1000pg/mL of Sumatriptan succinate. The above soluti@s wentrifuged at 4000rpm for 10 minutes in order t
eliminate insoluble excipients and filtered througlD.45um pore size Nylon 66 membrane filter and inject in
HPLC system as per chromatographic conditions roeriti section 2.2.(Fig.6)

2.5. Method Validation
The proposed method was validated as per ICH gogel

2.5.1. Specificity
(i) Placebo Interference:
A study to establish the interference of placelas wonducted.

Samples were prepared by taking the placebo equivdab the amount of weight present in portion edtt

preparation as per the test method and injectedttt HPLC system. Chromatograms of placebo saisitslhowed
no peak at the retention time of the main peaki@ndpurities. (Fig.5)
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(i) Interference from Degradation Products:

A study was conducted to demonstrate the effectearation of degradents from Sumatriptan andmfsurity
peaks. Separate portions of Drug product Sumatripteccinate and Naproxen sodium tablet 85 mg /rB§Gand
placebo were exposed to following stress condittoriaduce degradation.

» Refluxed with 1N HCI solution for about 1 hrs 30nmies at 60°C (Fig.7).

 Refluxed with 3N NaOH solution for about 9 hrs 886 (Fig.8).

» Treated with 1% Hydrogen peroxide (H202) for abibtirs 30 minutes at room Temperature (Bench ko).
» Dry heating done at 105° C for about 12 hrs (Fiy.10

» Exposed to Sunlight for about 1.2 Million Lux ho({Fg.11).

» Exposed to UV light both at shorter and longer viewgths for about 200 watt hours / square métier12).

* Refluxed with purified water for about 12 hrs af@&(Fig.13).

Stressed samples were injected into the HPLC systgmphoto diode array detector by following teséthod
conditions. All degradent's peaks were resolvednfr@umatriptan succinate and its impurity peaks hHa t
chromatograms of all samples.

The chromatograms of the stressed samples weraatgdlfor peak purity of Sumatriptan succinate gisWaters
Empower Networking Software. For all forced degtamasamples the purity angle found to be less tharity
threshold.

This indicates that there is no interference angtlaoton from degradents in quantification of then@triptan
succinate impurities in tablet. In Placebo streéagys interference was not observed at the Reteriines of the
Sumatriptan succinate and its impurity peaks. Tthis,method is considered to be "Stability Indigt. (Fig.2)

2.5.2. Precision

The precision of the related substance method Wwasked by injecting six individual preparationste$t spiked
with 0.30% of impurity-A, impurity-B, impurity-C ahimpurity-D with respect to Sumatriptan succinAtealyte
concentration (1 mg/mL of Sumatriptan succinate)R%.D. of area for each impurity-A, impurity-B, punrity-C
and impurity-D were calculated (Refer Table-1).

2.5.3. Limits of Detection (LOD) and Quantification(LOQ)

The LOD and LOQ for impurity-A, impurity-B, impugitC and impurity-D were determined at a signal-tise
ratio of 3:1 and 10:1, respectively, by injectingexies of dilute solutions with known concentratia LOD and
LOQ were experimentally verified by injecting septicate injection of each impurity at the concatitm obtained
from above values.

2.5.4. Linearity

A series of solutions of Sumatriptan succinate inti@s in the concentration ranging from limit ofi@ntification
level to 500% of target concentration each impuf@yB0%) were prepared and injected into the HPi&esn.
Correlation coefficient Value for the slope and ntercept of the calibration curve was calculatedgraph was
plotted to concentrations versus peak area andndigieg the correlation coefficient in linearity &®n. The
correlation co-efficient was found to be more tife®99 for Sumatriptan succinate and all impuri{iRefer Table-
3).

2.5.5. Accuracy

A study to evaluate method’'s accuracy was condutieddetermining recovery of each impurity from test
preparations of Sumatriptan and Naproxen sodiuntetatspiked at 50%, 100%, 200%, 350% of the target
concentration (0.3%) of Sumatriptan succinate intigsr Sumatriptan succinate. The average recovery 50% to
350% spike levels of Sumatriptan succinate immsiand Sumatriptan succinate were found to bemitte range

of 85% to 115% (Refer Table-2).
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2.5.6. Robustness

To determine the robustness of the developed metkxqekerimental conditions were deliberately alteagd the
resolution between Sumatriptan succinate impurityirdpurity-B, impurity-C, and impurity-D was recad. The
flow rate of the mobile phase was 1.0 mL/min. Tidgtthe effect of flow rate on the resolution, flevas changed
by 0.2 units from 0.8 to 1.2 mL/min. The effecttbé column temperature on resolution was studigDaand 30°
C instead of 25° C. The effect of the percent oigatrength on resolution was studied by varyingtawitrile by
-10% +10%. While other mobile phase componentsheés constant as stated in Section 2.2.

2.5.7. Solution Stability and Mobile Phase Stabiljt

The solution stability of Sumatriptan succinate @admpurities in the related substance method eessed out by
leaving spiked sample solutions in tightly cappetumetric flasks at room temperature for 48 hod@sntent of
Sumatriptan succinate impurity A, impurity-B, impgwC, and impurity-D were determined for every Bdurs
interval up to the study period. Stability of thelle phases was also carried out for 48 hoursnmciing the
freshly prepared sample solutions for every 24 &idaterval. Content of Sumatriptan succinate intguA,

impurity-B, impurity-C, and impurity-D were checkadthe test.

RESULTS AND DISCUSSION

3.1. Method Development and Optimization

The main objective of the chromatographic method teaachieve the development of single method lofoar
impurities and possible degradents by productdawfgibo and drug substances and it is a combindtiom product
method should able to separate Naproxen and itsiritigs and degradents. Impurity C has similar dleam
structure as that of Sumatriptan, method has twshe good resolution between these two.

It was found that use of buffer prepared by adjgsthe pH of 0.05M potassium dihydrogen phosphat& @ with
orthophosphoric acid (solvent A: buffer (100%) aadivent B: HPLC Grade water, Methanol and Acetdriin the
ratio of 200 : 150 : 650 (v/v) respectively witholemn temperature was maintained at 25° C and gnadilution
(T/%B) was set as 0/5, 5/5, 35/10, 50/50, 55/601@7 , 60/100,62/5 and 70/5 shown better separdieiween
Sumatriptan, Impurity-C and this gradient helpedtieh of highly nonpolar impurity-A within the gramht
program.

This optimized method was verified for the separatf all possible degradents by subjecting sarapk placebo
to forced degradation study as per ICH Guidelihesill the stress condition studies, purity angi¢ue is observed
lesser than purity threshold and purity flag was aleserved (As per Empower software) for the Suiptain peak
and for all four impurities.

All the degradents were well separated from Analygak and impurities peaks. Drug product was oleserv
sensitive at high stress conditions like Acid, hasgédation and dry Heat.

Under acid conditions, Sumatriptan is protonatedhremnoxygen atom of the methyl sulfonamide grouipe Tirst
steps involve a typical ester hydrolysis during ethwater attacks the sulfur atom. Since sulfat good leaving
group, this results in the release of a sulfuricl aolecule. Concurrently, nucleophilic attack bynathoxy anion
causes the regeneration of aromaticity resultinpénformation of the degradation Product Impufity-

Sumatriptan is having tertiary amine group and sdaoy amine group, so it is highly susceptible dgidation to
form oxidative impurities. Oxidation of Sumatriptaeems to proceed through two distinct pathways. firlst is
formation of the N-oxide on the dimethylamino gro@ince all of the compounds containing two or ¢hogygen
atoms possess an unmodified dimethylamino groumpjtears that once this N-oxide is formed, no @urth
oxidations occur. However, if the first oxidationcoirs on the indole ring at N-1, C-2, C-4 or Cgrt additional
oxidations will occur within the ring system leagino a mixture of products containing either praduwere
identified.

Since molecule is prone to oxidation, in preserfcalkali removal of proton from molecule is verysa In alkali
stressed study, Sumatriptan is under gone oxiddégeadation and formed Impurity-D.
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N-(3+(2-(dimethylamino ethyl)-2-((3-(2-(dimethylamino ethyl}- | H-indol-5-yl)methyl)- | H-indol-5-yl)-N-methylmethanesulfonamide

N-(3(2-{dimethylamino ethyl)- -(hydroxymethy)- 1 H-indol-5-yl)-N-methylmethanesulfonamide
N-(3+(2-(dimethylamino)ethyl)--(hydroxymethyl)- | H-indol-5-

yl)-N-methylmethanesulfonamide Acid Hydrolysis
OH
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H f H oo NH
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/
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Figure-1: Degradation pathway of Sumatriptan
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Fig 2: Typical chromatogram of Spiked Test
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Fig 6: Typical chromatogram Test preparation
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Fig 10: Typical chromatogram Forced degraded Testlwomatogram — Thermal degradation
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Fig 12: Typical chromatogram Forced degraded Testlwomatogram — Photolytic degradation (UV light)
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Table-1: Repeatability

Sumatriptan succinate Impurities
Sample No. Impurity-A Impurity-B Impurity-C
RRT | % Impurity | RRT| % Impurity] RRT % Impurity
1 2.09 0.259 0.78 0.095 1.15 0.082
2 2.10 0.266 0.78 0.096 1.15 0.082
3 2.10 0.263 0.78 0.095 1.15 0.078
4 2.10 0.255 0.78 0.097 1.15 0.081
5 2.10 0.268 0.78 0.102 1.15 0.081
6 2.09 0.264 0.78 0.103 1.15 0.078
AVG 2.10 0.263 0.78 0.098 1.1 0.080
%RSD 0.2 1.8 0.0 3.7 0.0 2.3
Sumatriptan succinate Impuritigs
Sample No. Impurity-D
RRT % Impurity
1 1.56 0.248
2 1.57 0.243
3 1.57 0.238
4 1.57 0.245
5 1.57 0.240
6 1.57 0.24:
AVG 1.57 0.24:
%RSC 0.2 1.t
TABLE 2: ACCURACY
Impurity-A
Spike level| ‘pg/mL’ added ‘pg/mL’ found Mean % Reeoy
Sample No. (Recovered)
1 LOQ 0.1753 0.17
2 LOQ 0.1753 0.16 93.2
3 LOQ 0.1753 0.16
1 50% 0.974 0.88
2 50% 0.974 0.94 91.7
3 50% 0.974 0.86
1 100% 1.948 1.85
2 100% 1.948 1.85 94.3
3 100% 1.948 1.81
1 200% 3.896 3.58
2 200% 3.896 3.52 90.4
3 200% 3.896 3.47
1 350% 6.818 6.19
2 350% 6.818 6.15 90.3
3 350% 6.818 6.13
Impurity-B

‘ug/mL’ found
Sample No.| Spike level ‘pg/mL’ added (Recovered) | Mean % Recovery

1 LOQ 0.149¢ 0.1¢

2 LOQ 0.149¢ 0.1¢ 100.1
3 LOQ 0.1498 0.15

1 50% 0.4994 0.49

2 50% 0.4994 05 100.1
3 50% 0.4994 0.51

1 100% 0.9¢88 1.0

2 100% 0.998¢ 1.01 101.8
3 100% 0.9988 1.01

1 200% 1.9976 2.03

2 200% 1.9976 1.97 99.9
3 200% 1.9976 1.99

1 350% 3.4958 3.39

2 350% 3.495¢ 3.3 96.2
3 350% 3.4958 3.35
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Impurity-C
‘ug/mL’ found
Sample No.| Spike level ‘pg/mL’ added (Recovered) | Mean % Recovery

1 LOQ 0.2427 0.25
2 LOQ 0.2427 0.25 103
3 LOQ 0.2427 0.25
1 50% 0.5515 0.57
2 50% 0.5515 0.56 100.9
3 50% 0.5515 0.54
1 100% 1.103 1.11
2 100% 1.103 1.14 102.8
3 100% 1.103 1.15
1 200% 2.206 242
2 200% 2.206 242 109.7
3 200% 2.206 242
1 350% 3.8605 4.3
2 350% 3.8605 4.24 109.9
3 350% 3.8605 4.19

Impurity-D

‘ug/mL’ found
Sample No.| Spike level ‘pg/mL’ added (Recovered) | Mean % Recovery,

1 LOQ 0.2987 0.29

2 LOQ 0.298 0.31 100.4
3 LOQ 0.29¢7 0.5

1 50% 0.9956 0.97

2 50% 0.9956 0.96 97.1

3 50% 0.9956 0.97

1 100% 1.9912 1.96

2 100% 1.991: 2 100.1
3 100% 1.991: 2.0z

1 200% 3.9824 4.07

2 200% 3.9824 3.88 98.5

3 200% 3.9824 3.82

1 350% 6.9692 7.04

2 350% 6.9692 6.89 100.1
3 35(% 6.969: 7

Sumatriptan succinate

‘ug/mL’ found
Sample No.| Spike level ‘pg/mL’ added (Recovered) | Mean % Recovery

1 LOQ 0.2086 0.21

2 LOQ 0.2086 0.21 100.7
3 LOQ 0.2086 0.21

1 50% 1.4¢ 1.5¢

2 50% 1.49 1.52 102.7
3 50% 1.49 1.53

1 100% 2.9799 3.04

2 100% 2.9799 3.05 1025
3 100% 2.979¢ 3.07

1 200% 5.959¢ 5.92

2 200% 5.9598 5.92 99.6
3 200% 5.9598 5.97

1 350% 10.4297 10.43

2 350% 10.4297 10.43 99.9
3 350% 10.429° 10.41
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TABLE 3: LINEARITY

Impurity — A :
Sl. No. | Spike level| Concentration ‘pg/mi’ Peak Arpa
1 LOQ 0.1845 6015
2 50% 0.996: 3608(
3 100% 1.992¢ 7429
4 200% 3.9852 140870
5 400% 7.9704 281582
6 500% 9.93 358799
Impurity-B
Sl. No. | Spike levell Concentration ‘ug/ml’ Peak Area
1 LOQ 0.1497 10500
2 50% 0.49¢9 3590¢
3 100% 0.9979 70904
4 200% 1.9958 141576
5 400% 3.9916 283613
6 500% 4.9895 360361
Impurity-C
Sl. No. | Spike levell Concentration ‘ug/ml’ Peak Arpa
01 LOQ 0.2413 15358
02 50 % 0.5104 35555
03 100 % 1.020¢ 67057
04 200 % 2.041¢ 12755(
05 400 % 4.0832 262066
06 500 % 5.1040 340164
Impurity-D
Sl. No | Spike leve | Concentration ‘ug/m | Peak Are
01 LOQ 0.2699 18270
02 50 % 0.9897 67110
03 100 % 1.9795 140504
04 200 % 3.9589 291257
05 400 % 7.9199 589379
06 500 % 9.8974 750507
Sumatriptan succinate
Sl. No. | Spike levell Concentration ‘ug/ml’ Peak Arpa
01 LOQ 0.2093 13441
02 50 % 1.4949 92120
03 100 % 2.9898 190918
04 200 % 5.9796 383990
05 400 % 11.9592 774584
06 500 % 14.949( 98543¢
Name of Impurity Coefficient of correlation ( 1)
Impurity —A 0.999
Impurity —-B 0.999
Impurity —C 0.999
Impurity -D 0.99¢
Sumatriptan succinate 0.999
CONCLUSION

The developed HPLC method for related substanceSuwshatriptan succinate in Sumatriptan Succinate and
Naproxen Tablets is precise, accurate, linear,3pbugged and specific. This method can be usstgad of two
separate methods as mentioned in the U.S. Pharmiacophe developed method was validated as per ICH
Guideline.The method is stability-indicating anch ¢e used for routine analysis of production samplel to check
the stability of samples of Sumatriptan succinate.
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The degradation of Sumatriptan succinate under, diade, heat, oxidation and UV irradiation condisiovas
studied using HPLC. Structures of the degradatimadycts were known impurity-A and Impurity —D. Ias/found
that the drug was stable to exposure of acid, lagdation and UV irradiation at ambient temperatuiut unstable
under acidic and basic conditions when heated t®€C6Q@nder oxidative conditions, a number of oxygeda
products were predicted .
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