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ABSTRACT

The aims of this study to develop a method anddai®d it for Dabigatran etexilate which is used @3

anticoagulant agent. Here we reported sensitivecjze, an accurate and time saving stability intdiggh methods
performed on UPLC. The study was performed usin§ B$8 (50 x 2.1 mm i.d.) column having 1.8 um gerti
size, with buffer: acetonitrile (50:50 v/v) mobpdase. The assay method was carried out at 225 awelangth

with PDA detector. The method was validated usiam@meters such as accuracy, precision, lineariphustness,
solution stability and degradation in differentess conditions.

Key words: Dabigatran etexilate, Stability-indicating, Forcedpadation, UPLC.

INTRODUCTION

Dabigatran Trade name Pradaxa is an antithrombiiag filom the class of direct thrombin inhibitorsalidgatran
etexilate chemically known as Ethyl 3-{[(2-{[(4-{Niexyloxycarbonyl carbamimidoyl}phenyl)amino]metksl-
methyl-1H-benzimidazol-5-yl)carbonyl] (pyridin-2+-gmino)propanoate. [1, 2] (Fig. 1)

NH,
Fig. 1: Chemical structure of Dabigatran etexilate

Antithrombics drugs are being used for delayingobl@lotting. These groups of drugs are consideoedse for
treatment of thrombotic disorders. Anticoagulantsigd are directly inhibiting enzyme Thrombin. Dadiign
etexilate is metabolite as Dabigatran in body. bitltin of enzyme thrombin inhibits coagulation cade and as a
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results prevention of clots. [1,3,4,5] Dabigatraexdate is used to prevent stroke and blood obwimktion in
patients who have suffered from Artrial FibrillatioDabigatran is a well known alternative anticdagtidrug for
the patients of Atrial fibrillation to avoid theds effects of Warfarine. Dabigatran etexilate alseful in the
treatment of Venus thromboembolism at the timeledtere Hip and Knee surgery.[6-10]

Literature review of Dabigatran etexilate, it iweals that various analytical methods were preWopsblished for
qguantification of Dabigatran etexilate by differespectrophotometric and chromatographic method<.g]1

However all the methods of quantification of dalhiga developed and validated by HPLC. Which areetim

consuming and lack of reproducibility. To avoid abcaited draw back we developed accurate, precidetiane
saving chromatographic method by UPLC. This methisd indicates actual storage of this drug. Inditere of all
available methods degradation was done at higimepeeature. In fact drug is very much sensitive;faund that
drug start degrading at room temperature with $igestress conditions. Thus there was no need fdyapgh
temperature as a secondary force condition. Wepaed degradation study using various primary steesditions
like different concentrations of acid and base dertain period. The purpose of this work was degwetband
optimized a fully validated stability indicating émoutinely available ultra performance liquid chmatographic
method as per ICH Guidelindg49, 20, 21]

MATERIALS AND METHODS

Chemical and Reagents

Dabigatran etexilate (Potency 99.70) was purch&sed Amney Pharmaceuticals. HPLC-grade Acetonitihel all
other chemicals were purchased from Spectrocherorbidries. HPLC-grade water was prepared by usikijjla
Q system, Millipore Corp. and it was used for alfgoses.

Chromatographic condition:

The protocol for quantification of Dabigatran etate in drug substance has been performed on WAtzsity

UPLC system includes a binary solvent managerpmkamanager, PDA detector and software using Erep@u0
version for data acquisition. HSS C18 (50 X 2.1 rmd, 1.8 pm particle size) column has been used
Chromatographic Separation. The mobile phase usethé Isocratic elution was Buffer: Acetonitril®0(50 v/v)

with a composition of Buffer: 0.1% Triethylaminewater, at pH 5.0 £ 0.05 in Glacial acetic acid &b ml/min
flow rate, while the injection volume was 2.0 phel'mobile phase was filtered through 0.22 p fiteper. The
absorption maxima of Dabigatran etexilate was olethiat 225 nm wavelength. The protocol has beeorpesd by
keeping Column temperature 30 °C. The total elutiime was 3.0 min.

Preparation of Standard solution:

Standard Solution was prepared by dissolving 25vmiking standard of Dabigatran etexilate (poten@y/0) in 50
ml volumetric flask. The final standard solutionttw25 pg/ml concentration has been prepared byn.5tock
solution with methanol up to 50 ml dilution.

Preparation of Test Solution:

Test solution was prepared by dissolving 25 mg $ampDabigatran etexilate in 50 ml volumetric #aJ he final
test solution with 25 pg/ml concentration has bperpared by 2.5 ml stock solution with methanolta0 ml
dilution.

Method Development and Optimization:

A method development and optimization is the masteatial part of any chromatographic separatiorforge
develop rugged, simple and easy to use, reprocuttes@table UPLC method for the quantification aftiyatran
etexilate many trails were performed using columetection, mobile phase selection and appropriate Ppést
resolution, sharpness and shortest runtime wasneltan HSS C18 (50 X 2.1mm i.d., 1.8um particlee¥icolumn
and mobile phase with the constitution of buffer%.Triethylamine in water having pH 5.0 + 0.05 Iagial acetic
acid. By the use of methanol as a diluents strdigkeline observed during whole analysis. Totdlaidime of this
method was only 3.0, so it is cheaper, less soleensuming and time saving process. The methodbkas
optimized in such a way that degrading impuritnas affected Dabigatran peak and also well resdias product
peak.

Forced degradation studies:

The degradation study was carried out to measwestdbility indicating study and selectivity of tbetimized
method. The degradation study was performed torerthiat Dabigatran peak separate from differentatégion
products with high resolution. Force degradatiagtof Dabigatran etexilate was performed in défdércondition
such as acidic, alkali and oxidative degradaticabiBatran was highly sensitive towards stress ¢iamdi.
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Acidic Degradation:

Acid Degradation study of Dabigataran etexilate wasied out at 250 pg/ml concentration in presasfce ml 0.1
M HCI. The reaction mass was kept at room tempsegdtr 5 to 10 minute followed by neutralize withml 0.1 M

NaOH solution. The resulting mass was diluted td&erthe final concentration 25 pg/ml. The above pdore was
repeated with 0.5 M and 1.0 M HCI solution at @th time interval at room temperature.

Alkali Degradation:

Alkali Degradation study of Dabigataran etexilataswcarried out at 250 pg/ml concentration in presesf 1 ml
0.1 M NaOH. The reaction mass was kept at room éeatpre for 5 to 10 minute followed by neutralizéhwi ml

0.1 M HCI solution. The resulting mass was diluteanake the final concentration 25 pug/ml. The abopreecedure
was repeated with 0.5 M and 1.0 M NaOH solutio@ &t 4 h time interval at room temperature.

Oxidative Degradation:
Oxidizing degradation study of Dabigatran etexilates performed at 250 pg/ml concentration by 38@HV/v).
The resulting mass was diluted to make the finalceatration 25 pg/ml. The above procedure was pedd at

room temperature for O to 4 h time interval. Thgrdéation response of Dabigatran etexilate witfetght stress
conditions were reported in Table 1 and Fig. (259

Table 1 Evaluation data for force degradation study

(2?%?&?:?25;;2&?2) Mean Area | %Assay | %Drug decompose)
Standard 620229 100.0
1ml0.1NacidOh 534351 89.40 10.60
1 ml0.1Nacid4h 143768 24.35 75.65
1ml0.5NacidOh 504464 84.06 15.94
1 ml0.5Nacid 4 h 97594 16.33 83.67
1ml1NacidOh 475305 78.24 21.76
1ml1Nacid4h 28171 4.60 95.40
1ml0.1 NbaseOh 561014 93.4§ 6.52
1 ml0.1 Nbase4h 12149 2.07 97.93
1 ml0.5NbaseOh 243726 41.98 58.02
1 ml0.5Nbase4h 4648 0.76 99.24
1mli1NbaseOh 103499 17.37 82.68
1ml1Nbase4h 1802 0.30 99.70
1 mli3% HO,0h 528619 90.28 9.72
1ml3%HO,4h 220926 36.52 63.48
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Fig. 2: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 0.1 N acid at room teperature for O h time interval
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Fig. 3: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 0.1 N acid at room teperature for 4 h time interval
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Fig. 4: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 0.5 N acid at room teperature for O h time interval
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Fig. 5: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 0.5 N acid at room teperature for 4 h time interval
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Fig. 6: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 1 N acid at room tempature for 0 h time interval
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Fig. 7: Chromatograph of Dabigatran etexilate underacid stress condition, 1 ml 1 N acid at room tempature for 4 h time interval
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Fig. 8: Chromatograph of Dabigatran etexilate underBasic stress condition, 1 ml 0.1 N base at roomrmt@erature for O h time interval
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Fig. 9: Chromatograph of Dabigatran etexilate underBasic stress condition, 1 ml 0.1 N base at roomrmt@erature for 4 h time interval
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Fig. 10: Chromatograph of Dabigatran etexilate undeBasic stress condition, 1 ml 0.5 N base at rooramperature for 0 h time interval
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Fig. 11: Chromatograph of Dabigatran etexilate undeBasic stress condition, 1 ml 0.5 N base at rooremperature for 4 h time interval
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Fig. 12: Chromatograph of Dabigatran etexilate undeBasic stress condition, 1 ml 1 N base at room tegyarature for O h time interval
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Fig. 13: Chromatograph of Dabigatran etexilate undeBasic stress condition, 1 ml 1 N base at room tgerature for 4 h time interval
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Fig. 14: Chromatograph of Dabigatran etexilate undeoxidative stress condition, 1 ml 3% HO, at room temperature for O h time
interval
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Fig. 15: Chromatograph of Dabigatran etexilate undeoxidative stress condition, 1 ml 3% HO, at room temperature for 4 h time
interval

Method Validation:

The proposed method was validated as per ICH gon&leMethod validation was performed using paranselike
Specificity, Accuracy, Precision, Linearity, Limdf detection (LOD), limit of quantification (LOQ)Solution
stability, Robustness and System suitability.

Specificity:
The specificity of the method was evaluated to emslat there was no any interference of diluemishile phase
and degradation products.

Accuracy:

For the determination of reliability and suitalyiliof the developed and optimized method, accurapgemments
were carried out. Accuracy is the measurement a€tmess of an analytical method and closenessatytanvalue

which is determined from drug sample and the v#taéis accepted either as a conventional, trugeval accepted
reference value. Accuracy of Dabigatran etexilades weasured by three accuracy levels 50%, 1009450 of

the analyte concentration (25 pg/ml). Each levaedafuracy was prepared in three sets and eachasehjected in
duplicate. The data for the accuracy study wasuexatl in Table 2.

Table 2 Summery of accuracy study

Accuracy | Set | Drug Amount | Drug Amount %Recover Mean %
Level No. | added (ug/ml) | found (ug/ml) 0 y %Recovery | RSD
1 12.60 12.73 101.06
2 12.70 12.75 100.35
0,
50% 3 12.60 12.69 100.70 100.70 035
1 25.30 2551 100.82
2 25.40 2551 100.42
0,
100% 3 25.50 25.44 99.76 100.33 0.53
1 36.90 36.79 99.70
2 37.20 36.92 99.24
0,
150% 3 37.08 37.12 100.11 99.68 0.44

Precision:

The precision of the developed and optimized methad evaluated by repeatability and intermediageipion.
Repeatability of the method precision was perforrbgdinjecting six sets of Dabigatran etexilate skmand
calculates the %RSD. The %RSD must be less thanr#&mediate precision was performed by differamlyst
and different instrument, performing same analgsidifferent days. Further it is supported by théuglation of
%RSD of Dabigatran etexilate peak for differenss&he data related to precision was reported DieTa
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Table 3 Summery of precision study

Study Precision Set No.| %Assay Mean %Assa Std.dey. %RSD
100.82
99.96
99.47
99.2

100.73
99.76
99.68
99.92
100.47
99.72
100.04
99.77
Mean 99.96
Overall Std. dev. 0.04
%RSD 0.04

99.99 0.66 0.66

Method Precision

Intermediate Precision 99.93 0.30 0.30

OB (WINRP|O|OA(WIN| -

Linearity:

Linearity for the analytical method was performgdusing nine level concentrations from the range 85 pg/ml.
Each level of concentration was injected in dupicand calculate the concentration using calibnatiarve of peak
area vs. concentrations. The method was lineaill inb@ve concentration range and regression caefficvas
found 0.998.

Limit of detection (LOD) and Limit of quantificatio n (LOQ):

LOD was expressed by establishing the lower letg@ltdch analyte can be reliably detected. LOQ wassiered
as the lowest concentration of the Dabigatran ktiexireference standard that can be reproducibtigcterl with
acceptable criteria (%RSD<2). LOD and LOQ were meitged by signal-to-noise ratio (S/N). A signalroise
ratio between 3:1 is generally considered acceptédnl estimating the detection limit. For quantfion limit
signal-to-noise ratio is 10:1. LOD and LOQ for Dgditran etexilate were determined by injecting &sesf dilute
solution of known concentration of Dabigatran dteei sample. The reproducibility of LOQ was meaduby
injecting six replicate injections of lowest contration of analyzed standard. The LOD and LOQ wetsd 0.05
and 0.5 pg/ml respectively.

Solution Stability:

Solution stability was performed by keeping the pnsolutions at initial to 4 h time interval abro temperature
in presence of light. The sample solutions of défe time interval was injected and compared widislily prepared
standard and test solution. The summary of solwgiahility was reported in Table 4.

Table 4 Solution stability study

Solution stability samples | Mean Area| %Assay

Initial 668167 99.75

4 h 661656 99.34

8h 662115 99.57

12 h 664017 99.45

16 h 655157 99.16

20 h 658993 99.10

24 h 658244 98.99

36h 654147 98.77

48 h 653918 98.73

Robustness:

The Robustness is an analytical procedure whiciméasured by small but deliberate change in analytic
parameters like Flow rate, Mobile phase compositfith value of mobile phase, use different typesmdlytical
columns and column oven temperature. Robustnegmidgding its reliability during normal usage. Thariables
evaluated in the study were Column oven temperg®08C + 5°C), Flow rate (0.35 + 0.01 ml/min) ancbblle
phase composition was (Buffer: Acetonitrile = 49a&1d 51:49, v/v). The data related to robustnessdepicted in
Table 5.
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Table 5 Evaluation data for robustness study

% RT, System suitability parameters
Robustness parameters Assay | min | USP Tailing | Theoretical Plates

Flow rate 0.34 ml/min 99.73 1.6 1.40 2957
Flow rate 0.36 ml/min 99.57 1.54 1.39 2926
Buffer: Acetonitrile (49:51 v/v)| 99.79 1.48 1.37 2
Buffer: Acetonitrile (51:49 v/v)| 99.89 1.62 1.38 i)
Column oven temperature 25°C ~ 99.84  1)56 1.40 2980
Column oven temperature 35°C ~ 99.44  1)60 1.39 3115

System suitability:

The System suitability test was performed to measie resolution and reproducibility of the systdrhe system
suitability of chromatographic system was carried lmefore each validation parameters. Five remidajection of
standard preparation and duplicate injection of Hanwere injected and system suitability parameties

Theoretical plates, USP tailing and %RSD of peaaawrere calculated. System suitability data wepsnted in
Table 6.

Table 6 system suitability criteria for Dabigatran etexilate

System suitability parameters | Acceptance criteria| ®served value
USP Tailing NMT 2.0 13

% Relative standard deviation NMT 2.0% 0.2
Theoretical plates NLT 2000 3588

*NMT: NOT MORE THAN
*NLT: NOT LESS THAN

RESULTS AND DISCUSSION

UPLC method for analysis of pharmaceutical drugstartices is more accurate, precise, and betteutigsglchiper
and time saving process then HPLC system. In UPal@nens have very small particle size so they giettdn
resolution and high efficiency. The runtime in UPh@thod was found to be less as compare to HPL@adeT he
proposed method was well developed and validatedRInC for quantitative analysis of Dabigatran elebe with
degradation study under different stress conditions

Sharp peak and better resolution for Dabigatraxilate was obtained by using HSS C18 (50 x 2.1 mith 1.8
pm particle size column, Dabigatran peak was obthitt 1.5 £ 0.05 during 3.0 min over all run timbkiehh was
proved that it is time saving and less solvent oored method i.e. cost effective method. The nurb#reoretical
plate was NLT 2000 and USP tailing was NMT 2.0 whiedicates excellent column performance for Datoaga
etexilate. The chromatograph of Dabigatran etexilat standard and sample were shown in Fig. 16 Bhd
respectively.
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Fig. 16: Standard Chromatograph of Dabigatran etexate (25 pg/ml)
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Fig. 17: Sample Chromatograph of Dabigatran etexilte (25 pg/ml)

The linearity of Dabigatran etexilate was obtaifred LOQ to 180% of the actual concentration (2%piy Which
was calibrated in the range of 0.5 to 45 pg/ml eotr@tion and linear regression equation was coadpas Y =
12622x + 24016*r= 0.998 (Fig. 18). The evaluation data for lingastudy was reported in Table 7.

Table 7 Summary of linearity concentration evaluatbn of Dabigtran etexilate

Linearity Level | Concentration (ug/ml) | Mean Area
Level 1 (20%) 5.04 143258
Level 2 (40%) 10.08 267745
Level 3 (60%) 15.12 402670
Level 4 (80%) 20.16 541834
Level 5 (100%) 25.2 642521
Level 6 (120%) 30.24 803845
Level 7 (140%) 35.28 925672
Level 8 (160%) 40.32 1032906
Level 9 (180%) 45.36 1135727
Mean Area
1400000
1200000 y-= 126223x + 24016
R*=0.998 A% 1135727 jean Area
1000000
925672 ——Linear (Mean Area)
800000
e1252 ——Linear (Mean Area)
42521
600000 541834 ——Linear (Mean Area)
400000 - ——Linear (Mean Area)
267745
200000 — L
& 143258 Linear (Mean Area)
0 T T T T T T T T 1
5 10 15 20 25 30 35 40 45

Fig. 18: Linearity curve of Dabigatran etexilate
The % recovery of the sample was found in the raofg@9.68 to 100.70, while mean recovery and % R&ibe
100.24 and 0.44 respectively. The precision vatmeséch test prepared were found in the range-99@.0 and %
RSD related to precision was less than 2.0 whichk fwaher conformation for highly precise method.
CONCLUSION
A simple, accurate, precise and time saving Ultigh hperformance Liquid Chromatographic method was
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developed, optimized and validated as per ICH dimeeThe overall run time was only 3 min and Dalbign peak
was observed at 1.5 min. i.e. it is very coastatife method. This method is very sensitive towafolse
degradation and all the degradation products ateseparated from the peak of interest. A methodsesi every
degradation parameters and so we found actualgg@@ndition of Dabigatran etexilate drug substance
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