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ABSTRACT

A reverse phase liquid chromatographic (RP-LC) rodthvas developed for the quantification of the texla
impurities of Aliskiren Hemifumarate drug substandée method was optimized using buffer (prepargd b
dissolving 2.72gr potassium di hydrogen phosphatea0g 1-Octane sulphonoic acid sodium salt anbyslitaken

in 1000mL milli-Q-water and then pH was adjusted?t@with dilute orthophospharic acid solution) takalong
with Acetonitrile 70:30v/v as mobilephase-A, anctaaitrile: water in the ratio of 90:10 v/v as miibphase-B.
The flow rate was set at 1.0mL mjmwavelength at 230nm respectively and the collmperature was maintained
at 45°C.The capability of stability indicating method deyméd was demonstrated by studying the degradation
products generated during the forced degradatiardigts under the following conditions i) water hylgsis, ii) at
75% relative humidity, iii) oxidative, iv) therma) photolytic, vi) acid, vii) base, and viii) phbgtc degradation.
The developed method can be used for the deteiiorinaf synthetic and degradation impurities in ttegular
quality control analysis for the drug substance.

Keywords:. Aliskiren HemifumarateReverse phase liquid chromatography, Stabilityéatihng methods, method
development, Method validation, Stress conditid@$].
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INTRODUCTION

Aliskiren hemifumarate [(2S,4S,5S,7S)-N-(2-Carbakynethylpropyl)-5amino-4-hyd roxy-2,7-diisoprop§t[4-

methoxy-3-(3-methoxypropoxy)phenyl]-octanamide Hemia-rate] is an Anti-hypertensive agent. It iedidor

Management of hypertension (alone or in combinawih other antihypertensive agents) antagonis@rtan), or
a calcium-channel blocking agent (amlodipine), @mitant use of aliskiren with any of these drugsnaiximum

recomended dosages produces a greater BP reghansgoes use of each drug alone. Use in combmatith an

ACE inhibitor or angiotensin Il receptor antagomsstontraindicated in diabetic patients and isreesbmmended in
patients with moderate or severe renal impairmAhskiren(INN) (trade names Tekturna, US; RasilelK and

elsewhere) is the first in a class of drugs catleéct renin inhibitors. Its current licensed irgtion is essential
(primary) hypertension.

Aliskiren was co-developed by the Swiss pharmacaliiompanies Novartis and Speedel[1-2]. It wapr@ged by
the US Food and Drug Administration in 2007 for treatment of primary hyperte -nsion[3]. In DecemB011,

290
www.scholarsresearchlibrary.com



Sampath K Reddy Govindu et al Der Pharma Chemica, 2014, 6 (1):290-298

Novartis had to halt a clinical trial of the druftfest discovering increased incidence of nonfatabls, renal
complications, hype Rkale mia, and hypotension atigmts with diabetes and renal impairment (ALTITE/D
Trial )[4-5]. The biological activity of chiral fstances often depends upon their stereochemiatriarge
percentage of commercial and investigational phaeutical compounds are enantiomers, and many of gfeow
signify cant enantioselective differences in thgiarmacokinetics and pharmacodynamics [6-8]. Amslg$ the
enantiomeric purity of chiral drug candidates hasdme very important particularly in the pharmaalitand
biological fields, because few enantiomers of raceirugs have relatively different pharmacokingioperties and
diverse harmacological or toxicological effects 18k apart from this the International Conference o
Harmonization (ICH) guide-lines [13-15] emphasittest the purity and assay of drug susceptible t;mgh during
storage, must be determined by using validatedlisyabndicating methods, which can selectivelyteienine the
drug in presence of its process (including the otbemers) and degradation impurities. Renin, tret €nzyme in
the renin-angiotensin-aldosterone system, plays ale r in blood pressure control. It
cleaves angiotensinogen to angiotensin |, whiclnigurn converted by angiotensin-converting enz eyhCE)
to angiotensin Il. Angiotensin Il has both direatdaindirect effects on blood pressure. It directguses
arterial smooth muscle to contract, leading to gasastriction and increaseed blood pressure. Angsitell also
stimulates the production of aldosterone from ttheeaal cortex, which causes the tubules of thedyidrio increase
reabsorption of sodium, with water following, thigyencreasing plasma volume, and thus blood pres#liskiren
binds to the S3bp binding site of renin, essertiaits activity[16]. Binding to this pocket previsrthe conversion
of angiotensinogen to angiotensin |. Aliskiren lsoaavailable as combination therapy with hydroobtioiazide[17].
The empirical formula is £Hs3NsOg ¥2 GH,O4and its molecular weight is 609.8 (free base 53h@&)the chemical
structure of Aliskiren hemifumarate is shown ing(Hj.

172

-

Fig-1: Aliskiren hemifumarate

(2S, 4S, 5S, 7S)-N-(2-Carbamoyl-2-methylpropybsdino-4-hydroxy-2,7-diisopropyl-8-[4-methoxy-3-(3-
methoxypropoxy) phenyl]-octanamide hemifumarate.

Literature survey reveals that few spectrophotoimetiethods [18] and HPLC methods [19-23] has beponted
for the estimation of Aliskiren. The aim of the peat study is to develop a simple, precise andratzueversed-
phase HPLC method for ‘Related substances’ of Aliskhemifumarate.

MATERIALSAND METHODS

Chemicals and Reagents

Aliskiren hemifumarate and its impurities viz. Mad adduct-1, Michael adduct-2, Hydroxy Aliskiren-1
Desmethoxy Aliskiren, Aliskiren acid, Amino lactoaad N-BOC Aliskiren were obtained from MSN Laborés
Private Limited, Hyderabad, India. HPLC-grade oétaaitrile and AR grade of potassium di hydrogeonsghate,
ortho phosphoric acid, hydrochloric acid, sodiunditmxide and hydrogen peroxide (30%) were obtairmedhf
Rankem, New Delhi, India. Milli Q Millipore (USA)yification system was used to prepare high puremwa

HPLC Instrumentation and Conditions

The method development attempts, forced degradatigiies and the method validation was performefigitent
1200 series LC systems with a diode array and bigriwave length detectors (Agilent Technologies|dbionn,
Germany). The data were collected and processewy &t chrom Elite software. The peak homogeneitg wa
studied by using Agilent 1200 series DAD detector.
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Chromatographic conditions

The chromatographic separation was optimized in Sggmetry shield RP-18 column with the dimension of
250mm x 4.6 mm and 5um as particle size. A graddtution was involved with the buffer (prepareddigsolving
2.72gr potassium di hydrogen phosphate and 7.0gtar® sulphonoic acid sodium salt anhydrous takef®90mL
milli-Q-water and then pH was adjusted to 2.7witiuté orthophospharic acid solution) taken alonghwi
Acetonitrile 70:30v/v as mobilephase-A, and Acetidliei water in the ratio of 90:10 v/v as mobilegsie-B.The
HPLC gradient program was set as (time/% mobilesph8) 0.01/10, 5/10, 15/20, 40/50, 45/50, 46/13318. The
flow rate of the mobile phase and the column tempee was set as 1.0 mL rifimnd 45°C. The detection wave
length was optimized at 230 nm, 10uL injection wodu A mixture of equal volumes of Acetonitrile awthter was
used as diluent, and diluent used for needle wasgboge.

Preparation of standard solutions:

A mixture of equal volumes of Acetonitrile and Watvas used as diluent. A standard solution (Re&reolution)
0.0025mg/mL of Aliskiren hemifumarate solution warepared in the diluent. A stock solution with tilend of
Michael adduct-1, Michael adduct-2 (Michael addummpound is mixture of two diasteariomers. Hence peaks
observed. These two impurities are degradent irtipsiriMichael adduct pure compound is not availaldentified
based on LC-MS, RRT's ~0.35 & ~0.38, so Michael wddimpurity not validated), Hydroxy Aliskiren-1,
Desmethoxy Aliskiren, Aliskiren acid, Amino lactom@d N-BOC Aliskiren was also prepared in diluemt the
preparation of system suitability solution (0.15%usion with respect to 2.5mg/mL Aliskiren hemifurate test
concentration).

RESULTSAND DISCUSSION

M ethod development and optimization

The HPLC method was optimized so as to obtain Igiabiindicating method that it could resolve degption
impurities from Aliskiren hemifumarate. Differentaionary phases with different selectivity wereedidor the
determination of Aliskiren hemifumarate and it'spuamities as the initial attempts. However good psla#pe with
less peak width and the resolution of all the egldmpurities were achieved satisfactorily in Synmyshield RP-
18 column with the dimension of 250mm x 4.6 mm &pan as particle size. A gradient elution was inedha
buffer (prepared by dissolving 2.72gr potassiunhyirogen phosphate and 7.0g 1-Octane sulphonaicsacium
salt anhydrous taken in 1000mL milli-Q-water andrttpH was adjusted to 2.7with dilute orthophosphadid
solution) taken along with Acetonitrile 70:30v/v m®bilephase-A, and Acetonitrile: water in the gatf 90:10 v/iv
as mobile phase-Blhe HPLC gradient program was set as (time/% magdilese- B) 0.01/10, 5/10, 15/20, 40/50,
45/50, 46/10, 53/10. The flow rate of the mobilegh and the column temperature was set as 1.0 mt anid
45°C. The detection wave length was optimized & 23, 10uL injection volume. A mixture of equal woles of
Acetonitrile and Water was used as diluent, andedit used for needle wash purpose.

The system suitability parameters are resolutidwéen Hydroxy Aliskiren-1 and Aliskiren should rme less than
1.5 and theoretical plates for Aliskiren peak less than 3000. The developed method is specifiAfiskiren
hemifumarate and its degradation products. Thetsires and chemical names of the impurities arergbelow:

Fig-2: BOC protected Aliskiren

tert-butyl (3S, 5S,6S, 8S)-8-(3-amino-2,2-dimetBydxopropylcarbamoyl)-6-hydroxy-3-(4-methoxy-3-(3-
methoxypropoxy)benzyl)-2,9-dimethyldecan-5-ylcarbsn
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Fig-3: Amino lactone

(3S5,59)-5-((1S, 3S)-1-amino-3-(4-methoxy-3-(3- noath propoxy) benzyl)-4-methylpentyl)-3-isopropyl
dihydrofuran-2(3H)-one

Fig-4: Aliskiren acid

(2S, 4S, 5S, 7S)-N-(2-Carbamoyl-2-methylpropyl)fbiao-4-hydroxy-2, 7-diisopropyl-8-[4-methoxy-3-(3-
methoxy propoxy) phenyl]-octanoicacid.

COO
H;CO~_0 J<ﬂ NH /
) COOH 172

Fig-5: Desmethoxy aliskiren

(2S,4S,5S,7S)-N-(2-Carbamoyl-2-methylpropyl)-5-asminhydroxy-2, 7-diisopropyl-8-[3-(3-methoxypropoxyphenyl]-
octanamide hemifumarate.

Fig-6: Hydroxy aliskiren

(2S,4S,5S,7S)-5-amino-N-(3-amino-2,2-dimethyl-3qaapyl)-4-hydroxy-7-(hydroxy(4-methoxy-3-(3-methoxy
propoxy) phenyl) methyl)-2-isopropyl-8-methylnomamnide Fumarate
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Chromatograms: A typical chromatogram of Blank, mother samplest8gn suitability solution are given below.
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Fig9: 0.15% all impurities spiked to Aliskiren hemifumar ate sample

M ethod validation Results

The developed method was validated as per ICH Go&eand the results are given (Table I). Stressrtg of the
drug substance can help to identify the degradavitgsh in turn help to evaluate the stability-inating nature of
the developed method. The specificity of the dgwetbHPLC method for Aliskiren hemifumarate was dateed
in the presence of its process and degradationritigsu All the stressed samples of Aliskiren hammfirate and all
degradation impurities were well resolved from @mother and from Aliskiren hemifumarate. The arialygas
carried out by HPLC with Diod array detector. Thieraznatographic peak purity tool, applied to Aligkir
hemifumarate and its impurities peaks, demonstridtatall the peaks were pure in all cases contbherabsence of
other impurities co-eluting in the same retentiometand there by signifying the specificity andodity indicating
nature of the method. The detection limit (DL) andhntification limit (QL) for Hydroxy Aliskiren-1pesmethoxy
Aliskiren, Aliskiren acid, Amino lactone and N-BOAliskiren were determined at a signal to noiseioraf 3:3
and 10:1 respectively, by injecting a series ditéilsolutions with known concentration. Precisitudg was carried
at QL level by injecting six times and calculatitige percentage of R.S.D of area of Hydroxy Aliskife
Desmethoxy Aliskiren, Aliskiren acid, Amino lactoramd N-BOC Aliskiren. Linearity test solutions fpurity
determination were at six concentration levels fr@i to 150 % of the specification level (0.15%).aRearea
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versus concentration data was performed by leasireq linear regression analysis. Standard additiohrecovery
experiments were conducted to determine accuraaypdirities quantitation in bulk drug samples. Tedy was
carried out in triplicate at QL, 50%, 75%, 100%5%2 and 150% level with respect to specification5@1 The
percentages of recoveries for impurities were dated(Fumarate peak is coming at ~RT 2.3).

Table-1: Validation data of the developed method

Parameter  Hydroxy aAliskiren-11  Desmethoxy Aliskire Aliskiren acid Amino lactone  N-BOC Aliskiren Aliskiren

DL (%) 0.003 0.006 0.006 0.002 0.004 0.003
QL (%) 0.013 0.023 0.014 0.008 0.015 0.010
Method Precision

(Y%RSD)# 0.41 0.49 0.80 0.99 2.34
Intermediate precision

(Y%RSD)# 0.94 0.88 0.74 0.77 0.99
Accuracy (% recovery) at:-

QL 96.7 102.2 96.1 89.6 031

50% 98.1 95.2 96.9 101.0 210

75% 98.7 94.8 96.9 99.5 01b

100% 100.0 5.0 98.3 100.5 2.

125% 100.8 6.9 98.9 1015 102

150% 99.8 95.0 98.3 101.2 11

@ Carried at QL,50%,75%, 100% and 150% level witbprect to specification (0.15%)

The robustness of developed method was determinedtdring experimental conditions purposely andleating
the resolution between Aliskiren hemifumarate, #yy Aliskiren-1, Desmethoxy Aliskiren, Aliskirencal,

Amino lactone and N-BOC Aliskiren. Flow rate wasanbed by _+0.1 units, pH was varied by 8.2 units and
column temperature was studied at 40°C and 50°@adsof 45°C in all above varied conditions the ponents of

the mobile phase were held constant and no significhange (relative error less than 5%) of retatatention time
was observed.

Significant changes were not observed in the caestehHydroxy Aliskiren-1, Desmethoxy Aliskiren, i8kiren
acid, Amino lactone and N-BOC Aliskiren. The stébildata confirmed that sample solutions were stalp to
48hrs. The system suitability was established rmseof resolution between Hydroxy Aliskiren-1 anéiskiren
should not be less than 1.5 and theoretical pfateAliskiren peak not less than 3000, when a 2.5nmd\liskiren
hemifumarate solution spiked with 0.15% of HydroXlyskiren-1, Desmethoxy Aliskiren, Aliskiren acidymino
lactone and N-BOC Aliskiren were injected.

Forced degradation studies

The stability indicating power of the developed hoet was studied by conducting forced degradatiodiss on
Aliskiren hemifumarate. Specificity is the ability the method to measure the analyte responseeipritsence of
its potential impurities. The specificity of thewvddoped HPLC method for Aliskiren hemifumarate wasermined

in the presence of its impurities, and degradapooducts. Forced degradation studies were alsmimeeidon
relative Humidity study stress at 75% Relative hditgifor 10 days.The thermal stress was done at 60 °C for 10
days.The under photolytic stress studies conducted @ohd&urs at under sunlight. The photolytic stresstedies
were performed for UV Direct (200 watt hours/squaieter), UV Indirect (200 watt hours/squaneter), Lux direct
(1.2 million LUX hours) and Lux in direct (1.2 midh LUX hours). Water hydrolysis was performed 4& hours at
60 °C. The acid stress was performed at 0.5 N H@he concentrated sample solution at ambient testynee for

21 hours and base stress was performed at 0.5N NelC# hours at ambient temperature and the dxidatress
was done using 10% hydrogen peroxide for 48 hoursarabient temperature. Stressed samples of Aliskire
hemifumarate generated were checked for peak pafityy using Agilent diod array detector (DAD). Theak
purity is within the limit obtained in all stressedmples, demonstrates the analyte peak homogeibiyForced
degradation studies results are given below (Tahle-
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Table 2. Summary of forced degradation results

% of % of % of % of % of % of N-
SNo Stressed conditions Duration Total Hydroxy Desmethoxy Aliskiren Amino BOC
imp aliskiren-1 aliskiren acid lactone aliskiren
1 Normal 0.41 0.02 0.04 0.07 0.05 0.00
2 Thermal at 6T 10 days 1.04 0.02 0.03 0.07 0.16 0.00
4 At 75% Relative Humidity 10 days 0.90 0.02 0.04 .070 0.36 0.00
5 Under Sunligk 50 hour 2.02 0.0z 0.04 0.0€ 0.0t 0.0C
6 UV direct 200watt 0.77 0.02 0.04 0.07 0.06 0.00
Photo UV indirect houéséfg”are 0.38 0.02 0.04 0.06 0.05 0.00
Degradation |y girect 1.2 milion  0.64 0.02 0.08 0.07 0.06 0.00
LUX indirect LUX hours 0.41 0.02 0.04 0.07 0.06 0.00
Acid hydrolysis
7 (0.5N HCI at RT) After 21hrs 5.08 0.06 0.06 131 341 0.00
Base Hydrolysis
8 (0.5N NaOH at RT) After 24 hr 7.91 0.02 0.04 5.75 1.08 0.00
Oxidation
9 (10% HO,at RT) After 48 hrs 1.59 0.04 0.03 0.08 0.11 0.00
10 Water Hydrolysis
(at 60°C#5°C) After 48 hrs 1.22 0.05 0.05 0.08 0.60 0.00

Results of forced degradation studies
Significant degradation was observed in Aliskireenhifumarate stressed sample that were subjectecerp
sensitive in Acid hydrolysis, Base hydrolysis. Séws in Peroxide hydrolysis, Sunlight degradatemd Water at
60°C+5°C. Slightly sensitive in Thermal, 75% relatihumidity, Photo degradation( U.V direct and iedt, Lux
direct and indirect). Peak purity test results i from Diode array detector, confirmed by thafskiten

Hemifumarate peak is homogeneous and pure ina@lhtialyzed stress samples. The Acid, base, Percigtelight
and Water Degradation chromatograms are given below
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Fig 10: Typical chromatogram of 0.5N HCI degradation solution
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Figl1: Typical chromatogram of 0.5N NaOH degradation solution
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Fig 14: Typical chromatogram of Water degradation solution

Solution stability and mobile phase stability

Solution stability and mobile phase stability piaes an indication of its reliability during normadage during the
storage of the solutions used in the method. Theisno stability of Aliskiren Hemifumarate was eklished for 48

hours at room temperature. The solution stabilitgi®d by using Aliskiren Hemifumarate sample amédted for

every 6 hours. The content of impurities and AliekiHemifumarate were quantified at each intergaiouthe study
period. The mobile phase stability was also esthbli by quantifying the freshly prepared sampletsnis against
freshly prepared reference standard solutions ¥erye6 hours up to 48hrs. During the study perioel prepared
mobile phase was stable up to 48hrs at room teryvera

CONCLUSION

The developed stability-indicating analytical mettfor related substance determination of Aliskiemifumarate
and its impurities is precise, accurate, linear gpelcific. The validation carried out for the methin accordance
with the ICH requirements are satisfactory. Theellgyed method can be used conveniently for themeatnalysis
of production samples and also to check the stalufi bulk samples of Aliskiren Hemifumarate duriitg storage.
The same method can also be attempted for the phaducts for the getting the information of impiadt and
degradation products at lower level.
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