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ABSTRACT

A reversed-phase liquid chromatographic method has been developed and subsequently validated for the determi-
nation of cinacal cet Hydrochloride and its process-rel ated impurities. The separation was achieved on Ace C18 (250
x 4.6 mm, 5u) column using amobile phase cons sting of potassium dihydrogen phosphate buffer mixed with 1.0 ml of
triethylamine, adjusted to pH 6.0 with phosphoric acid and acetonitrile under gradient conditions. The flow rate was
maintained at 1.2 mL mint and UV detection was performed at 223 nm. The method described islinear over theranges
of 0.028t0 0.68 ug mL* and 0.024 to 0.68 ug mL* for impuritiesA and B, respectively. The method is precise and
accurate with % RSD valuelessthan 1.0 % and the recovery of impuritieswerein the range of 96— 102 %. The method
issimple, selective and stability indicating and is useful in the quality control of bulk drug manufacturing.
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INTRODUCTION

Cinacalcet Hydrochloride is a selective
ca cimimetic agent which actsonthe calcium-sensing
receptor of the parathyroid, the principal negativeregu-
lator of parathyroid hormonerelease, toincreaseits
sengitivity to activation by extracel lular calcium, thus
decreasing parathyroid hormone. Cinacal cet iseffec-
tiveinthedlinica setting, and isapproved for thetreet-
ment of secondary hyperthyroidismin patientswith
chronic kidney diseaseon dialysis, and for the treat-
ment of elevated calcium levelsin patientswith par-
athyroid carcinoma.

Primary hyperparathyroidism (HPT) istheleading
cause of hyperca cemiain the outpatient setting, and it
istreated primarily by parathyroidectomy. Thereare
few nonsurgical treatment optionsfor patientswho do
not wish to have surgery, who havefailed surgery, or
who have contraindicationsto surgery. Cinacalcet  in-
creasesthe sensitivity of parathyroid calcium-sensing

receptorsto extracellular calcium, thereby reducing
serumcacumleve gY.

Persstent hyperparathyroidismisthemost frequent
causeof hyperca cemiaafter rend transplantation. This
prospective study eva uated the effect of cinacalcet, a
second-generation cacimimetic, onserum calciumand
parathyroid hormone (PTH) blood levelsamong re-
cipientswith hypercalcemiadueto persistent hyper-
parathyroidism. Cinacal cet corrected hyperca cemiaand
improved phosphatemiain patientswith persistent hy-
perparathyroidism after transplantation with no nega-
tiveeffectsonrena function(?.

Clinica studieshaveshown that cinacalcet Smulta
neoudy lowersparathyroid hormone (PTH) serum phos-
phorous (P) and calcium (Ca) indialysis patientswith
secondary hyperparathyroidism (SHPT). Eval uation of
theClinical useof Mimparain Haemodiadysisand Peri-
toned Didysspatients, an observationd study (ECHO)
isthefirst pan-European observationa study to assess
theuseof cinacacetindaily clinicd practice®4.
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So far to our knowledge, no anaytical method for
determination of processrdated impuritiesin Cinacal cet
HydrochlorideAPI isreportedinliterature. Soitisfelt
essentid todevel op aliquid chromatographic (LC) pro-
cedure, which will serveasarapid and reliable method
for the determination of process- related impurities in
Cinacal cet Hydrochloride API. In the present method,
all theprocessrelated impuritieswerewel | separated
from the Cinacal cet peak. Thismethod has been thor-
oughly validated asper theICH guidelines®. Thenov-
elty of thiswork is, that the devel oped method can ac-
curately quantify the Cinacal cet Hydrochlorideand its
related substancesin bulk drugs.

EXPERIMENTAL

Chemicals

High pure (99 %) samplesof cinacd cet hydrochlo-
rideand itstwo related substanceswerereceived from
process devel opment laboratory of Dr. Reddy’s Labo-
ratoriesLtd., IPDO, Hyderabad, India. Thestructures
and chemica namesof process-related impuritiesand
cinacacet hydrochlorideareshowninFigure1l. HPLC
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Impurity-A : [3-(3-Difluoromethyl-phenyl)-propyl]-(1-
naphthalen-1-yl-ethyl)-amine

H
N
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Impurity-B : N-(1-Naphthalen-1-yl-ethyl)-3-(3-
trifuoromethyl-phenyl)-propionamide

Cinacalcet Hydrochloride: N-[(1R)-1-naphthalen-1-yl-ethyl]-
3-[3-(trifluoromethyl)phenyl] propan-1-amine Hydrochloride

\\\\\

Figurel: Chemical structuresof Impurity-A, Impurity-B
and Cinacalcet hydrochloride
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grade acetonitrile was purchased from Merck, Ger-
many, ‘while’ analytical reagent grade potassium di hy-
drogen phosphate was purchased from Rankem, In-
dia. High purewater was prepared by using Millipore
Milli Qpluspurification sysem (USA).

Instrumentation

WatersLC system (USA) with diode array detec-
tionwasused for method development, validation and
forced degradation studies. The out put signal was
monitored and processed using waters empower soft-
ware on Pentium computer (Digital Equipment Co).

Chromatogr aphic conditions

The chromatographic column used wasAce C18
(250x 4.6 mm, 5 micron). Themobilephase ‘A’ con-
tained amixtureof buffer and acetonitrileintheratio of
800:200 (v/v). Buffer consisted of 20 mM potassium
dihydrogen phosphate mixed with 1.0 ml of triethy-
lamine, pH adjusted to 6.0 using phosphoricacid. The
mobile phase B consisted of acetonitrileand bufferin
theratio of 800:200 (v/v). Theflow rate of themobile
phasewas 1.2 mL min®. TheLC gradient programwas
set as. time (min)/% solution B: 0/30, 5/30, 20/85, 50/
85, 52/30 and 60/30. The column temperature was
maintained at 30 ° C and the detection was monitored
at awave ength of 223 nm. Theinjection volumewas
10 uL. Buffer and acetonitrileintheratio of 4: 6 (V/v)
was used asdiluent.

Prepar ation of standard solutions

A stock solution of cinaca cet (2 mgmL™?) waspre-
pared by dissolving gppropriate amount inthediluent.
Working solutions of 300 ug mL-*prepared from above
stock solution for related substances determination. A
stock solution of impurity (mixtureof Imp-A and Imp-
B) at 300 g mL*wasa so prepared in diluent.

For ced degr adation samplesfor specificity study

Cinacal cet hydrochl oride was heated with aque-
ous 1 N hydrochloric acid solution at 60°C for 3 hours
and separately with agueous 1 N sodium hydroxide at
60 °C for 4 hours to study the formation of degradation
productsunder acidicand basic conditions, respectively.
Cinacal cet hydrochl oride samplewas heated with 3%
hydrogen peroxide solution at 60 ° C for 30 minutes to
study formation of degradation products under oxida-
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tive condition. To study degradation products under
photolytic and thermal degradations, cinacal cet hydro-
chloride samplewas exposed to ultraviolet light (254
nm) for 48 hours and another samplewaskept at 105

°C temperature for 48 hours respectively.

RESULTSAND DISCUSSION

Optimisation of chromatogr aphic conditions

In order to develop a suitable and robust LC
method for the determination of cinacal cet hydrochlo-
ride and its process-related impurities, different
mobilephasesand columnswere employed to achieve
the best separation and resolution. Potassium
dihydrogen phosphate buffer (0.02 M) with pH 2.5
and methanol (80:20, v/v) isused asmobilephase-A
and pure methanol as mobilephase-B, gradient mode
was chosen for initial trial on C-18 stationary phase
(zorbax SB-C18) witha25m length, 4.6 mm D and
5micron particlesize. Flow ratewaskept as 1.0 mL
min-1. When cinacal cet hydrochloride sample spiked
withthetwo impurities (system suitability solution) was
injected the resolution between the impurities and
cinacal cet was good (>2.0) but the peak tailing was
observed to be high (about 2.1). Similar resultswere
obtained even with a25m length, 4.6 mm ID and 5
micron particle size C-8 column. When acetonitrile
was used instead of methanol in the above mentioned
conditions no improvement observed in peak sym-
metry. Toimprovetheresolution and peak symmetry
further trials were made by varying the phosphate
buffer pH between 2.5 and 6.8 . When phosphate
buffer isused at pH 6.0 resol utions wereimproved
(>4.0) and slightly improved peak symmetry (peak
tailing about 1.4) are achieved. Different C18 station-
ary phaseslikelnertsil ODS 3V, 25m length, 4.6 mm
ID with 5 micron particle size, Hypersil gold,15m
length, 4.6 mm ID with 3micron particlesizeand Ace
—C18, 25m length, 4.6 mm ID with 5 micron particle
sizewerefurther employed to study cinacal cet peak
symmetry. Different bufferslike sodium dihydrogen
phosphate, phosphoric acid and dipotassium hydro-
gen phosphate were al so tried during the devel op-
ment. Findly, therequired separation and peak sym-
metry was achieved on Ace C18 (250 x 4.6 mm, 5)
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column using buffer, 0.02 M potassium dihydrogen
phosphate mixedwith 1.0 ml of triethylamine, adjusted
to pH 6.0 with phosphoric acid and acetonitrilein the
ratio of 80 : 20 (v / v) as mobilephase-A and the
mobilephase-B consisted of acetonitrileand bufferin
theratio of 80 : 20 (v/v) with gradient conditions as
time (min) / % solution B: 0/30, 5/30, 20/85, 50/85,
52/30 and 60/30 . The flow rate was maintained at
1.2mL mintand UV detection was performed at 223
nm.

Quantification of process-related impurities

Therelative responsefactors (RRF) of impuri-
tiesA& B with respect to Cinacal cet hydrochloride
were found to be 0.94 and 0.92. The weight per-
centage of theimpurity present in cinacal cet hydro-
chloride samplewas calculated using its RRF value
and peak response.

M ethod validation

The LC method devel oped has been extensively
vaidaedfor the process-rd ated impurities of cinacal cet
hydrochloride using thefollowing parameters.
Specificity

The specificity of the method wasdemonstrated by
analyzing thetwo possible process-related impurities,
discussed above, to pure cinacalcet hydrochloride
sample. Forced degradation studieswere performed
to demonstratethevalidity of themethod. Thesample
exposed to thermal and UV light do not lead to any
traceabl e degradation. But the sample heated with 1N
sodium hydroxide, 1N HCl and 3% H,O, weremostly
converted to degraded products and these are well
separated from the cinacal cet peak. Photodiode array
detection was al so used as evidence of the specificity
of the method, and to evaluate the homogeneity of the
peak. Thesampleexposed to acidic, basic, oxidative,
thermal and UV stress conditions were subjected to
photodiode array analysisfor peak purity of cinacal cet.
The plots with flat topsin all instances showed that
cinacal cet peak had no detectableimpurity peaks em-
bedded in and arefreefrom co €l uting degradant peeks.
From the aboveresults, it isclear that the method is
specificand ableto resolve all the process-related im-
purities and degradation products and can be used for
determining thestability of cinacalcet hydrochloridein
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bulk. Atypica chromatogram of thesamesamplespiked
withimpuritiesand the degradation samplesareshown
inFigure2and Figure3
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Linearity

Standard solutions at nine different concentra-
tion levelsranging from LOQ to 0.68 ug mL* (150
% of specification limit) were prepared and analyzed
induplicatein order to demonstratethelinearity for
al theimpurities. Linearity regression analysisdem-
onstrated acceptability of the method for quantita-
tive determination range of LOQ to 150 % of speci-
fication limit. The coefficient of correlation wasfound
to be more than 0.999. The values of slope, inter-
cept and coefficient correlation for eachimpurity are
showninTABLE 2.

TABLE 1: System suitability report

usP usP No. of theoretical
Compound resolution tailing plates USP tangent

(R9) factor method (N)
Impurity-A - 1.08 10,578
Cinacal cet 11.0 1.19 13.373
Impurity-B 7.8 1.06 39,967

TABLE 2: Linearity resultsof thetwo impuritiesand the
cinacalcet hydrochloride

Impurity-A Impurity-B Cinacalcet

Trend lineequation  y=324.1x-374 y=391.7x+863 y=401.0x+ 1086

Linearity range 6.0 — 200 % 5.3-200 % 5.3-200 %
Regression coefficient 0.99993 0.99907 0.99929
Slope 324 392 401
Intercept -374 863 1086
% Intercept -1.17 2.19 2.67
Accuracy

Accuracy of the method was demonstrated at four
different concentration levelsintriplicate. Theanaysis
carried out at 25 %, 50 % 100 % and 150 % of speci-
ficationlimit. Themean recoveriesof al theimpurities
werefoundto beintherangeof 96-102 % asshownin
TABLE3.

Precision

The precision of themethod for thedetermination
of impuritiesrelated to cinacal cet was studied for re-
pestability andintermediate precision. Repeetability was
demonstrated by analyzing cinacal cet hydrochloride
samplesix times. Intermedi ate precision was demon-
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strated by andyzing same sampl e of cinacal cet by two
different chemigsontwo different days. Intra-day varia-
tionsof impuritiesof cinacal cet areexpressed interms
of % R.S.D. vaues. Repeatability and intermediate pre-
cisionfor the process-related impuritiesin cinacal cet
hydrochloride were found to be <10 % R.S.D. The
resultsof repeatability, intraday and intermediate preci-
sondataareshownin TABLE 4(a) and TABLE 4(b).

TABLE 3 : Parameters of recoveries of impurities of
cinacalcet hydrochloride

Impurity ?gge A(d(?;d Recovered % %
Name (%) (n”: 3) (n0) Recovery RSD
25 11.25 11.32 1006 25

Impurity-A 50 22.50 22.61 10048 23
100 45.0 45.24 10053 21

150 67.50 67.43 99.89 19

25 11.30 11.46 10141 25

Impurity-B 50 22.50 22.63 10057 24
100 45.0 45.32 100.71 26

150 67.50 67.44 9991 20

n=3, Number of determinations

Table4(a) : Repeatability and Intra-day precison data

% RSD
Repeatability of cinacalcet spiked at 0.45 pg mL*level (n= 6)

Impurity-A 25
Impurity-B 24
Intra-day precision of cinacalcet spiked at 0.45 ug mL™level (n= 6)
Impurity-A 25
Impurity-B 24

n = 6 determinations

Table4(b) : Intermediate precison data

S % RSD for
" Parameter Variation related
No.
substances
Different  (a) Waters 2695 Alliance
. <25
system: system
(b) Agilent 1100 series <5
VWD system '
D|ffereth Column No. (a) #001 <25
column:
(b) #002 <25
Different
3 analyst: (a) Analyst-1 <25
(b) Analyst-2 <25

n = 6 determinations

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

Thelimit of detection for impuritiesA and B were
calculated fromthelinearity datausing residual stan-
dard deviation of the response and dopeof thecalibra-
tion curvefor eachimpurity. Thelimit of detection of a
compound isdefined asthe lowest concentration that
can be detected. LOD valueswerefound to be 0.007
and 0.006 pug mL* for impurity-A and B respectively.
Thelimit of quantificationisthel owest concentration of
acompound that can be quantified with acceptable pre-
cision and accuracy. LOQ values were found to be
0.028 and 0.024 ug mL* for impurity-A and B re-

Spectively.
Robustness

In order to demonstrate the robustness of the
method, system suitability parameterswereverified by
making deliberate changesin the chromatographic con-
ditions, viz, changeinflow rateby +0.2 ml/min, change
inpH of the buffer +0.2 unit and changing the organic
phase in the mobilephase from 100% to 90% and
110%. The method was demonstrated to berobust over
an acceptableworking range of itsHPL C operational
parameters.

CONCLUSION

The present paper describesthe development of a
new HPL C method for the determination of process-
related impuritiesin cinacal cet hydrochlorideAPI and
itsvalidation. The method wasfound to be selective,
sengitive, preciseand accuratefor the determination of
process-rel ated impurities and degradation products.
Thismethod can be used for theroutine determinations
in pharmaceutical quaity control.
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