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ABSTRACT

The present paper describes the development of a gas liquid chromato-
graphic method for advanced intermediate of |bandronate sodium (I1SB) in
the presence of its impurities. As the molecule is a hydrochloride salt, the
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sample preparation was critical for the quantification of known and
unknown impurities. Successful separation of 1SB from the synthetic
impuritiesachieved onaAT-5, 30 m x 0.53 mm, 5u column. The developed
GC method was validated with respect to linearity, accuracy, precision,
ruggedness and robustness. To the best of our knowledge, a validated GC
method which separates all the impurities disclosed in this investigation

was not published elsewhere.

INTRODUCTION

3-(N-methyl-N-pentylamine) propionicacid hydro-
chloride, (1ISB), isthe precursor of 1bandronate sodium,
chemically 1-Hydroxy-3-(methylpentylamino)
propylidene bisphosphonic acid, monosodium salt,
monohydrate, that inhibits osteocl ast-mediated bonere-
sorption™,

In order to commercidizean active pharmaceutica
ingredient, it ismandatory requirement from regul atory
authoritiesto show the proper qualification of itsad-
vanced intermediate through monitoring known and
unknownimpuritiesthat are present®. Threeimpurities
areidentified asprocessrelated and needsto be quan-
tifieds.,
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Organicimpurities can arise during the manufac-
turing process and storage of the drug substances
and the criteriafor their acceptance up to certain
limits are based on pharmaceutical studiesor known
safety data®. In the present study we describe a
simple, economic and time efficient Gas chromato-
graphic method for the separation and quantification
of processrelated impurities of 1SB. The accuracy,
precision, limit of detection (LOD), limit of quantifi-
cation (LOQ), ruggedness and robustness of the
method was determined in accordance with ICH
guidelines”® and found to be suitablefor quality as-
surance of ISB. The present paper providesthevali-
dated GC method which separates potential impuri-
tiesfor first time.
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EXPERIMENTAL

Chemicals
Samplesof |SB and threeimpuritiesnamely imp-
HCI

o]
\/\/\l}l/\)LOH
CHs3
3-(N-methyl-N-pentylamino)-propionic acid
Hydrochloride
(a) ISB.

\/\/\
NHCH;

(c) Impurity-B
N-methyl-N-pentyl amine

Figurel: Chemical sructureand nameof (a) I SB (b) Impurity-A (c) Impurity-B (d) Impurity-C.
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A, imp-B andimp-C (Figure 1) were synthesized and
characterized by usng Mass, IRand NMRinour labo-
ratory. All reagents used were of analytical-reagent
gradeunlessotherwise stated.
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(b) Impurity-A
Valeric acid methyl amide
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(d) Impurity-C
3-(N-M ethyl-N-pentyl amine) propionic ester
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Figure2: (a) Impurity blend chromatogram-1 (Impurity-A, Impurity-B and I SB) and (b) mpurity blend chromatogram-2

(Impurity-C and | SB).
Equipment

The GC system was equi pped with auto sampler
connected with aHameionization detector.

Prepar ation of standard and samplesolutions

1 gram of 1SB sample was dissolved in 6mL of
water, the resulted solution pH adjusted to 9.5 with
5.0N sodium hydroxide solution and madeup to 10mL
for estimation of imp-A and imp-B.

200mg of ISB sampledissolvedin 8mL of acetoni-
trile, the resulted solution pH adjusted to 7.0 with tri-
ethylamineand diluted to 10mL with acetonitrilefor es-
timation of imp-C

A stock solution of amixture containing thetwo
impurities imp-A and imp-B, were prepared at
1000 pg mL-1 in water.

A stock solution of imp-C was prepared at
200 pg mL-1 in acetonitrile.

Chromatogr aphicconditions
High pure helium gaswas used as mobile phase.

The system was equilibrated for 30 minutes and
analysiswas carried out under temperature gradient
using aflow rate of 2.5psi. Injector temperature was
maintained at 90°C for estimation of imp-A, imp-B
and unknown impuritiesand 110 °C for estimation
of imp-C. Detector temperature was maintained at
260°C. AT-5, 30m X 0.53mm, 5pu column was used
for successful separation. Theinjection volumewas
1.0 uL with a split ratio of 1:5. Theinitial column
temperature was held at 50°C for 5 minutes, then
raised to 105°C @ 6°C per minute, held at 105°C
for 8 minutes. Again the temperature wasincreased
to 180°C @ 10°C per minute, held at 180°C for 8
minutes. Finally the column temperature was in-
creased to 260°C @ 20°C and held at 260°C for
18 minutes.

M ethod development & optimization of chromato-
graphicconditions

The 3-(N-methyl-N-pentylamine) propionic acid
hydrochlorideand therelated impuritiesarenon chro-
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mophoric, and cannot be detected by conventional
HPL C detector like UV, fluorescence, etc. Hence Gas
chromatography was chosen for the estimation of im-
purities. Sincethe moleculeisahydrochloride sdt, the
regular diluentslikewater, acetonitrile, did not yielded
| SB peak by using the above chromatographic condi-
tions dueto the presence of hydrochloric acidinthe
resultant solution. Known impuritiescan be quantified
using externa quantification method by injectingknown
quantitiesof impurities. But quantification of unknown
impuritiesmay not be easier, without | SB peak. Hence
acidicnatureof resultant samplesol ution makesthe pesk
eution and determinationdifficult. Selection of diluents
and preparation of sample solution was found to be
critical. A good peak of 1SB wasobtained by injecting
the samplesolution, prepared by dissol ution of sample
in6ml of water, adjusting the pH of theresulting solu-
tionto basic, i.e., 9.5 and made to 10ml with water.
However, imp-C, 3-(N-methyl-N-pentylamine)-pro-
pionate, being an ester, found to be hydrolyzed in pres-
ence of water giving back 1SB. HenceAcetonitrilewas
used asdiluent for the estimation of imp-C and pH ad-
justedto 7.0 with triethylamine and external quantifica:
tion method was used.

In optimized chromatographic conditions, therel a-
tiveretention timefor imp-A andimp-B wasfound to
be0.4and 0.74 respectively and rel ativeretention time
for imp-C wasfound to be 0.91.

Method validation
Precision

The precision of the method was determined by
injectingsix individua preparationsof 1SB spikedwith
0.1% of imp-A, 0.5% of imp-B and 1.0% of imp-C
with respect to |SB analyte concentration. % RSD was
caculated for theareaof eachimp-A, imp-B and imp-
C respectively. Theintermediate precison of themethod
was evauated by adifferent analyst and different in-
strument inthe samelaboratory.

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

TheLOD and LOQ weredetermined by signal to
noiseratio method by injecting aseriesof dilute solu-
tionswith known concentrations.

Linearity of response
Thelinearity of the method was determined by

—= Fyll Paper

using test solutions prepared by diluting stock solu-
tionsto the required concentrations at 0.025, 0.05,
0.075, 0.10, 0.125 and 0.15% with respect to the
ISB test concentration (100mg mL-1) for imp-A,
0.125, 0.25, 0.375, 0.50, 0.625 and 0.75% with re-
spect to the SB test concentration (100 mg mL-1)
for imp-B and 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50%
with respect to the ISB concentration (20mg mL-1)
for imp-C. The peak response versus concentration
datawas treated by |east-squares linear regression
andysis.

Accuracy

The accuracy study of impuritieswas carried out
in triplicate at 0.05% (50%), 0.10% (100%) and
0.15% (150%) with respect to the | SB test concen-
tration (100mg mL-1) for imp-A, 0.25% (50%),
0.50% (100%)and 0.75% (150%) with respect to
the 1SB test concentration (100 mg mL-1) for imp-
B and 0.50% (50%), 1.00% (100%) and 1.50%
(150%) with respect to the |SB concentration (20mg
mL-1) for imp-C. The percentages of recoveriesfor
impuritieswere cal cul ated from the respective known
concentrations.

Robustness

To determine the robustness of the analytical
method, experimentd conditionsweredeliberately al-
tered and the resol ution between I1SB, imp-A, imp-B
and imp-C wasrecorded. To study the effect of flow
rate on theresol ution, flow was changed by 10%from
2.25ps t0 2.75ps.

Solution stability

Thesolution gtability of |ISB wascarried out by leav-
ing both thetest solutionsof sampleand reference stan-
dardintightly capped volumetric flasks at room tem-
peraturefor 24 hours.

RESULTSAND DISCUSSION

Precision

Theprecisonandintermediated precisonweresuc-
cessfully demonstrated by achieving % RSD of <4.0%
for peak areasof six replicate determinationsof al im-
puritiesnamely imp-A, imp-B and imp-C, respectively
(TABLE1).
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TABLE 1: Validation data

Validation data

Par ameter Impurity-A Impurity-B Impurity-C
Linearity
r 0.9995 0.9995 0.9996
Sope 2611.0 2720.3 3283.5
Y-I ntercept 057 -34.12 -21.47
Accurecy (% recovery)
LOQ (n=3) xn2 95.0 98.9
50% (n =3) B8 100.1 107.3
100% (n=3) B8 100.2 99.2
150% (n =3) 97.2 100.2 102.5
Precision (n =6)
I ntraday
%RSD 29 16 11
Different day and system
%RSD 0.0 4.0 12
Robustness (RRT)
Actual flow 2.5PS 074 0.39 0.91
Different flow 225PS Q74 0.40 0.92
Different flow 275Ps 073 0.37 0.89
LOD 0.0006% 0.003% 0.0045%
LOQ 0.002% 0.01% 0.015%

Limit of detection and limit of quantification

The LOD values were found to be 0.0006mg
mL 1, 0.003mg/mL and 0.0009mg/mL and the LOQ
valueswere found to be 0.002, 0.01 and 0.003 mg/
mL, respectively, for al theimpuritiesnamely imp-
A, imp-B and imp-C with respect to the ISB test
concentration.

Linearity of response

Linear calibration plot of for theanalytica method
was obtained over the calibration rangestested, i.e.
LOQ-150% for withrespect tothelimit of imp-A, imp-
B andimp-C. Thecorrel ation coefficient obtained from
0.9995 to0 0.9996. The above results show an excel-

lent correlation existed between the peak areaand the
concentration (TABLE 1).

Accuracy

The percentage recovery of impurities in ISB
samplesvaried from 96.1t0 107.3% (TABLE 1).

Robustness

Indl thedeliberate varied chromatographic condi-
tions(2.25Ps, 2.75Ps flow rate), therel ativeretention
timesfor al theimpuritieswerefound to be compa-
rable. The validation data has been incorporated in
TABLE 1.

Solution stability

No significant changes were observed inthe con-
tent of impuritiesnamely imp-A, imp-B, and imp-C
during sol ution stability study conducted after 24 hours.

CONCLUSION

The GC method devel oped for determination of
impuritiesof thel SB isprecise, accurate and specific.
Themethod hasbeen vaidated and satisfactory results
wereobserved for al thetested validation parameters.
The devel oped method can be conveniently used for
determining thequdlity control of 1SB samples.
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