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ABSTRACT

A high performance liquid chromatography (HPLC) method has been de-
veloped and validated for the quantitative determination of trace amount of
Ibandronate Sodium (IBN) residue in pharmaceutical equipment. A new,
generic method is presented for detection and estimation of a potent com-
pound IBN, with which it is possible to verify the cleaning process of
equipment used in pharmaceutical manufacturing. The chromatographic
separation was performed on an Allsep anion column with aparticle size of
71 (150X4.6) and 0.2% v/v formic acid adjusted to pH 3.2 as mobile phase at
flow rate of 1.2mL/minutes. Therefractiveindex detector has been used for
the determination of the compound with very poor UV detection. Sensitiv-
ity of the method isfound to be satisfactory (LOQ value of theIBN is3 pg
mL?) in Rl detector for a compound with very poor UV absorbance and
linear calibration curves were established over the concentration range 3
60 ug mL* The method validation resultsindicated that the method is spe-
cific, accurate, linear and reproducible. The HPLC method is suitable for
cleaning control assay with good manufacturing practice (GMP) of pharma-
ceutical industry. . This method was also suitable for the assay determina
tion of IBN in pharmaceutical dosage forms.
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INTRODUCTION

Ibandronate sodium or Ibandronic acid isanitro-
gen-containing highly potent bisphosphonate drug used
in the prevention and treatment of osteoporosis?.
Chemically itisdesignated as 3-(N-methyl-N-pentyl)
amino-1-hydroxypropane-1,1diphosphonic acid,
monosodium salt. From achemical point of view, the
pharmal ogical function of the active compoundisde-

termined by P-C-P configuration, wheretwo phosphate
groupsarecovaently linked to acarbon atom asshown
inFigurel.

Ibandronate containsatertiary aminegroup, which
doesnot easily form chromophore derivativesthat can
be detected by UV light or fluoroscence emissiont¥.
Devel opment of achromatographi ctechniquefor this
classof compoundisachalenging task. Many ana yti-
cal approaches has been published for the determina
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Figurel: Chemical Sructureof Ibandronate

tion of bioposphonate by intorducing achromophore
fluorophore, or an e ctrochemically active group into
the moleculesby pre and post-column derivatization,
thus UV23 fluoroscence* ¥, Refractiveindex (RI) de-
tector®® or evaporative light-scattering detection
(ELSD)™ respectively. The ELSD method reported for
IBN and itsimpuritesisvery lesssensitivity with high
LOD(176 ug mL-1)". Thereare some other methods
availablefor direct detection are flame photometry!®,
conductivity® and mass spectrometri’¥, A method
based onion exchange chromatography by using cop-
per ion in mobile phase with UV detection has been
reported for analysis of Ibandronate*!l.

The pharmaceutical industry followsethicd rules
and isbound to monitor strict control over GMP prac-
ticeswhen manufacturing drug substance and drug prod-
uct. Thecleaning procedureisone of themost impor-
tant task to avoid the cross contamination in subse-
quent batches. There should beawaysasensitive ana
Iytical method to ensure proper cleaning of equipment
used in manufacturing purpose. Analytical method used
to determineresidual or contaminants should be spe-
cificin nature and method should bevalidated before
use'214, Guiddine recommend thin layer chromatog-
raphy (TLC), UV-photometric, total organicanalysis
(TOC), conductivity, gaschromatography and conven-
tional HPLC method for cleaning control or valida-
tion™s,

HPLCwith UV detector isavery well established
techniqueand commonly used inmost of theanalysisin
pharmaceutical industry. HPL C with Refractiveindex
detector (RI) isused for quantitative determination of
drug substance and their impurities, where UV detec-
tion isnot possible dueto absence of chromophoric
group. TheRI detector isuniversal inthesensethat for
any given compound, asolvent probably found such
that RI of andytediffer enoughto permit detection. The
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satisfactory usesof other andytica techniquehavebeen
reported for the assay and impurity profiling of
Ibandronate, however thereisno official method avail-
ablefor residueestimation. Inour study, asmpleHPLC
method with RI detection techniquewas devel oped and
vaidated for determination of Ibandronate Sodiumresi-
duein pharmaceutical manufacturing. Themethod was
validated as per ICH guidding*® and successfully ap-
plied for estimation of compound of interest routine
qudity control activity.

MATERIALSAND METHODS

Chemicalsand reagents

IBN was obtained from Dr.Reddy’s Laboratories,
Hyderabd, India. Formic acid (HPLC grade), Amonia
solution (Anaytical Reagent grade), werefrom Merck
(Darmstadt, Germany). Water was purified by a
Millipore (Bedford, MA, USA) Milli-Q water-purifi-
cation system and passed through a0.22 pm membrane
filter (Durapore; Millipore, Dublin, Ireland) beforeuse.

A stock standard solution of IBN was preparedin
Milli-Qwater asdiluent.

Instrumentation

HPLC anaysis was performed with a Waters
(Milford, MA, USA) dliance HPL C system equi pped
with aquaternary solvent manager, sample manager,
column-heating compartment, and refractiveindex de-
tector. Thissystem was controlled by Waters Empower
software. AnAllsep anion column, 150 mm x 4.6mm,
7um (Grace, Deerfield, USA) employed for chromato-
graphic separation. All sampleswere centrifuged by
Thermo Scientific multifuged machine. Thespecificity
study was conducted by using stainlesssted plate. 2.3
Standard and Sampl e Preparation:

The standard stock solution was prepared by dis-
solving anaccuratel y we ghed amount of drug substance
inwater, resultingin aconcentration of 10 ug mL-1of
Ibandronic acid. Thetest solution wasprepared by tak-
ing swab with Johnson bud. The Johnson buds were
soaked inwater, sonicated for 10 minutesand decanted.
The sampled surface was swabbed by using above
Johnson bud from top to bottom and againfrom | eft to
right. Thewipeswere placed in atest tube containing
10 ml of water and sonicated for 10 minutesto make
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all particlessoluble. Finally each solution was centri-
fuged at 3000RPM for 5 minutesin order to eliminate
insolubl e excipients. Thesupernatant liquid was used
for chromatographicandysis.

Chromatography

The analytes were separated on an Allsep anion
column (150 mmx 4.6id, 7um) at column oven tem-
perature of 60°C withaisocratic run program at aflow-
rate of 1.2 mL min. Themobile phasewas prepared
by mixing2.0mL of formicacidin 1 Litter of purified
water. The pH of mobile phase was adjusted to 3.2
with liquid ammoniasolution. The mobilephasewas
filtered through a0.22 um Millipore filter, before use.
TheRI detection was performed at 50°C optical unit
temperaturewith positive polarity and attenuation 500
X 10° nRIU. Thesampleinjection volumewas 100 pL.

Method validation

Themethod wasvalidated for specificity, precison,
accuracy, sengitivity, linearity, ruggednessand robust-
nessasper thelnternational Conference on Harmoni-
zaion (ICH) guiddines*d.,

Specificity

The surface of the pharmaceutica equipment con-
sistsof mostly stainless steel but there are some other
materia susedin equipments(Silicon, plexi-glass, tex-
tileetc.). However stainlesssted isused inmost of the
manufacturing equipments. During the specificity study
stainlesssted surfacewereinvestigated.

A study was conducted to investigate theinterfer-
enceof surfaceby injecting swab of sainlesssted sur-
face. The placebo solution a so injected to determine
theinterferenceof placebo pesksat theretentiontime
of activedrug peak.

Sengitivity

Sengitivity of themethod was established with re-
gpect to Limit of detection (LOD) and limit of quantifi-
cation (LOQ) for IBN. The LOD was determined by
identifying the concentration wherethesigna to noise
ratioisfound to be about 3. The LOQ wasdetermined
by identifying the concentration wherethesignd tonoise
ratioisfoundto beabout 10. Precisonwasverified by
injecting six preparationsat LOQ concentration. The
relative standard deviation of areaat LOQ concentra-
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tion should not be more than 15%isused in cleaning
vaidation.
LOD=>S/N=3& LOQ=>S/N=10

Accuracy

To confirm the accuracy of the proposed method,
recovery studieswere carried out by standard addition
technique. Sampleswereprepared intriplicate by spik-
ingibandronate sodium stock solution at limit concen-
tration over a4”X4” stainless steel plate. The samples
weredried by blowingwarmair. Thestainlessstedl sur-
face was swabbed and collected into atest tube con-
taining 5 ml of water and 5ml water added after swab-
bing. Findly solution was sonicated for 10 minutesand
centrifuged at 3000 RPM for 10 minutes. The solution
wereinjectedinto HPLC.

Precision

The precision of test method wasevaluated by us-
ing six swab sample preparation, spiking with
Ibandronate Sodium sol ution to get the LOQ concen-
tration of 3ug mL-1 and analyzed as per test method.
Intermediate precisionwasa so studied using different
column and performing analysison different day.

Linearity of detector response

A seriesof solutionsof IBN in the concentration
ranging fromlimit of quantificationlevel (3pugmL-1)to
300% (60 pg mL-1) of standard concentration were
prepared and injected into the HPL C system.

Application of developed method

Themethod suitability wasverified by analyzing
swab of three different equi pments used for finished
product manufacturing. Swabbing wasdoneat differ-
ent location of equipments as defined procedure and
solution were centrifuged and injected intoHPLC sys-
tem. Thismethod was a so implemented for the assay
determination of IBN in pharmaceutica dosageforms.

RESULTSAND DISCUSSION

A reversed-phase chromatographic techniquewas
developed to quantitate a non-chromophoric
biophosphonate (IBN) residuein pharmaceuticd equip-
ment by using aRefractiveindex detector. The pres-
enceof non-aqueous solventsin themobile phase, such
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asmethanol and Acetonitrile, was studied. Sincethe
solubility and sengitivity of the detection system was
strongly reducedin the presence of methanol & Aceto-
nitrile, only agueouswas chosen asmobile phase. Sat-
isfactory peak shape wasachieved a the mobilephase
pH 3.2. The effect of formic acid concentration on
analyteretention wasstudied. Formic acidisknownto
improve peak shape and resolution by reducing the
andyteinteraction with residual silanol groupsat the
chromatographic surface. Formic acid isexpected to
reducethevirtua polarity of theanalytein acidic me-
dia. Consequently the retention of the compound in-
creaseswhenthe eluent containsformicacid. At low
pH and high operating columntemperature, hydrolysis
of the siloxane bond can occur, stripping the bonded
phasefromthesilicasupport. To avoidthis, 2.0 mL of
formic acid wasused in mobile phase by adjusting pH
to 3.2. Satisfactory peak shape was observed by use
of formic acid asdemonstrated in Figure 2C.

C8 and C18 column werefirst evaluated as sta-
tionary phasefor the IBN analysis but none of these
columnworkstoretain IBN in column and peak shape
wasvery poor. Because the compound has morethan
one ionizable group they had to retain on non polar
stationary phasesfor examplesC8or C18, soitisnec-
essary to useion exchange chromatography or add ion
pairing reagent to the mobile phase. Allsep anion col -
umn wasadopted for theanalysisbecauseit provided
abetter separation of theana yteswith good peak shape.
Sengitivity of themethod isfound to besatisfactory in
RI detector for acompound with very poor UV absor-
bance. Selectivity, sengtivity, resolution, and speed of
chromatographi c separation were optimized for the
HPLC method. Although there are other techniques
where sensitivity of IBN established in nanogram, how-
ever thosetechniquesare more expensiveand usualy
not availableat al pharmaceuticd manufacturing facili-
ties. Chromatograms obtained from blank, IBN stan-
dard and Test solutionsareshownin Figure 2A. Figure

2B, & Figure 2C respectively. The retention times were
much morereproduci bleon an anion columnand amix-
ture of formic acid and water mobile phase.

RI detector hasbeen proved to beapromising tool
for detection and estimation of IBN residuein pharma-
ceutical equipments. Use of anion stationary phaseen-
abled optimization of HPL C for both peak selectivity

and andysisspeed. IBN iswdll retained and separated
from placebo with good peak shape and resol ution.
No interfering peaks were observed in blank & pla-
cebo, indicating that Signal suppression or enhancement
by the product matriceswas negligible. Theorganic
sol vent use has been avoided without compromising
productivity and performance.
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Figure2C : Typical Chromatogram of Ibandronate Test
TABLE 1: Resultsof System suitability

Parameter Results
Tailing Factor of Ibandronic Acid peak 13
% RSD of Ibandronic Acid peak area from six 1.2

replicate injection of standard preparation
RSD stands for relative standard deviation

TABLE 2: Summarized M ethod Validation data

Par ameter Results
Specificity No swab interference
Precision (% RSD) 7.7
Recovery(% mean) 101.9

RSD stands for relative standard deviation. Specificity, Preci-
sion & accuracy results from method validation.
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TABLE3:LODand LOQ of IBNin pg mL-1

Par ameter pg mL*
LOD 1
LOQ 3
Precission at LOQ (% RSD) 7.7

LOD stands for limit of detection & LOQ stands for limit of
quantification.

TABLE 4: Linear Regresson datafor calibration curve

Parameter s (n=7) Ibandronic Acid

Slope 9147.7
Y intercept -15109.409
Standard error 5187.06
Correlation Coefficient 0.999

TABLE5: Cleaningvalidation data of manufacturing equip-
ment

Equipment Name Residue found in PPM

Fluid Bed Dryer 6.2
Blender BLD
Mechanical Shifter 4.4
Compression Machine 35
Coating Machine BLD

PPM stands for parts per million, BLD stands for below detec-
tion limits.

TABLE 6: PercentageAssay of | bandronate Sodium Tablet

Test Preparation % Assay
Test preparation-1 99.2
Test preparation-2 98.6
Test preparation-3 99.5
Test preparation-4 101.2
Test preparation-5 99.1
Test preparation-6 99.0
Average 99.4
% RSD 0.92

RSD stands for relative standard deviation.

After satisfactory method devel opment it was sub-
jected to method validation as per ICH guideling®®,
Themethod wasvaidated to demonstratethat it issuit-
ablefor itsintended purpose by standard procedureto
evauate adequate vaidation characterigtics. Theresult
of system suitability parameter wasfound to be com-
plying with acceptancecriteria rd ative standard devia:
tion of replicateinjection isnot morethan 2.0% and
USPtailing factor islessthan 2.0 asshownin TABLE
1. Theresult of specificity study ascertained the sepa-
ration of placebo pesk and thereisnointerferencefrom
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surface of stainlessstedl. The % RSD of replicate de-
termination was found to be <10% precision study,
which indicatesthat the method is preciseand the data
of precison studiesareshown in TABLE 2. Theresult
obtained from therecovery study wasfound withinthe
range of 90% to 110%, whichindicatesthat methodis
accurate and datafor the sameareshownin TABLE 2.
Sengitivity of the method was verified and the method
wasfoundto belinear and preciseat limit of quantifica-
tionandthedataof LOD & LOQ studiesaregivenin
TABLE 3. Thecalibration curve of IBN was obtained
by plotting the peak areaversusconcentration over the
range of about 3-60 pg/mL and was found to be linear
(r=0.999). Thedataof regression analysisof thecali-
bration curvesare shownin TABLE 4. The applicabil-
ity of themethod was verified by the determination of
IBN residuein manufacturing equi pment and assay de-
termination of IBN in pharmaceutical dosageforms The
result of residue analysisof all equipment and assay
was found to be sati sfactory, summarized results ob-
tained aregivenin TABLE 5and 6.

CONCLUSION

Although Liquid chromatography (LC) with UV
detectionisaversatiletechniquefor the analysis of
drug in complex matrices, such asbiological or phar-
maceuticasbut thelBN quantificationisdifficult due
to its poor ultraviolet absorbency and presence of
interfering substances. A number of analytical ap-
proaches have been previously described to deter-
minelBN inbiologica materiasand pharmaceutical
preparation; however, thisisthefirst study reporting a
validated reversed phase method for quantification of
IBN residuein cleaning validation. ThesmpleHPLC
method developed in this study makesit suitablefor
estimation of trace amount of residuewithout interfer-
ence from excipients and other related substances
present in the pharmaceutical matrices. Theanalytical
performance and the result obtained from analysi s of
cleaning validation demonstrated that the method is
reliableand sufficiently robust. In conclusion, thehigh
sensitivity, good sel ectivity, accuracy and reproduc-
ibility of the HPL C method devel oped in this study
makesit suitablefor quality control analysisof IBN
residue and assay of IBN in pharmaceutical prepara
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tion. The usage of organic solvent istotally avoided,
whichisoneof the best solutionsto the current Glo-
bal Acetonitrile Shortage and will safeguard against
futurerisk.
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