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ABSTRACT

The formation of a complex between alendronate sodium, a non-chro-
mophoric bisphosphonate, and iron (1) chloride in aqueous solution at pH
= 6 was studied. The stoichiometric ratio of alendronateto Fe (11) ionswas
determined. Linear and non linear regression methods were used to esti-
mate the complexation constant (K). A 1:1 stoichiometric ratio was observed
for the binary complex between Fe (11) and alendronate with a formation
constant of 770 + 10 M*.L. Subsequently, a spectrophotometric method
was developed for the determination of alendronate in the concentration
range 3.25-325ug/mL, therecovery valuewas 97%+ 3 and the limit of detec-
tionwas 1ug/mL. The method was validated for the direct determination of

alendronate in tablet dosage formulation.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Alendronate sodium (AS), which bindsto bonesur-
facesandinhibitsosteocl ast-mediated boneresorption,
isanitrogen contai ning bisphosphonate. Aswith many
other bisphosphonates, direct chromatographic AS
analysisiscomplex dueto thelack of asuitable UV
chromophorefor high performanceliquid chromatog-
raphy (HPLC) analysiswith spectrophotometric de-
tection™3 . Most of theandyticd methodsfor determi-
nation of bisphosphonates require speciaized equip-
ment or involveaderivatization step in order tointro-
duceachromophoreinto the molecule. AScontainsa
primary aminegroup which can bederivatized with num-
ber of reagentsin order to form new compound with
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chromophoric properties, thusfacilitating HPLC andy-
sig¥. Inboth, invitroandinvivo sudiesreportedinthe
literature, HPL C wasused for AS quantification(>4,
A reversed phase HPLC method utilizing pre-
column derivatization of the primary aminegroup of
ASwith 9-fluorenylmethyl chloroformate (FMOC)
for UV detection has been described in theliterature
for the determination of ASintabletsand capsules?.
After derivatization, excess of reagent had to be ex-
tracted with methylene chloride and an aiquot of the
agueous portion was assayed on reversed phase
HPLC. lon chromatography with indirect UV de-
tection has al so been mentioned for theassay of AS4.
In addition, ion chromatography with post-column
derivatization™ and an ion exchange HPL C method
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Figure 1 : UV-Vis spectra of AS/iron (I1) complex at five
different concentrationsof AS:1mM, 0.75mM, 0.5mM, 0.2mM
and 0.1mM (fromthetop tothebottom)
with conductivity detection® have been devel oped
and used for the quantitative determination of
bi sphosphonatesin pharmaceutica dosageformssuch
astabletsand solutions.

A study was carried out to examinetheformation
of achromophoric complex between AS and copper
(1) ion“, Another study examined theformation of a
complex between ASand Fe (I11) ionsby UV spec-
trophotometry!™. Spectrophotometric determination of
ASin pharmaceutical formulationsviacomplex for-
mation with Fe(l11) ionswas found to bessmpleand
non-sengitive. Methodslikeinductivity coupled plasma
and anodic stripping voltammetry have also beenre-
ported for theanalysisof ASin tablets®9. Therefore,
despitethe numerous methodsdescribed inthelitera-
ture, areliable and simple method isstill needed to
determinetheamount of ASin pharmaceutical formu-
letions.

The objective of this work was to develop a
simple, rapid, sensitive and non expensive method
to quantitatively determineA S concentration in tab-
let formulation. The method was based on the com-
plexation of ASbyiron (I1) ions. Contrarily to the
complexation by iron (111) our method showed higher
an accuracy and agreater advantage rel ated to the
[imit of detection, thanthat involvingASand Fe(l11)
described by Kuljanin et a™. Quantification of AS
has been obtained by using theinternal standard ad-
dition method and the UV spectraof theAS-Fe (I1)
complex evolution.
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Figure 2 : Calibration curve for the internal standard

addition method

MATERIALSAND METHODS

Instruments

The UV absorption measurementswere performed
on aShimadzu UV- 1650 PC, (Shimadzu, K ototo, Ja-
pan) with 10mm quartz cellsused for spectrophoto-
metric measurements. ThepH valueswere measured
using a Mettler Toledo pH-meter (Columbus, OH,
USA). All measurementswere performed a roomtem-
peratureimmediately after mixing thedifferent solutions.

Reagents

Working standard alendronate sodium trihydrate
was purchased from Sigma-Aldrich GmbH (Steinheim,
Germany) and ferrous chloride tetrahydrate was re-
celved from Merck, (Darmsdadt, Germany). Water
purified by aMillipore Milli-Q system (Billerica, MA,
USA) wasused for the preparation of al solutions.

Solutions

Aniron(ll) chloridestandard solution (1000ppm)
wasprepared by dissolving ferrouschloridetetrahydrate
(0.1g) in 100mL of ecidified (pH=6) water.

A freshly prepared 1000ppm A S solutionin water
was used asthe stock solution. Thissolutionwasstable
for at least 10 dayswhen stored in thedark at 4-8°C.

Thecalibration curvewasbuilt usngaseriesof five
standard solutions prepared by appropriate dilution of
the stock solutions. The concentration of ASinthese
standard solutionsvariedintherangeof 1 to 200ppm
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TABLE 1: Composition of different ASandiron (11) chloride
mixtures

TABLE 2: Composition of different ASandiron (1) chloride
mixturesused to build theinternal ssandard curve

Volgmeof AS Volu_me of iron(lll) Volume of Volume (mL) of _Volume (mL)_ of Volume
sol utl_on (5ppm)  solution (5ppm) in water in mL 2mM _AS iron(l1) solution (mL) of
in mL mL solution (AmM) water
01 0.2 4.7 0.5 1 35
0.2 0.2 4.6 1 1 3
0.5 0.2 4.3 15 1 25
0.7 0.2 4.1 2 1 2
1 0.2 3.8 25 1 15
(ug/mL). the association constant can also be cal cul ated by ap-
Procedure plying the previoudy described methods. Accordingto

The standard AS sol utions were mixed with fer-
rous chloride solution and the absorbance of theresult-
ing complex wasmeasured immediately after mixing at
215 and 270nm.

Thegtoichiometry of AS/iron (1) complex wasana-
lyzed by the Scatchard and Benesi-Hildebrand
plotg®, Five mixturesof ASandiron (I1) chloride
were prepared according to theratiossummarized in
TABLE 1.

Soichiometry of theAS/iron(l1) complex

Accordingto Scatchard’s method (equation 1), we
assumethat thecomplex of ASwithiron (I1) isformed
inal:1ratio.

(A-A)ITAS] =(A -A)K, - (A-A)K, )
WhereA denotesthe absorbanceintensity of the com-
plex AS/iron (1) when the concentration of theASis
minimal; A _ denotestheabsorbanceintensity whenall
theiron (1) molecules are essentialy complexed with
AS; A istheobserved absorbance at each AS concen-
trationtested; K| istheassociation constant and[AS] is
theAS concentration tested. For 1:1 complex, aplot of
(A-A)/I[AS], versus(A-A,) should giveastraight line.

When aBenesi-Hildebrand plot of /(A-A,) ver-
susU/[AS] isbuilt (equation 2), astraight lineisob-
tained. When the plot of 1/(A-A ) versus /[AS]*is
consdered, adownward concave curvatureisobtained,
confirming that thestoi chiometry of theASiron (I1) com-
plexisnot 1:2.

V(A-A)=1(A -A)K [AS] + (A -A) )

Association constant of theinclusion complex
Oncethestoichiometry of the complex isknown,
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thefirst method, thedope of the straight linegivesthe
associ ation constant. Inthe Benesi and Hildebrand’s
method, the association constant isdetermined by di-
viding theintercept by thed ope of thestraight line ob-
tained inthedoublereciprocal plot.

Non-linear regress on method wasa so used to con-
firm theresultsobta ned with thetwo methodsdescribed
above. Thenon linear regression method isdetermined
by equation 3):

Al=KHAI__/[(1+KH) ©)
WhereAl = (A-A)) istheguest-induced absorbance
intensity andisequal toAmax =(A_-A ) whenevery
host existsasinclusion complex. Amax was obtained
fromthedoublereciprocal plot (Eq. (1)). H,istheini-
tial concentration of host (iron (I1)). Theformation con-
stant (K,) wasestimated by fitting equation (3) to the
dataobtained.

Internal standard curveaddition

The samples, described in TABLE 2, were pre-
pared to build theinternd standard curve.

Phar maceutical tablet solution preparation for
spectrophotometricanalysis

A portion of finely powdered tabletsequivaent to
10mg of ASwasaccurately weighed and dissolvedin
50mL of acidified water pH = 6. After sonication for
10 minutes, the samplewasfiltered using Whatman
filter paper, and transferred to a100mL volumetric
flask.

Samplefortification

Different volumes of AS solutions (1ImM) were
added to equal volume of AS sample solutions pro-
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TABLE 3: Compostion of ASandiron (11) chloridemixtures
in sample solutions

—— Fyll Peper

TABLE 4: Validation parameter sof the spectrophotometric
method

Volume of Volumeof  Volume of Volume of

pharmaceutical  (ImM)AS ~ (ImM)iron " o 5
tablet solutionin  solutionin  (I1) solution mL

mL mL in mL

05 0 05 4

05 1 0.5 3

0.5 2 0.5 2

05 3 05 1

05 4 0.5 0

duced from pharmaceutical tablets, assummarizedin
TABLE3.

Calibration curvesand recovery

Linearity and detectionlimitswere established with
working standard solutionsincluding AS concentra-
tionsranging from 3.25ug/mL to 325ug/mL. Recov-
ery experiments were performed by standard addi-
tion method: 65ug/mL of ASwas added to samples
and percentage of recovery (R%) was cal culated as
follows

R% =[(Cr-Cf)/Cr] x 100
Cr =Red concentration of ASinthefortified samples;

Cf = Concentration of AS obtained by theinternd stan-
dard addition curve.

RESULTSAND DISCUSSION

Spectrophotometric method

Absorption spectrain the 200-350nm rangewere
obtained for the AS/iron (II) complex. Figure 1
shows the absorption spectraof different mixtures.
Theiron (I1) solution wasfixed at 0.2mM and the
concentrations of ASwere varied from 0.01mM to
1mM. The absorptionintensity of theAS/Iron (11)
complex increased as the concentrations of ASin-
creased.

Our study showed that ASformsa1:1 complex
withiron (11) and the associ ation constant was esti-
mated to be 770 ML +10. Alendronate showed no
absorbance over the entire range of wavel ength.
Regression curve of complex and theAS concen-
trations

A linear relationship betwe-en the absorbance (at

Method Spectrophotometer
Standard linearity
I ntercept -0.32
Slope 0.66
R? 0.99
Range (ug/mL) 6-330
Relative standard deviation(RSD),
Precision n=5 3%
Mean (ug/mL) 65ug/mL
0,
(I;/Ie\e/?;irggovery(/o) + standard 96,04 4
Detection limit (ug/mL) 1

270nm) of the complex and theA S concentration was
established over the examined concentration range
(3.25-325ug mL1). Theaverageregression equation
(n=5) was cal culated by the method of least squares
and found to bey = 0.6669x + 0.2139.

Therelative standard deviation for thelopewas
1.4% and the average correl ation coefficient R2was
equal t00.9914.

The precision of the method was eval uated with
relative standard deviations (RSDs) of AS determina-
tioninfivesamples. RSDswereabout 3%. Thelimit of
detection of themethod was 1pg/mL as defined by a
signal-to-noiseratio of 3:11%2,

Spectrophotometric method for quantification of
ASusingtheinternal standard addition model

A spectrophotometric method using the internal
standard addition was examined to determineAS con-
centrations present in pharmaceutical samples. A cdli-
bration curvewas described by thefoll owing equation:
A*=aC+b,
whichiseguivaentto
A*=(AFIC)xC_,+AS,
wereA* =(A/A ) normalized absorbanceintensity (ar-
bitrary values) isequal to theratio of the absorbance
intensity after adding theinternal standard A tothe ab-
sorbanceintensity beforeadding theinternal standard
(A,), C,: solute concentration to be estimated. C is
determined by the negativeintercept of the curvewith
the abscissaaxis®®*, A *: normalized absorbancein-
tensity of the starting solutionand C_, ;- known added
concentration.
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Theplot of A* vs. C_,,isshowninfigure2. The
internd sandard usedinthismethod wastheA S present
in the solution before theincorporation of any addi-
tional amount. Figure2 representstheinternd standard
addition method that allows determining theAS con-
centration and the recovery percentage.

Theaveragerecovery of five samplesspiked with
AS (asdescribed in TABLE 2) was estimated to be
about 97%+ 3. TABLE 4 summarizes the validation
parametersof the method.

Spectrophotometric method for quantification of
ASin a pharmaceutical tablet sample using the
internal gandard addition

UV spectraof thesolutionsdescribedin TABLE 3
were obtained and the eva uation of those spectrawas
used to build theinternal standard curve. Theaverage
AS content determined with thismethod was 61.8 +
4ug/mL (n=5).

CONCLUSION

A spectrophotometric method for the determina-
tion of aendronatein tablet formulationwasdeve oped.
Theresults confirmed the suitability of the proposed
method for theandysisof dendronate. Also, themethod
showed higher accuracy and greater advantagerelated
tothelimit of detection, than theoneinvolvingASand
Fe (111) described by Kuljanin et a.[". Furthermore,
sncethismethodisrapid and not expensveintermsof
|aboratory equipments, it can beused for routineanaly-
sesand applied on bulk powder, or capsules.
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