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ABSTRACT

Two simple and sensitive spectrohotometric methods A, B have been
devel oped for the estimation of Strontium Ranelate. The method A isbased
on oxidation of the drug with oxidant Potassium permanganate foll owed
by the estimation of unreacted oxidant with Fast green FCF. Method B
involves the addition of excess CAT of a known concentration in the
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presence of 0.25M HCI and determining the unreacted CAT by measuring
the absorbance of the Dye Gallocyanine. The absorption maxima were
foundtobeat (x__ 630nmfor A, 540 nmfor B). These methods obey Beer.s
law limits (2-10ug mi-*for A), (2-10ugml-*for B) and givereproducibleresults.
The percentagerecoveriesare 99.89+0.37 to 100.31+0.59(for A), 99.55+0.77
t0100.32+0.44 (for B) respectively. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Strontium Ranelate (SRN) ischemicaly knownas
Distrontium 5 - [bis (2-oxido-2 oxoethyl) amino]-4-
cyano-3-(2-oxido-2-oxoethyl) thiophene-2-carboxy-
late (Figure 1). Itisofficid in*®, Theactivefunctiona
groupspresent in SRN are Carboxyl and itsstrontium
sdt, tertiary amine, substituted thiopene. SRN isthe
only anti osteoporotic agent which bothincreasesbone
formation and reduces boneresorption, resultingina
rebalance of boneturnover in favor of boneformation.
Strontium ranel ate stimul atesthe cal cium sensing re-
ceptors and leadsto the differentiation of pre-osteo-
blast to osteoblast which increasestheboneformation.
Strontium randate d so stimul ates osteobl aststo secrete
osteoprotegerinininhibiting osteoclastsformed from

pre-osteoclagsinrdaiontotheRANKL system, which
leads to the decrease of bone resorption. Strontium
ranelateisunusud inthat the cation (strontium) isre-
sponsiblefor the pharmacological effect, whereasin
most modern medicationsit isthe base (anion) that is
theactiveingredient. Inearly scientific pharmacol ogy,
cationssuch asarsenic, bismuth, mercury and lithium
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Figure1:Chemical structureof Srontium Ranelate
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werefregquently used but recently anionshavebeen much
moreinvogue. A very few physio-chemical methods
appeared intheliteraturefor the determination of SRN
in pharmaceutica formulations (less) and morefor the
plasmasamples. The methods so far reported includes
HPLCI" 8, AAS® spectrophotometricl® 2, The ana-
Iytically important functional groupsof SRN werenot
properly exploited des gning suitable spectrophotometric
methodsfor the determination of thesalected drug. In
the present paper, we describe two visible spectropho-
tometric methodsbased on reaction of the sdected drug
with Permanganate (M ethod-A), the un reacted per-
manganate was then determined by FGFCFH>%4 |n
themethod (B), CAT undergoes hydrolysisin agueous
acid medium to give sodium hypochloritefollowed by
Hypo chlorousacid. Thisreactswith SRN toformthe
relevant oxidant products, probably amixturewhich
appearsto bereproduci ble under the specified experi-
menta conditions. Theremaining Hypochlorousacid
maly be responsiblefor the bleaching of the colour GC
through destruction of the extended chromophoric sys-
tem, by excess of CAT and the un reacted CAT oxi-
dizestheOxazine Dye, Galocyaninetoacolorlessform

there by causing adecreasein the absorbance of GC*>
17]

EXPERIMENTAL

A UV-1601, and SHIMADZU digital spectropho-
tometer with 1cm matched quartz cellswere used for
the spectral and absorbance measurements. A
SY STRONICSdigita pH meter 361 wasused for pH
measurements. All the chemica sand reagentswere of
andyticd gradeand the solutionswereprepared freshly.
Aqueous solutionsof KMnQO, solution (BDH, 0.03%,
1.89x10° M), FG FCF solution (Chroma, 0.01%,
1.236x10*M) Solution for Method-A, Na,SO, solu-
tion (BDH, 14.2%, 1.0M), CAT solution (Loba,
0.02%, 7.10x 10-4M), GC solution (Chroma, 0.01%,
2.969x10*M) for Method-B respectively intrippledis-
tilled water.

Sandard drugsolutions

A 1mg/ml solution was prepared by
dissolving100mg of pure SRN in 100ml of water and
further diluted to 50-250g/ml for both methods.

Hnalytical CHEMISTRY o

Recommended procedures
(@) Method A

Into aseriesof 25 ml calibrated tubes containing
aliquots of standard SRN solution (0.5- 2.5 ml, 100
pg/ml), 0.5ml of KMnO, solution was added and the
total volumein each tube was brought to 5.0 ml with
distilled water and kept asidefor 10 min at lab tem-
perature. Then 4.0 ml each of FGFCF solution and
sodium sul phate sol ution were added successively and
kept asidefor 5 min. Thevolumewas made up to the
mark with distilled water. The absorbance was mea-
sured at630 nm (Figure 2) against distilled water. The
blank (omitting drug) and dye (omitting drug and oxi-
dant) solutionswere prepared inasimilar manner and
their absorbancesweremeasured against distilled wa
ter. Thedecrease in absorbance corresponding to con-
sumed permanganate and in turn the drug concentra-
tion was obtained by subtracting the decreasein ab-
sorbanceof test solution (dye-test) from that of theblank
solution (dye-blank). Theamount of SRN present was

B35 [SRL]I=1.94x10"M
[KMnO ]-3.78x10"M
[FGFCF]=1.97x10"M

[Na SO ]=-1.60x10"'M
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Figure?2: Absor ption spectrum of SRN with M nO4/FGFCF
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Figure3: Absor ption spectrum of SRN with GC/CAT
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Figure4: Beer.splot of SRN with MnO4/FGFCF system

caculated fromitsBeer.splot (Figure4).
(b) Method B

To each of 25 ml graduated tubes containing stan-
dard SRN solution (0.5-2.5ml, 100 pg/ml), 1.25 ml of
5M HCI and 2.0 ml of 0.02% CAT were added and
the solution wasdiluted to 20 ml with distilled water.
After 10min, 4 ml of GC (0.01%) solution was added,
mixed thoroughly and the volume was made upto the
mark with distelled water. The absorbanceswere mea:
sured after 15 min at 540 nm (Figure 3).) against a
reagent blank. A blank wascarried out inasmilar man-
ner. The decreasein absorbance corresponding to con-
sumed CAT, whichinturnto thedrug quantity wasob-
tained by subtracting the absorbance of the blank solu-
tionfromthat of thetest solution. Thecalibration graph
wasdrawn by plotting the decreasein the absorbance
of thedye(GC), against amount of thedrug. Amount of
the drug in any samplewas computed from its Beer.s
plot (Figureb).

RESULTSAND DISCUSSION

In devel oping these methods, asystemati c study of
the effectsof variousrelevant parametersin the con-
cerned wereundertaken by varying one parameter at a
timeand controlling all other parametersto get maxi-
mum colour devel opment, minimum blank colour, re-
producibility and reasonabl e period of stability of final
coloured speciesformed. The conditions so obtained

—— Fyll Peper

0.6 -

[CAT]=5.68x10°M
[GC]=4.75x10°M

054 [HCI]=2.50x10™'M

0.4

0.3 4

Absorbance

0.2 =

D'O L) T T | T
1] 2 4 6 8 10
Concentration (pg/ml)

Figure5: Beer.splot of SRN with GC/CAT system

TABLE 1: Optical characteristics, precision, accuracy of
themethodspr oposed in thedeter mination of SRN

SNo OPTICAL Method- Method-

) CHARACTERISTICS A B

1 Amax(nm) 630 540

2 Beer’s Law limits(pg/ml) 2-10 2-10

3 Mr?:_?;absorp“v'ty(' mol™  321x10°  253x10°

4 Correlation coefficient ()  0.9999 0.9998
Sandell’s sensitivity

5  (ug/cm?0.00labsorbance  0.01596  0.0202
unit)
Regression

6  equation(y=atbc)(i)slope 0.062 0.049
(b)
(i) Standard deviationon  9.05x10°  6.24x10°
intercept(S,) 4 4
(ii)intercept (a) 0.00006  0.00008
(iv) standard deviation 6.00x10"  4.14x10°
(Sa) 3 3
(v)Standard error of 5.72x10"  3.94x10°
estimation(S,) 3 3
Optimum photometric 4.36- .

! range (ug/ml) 12.58 4.46-10

g haaveSndad 020 047

leviation

9  Detection limit 0.305 0.494
% of range of

10  eror(confidence limit) 0.478 0.775
(1)0.05 leve
(i1)0.01 leve 0.281 0.241

wereincorporated in the recommended procedures.
Theoptica characteristics such asBeer.slimits, molar
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absorptivity, and sanddll.ssengtivity aregivenin TABLE
1. Regressionandysisusing themethod of least Squares
was madeto evaluate the slope (b), intercept (a), and
correlation Co-efficient (r) for each system are pre-
sentedin TABLE 1. The accuracy of the methodswas
ascertained by comparing theresults obtained for phar-
maceutical formulations by the proposed methodsand

reference method by UV, devel oped in thelaboratory
using drug solutions, Stastically by thet-and f-testsand
theresultsaresummarized TABLE 2. Recoverieswere
determined by adding standard drug tothepreanaysed
pharmaceutica formulations. Theingredientsusualy
present in pharmaceutica formulationsdid not interfere
inthe proposed methods.

TABLE 2: Deter mination of srnin pharmaceutical formulations

Proposed M ethods

Phar maceutical Labeled ATount Found by % Recovery by
Method Formulations Amount . Reference proposed
(mg) fOU”% [()mg) * F ' method+S.D.  methods +S.D.
A SACHET-I 2 2.03+0.30 1.00 1.08 1.98+0.30 99.89+0.37
GRANULESI 2 2.04+0.21 136 1.82 1.99+0.18 99.96+0.76
SACHET - Il 2 1.96+0.31 142 084 1.97+0.26 100.01+0.53
GRANULESIV 2 2.02+0.22 167 1.00 2.03+0.17 100.31+0.59
B SACHET - | 2 1.98+0.30 1.00 1.15 1.98+0.30 99.61+0.33
GRANULESI 2 1.98+0.13 191 1.06 1.99+0.18 99.55+0.77
SACHET-III 2 1.98+0.30 133 1.00 1.97+0.26 100.16+0.49
GRANULES IV 2 1.97+0.22 1.67 1.00 2.03+£0.17 100.32+0.44

* Average + standard deviation of eight determinations, the t and F — values refer to comparison of the proposed method with
reference method. Theoretical values at 95% confidence limitst = 2.365 and F = 4.88; ** Average of five determinations.

Colored speciesformation

(@) Method A

SRN exhibitsreducing property dueto the pres-
enceof functional moieties(oneor more) vulnerableto
oxidation selectively with oxidizing agents such as
KMnO, or CAT under controlled experimental condi-
tions. Whentreated with known excessof oxidant, SRL
undergoes oxidation, giving products of oxidation be-
sidesun reacted oxidant. It ispossibleto estimate the

SRN +MnO,
Mn(VII) + FGFCF—>  Mn(Il)
(Unreacted Coloured) (reacted)

(Colour less)

drug content colourimetrically, whichisequivalent to
elther the reacted oxidant or reduced form of oxidant
formed. The un-reacted oxidant can be estimated ei-
ther by decreasein theintensity of dyecolour, FG FCF
for KMnO,, GC for CAT dueto disruption of chro-
mophoric centersinthedye or by the devel opment of
colour with chromogenic reagent. Thefirst stepinthe
methods mentioned aboveisthe oxidation of SRN with
theoxidant.

Oxidation products + Mn( II) + un-reacted MnO,

+ Reduced form of FG FCF + FG FCF

Unreacted

(Coloured)

Exists as mixture of Compounds with rupture of conjugated
system of FG FCF (Reproducible) but not Stiochiometric as
several alternative pathways are possible.
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(b) Method B

Inthismethod, CAT undergoeshydrolysisin ague-
ousacid mediumto givesodium hypochl oritefol lowedby
Hypochlorousacid. Thisreactswith SRN to formthe
relevant oxidant products, probably amixturewhich

SRN + CAT —

The second step concerns with the estimation of
the un-reacted oxidant or the reduced form of oxidant

—— Fyll Peper

appearsto bereproducible under the specified experi-
menta conditions. Theremaining Hypochlorousacid
may be responsiblefor the bleaching of the colour GC
through destructi on of theextended chromophoric sys-
tem.

Oxidation products + reduced CAT + un reacted CAT

with appropriate dye or chromogenic agent.

CAT + GC — Reduced form of CAT +GC (COLOURLESS) + GC (Unreacted.Coloured)

Exists as mixture of compounds with rupture
of conjugated system in GC (Reproducible)but

not stoichiometric as several alternative pathways

are nossible
CONCLUSION

The proposed methods are superior inoneway or
other (Smplicity, 2. _, stability of coloured species) over
very few visi ble spectrophotometric methods reported
sofar. It can be seen from theresults presented above,
that the proposed methods have good sensitivity.
Sastical analysisof theresults(TABLE 1) showsthat
the proposed procedures have good precision and ac-
curacy. Resultsof theandys sof pharmaceutica formu-
lations (TABLE 2) reveal that the proposed methods
aresuitablefor their andysiswithvirtualy nointerfer-
ence of theusua additives. All the proposed methods
aresmple, sensitive, and reliable and can be used for
routinedetermination of SRN inbulk samplesand phar-
maceutical formulations depending upon the needs of
the specific Situation. Recovery experimentsindicated
the absenceof interferencefrom thecommonly encoun-
tered pharmaceutica exci pientspresent in pharmaceu-
ticd formulations.
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