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ABSTRACT

Four simple, accurate and precise spectrophotometric methods were de-
veloped and validated for the simultaneous determination of sitagliptin
phosphate (STA) and metformin HCI (MTF) in their mixture. Among the
developed methods were first derivative, second derivative, dual wave-
length and ratio subtraction methods. The first derivative spectrophoto-
metric method was used for the determination of STA in therange of 25-500
ug mL %, while the second derivative spectrophotometric method was used
for the determination of STA in the range of 25-500 pg mL™in addition to
MTFintherange of 2.5-35 ug m*. The dual wavelength and ratio subtrac-
tion methods were used for the determination of MTF in the range of 5-30
pg mLand 2.5-30 pg mL?, respectively. Theresultswere statistically com-
pared with the reference ones. The devel oped methods were proved to be
selective and accurate for the quality control and routine determination of
the cited drugs in their mixture and in their pharmaceutical formulations.
© 2013 Trade Sciencelnc. - INDIA
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Inmodernanaytical |aboratoriesthereisawaysa
need for smultaneousdetermination of STAandMTF
in the drug analysis. The present work aimed to de-
velop rapid, smpleand sensitive methodsfor sdective
quantification of STAand MTFintheir pureformsor
eveninthar pharmaceutical formulation. Themethods
described hereincludefirst derivative, second deriva
tive, dua wavel ength and rati o subtraction technique.

EXPERIMENTAL

| nstruments

Spectrophotometer: shimadzu UV-1601 PC, dual-
beam UV-Visspectrophotometer (Japan), with matched
1-cm quartz cells, connected to an IBM-compatible
PC and an HP-600 inkjet printer. Bundled, UV-PC
personal spectroscopy softwareversion 3.7 was used
to processthe absorption and the derivative spectra.
The spectral bandwidth was 2 nm with wavelength-
scanning speed of 2800 nmmin',

Materialsand reagents

Materials

Referencestagliptin phosphate (STA) sandard was
kindly donated by Merck & Co., Inc., Whitehouse sta-
tion (New Jersey, USA). Its purity was found to be
98.87% = 1.20 (n=6), according to a reference spec-
trophotometric method!*®!.

Reference metformin hydrochloride (MTF) stan-
dard waskindly supplied by Cid Co. (Cairo, Egypt).
Its potency wasfound to be 99.39+ 0.954 (n=6), ac-
cording to the USP potentiometric method*”.

Phar maceutical formulation

Janumet® tablets BN: 0426580, labeled to contain
50 mg STA as phosphate salt and 1000 mg MTF as
hydrochloridesalt.

Sandard solutions

STA standard solution (ImgmL™*) andM TF (0.1mg
mL %) standard solutionin distilled water.

All calculations and sampl es preparation of STA
and MTFfor referencemateria and pharmaceutical for-
mulation weredoneon basisof thesdt form. Solutions
werefreshly prepared ontheday of analysisand stored
inrefrigerator to beused within24 h.
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Reagents

De-ionizedwater: Bi-distilled from“Aquatron” Au-
tomatic Water still A4000 was provided by Bibby
gerillinLtd. (UK).

PROCEDURES

First-derivative (*D) method
Spectral characteristicsof STAand MTF

Twodiquots3mL of STA (ImgmL-t) and 3mL of
MTF (0.1mg mL*) aqueous solutionswere separately
transferred into two 10-mL volumetric flasks. Thevol-
umewas compl eted with distilled water to obtain fina
concentration of 300 pg mL* of STA and 30 ug mL* of
MTF. The zero-order and thefirst derivative (D) of
the prepared sol utionswere measured and recorded.
Linearity

Portionsequivdent to (0.25-5mL.) of STA standard
stock solution (1 mg mLt) wereseparatdly transferred
intoaseriesof 10-mL volumetricflasks. Eachflask was
completed to thevolumewith distilled water toreacha
concentration range of 25-500 ug mL:. Theamplitudes
of thefirst-derivative peaks of STA were measured at
274.8 nmwith AA=4 nm and scaling factor =10.

Calibration graph was constructed by plotting AA/
AN Versusconcentration. Theregression equation was
then computed for STA at thespecified wavelength and
used for determination of unknown samplescontaining
thespecified drug.

Second-derivative (D) method
Linearity

Portionsequivalent to (0.25-5 mL) of STA stan-
dard stock solution (ImgmLt) and (0.25-3.5mL) of
MTF standard stock solution (0.1 mg mLt) were sepa
rately transferred into a series of 10-mL volumetric
flasks. Each flask was completed to the volumewith
distilled water to reach the concentration range of 25-
500 pg mL* and 2.5-35 pg mL* of STA and MTF,
respectively. Theamplitudesof the second-derivative
peaks of STA weremeasured at 278.6 nm, whilethat
of MTF were measured at 256.5 nm with AA =8 nm
and scaling factor =100. Cdibration graphswere con-
structed by plotting the peak amplitude versus concen-
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tration. Theregress on equationswerethen computed
for STA and MTF at the specified wavelengths and
used for determination of unknown samplescontaining
them.

Dual wavelength method

The method dependson measuring the absorbance
difference between two points on the mixture spectra
Thisabsorbancedifferenceisproportiona tothe con-
centration of the component of interest.

Linearity

Portionsequivaent to (0.5-3.0mL) of MTF stan-
dard stock solution (0.1 mg mL™?) were separately
transferred toaseriesof 10-mL volumetricflasks. Each
flask wasthen completed with distilled water toreacha
concentration range of 5-30 ug mL. Theamplitudes
of the peaksweremeasured at 228.6 nm & 245.3nm.

Thedifferencein absorbance was plotted versus
MTF concentration. Theregression equation wasthen
computed for MTF and used for itsdeterminationin
unknown samplescontaining M TF aoneor in combi-
nationwith STA.

Ratio subtraction method

Two diquots (3 mL) of STA (ImgmL1) and (1.5
mL) of MTF (0.1mg mL*) aqueous solutions were
separately transferred intotwo 10-mL volumetricflasks
Thevolumewas compl eted with distilled water to ob-
tainfinal concentration of 300 pg mL* of STA and 15
pg mL* of MTFE. The spectrawere measured and re-
corded.

Linearity

Into aseriesof 10-mL volumetric flasks, (0.25-3
mL) aiquotsof M TF stock solution (0.1 mgmL-t) were
transferred accurately and then compl eted to volume
with ditilled water. The spectraof the prepared stan-
dard solutionswere measured and stored in the com-
puter. The peak amplitudeswere measured at 233 nm
and calibration graph wasobtained for MTF.

Different diquotsfrom MTF and STA stock solu-
tionsweretransferred into 10-mL volumetricflasksto
prepare mixturescontai ning different ratios of the stud-
ied drugs. The spectraof thelaboratory-prepared mix-
tureswererecorded and then divided (absorbance at
each wavel ength) by the spectrum of 300ug mL* STA.

—= Fyll Paper

The absorbance of the plateau region in theresulting
spectrum was subtracted at A above 260 nm (the con-
stant). The obtained spectrawere then multiplied (ab-
sorbanceat each wave ength) by the spectrum of 300ug
mL* STA (thedevisor). Theobtained spectrawereused
for thedetermination of M TF from the corresponding
regression equation.

Analysisof laboratory prepared mixtures

L aboratory prepared mixturescontaining different
ratiosof STA and MTFwereanalyzed using the sug-
gested methods. The concentration of each component
wascd culated from the corresponding regression equa-
tion.

Assay of phar maceutical formulation (Janumet®
ablets)

Twenty tablets were weighed and the average
welght was cal cul ated. Tabletswere crushed tofurnish
ahomogenous powder and 2.375gm of powdered tab-
letswere dissolved by theaid of an ultrasonic bath for
2 hoursand filtered through Whatman filter paper to
preparestock solutionsand then procedureswere com-
pleted as described under each method.

RESULTSAND DISCUSSION

First-derivative (D) method

Derivative spectrophotometry isapowerful tool in
quantification of mixturesof drugs. A smple, rapidand
sel ective spectrophotometric technique was proposed
and applied for thedetermination of STA, ether inraw
materia or in pharmaceutical formulation containing
MTF. Thiswas done by applying thefirst-derivative
(D) ultraviol et spectrophotometry. The method could
solvethe problem of spectral bands overlapping be-
tween STA and M TFwithout sample pretreatment or
separation steps of the two analyzed drugs. The ab-
sorption spectraof STA and MTF showed overlap-
ping, littleinterference (Figure 2). Whenthefirst-de-
rivative spectra(Figure 3) wereexamined, it wasfound
that STA can bedetermined at 274.8nm, whereMTF
hasno contribution. Thisalowed accurate determina-
tion of STA in presence of MTFE. A linear relationship
was obtained in therange of 25-500ug mL* for STA.
Theregress on equation wascomputed and found to be:
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Absorbance

Wavelength

Figure 2 : Scanning profile of MTF5-30 pg mL?* (—) and
STA 300 png mL2(---)

Peak Amplitude
i3

Wavelength

Figure3: First derivative spectra of (300ng mL2) of STA
(...)and 30 pgmLof MTF (—)

D =0.0042C +0.0406 (r =0.9997), at 274.8 nm

Where'D isthepeak amplitude of thefirst-derivative
curve (AA/A)) a 274.8 nm, C isthe concentration of
STA (ug mL?) andristhecorrelation coefficient. The
precision of the proposed method was confirmed by the
andysisof different samplesintriplicates. Themean per-
centage recovery wasfound to be 99.31%at 274.8 nm.

Second-derivative (D) method

The second-derivative (?D) ultraviol et spectropho-
tometry was applied for the simultaneous determina-
tionof MTFand STA, either intheir mixtureor inther
pharmaceutical formulation. Themethod could solve
the problem of spectra bandsoverlgpping between STA
and MTF without sampl e pretreatment or separation
stepsof thetwo analyzed drugs.

The absorption spectra of STA and MTF show
overlapping and error probability that affect the use
of direct spectrophotometry and first-derivative
method (D) for their determination, especially at
higher levels of MTF, When the second-derivative
spectrawere examined, (Figure 4) it wasfound that
STA could be determined at 278.6 nm, whereMTF
has no absorbance and M TF could be determined at
256.5 nmwhere STA has no contribution (zero cross-
ing). A linear rel ationship was obtained inthe range of
25-500pg mL* for STAand 2.5-35 ug mL*for MTF,

The corresponding regressi on equations were com-
puted and found to be:
?D = 0.0052 C + 0.0384
for STA
?D = 0.0236 C - 0.0094
forMTF
Where?D isthe peak amplitude of the second-deriva-
tive curveat the corresponding wavelengths, Cisthe
concentrationof STAand MTF (ug mL?*) andr isthe
correlation coefficient.

Themean percentage recoverieswerefound to be
99.51% at 278.6 nm for STA and 100.48% at 256.5
nmfor MTF

(r=0.9997),at 278.6 nm (1)

(r=0.9995), at 256.5nm (2)

Peak Amplitude
e
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Figure4: Second derivative spectraof STA 300ug (---) and
MTF 30pg(—)

Dual wavelength method

The method dependson sdecting two wavelengths
at which STA showsthe sameabsorbancewhileMTF
hasdifferent absorbancevalues. Thewavel engths se-
lected for determination of MTF were 228.6 nm &
245.3 nm. At thesewavel engths STA hasthe sameab-
sorbancevaues(Figure2).

Linearity

Linearity of the proposed method was verified by
andyzing six different concentrationsintherangeof 5-
30ug mL*for MTF (Figure2). Each concentrationwas
madeintriplicate. Theregression equation of caibra-
tion curvewsas:

AA=0.0345C +0.0365 r =0.9997
Regression analysisof Beers plots showed good cor-
relationin concentration rangeof 5-30 ug mL*for M TF.

Ratio subtraction

Spectral characteristicsof STAand MTF
For amixtureof twodrugs, X andY with overlap-
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Figure5: Division spectra of labor atory-prepar ed mixtures
of MTF(X) and STA(Y) using 300ug mL* of STA (Y?) as the
divisor and water assolvent
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Figure6: Division spectra of labor atory-prepared mixtures
of MTF(X) and STA (Y) using STA (Y?) 300ug mL-1 as divisor
and digtilled water assolvent after subtraction of theconstant
ping spectra, and the spectrum of Y isextended more
than X, thedetermination of X can bedoneby dividing
the spectrum of the mixture by acertain concentration
of Y asadivisor (Y’).

Thedivisonwill giveanew curvethat represents
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If we subtract thisconstant, then multiply thenew curve
obtained after subtraction by Y ’, we obtain the original
curveof X.

Thiscan besummarizedinthefollowing equations:
X+Y X Y

X
=-—+—=—+constant
Y Y Y v

X X
—+ Constant - constant = —
Y' Y'

Xyiox

vz

The congtant can be determined directly fromthecurve
by the straight linethat is parallel to the wavelength
axisintheregionwhereY isextended.

Thismethod was applied for the determination of
MTF (component X) in the presence of STA (com-
ponent Y). The zero order spectra measured and
stored in the PC were used for estimating the concen-
tration of MTF. The resulting division spectra are
showninfigure5. Figure 6 showstheresulting spec-
traafter subtraction of the constant val ue, shown above
260 nm and indicated by straight lineparallel to the
wave ength axis. The spectraobtaned were then mul-
tiplied by the devisor spectrum (300 pg mL?) of STA
to obtain the spectra of MTF. The method has the
advantage of smplestepsand avoiding derivative cal-
culations and al so one can ensure the validity of the
resultswhen obtaining the direct spectraof compo-
nent X at the end of cal culations.

Analysisof thelabor atory-prepared mixtures
The suggested methods were applied for the de-

X
¥ +Constant termination of STA and MTFintheir mixtures. There-
TABLE1
Methods  'D method at 274.8nm  ?Dmethod  Dual wavelength method  Ratio subtraction method
Sitagliptin
Mean = S.D. 100.08 + 1.44 101.69 + 0.68 - -
M etformin
Mean + S.D. - 99.55+1.26 100.47 +1.49 100.17+1.51
TABLE?2
Preparation 'D method » . .
Janumet® Tablets BN: 0426580 at 274.8 nm D method Dual wavelength method Ratio subtraction method
Sitagliptin
Mean + S.D. 99.53+£0.61 99.49+0.75 - -
M etformin
Mean + S.D. - 100.36 + 1.87 99.25+0.77 100.11+0.99
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TABLE3
'D-method D-method Dual wavelength method Ratio subtraction method
Par ameter

STA STA MTF MTF MTF
Range 25-500 pg  25-500 g 2.5-35pg 5-30 ug 2.5-30 pug
Slope 0.0042 0.0052 0.0236 0.0348 0.0797
Intercept 0.0406 0.0384 -0.0094 0.0279 -0.0586
Mean 99.31 99.51 100.48 101.60 100.12
SD 1.043 1.139 1.648 0.982 1.39
Variance 1.089 1.299 2.717 0.964 194
Coefficient of variation 1.050 1.145 1.640 0.966 1.39
Correlation coefficient () ~ 0.9997 0.9997 0.9995 0.9977 0.9993
RSD (%)? 0.182-0.523 0.197-0.381 0.207-0.875 0.427-0.854 0.910-1.437
RSD (%)” 0.157-0.495 0.189-0.468 0.445-0.549 0.496-0.970 1.171-1.214

atheinter-day (n=6) relative standar d deviation of 100-300 pug for STA and 10-20 ng for MTF; "theintra-day (n=6) relative
standard deviation of 200-300 pg for STA and 10-20 pg for MTF

TABLE4
1N, 2N, Reference o Dual wavelength Ratio subtraction Official USP
Parameter 0 method D-method e "D-method = e o method method!”
STA STA STA MTF MTF MTF MTF

Mean 99.31 99.51 99.87 100.48 100.03 100.12 99.30
SD. 1.043 1.139 0.954 1.64 1029 1.39 1.20
Variance 1.089 1.299 0.91 2.717 1.687 1.94 1.44
N 11 6 6 8 6 7 6
Ftest 1.20 1.43 2.98 117 1.34

(4.74)2 (5.05)° (4.88)% (5.05)% (4.95)%
Student’s 1.120 0.594 1.554 1.825 1.142
t-test (2.131)° (2.228) ¢ (2.179° (2.228)% (2.201)*

3thevaluesin the par enthesesar ethecor responding theor etical t-and F-valuesat p = 0.05%

sultsshowninTABLE 1 Detemination of Sitagliptinand
metforminin laboratory prepared mixturesillustrate
good percentage recoveriesand high precision

Application of the proposed methodstothe phar-
maceutical formulation

The proposed methodswere successfully applied
for the determination of STA and MTF in Janumet®
tablets, showing good percentagerecoveries, TABLE
2 Detemination of sitagliptinand metforminin Janumet®
tablets.

Satistical analysis

Assay parametersand validation sheet for the de-
termination of sitagliptin and metform areshownin
TABLE 3Assay parameters and validation sheet for
determination of sitagliptin and metformin. Results of
the suggested methods for determination of STA and
MTF were statistically compared with those obtai ned

by applying thereported methodd 6, respectively. The
calculated t- and F-values®® werefound to belessthan
the corresponding theoretical ones, confirming good
accuracy and excellent precison TABLE 4 Statistical
comparison for the results obtai ned by the proposed
methods and reference methods for sitagliptin and
metformin.

CONCLUSION

Unlike the most proposed HPL C-procedures, the
proposed spectrophotometric methodsaresimpleand
not expensive. The reagents used inthe proposed meth-
odsarecheagp and readily available, just distilled water
a so offersclean chemistry. The proceduresappliedin
each method do not involve any critical reactions or
tedious sampl e preparations. This aspect of spectro-
photometric analysisisof mgor interestinanaysissince
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it offersdistinct possibility of assaying STAandMTFin
their mixtureand in their pharmaceutical formulation
without interferencefrom each other or dueto thetab-
let excipients.

The suggested methodsarefoundto besmple, ac-
curate, selectiveand equally sensitivewith no signifi-
cant difference of the precision compared withthere-
ported methods¢7. They could be applied for rou-
tineanaysisof puredrugsor initspharmaceutica for-
mulation.
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