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ABSTRACT

Two methods namely, coupled TLC densitometry and high performance
liquid chromatography, were used to determine sitagliptin and simvastatin
simultaneoudly in their pharmaceutical dosage form. A TLC separation
with densitometric detection of both drugs was achieved using benzene:
n-butanol: triethylamine (9:2:0.5, by volumes] as a developing solvent.
Furthermore, a high performance liquid chromatographic procedure with
ultraviolet detection at 220 nm was devel oped for the separation and deter-
mination of the studied drugs using a C , column. The mobile phase was
composed of water: methanol: acetonitrile (1: 2: 2, by volumes). Thefinal
pH was adjusted to 4.6 + 0.1 with O-phosphoric acid. The proposed meth-
ods were successfully applied for the determination of the studied drugs
in pureforms, their mixtures and in pharmaceutical formulation containing
them. © 2012 Trade Sciencelnc. - INDIA
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Stagliptin (STA) is[(2R)-1-(2,4,5-trifluorophenyl)-

Smvadtatin[SIM], isbutanoic acid, 2, 2-dimethyl-
, 1, 2, 3, 7, 8, 8a-hexa hydro-3, 7-dimethyl-8-
[2(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)-
ethyl]-1-naphtha enyl ester, Figure 1. Itisalipid-low-
ering agent that isHM G Co-A reductaseinhibitort¥.

Figurel: Sructural formula of simvastatin [SIM] M.W.
[C,H,0,=41857]

4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro
[1,2,4]triazol o[ 4,3-a] pyrazin-7(8H)-yl]butan -2-
amine], Figure2. Itisan oraly activeand sdlectivein-
hibitor of dipeptidyl peptidase-1V that isused for treat-
ment of typell diabetes?.

FF

Figure 2 : Sructural formula of sitagliptin [STA] M.W.
[C,H,FN.O=407.31]

Many techniques were reported as UV-Visible

spectrophotometry®4, HPL CI>1% for the determina-

tion of SIM aone, in presence of itsmetabolitesorin
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combinationwith other drugs. Ontheother hand, STA
could bedetermined either doneor in presence of other
drugsusing different techniqueslike UV-Visible spec-
trophotometry!™ and HPL Cl'214),

Simultaneous determination of both drugs was
achieved by the use of simultaneous equation spectro-
photometric method*® and chromatographic
method!*®!,

In modern anaytica laboratory thereisalwaysa
need for smple and rapid method of analysis. The
present work aimed to devel op sensitive chromato-
graphic methodsfor routineanalys sand selective quan-
tification of both STA and SIM intheir pureformsor
eveninther pharmaceutical formulation. Themethods
described hereinclude coupled TLC-densitometry and
HPLC.

EXPERIMENTAL

Instrument

Camag TLC scanner 3S/N 130319 withWInCATS
softwareand Camag Linomat 5 auto sampler [M uttenz,
Switzerland] with Camag micro syringe[100 uL] were
used.

TLC plates[20 cmx 20 cm, 0.25 mm] coated with
silicagdl 60F,, [Merck, Germany] were used.

The chromatographic apparatus(Merck Hitachi in-
terface D-7000, an isocratic pump (model L-7110),
UV-visibledetector (Model L-7420) and aRheodyne
injector (model 7161) equipped with 20-uL injector
loop, LaChrom Merck Hitachi.

Stationary phase consisted of Xterra™ (250 4.6
mm, 5 um) C,, column. The sampleswereinjected by
thead of a100 pLL Hamilton® analytical syringe.

Materialsand reagents
All chemicad sand reegentswereof andyticd grade.
(a) Materials

Pure STA and SIM powder werekindly supplied
by Merck Sharp & Dohme International, USA. The
potency wasfound to be 100.50+ 0.791% (n=6), for
STA according to areference HPLC method*® and
100.87 £ 0.811% (n=6), for SIM according to the of-
ficiad HPLC method™.

(b) Reagents
HAralytical CHEMISTRY o

Benzene, n-butanol and phosphoric acid: Adwic,
El-Nasr Pharm. Co. (Cairo, Egypt). Methanol and ac-
etonitrile: HiPerSolv.®, HPLC-grade, E. Merck
(Darmstadt, Germany). Triethyl amineL R: Laboratory
Rasayan s.d. Fine-Chem Ltd. De-ionized water:
Bidigtilled fromAquatronAutomatic Weater Still A4000,
Bibby SterillinLtd. (Staffordshire, UK).

(c) Phar maceutical formulations

Juvisync™ tablet BN: G011008 claimed to contain
128.5 mg sitagliptin phosphate monohydrate equiva
lent to 100 mg sitagliptin free base and 20 mg
smvastatin, manufactured by Merck Sharp & Dohme
Internationa, USA.

(d) Sandard solutions

Standard stock solutionswere prepared by dissolv-
ing STA and SIM, separately, in 70 % agueous metha:
nol into 50-mL volumetric flasksto obtain afina con-
centration of 1 mg/mL for the TLC and HPLC methods.

All cal culationswere doneregarding thefree base
for STA.

Procedure
(a) TLC-densitometry
(A) Linearity

Stock standard solutionswere prepared separately
by dissolving 10mg of STA or SIM in 10mL-volumet-
ric flask with 70% agueous methanol. Aliquots (1-20
pL) of each of STA or SIM (each 1 mg/mL) were ap-
pliedonthinlayer silicaplates. The specified chromato-
graphic conditionswereadopted, and cdibration curves
were constructed by plotting the areas under peaks
(AUP) versusdrug concentration and the correspond-
ing regressi on equati onswere computed.

Anaysiswas performed on pre-coated thin layer
chromatographic plates, silicagel 60F,, (20cmx 20
cm, 0.25mm). Sampleswere applied ontheplatesin
theform of bands by Camag Linomat 5 auto sampler
utilizinga100-pL Hamilton micro-syringe. The band
length was 4 mm and dosage speed was 150 nL/sec.
Bandswereapplied 10 mm gpart from each other. The
air-dried plates, weredevel oped in achromatographic
tank, pre-saturated, for at least one hour, withthede-
veloping mobile phase; benzene + n-butanol + triethyl
ammine (9: 2: 0.5, by volumes) by ascending chroma:
tography through adistance of ~15 cm at room tem-
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perature (25 °C). The developed plates were air-dried
and the spots were detected under UV-lamp at 254
nm then scanned under thefollowing instrumenta con-
ditions

e Sourceof radiation: Deuteriumlamp

e Scan mode: Absorbance mode

e Sitdimenson: 3mmx 0.45mm

e Scanning speed: 20mm/ sec.

Regression equationswere constructed and used
for estimating the concentration of both drugsin labo-
ratory prepared mixturesand in pharmaceutical formu-
lations.

(b) HPL C method

(A) Linearity

Aliquots(0.1-1mL) from both SIM and STA stan-
dard solutions (each, 1 mg/mL) were accurately and
separately transferred into aseries of 10-mL volumet-
ric flasks, the volume was then completed with the
mobile phase to obtain a concentration range of 10-
1000 pg/mL for each.

Samples were then chromatographed using
Xterra™ C ,column (250 x 4.6 mm, 5 um) as a sta-
tionary phase. The mobile phase wasformed of water:
methanol: acetonitrile(1:2:2, by volumes). Thefina pH
of the mobile phase was adjusted to 4.6 + 0.1 using
phosphoric acid. The flow rate was 1mL/min,
isocratically with UV detection at 220 nm. Peak area
ratioswereplotted against concentration to obtain cali-
bration graphsthen theregression equati onswere com-
puted. The sampleswerefiltered a so through a0.45-
um membrane filter, and were injected by the aid of a
100-uL Hamilton® analytical syringe. To reach good
equilibrium, andysiswasusualy performed after pass-
ing ~50-60ml of the mobile phase, just for condition-
ing and pre-washing of the stationary phase.

Regression equationswere constructed and used
for estimating the concentration of both drugsin pure
samples, laboratory prepared mixturesand in pharma-
ceutica formuletions.

(c) Analysis of laboratory prepared mixtures of
STAand SIM

Aliquotsof STA and SIM were mixed to prepare
different mixturescontaining 10/1, 10/2 and 10/4 (w/
w) of STA/SIM, respectively, and proceed as men-
tioned under each method. The concentration of each
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drugwas ca culated from the corresponding regression
equation.

(d)Analysisof pharmaceutical formulation

Ten tabletswere weighed and powdered to obtain
theaverage weight per tablet. A massof the powdered
tablets, claimed to contain 100 mg of STA and 20 mg
SIM wasdissolved in small quantity of 70 % aqueous
methanol. Thismixturewas sonicated for 15min. and
diluted to mark with methanol. Aliquotswerethenre-
moved and centrifuged at 5000 rpm for 20 min and
thenfiltered through a0.45 um syringe filter. The solu-
tionwastransferred to avolumetric flask and assayed
asmentioned under each method. All determinations
weredoneintriplicate.

(e) Method validation

Thedevel oped analytical methodswerefully vali-
dated according to ICH guidelines. Comparison of the
results obtained by the proposed methods and theref-
erenceonesand statistical anaysisof datawasdone.

RESULTSAND DISCUSSION

Coupled TL C-densitometric method

A coupled TLC-densitometric method isdescribed
for the simultaneous determination of STA and SIM
without prior separation. Different solvent sysemswere
tried for the separation of both drugs. Satisfactory re-
sultswereobtained by applying the experimental con-
ditions mentioned beforeand using amobile phasecom-
posed of benzene+ n-butanol + triethylamine (9:2:0.5,
by volumes), where R was 0.31 and 0.73for STAand
SIM, respectively. The separation alowsthe determi-
nation of both drugswithout interferencefrom each
other. Thelinearity was confirmed by plotting the mea-
sured peak areaver susthe corresponding concentra-
tionsat 254 nm over arange of 1-20 pg/spot, for both
STA and SIM. The separated spots of the two drugs
werescanned at 254 nm, figure 3. Theregression equa
tionswere calculated and used for estimation of the
concentration of the studied drugsin unknown samples.

HPL C method

A simpleisocratic high-performanceliquid chro-
matographic method was devel oped for the determi-
nation of STA and SIM in pureformsand intheir mix-
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tures. Themobile phasewas chosen after severd trids.
Themost suitable onewas consisted of water: metha-
nol: acetonitrile, (1:2:2, by volumes). Theflow ratewas
ImL/min., isocraticaly, at ambient temperature. By us-
ing the described chromatographic conditions, STA and
SIM werewe | separated with averageretention times
of 3.3 min. and 8.8 min., for STA and SIM, respec-
tively, Figure4.

Optical density
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Figure3: Atypical densitogram showing the separ ation of
sitagliptin (R,=0.31) and simvagtatin (R,=0.73)
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Figure4: Atypical HPL chromatogram showing the separa-
tion of sitagliptin (3.3 min.) and simvastatin (8.8 min.)
Thelinearity of thedetector responsefor both drugs
was determined by plotting peak arearatiosto theex-
ternal standard versus concentration. Theregression
equationswere cal cul ated and used for estimation of
the concentration of the studied drugs in unknown
samples.
(a) Analysis of laboratory prepared mixtures of
STAand SIM

Different mixtures containing 10/1, 10/2 and 10/4
(w/w) of STA/SIM, respectively, were analyzed by
the proposed methods and the results are shown in

HAralytical CHEMISTRY o

TABLE1.

TABLE 1: Determination of STAand SIM in laboratory-
prepar ed mixtur esby the proposed methods

“Rato. D9 pedigmaric  HPLC
(STA/SIM) method
101 SIM (mean+ SD) 99.76 £ 1.182 98.83+0.910
STA (mean+ SD) 99.50+0.805 100.25+0.731
10/2 SIM (mean+ SD) 98.86+0.886 99.25+0.762
STA (mean+ SD) 98.95+0.754 101.18+1.276
10/4 SIM (mean+ SD) 100.89 + 1.252 101.19 + 0.863

STA (mean+ SD) 101.24+0.945 101.17 +0.928

(b)Analyssof pharmaceutical formulation

Assay of STA and SIM inJuvisync™ tablet wasdone
and satifactory resultswereobtained, TABLE 2.

TABLE 2: Determination of STA and SIM in their pharma-
ceutical formulation by the proposed methods

Preparation TLC HPLC
Juvisync™ tablet Densitometric method
BN: G011008 method
STA (Mean + SD) 101.28 + 0.830 100.85 + 0.635
SIM (Mean + SD) 99,55 + 0.704 98.96 + 0.502

(c) Method validation

The developed and ytica methodswerefully vali-
dated according to ICH guiddines. Comparison of the
results obtai ned by the proposed methods and theref-
erence onesand statistical anaysisof datawasdone.

TABLE 3: Assay parameter sand validation sheet for deter-
mination of STA and SIM by the proposed methods

Par ameter STA SIM
TLC HPLC TLC HPLC
method  method  method  method
Concentration 1-20pg 10-1000pg 1-20pg  10-1000pg
Range band* mL? band* mL?
Slope 595.12 0.0242 272.60 0.0905
Intercept -195.57 0.5459 -8.5657 0.4583
Mean 100.35 100.72 99.93 100.44
SD 0.825 0.974 0.892 0.832
Variance 0.681 0.949 0.796 0.692
cv”* 0.822 0.967 0.893 0.828
R 0.9987 0.9992 0.9996 0.9994

+ cv = coefficient of variation and r=corr el ation coefficient

Assay parameters and validation sheet for deter-
mination of STA and SIM by the proposed methods
arelistedin TABLE 3, whilecomparison of theresults
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obtained by the proposed methods and the reference
onefor STA and official method for SIM isshownin
TABLEA4.

TABLE 4: Satistical comparison for resultsobtained by the
proposed methodsand ther eferenceonefor STA and official
method for SSM

STA SIM
Parameler T 'C HPLC Reference TLC HPLC Offida
method method Method™ method method method™?
Mean 100.35 10072 10050 99.93 10044 100.87
sD 0825 0974 0791 0892 0832 0811
Vaiance 0681 0949 0626 079 0692 0.658
n 7 7 6 7 7 6
1.09 152 121 105
Ftest 495y (495 (495 (495)*
Student’s 0334 0449 1989 0942
t-test (2201)*  (2.201)* (2.201)* (2.201)*

*thevaluesin the parenthesesar ethe cor responding theo-
retical t-and F-valuesat p=0.05[17]
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