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Abstract: The present work was undertaken with the aim t@ltgvand validate a rapid and consistent UPLC
method in which the peaks will be appear with shpatiod of time as per ICH Guidelines. The proposed
method was simple, fast, accurate and precise mdtrahe Quantification of drug in the dosage fobulk
drug as well as for routine analysis in Quality ttoh UPLC method was developed and validated for
simultaneous estimation of Sitagliptin and Simvéstan bulk drug and in combined dosage forms. UPLC
separation was achieved on a Symmetgy @.1 x 100mm, 1 dm, Make: BEH) or equivalent under an
Isocratic Mode. The mobile phase was composed o$tiate Buffer (30%) whose pH was adjusted to 4.0 b
using TEA & Acetonitrile (70%)[UPLC Grade]. The ¥lorate was monitored at 0.4 ml per min. The
wavelength was selected for the detection was 21.3Tie run time was 3min. The retention time fotordhe
drugs Sitagliptin and Simvastatin were 0.509 r&irl..623 min. respectively. The linearity was efitdied in

the range of 500 to 900ppm for the drug SitagligtiR00 to360ppm for the drug Simvastatin. The LQ@Dthe
drugs Sitagliptin & Simvastatin were found to b&8ug/ml & 0.17ug/ml respectively. The LOQ for theigs
Sitagliptin & Simvastatin were found to be 0.61ub&n0.56g/ml respectively. The proposed method was
adequate sensitive, reproducible, and specifidiferdetermination of Sitagliptin and Simvastatinbulk as
well as in Tablet dosage form. The validation oftmoeel was carried out utilizing ICH-guidelines. The
described UPLC method was successfully employethfoanalysis of pharmaceutical formulations canitaj
combined dosage form. Overall the proposed methaxifaund to be suitable and accurate for the Quading
determination of the drug in Tablet dosage fornine Thethod was simple, precise, accurate and senaitd
applicable for the simultaneous determination daa@iptin and Simvastatin in bulk drug and in condad
dosage forms.
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I ntroduction

Sitagliptin phosphate monohydrate (SPM)chemic#B8iR)-3-amino-1-[3-(trifluoromethyl)-5,6-Dihydro
[1,2,4] triazolo[4,3a]pyrazin-7(81)-yl]-4-(2,4,5-trifluorophenyl)butan-1-one phosphdtydrate (Fig. No.1) is
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oral hypo glycemic drug of the dipeptidyl peptida@¢®PP-40 inhibitor class. DPP-4 inhibitors reprasenew
therapeutic approach to the treatment of type Beadés that functions to stimulate glucose depenitsntin
release and reduce glucagons levels. This is donagh inhibition of the inactivation of in cretinsarticularly
glucagon-like peptide-1 (GLP-1) and gastric intobjt polypeptide (GIP), thereby improving glycemic
control1-3. Several analytical methods based ortU¥pectroflourimety; RP-HPLC?® LC-MS/MS™ was
reported for the determination of Sitagliptin phlozfe monohydrate in plasma and urine of humans,arad
dogs. Simvastatin (SIM), a methylated analog o&faatin, is -(+)-{1S,3R,7S,8S,8aR)-1,2,3,7,8,8 wahgdro-
3,7-dimethyl-8-[2-(2R,4R)-tetrahydro-4-hydroxy-6@2H-pyran-2-yl]-naphthyl-2,2-dimethyl butanoateigF
No.2). It acts by inhibiting HMG CoA reductase andused for the treatment of hypercholesterolemfter
oral administration, this prodrug is converted iftdydroxy acid of simvastatin, which is a potertibitor of
HMG CoA reductase, a key enzyme required for thehmsis of cholesterol in liver. The determinatimh
Simvastatin has been carried out in tablets by éefophotometry ** RP-HPLC>?° A literature review
reveals that no UPLC analytical method is availafie the simultaneous estimation of Sitagliptin and
Simvastatin in tablet dosage form in pharmaceupcaparations, which prompted to pursue the preserk.
The objective of the present work is to develop amafidate new analytical methods for simultaneous
determination of Sitagliptin and Simvastatin inlédltlosage form. This communication forms the fiegort of

a simple, sensitive and reproducible method forstheiltaneous estimation of Sitagliptin and Simatstfrom
combined dosage form by UPLC. Ultra performanceaificchromatography (UPLC) is a recent technique in
liquid chromatography, which enables significantiugtions in separation time and solvent consumption
Literature indicates that UPLC system allows ab@bld decreases in analysis time as compared €o th
conventional HPLC system usingubn particle size analytical columns, and about 8-fdécrease in analysis
time in comparison with @m particle size analytical columns without compreendn overall separation.
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[3F)-3-amino-1-[3-(trifluoromethyl)-5 &-dihydro[ 1,2, 4]triazolo[4,3-a]
pyrazin-7{8H)-yl]-4-(2,4,5-triflucrophenyl)butan-1-one

Sitagliptin

Fig. no. 1-Chemical Structure of Sitagliptin Fig. no. 2-Chemical Structure of Simvastatin

Materials & Method %%
Chemicals and Reagents Used:

The following chemicals were procured for the msx Water [UPLC GradeMethanol [UPLC
Grade], Acetonitrile [UPLC Grade], Sitagliptin agimvastatin [Working standards], OrthophosphoriédA&
Sodium Dihydrogen Ortho Phosphatethe chemicals were procured from STANDARD SOLONS and the
tablets were collected from the Local market.

Apparatus and Chromatographic Conditions:

Equipment: Ultra performance liquid chromatography equippéith viiuto Sampler and DAD or UV detector.
UV/VI1S spectrophotometer: LAB INDIA UV 3000"

pH meter: Adwa — AD 1020

Weighing machine: Afcoset ER-200A

Temperature: Ambient

Column: Symmetry Gg (2.1 x 100mm, 14Im, Make: BEH) or equivalent
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Phosphate Buffer: 7.0 grams of Sodium Dihydrogen Ortho Phosphat&0i@0 ml Water [HPLC Grade] pH
adjusted with TEA.

pH: 4.0

M obile phase: Phosphate Buffer: Acetonitrile (30: 70v/v)
Flow rate: 0.4 ml per min

Wavelength: 213 nm

Injection volume: 0.4l

Run time: 3min.

Preparation of Phosphate buffer *: The buffer solution was prepared by dissolving aamly weighed 7.0
grams of Sodium Dihydrogen Ortho Phosplaatd transferred into a clean and dry 1000ml volumdiask,
dissolved and diluted with 1000ml water [UPLC Ghadée final pH of the buffer was adjusted to 4y0using
TEA.

Preparation of mobile phase: The Mobile Phase was prepared by mixing 300 ml (86#4he above buffer
and 700 ml of Acetonitrile [UPLC Grade] (70%) arebdssed in an ultrasonic water bath for 10 mindiesn
the resultant solution was filtered through 0.4ftgr under vacuum filtration.

Diluent Preparation: The Mobile phase was used as Diluent.

Preparation of the Sitagliptin and Smvastatin Standard & Sample Solution:

Preparation of Stock solution: The stock solution was prepared by weighing acelydtOOmg Sitagliptin and
40 mg Simvastatin and transferred into a cleandagdlO0 ml volumetric flask. About 70 ml of diluenas
added and sonicated. The volume was made upto #nke with the same diluent. From the above prepared
Stock solution pipette out 7.0 ml of solution anansferred into a clean and dry 10ml volumetricK|athe
diluent was added upto the mark to get final cotre¢ion.

Preparation of Sample Solution: The sample solution was prepared by weighing edpiitty 208.9 mg of
Sitagliptin and Simvastatin and transferred int@0® ml clean and dry volumetric flask and about [76Mm
diluent was added and sonicated to dissolve it ¢etely and the volume made up to the mark withsteme
solvent. From above prepared stock solution pipmite7ml of solution and transferred into a clead dry 10
ml volumetric flask, the diluent was added upto thark 10ml to get final concentration. The standand
sample solutions were injected five times and thakpareas were recorded. The mean and percentatjeere
standard deviation were calculated from the pea&sar

System Suitability?®*®: The Tailing factor for the peaks due to Sitaglipind Simvastatin in Standard
solution should not be more than 1.5. The Theakixtates for the Sitagliptin and Simvastatin peaks
Standard solution should not be less than 208@. system suitability of the method was checkedhfwcting
five different preparations of the Sitagliptin aBuinvastatin standard. The parameters of systembslitly were
checked.

Assay calculation for Sitagliptin & Famotidine:
AT WS DT P Avg.Wt.

Assay % =AS * DS “WT *100* Label Claim * *°
Where,
AT = average area counts of sample preparation.
AS = average area counts of standaspgpation.
WS= Weight of working standard takemg.
WT=Weight of test taken in mg.
DS =Dilution of standard solution
DT =Dilution of sample solution
P = Percentage purity of working standard
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System Suitability Resultsfor Sitagliptin:

1) The Tailing factor obtained from the standamjddtion wasl.3.
2) The Theoretical Plates obtained from the stahuhgection wa556.4.
Assay Result for Sitagliptin:

744663 100 1 7 100 1 10 993 208.9
745736 100 1710 °208.9 17 *7100 * 100

x 100 =99.7
%

System Suitability Resultsfor Smvastatin:

1) The Tailing factor obtained from the standamddtion wasl.1.
2) The Theoretical Plates obtained from the stahuhgection wa2318.5.

Assay Resultsfor Simvastatin:

500877 100 1 7 100 1 10 99.8 208.9 .= _
504694 100 1 107208.9 1°7 *Too *" 30 0777 o
[27-34]

Validation Development

Precision: It is a measure of degree of repeatability of aaldical method under normal operation and it is
normally expressed as % of relative standard dewigfo RSD). The standard solution was injectedfifc
times and measured the area for all five injectiortidPLC. The %RSD for the area of five replicatgctions was
found to be within the specified limits. The chraoggiam was represented in fig. no.6. (Table no.2).&

Intermediate Precision/Ruggedness: To evaluate the intermediate precision (also knesrRuggedness) of
the method, Precision was performed on differemt lha using different make column of same dimensions
The standard solution was injected for five timed measured the area for all five injections in GPLhe %RSD
for the area of five replicate injections was fouiodbe within the specified limits. The chromategravas
represented in fig no. 7. (Table no. 3 & 4).

Accuracy: The accuracy of an analytical procedure expredseclbseness of agreement between the value
which is accepted either as a conventional trueevalr an accepted reference value and value folimal.
standard solution with Accuracy -50%, Accuracy 208nd Accuracy -150% were injected into chromatalgja
systemandcalculated the amount found and amount added fagl§itin & Simvastatin and further calculated
the individual recovery and mean recovery valud®e §hromatograms were represented in fig. no.&,19.
(Table no. 5 & 6).

Linearity: It is the ability of the method to elicit test uéisthat is directly proportional to analytic comteation
within a given range. It is generally reported agance of slope or regression line. It is deteadiby series of
three to six injections of five of more standarDgferent levels of solution were prepared and dtge to the
chromatographic system and the peak area was neelaBlotted a graph of peak area versus concentration (
X-axis concentration and on Y-axis Peak area) atcutate the correlation coefficient. The calibwaticurve
was represented in fig. no. 11 & 12. (Table no. 8)&

Limit of Detection: The detection limit of an individual analytical gexdure is the lowest amount of analyte in
a sample which can be detected but not necessaidigtities as an exact value.

Limit of Detection for the drugs Sitagliptin & Simvastatin: The lowest concentration of the sample was
prepared with respect to the base line noise arasuned the signal to noise ratio. Limit of detattis the
lowest concentration of the substance that can dtectkd, not necessarily quantified by the method.
(Regression statistics) The minimum concentrationhach the analyte can be detected is determirad the
linearity curve by applying the following formula.

[4)
Limit of detection (LOD) = X 3.3

Where S — slope of the calibration curve
o — Residual standard deviation
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Calculation of S/N Ratio for Sitagliptin:

Average Baseline Noise obtained from Blank 2 1y
Signal Obtained from LOD solution (0.26% of targesay concentration) . 151 ppv
SIN = 151/52 = 2.96

Calculation of S/N Ratio for Simvastatin:

Average Baseline Noise obtained from Blank 2 1y
Signal Obtained from LOD solution (0.62% of targesay concentration) . 154 uv

S/IN = 154/52 = 3.01
Acceptance Criteria: The S/N Ratio value should be 3 for LOD solution.

Limit of Quantification: It is defined as lowest concentration of analytaisample that can be determined
with acceptable precision and accuracy and relighily a given method under stated experimentaditimms.
LOQ is expressed as a concentration at a spesifig@l to noise ratio.

Limit of Quantification for the drugs Sitagliptin & Simvastatin: The lowest concentration of the sample was
prepared with respect to the base line noise arauned the signal to noise ratio. Limit of Quantéfion is the
lowest concentration of the substance that cansbna&ted quantitatively. It can be determined friamearity
curve by applying the following formula

a
Limit of Quantification (LOQ) =5 - 10
Where S — slope of the calibration curve

o — Residual standard deviation
Calculation of S/N Ratio for Sitagliptin:
Average Baseline Noise obtained from Blank 2 1y
Signal Obtained from LOD solution (0.62% of targesay concentration) » 514 v
SIN = 514/52 = 10.0
Calculation of S/N Ratio for Simvastatin:
Average Baseline Noise obtained from Blank 2 1y
Signal Obtained from LOQ solution (2.0% of targesay concentration) : 509uV
SIN = 509/52=9.98
Acceptance Criteria: The S/N Ratio value should be 10 for LOQ solution.
The chromatograms were represented in fig. no. 18&

Robustness: As part of the Robustness, deliberate change inHbe rate, Mobile Phase composition,
Temperature Variation was made to evaluate the éinpathe method. The standard and samples oflitiag
and Simvastatin were injected by changing the ¢mmdi of chromatography. There was no significarange
in the parameters like resolution, tailing facsymmetric factor, and plate count.

The flow rate was varied at 0.3 ml/min to 0.5ml/min.: The Standard solution of Sitagliptin & Simvastatin
was prepared and analysed using the varied floes i@bng with method developed flow rate. On evanaof
the above results, it was concluded that the varidah flow rate does not affected the method digantly.
Hence it was indicated that the method was robumsh &y change in the flow rate. The chromatograrasew
represented in fig. no. 15 & 16. (Table No. 9 &.10)

The Organic composition in the M obile phase was varied from 60% to 80%.: The Standard solution for the
drug Sitagliptin & Simvastatin was prepared andlys®a using the varied Mobile phase compositiom@lo
with the actual mobile phase composition. On eu@unaof the above results, it was concluded tha th
variation in 10% Organic composition in the molplease does not affected the method significantinde it
was indicated that the method was robust even bBpg# in the Mobile phase +10. The chromatograms wer
represented in Fig. no. 17 & 18. (Table no. 11 & 12
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Fig. no. 4- Chromatogram for the Optimized M ethod Development
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Fig. no.8- Chromatogram for the Accuracy (50%)

Tableno.l: Precision result for the drug

Sitagliptin

I njection Area
Injection-1 746921
Injection-2 745146
Injection-3 747076
Injection-4 747336
Injection-5 740412
Average 745378.2
Standard Deviation | 2907.439
%RSD 0.390062

Table no.2: Precision result for the drug

T
2.00 220

T
240 2.60 2.80

Table no.3: Ruggedness result for the drug

3.00

Sitagliptin

I njection Area
Injection-1 727720
Injection-2 713675
Injection-3 735699
Injection-4 727235
Injection-5 746709
Average 730207.6
Standard Deviation | 12153.22
%RSD 1.664351

Tableno.4: Ruggedness result for the drug

Simvastatin Simvastatin
I njection Area Injection Area
Injection-1 519174 Injection-1 494755
Injection-2 510022 Injection-2 496592
Injection-3 511778 Injection-3 491012
Injection-4 512311 Injection-4 500433
Injection-5 521078 Injection-5 479020
Average 514872.6 Average 492362.4
Standard Deviation | 4916.19 Standard Deviation | 8194.386
%RSD 0.954836 %RSD 1.6643

Tableno.5: Accuracy result for the drug Sitagliptin
% Concentration (at Area Amount Amount % Recovery Mean
specification L evel) Added(mg) | Found(mg) Recovery
50% 376680 50 50.3 100.6%
100% 746110 100 99.6 99.6% 99.8%
150% 1116092 150 149.0 99.3%

Tableno.6: Accuracy result for the drug Simvastatin
% Concentration (at Area Amount Amount % Recovery Mean
specification L evel) Added(mg) | Found(mg) Recovery
50% 253868 20 19.6 98.4%
100% 514331 40 39.9 99.7% 99.4%
150% 774118 60 60.0 100.1%

886
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Tableno.7: Linearity result for the drug Sitagliptin

S.No tg/ilamy Concentration Area

1 I 500ppm 521793
2 Il 600ppm 620803
3 11 700ppm 713828
4 \Y 800ppm 827261
5 V 900ppm 932646
Correlation Coefficient 0.999

Table no.8: Linearity result for the drug Simvastatin
S.No Linearity Concentration Area
Level

1 [ 200ppm 399013
2 Il 240ppm 464022
3 11 280ppm 529213
4 \Y 320ppm 596276
5 \% 360ppm 656691
Correlation Coefficient 0.999
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Fig. no.9- Chromatogram for the Accuracy (100%)
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Fig. no. 11-Linearity curvefor the drug Sitagliptin
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Fig. no. 12-Linearity curvefor the drug Simvastatin

Results & Discussion

The present work was undertaken with the aim tceldgvand validate a rapid and consistent UPLC
method development in which the peaks will be appéth short period of time as per ICH Guidelingse
proposed method was simple, fast, accurate andspreuethod for the Quantification of drug in the
Pharmaceutical dosage form, bulk drug as well asdatine analysis in Quality control. Overall theoposed
method was found to be suitable and accurate foQthantitative determination of the drug in taldesage
form. The method was simple, precise, accuratesanditive and applicable for the simultaneous deteation
of Sitagliptin & Simvastatin in bulk drug and in mbined dosage forms. The Ultra performance liquid
chromatography (UPLC) methods was developed andatall for simultaneous estimation of Sitagliptin &
Simvastatin in bulk drug and in combined dosagenforThe UPLC separation was achieved on a Symmetry
Ci5 (2.1 x 100mm, 14Im, Make: BEH) or equivalent in an Isocratic ModéeTmobile phase was composed of
Phosphate Buffer (30%) whose pH was adjusted tbyising TEA & Acetonitrile (70%) [UPLC Grade]. &h
flow rate was monitored at 0.4 ml per min. The wength was selected for the detection was 213 rima.rlin
time was 3min. The retention time found for thegdr&itagliptin & Simvastatin were 0.509 min. & 136&in.
respectively. It was represented in fig. no. 4. Phecision data for the drugs Dutasteride & Tansnlavere
represented in Table no. 1 & 2 and the chromatdgvegs represented in Fig. No. 6. The %RSD for sampl
should be NMT 2. The %RSD for the standard soluti@s found to be 0.390062 & 0.954836 for the drugs
Sitagliptin & Simvastatin respectively, which isthin the limits hence the method was precise. Wherdrugs
Sitagliptin & Simvastatin were analyzed by the megd method in the intra and inter-day (Ruggedness)
variation, a low coefficient of variation was obsed it was represented in Table no. 3 & 4 and the
chromatogram was represented in Fig. no.7 whiclwshibat the developed RP-HPLC method was highly
precise. The %RSD was found to be 1.664351 & 1.6648ne drugs Sitagliptin & Simvastatin respediye
which is within the limits. The standard solutioittwAccuracy -50%, Accuracy -100% and Accuracy %5R0ere
injected into chromatographic systamdcalculated the amount found and amount added fagigitin &
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Simvastatin and further calculated the individusdavery and mean recovery values. (Table no. 5.&6g
chromatograms were represented in fig. no. 8, 9. &@ % recovery was found to be 99.3%- 100.6%Her
drug Sitagliptin. The % recovery was found to be79®- 100.1% for the drug Simvastatin. In ordetetst the
linearity of the method, five dilutions of the wanl standard solutions for the drugs Sitagliptirs8nvastatin
were prepared. The linearity was established inrémge of 500 to 900ppm for the drug Sitagliptin2@0
to360ppm for the drug Simvastatin. The data wepeesented in Table no. 7 & 8. Each of the dilutieas
injected into the column and the Linearity Curveswa&presented in Fig. no.11 & 12. The Correlation
coefficient (R) should not be less than 0.999. The correlatieffimient obtained was 0.999 which was in the
acceptance limit. The Limit of detection and liroit quantification of the method were calculatedifgon
standard deviation of the response and the slQp# {ke calibration curve at approximate levelsha limit of
detection and limit of quantification. The chrongtams were represented in Fig. no. 13 & 14. The @D
the drugs Sitagliptin & Simvastatin were found ® @18ug/ml & 0.17ug/ml respectively. The LOQ fbet
drugs Sitagliptin & Simvastatin were found to b&lug/ml & 0.56pg/ml respectively. The Signal toseoratio
should be 3 for LOD. The results obtained were withe limit. The Signal to noise ratio should [efar LOQ
solution The results obtained were within the limit. The Rstmess of the method was found out by testing the
effect of small deliberate changes in the chronajaigic conditions in the chromatographic conditiang the
corresponding peak areas. The factors selectethi®rpurpose were flow rate and percentage coniposit
variation in Phosphate Buffer and Acetonitrile lire tmobile phase. The method was found to be ranaigh
that the peak area was not apparently affectednayl sariation in the chromatographic conditionbeTsystem
suitability parameters were within the limits aritbwn in Table No. 9, 10, 11 & 12 and chromatogravese
represented in Fig. no. 15, 16, 17 & 18.
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Tableno.9: Result for effect of variation in flow rate for tlleug Sitagliptin
Sr.No. | Flow Rate (ml/min) System Suitability Results

USP Plate Count USP Tailing
1 0.3 3178.8 13
2 0.4 2556.4 1.3
3 0.5 2118.2 12

Table no. 10: Result for effect of variation in flow rate for tldkeug Simvastatin
Sr.No. | Flow Rate (ml/min) System Suitability Results

USP Plate Count USP Tailing
1 0.3 15759.1 11
0.4 23185.6 1.1
3 0.5 11131.1 11

Tableno.11: Result for effect of variation in mobile phase casifion for the Drug Sitagliptin
(Organic Phase)

Change in Organic | System Suitability Results
Sr.No. | Compodgtion in the .

M obile Phase USP Plate Count USP Tailing
1 10% less 2487.3 1.2
2 Actual 2556.4 1.3
3 10% more 23415 1.1

Tableno.12: Result for effect of variation in mobile phase casigion for the Drug Simvastatin
(Organic Phase)

Change in Organic | System Suitability Results
SNo Compostion in the -
M obile Phase USP Plate Count USP Tailing
1 10% less 16227.7 1.0
2 Actual 23185.6 1.1
3 10% more 11186.3 11
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Fig. no. 15-Chromatogram for Less Flow Rate (0.3ml/min.)
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Fig. no. 18 -Chromatogram for More Organic Composition (80%)

Conclusion

Development of new analytical methods for the deieation of drugs in pharmaceutical dosage is
important in pharmacokinetic, toxicological biologi studies. Pharmaceutical analysis occupies atglivole
in statuary certification of drugs and their foraibns either by the industry or by the regulatauyhorities. In
industry, the quality assurance and quality contigpartments play major role in bringing out a saifiel
effective drug or dosage form.
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The current good manufacturing practices (CGMP) &mel Food Drug Administration (FDA)
guidelines insist for adoption of sound methodsaoflysis with greater sensitivity and reprodudpili
Therefore, the complexity of problems encountenegharmaceutical analysis with the importance bfeadgng
the selectivity, speed, low cost, simplicity, séimgy, specificity, precision and accuracy in esdition of drugs.

It was concluded that the proposed new UPLC mettiedeloped for the quantitative determination of
Sitagliptin & Simvastatin in bulk as well as in ft'mulations was simple, selective, sensitive uaaie, precise
and rapid. The method was proved to be superiondst of the reported methods. The mobile phases wer
simple to prepare and economical. The sample reiesvim the formulation were in good agreement litir
respective label claims and they suggested nonfénésce of formulation excipients in the estimatiblence
the method can be easily adopted as an alternatetbod to report routine determination of Sitaghpg
Simvastatin depending upon the availability of cleatts and nature of other ingredients presenténsémple.
The method also finds use in clinical, biologicaldapharmacokinetic studies for the drug Sitaglipfin
SimvastatinThe method was validated as per ICH guidelines vafidation acceptance criteria were met in all
cases.

Future Aspect: The proposed method can be use in future forctimical, biological and pharmacokinetic
studies of Sitagliptin & Simvastatin.
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