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Abstract
A modified simple, selective, rapid, precise reversed phase ultra performance liquid chromatography method has been developed and validated for the simultaneous estimation of sitagliptin and simvastatin. The method was carried out on Waters Acquity BEH C18, 50×2.1 mm, 1.7 μm UPLC column with a mobile phase consisting of water : acetonitrile (30:70) adjusted to pH 4.0 with orthophosphoric acid. The flow rate was 0.35 ml/min and the effluent was monitored at 236 nm . The validation of the proposed method was also carried out in terms of linearity, accuracy, precision, symmetry factor, plate count, regression, and recovery. In conclusion this method can be used for routine quality control analysis due to its simplicity and accuracy.
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Introduction
Sitagliptin (STG), [(2R)-1-(2,4,5-trifluorophenyl)- 4- oxo-4-[3-(trifluoromethyl)- 5,6 dihydro [1,2,4] triazolo [4,3-a]pyrazin-7(8H)-yl] butan-2-amine] (Fig 1) is a well knownhypoglycemic drug. STG is a novel oral hypoglycemic drug of the dipeptidyl
peptidase 4 inhibitor class1. Sitagliptin increased incretin levels (GLP-1 and GIP) which inhibit glucagon release, in turn decreases blood glucose, but     more     significantly     increases     insulin
secretion2.The determination of STG has been carried out in tablet by RP-HPLC by UV Spectrophotomerty3, RP-HPLC4 ,UPLC5, Laser diode      thermal      desorption      tendem      mass
spectrometry6, capillary electrophoresis7 Simvastatin (SMV), a methylated analog of


lovastatin, is -(+)-{1S,3R,7S,8S,8aR)-1, 2, 3, 7, 8,
8a-hexahydro-3,7-dimethyl-8-[2-(2R,4R)-tetra hydro -4-hydroxy-6-oxo-2H-pyran-2-yl]- naphthyl- 2,2-dimethyl butanoate (Fig 1). It acts by inhibiting HMG CoA reductase and is used for the treatment of hypercholesterolemia. After oral administration, this prodrug is converted into β hydroxy acid of simvastatin, which is a potent inhibitor of HMG CoA reductase, a key enzyme required for the
synthesis of cholesterol in liver2. The determination of Simvastatin has been carried	out in tablets by
UV-Spectrophotometry 8-14,RP-HPLC15,16, HPLC17,
HPTLC17. A literature review reveals that various analytical method but there is unavailable for the simultaneous    estimation    of    Sitagliptin    and
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Simvastatin in tablet dosage form in pharmaceutical preparations by UPLC. The objective of the present work is to develop and validate new analytical methods for simultaneous determination of Sitagliptin and Simvastatin in

tablet dosage form. This communication forms the first report of a simple, sensitive and reproducible method for the simultaneous estimation of Sitagliptin and Simvastatin from combined dosage form.
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Sitagliptin	Simvastatin
Fig. No. 01: Chemical structure


Experimental Materials and methods Instrumentation
The high pressure liquid chromatographic (HPLC) system used was of model SHIMADZU LC-10AD SPDM 10A Binary Gradient System equipped with Rheodyne injector and PDA detector controlled by LC solutions (version 1.25) software. A column Enable C-18 G Column (250mmx 4.6mm, 5μm) was used as a stationary phase.UV-Visible spectrophotometer used was Shimadzu, Model- 1650. The UPLC instrument used was waters Acquity system. Empower Software was used for data acquisition. A Sartorius analytical micro balance, an ultra soniccleancer, pH meter L1610ELICO, micropipettes and micro-pore filtration assembly etc were also used.

Materials
Sitagliptin phosphateand Simvastatin API were got from well reputed pharmaceuticals.Methanol of analytical grade, distilled water Ammonium di hydrogen orthophosphate, Acetonitrile and water (HPLC grade) and ortho phosphoric acid (GR grade) were purchased from the market.

Methods Analytical Chromatographic condition
The chromatographic separation was achieved on a C18 column (2.1 x50mm, 1.7μm particle size). The mobile phase was consisted of water and acetonitrile in the ratio of 30:70 (v/v) pH 4.0 adjusted with 0.1% orthophosphoric acid. The mobile phase was filtered through a 0.22 µm membrane filter before and degassed in an ultrasonic bath. The flow rate of mobile phase was


adjusted to 0.35ml/min and the injection volume was 5µl. Detection was performed at 236 nm.

Standard and sample preparation
Standard stock solution were prepared by dissolving 100mg of sitagliptin and 10mg of simvastatin in 100ml of mobile phase and 4 ml of the above solution was further diluted to 100ml with the same mobile phase to get a concentration of 40µg/ml and 4µg/ml for sitagliptin and simvastatin respectively.

Twenty tablets were weighed and crushed. The powder equivalent to 100mg of sitagliptin and 10 mg of simvastatin was accurately weighed and transferred into clean, dry 100ml volumetric flask. The powder was first dissolved in few ml of mobile phase through a whatmann filter to obtain the concentration 1000µg/ml and 100µg/ml for sitagliptin and simvastatin respectively. From the above stock solution , 4ml were transferred in to a 100ml volumetric flask and volume made upto 100ml with the mobile phase to get the concentration of 100μg/ml for sitagliptin 10μg/ml for simvastatin respectively. The standard and sample solutions were filtered through a membrane filter.

Selection of Wavelength
The wavelength of maximum absorption for sitagliptin is 248nm and simvastatin is 230nm. A single wavelength 236nm has been selected for estimation of sitagliptin and simvastatin   as both the peaks have the significant response. Overlay spectrum of sitagliptin and simvastatin in Fig 2.
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Fig. No. 02: Overlay Spectrum of Sitagliptin and Simvastatin
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Results and discussion Method development Development trial-1:
When chromatography was carried out at room temperature on a 250 × 4.6 mm i.d., 5μm Phenomenex Gemini C18 column with the isocratic mobile phase of acetonitrile and water (70:30 v/v) pH adjusted to 2.5 at a flow rate of 1.0 ml/min, but poor resolution between sitagliptin and simvastatin were observed .

Development trial-2:
When chromatography was carried out at ambient temperature on a 250 × 4.6 mm i.d., 5μm Phenomenex Gemini C18 column with the isocratic mobile phase of acetonitrile and water (70:30 v/v, pH 3.5) at a flow rate of 1.0 ml/min, late elution and poor resolution between sitagliptin and simvastatin were found.

Development trial-3:
When chromatography was carried out at ambient temperature on a 250 × 4.6 mm i.d., 5μm Phenomenex Gemini C18 column with the isocratic mobile phase of acetonitrile and water (70:30 v/v, pH 4.0) at a flow rate of 1.0 ml/min, a satisfactory separation of the two drugs was achieved with good resolution and minimal tailing.


Method transfer on UPLC:
Our aim was to develop a rapid, sensitive, simple and reliable UPLC method which can be estimated for two components in less than five minutes. Hence, the above method was transferred on UPLC system using column selection chart and calculator. A satisfactory separation of the two drugs was achieved on a Acquity BEH C18 (50 x
2.1 mm,1.7 µm)column with a mobile phase of acetonitrile and water (70:30 v/v, pH 4.0) at a flow rate of 0.35 ml/min. Quantification was achieved with PDA detection at 236nm based on the peak area. Better resolution of the peaks with clear base line separation was found. The sitagliptin and simvastatin were eluted at 0.82 min and 1.80min respectively.

Validation parameters18,19
The UPLC method was validated in terms of accuracy, precision, LOD, LOQ, linearity, range and robustness as per ICH guidelines.

Linearity
Five standard calibration solutions of sitagliptin and simvastatin having concentration in the range of 40-400μg/ml and 10-50μg/ml respectively were prepared by diluting the stock I solution with mobile phase. (Table 1 & Fig 2&3)



Table No. 01: Linearity data for SITA and SIM
	Linearity(n=5)
	Sitagliptin
	Simvastatin

	Range (μg/ml)
	40-400
	10-50

	Mean r2 value
	0.987
	0.992

	Regression quation
	Y=280.0+4155
	Y=141.4- 4.214
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[image: ]Fig. No. 02: Linearity curve for sitagliptin
Fig. No. 03: Linearity curve for simvastatin


System Suitability Tests
System suitability was verified by injecting working standard solution of 30μg/ml of sitagliptine and 2μg/ml of simvastatin. Various

parameters such as HETP, number of theoretical plates, tailing factor and resolution between the peaks of sitagliptin and simvastatin were obtained. (Table 2)



Table No. 02: System Suitability Data of STG and SMV
	Parameters
	Sitagliptin
	Simvastatin

	Retention time
	0.82
	1.80

	Repeatability % RSD
	0.09
	0.05

	Asymmetry
	1.37
	1.26

	Theoretical plates
	2100.93
	4749.61

	Resolution
	-
	4.50




Accuracy
This parameter is performed to determine the closeness of test results with that of the true value which is expressed  as % recovery. These studies


were performed at three different levels (50%, 100% and 150%) and the %recovery of sitagliptin and simvastatin was calculated. (Table 3)

Table No. 03: Recovery data of SITA and SIM
	Component
	Levels
	Mean recovery
	±SD
	%RSD

	Sitagliptin
	L1
	103.42%
	0.54
	0.52

	
	L2
	101.78%
	0.46
	0.45

	
	L3
	103.27%
	0.51
	0.49

	Simvastatin
	L1
	103.71%
	048
	0.46

	
	L2
	99.75%
	0.50
	0.50

	
	L3
	101.8%
	0.42
	0.42




Precision
The precision of the proposed method was evaluated by carrying out six independent assays of test sample. RSD (%) of six assay values obtained


was calculated. The intermediate precision was carried out by analyzing the sample in different days. (Table 4)


 (
%
 
of
 
Label
%
 
RSD
%of
 
Label
%
 
RSD
Sitagliptin
100.18
0.57
9.940
0.69
Simvastatin
10.06
0.59
10.8
0.6
)Table No. 04: Intermediate precision data of STG and SMV Compound
Compound(n=6)	Intra-day Precision	Inter-day Precision




Specificity
Specificity of the method was evaluated by injecting the blank, working standard and stressed

samples into the chromatograph to check the co- elution, if any, at the retention time of sitagliptin peak and simvastatin peak (Fig 4).


[image: ]
Fig. No 04: Typical chromatogram of standard mixture of sitagliptin(0.82 min) and simvastatin(1.80min)


Limit of Detection and Limit of Quantitation The limit of detection (LOD) and the limit of quantitation (LOQ) for sitagliptin and simvastatin


were determined from standard deviation of the response and the slope.

LOD= σ/S X 3.3 , LOQ = σ/S X 10 for the component sitagliptin and simvastatin (Table 5)






Robustness

Table No. 05: LOD, LOQ data for sitagliptin and simvastatin


Component	LOQ(mcg/ml)	LOD(mcg/mg)
Sitagliptin	0.94	0.312
Simvastatin	1.01	0.333



The robustness of the method was determined as a measure of the analytical method capability to be unaffected by small variations in method parameters. The different variations such as variation in flow rate by ± 0.2 ml/minute, variation

in wavelength by ± 2 nm. At these changed conditions, the standard solutions were injected. The amounts of sitagluptin and simvastatin were calculated (% assay) in each varied condition. (Table6)

Table No. 06: Robustness data of sitagliptin and simvastatin

Factor	Level	STG (n=3), Mean % assay
(% RSD)

SMV(n=3), Mean % assay (% RSD)

	Flow rate
	0.9ml/min
	98.66%(0.92%)
	99.18% (0.83%)

	
	1.1ml/min
	99.09% (0.95%)
	99.78% (0.94%)

	Wave length
	230nm.
	99.2% (1.11%)
	99.02% (0.92%)

	
	240nm.
	98.94% (0.95%)
	99.34% (0.91%)




Ruggedness
To test the ruggedness of the method, the analysis was done on different days and different chemists to check for any changes in the chromatograph. The percentage RSD for the retention time and area


was calculated.Data acquired and compared, % RSD of area and Rt has been calculated and tabulated in Table 7. Based on the data, it is evident that the method is Rugged.


Table No. 07: RSD of the drugs on different days and different analysts.

 (
%RSD
1
1
Emtricitabine
0.07
0.02
0.05
Tenofovir
0.09
0.04
0.07
2
2
Emtricitabine
0.06
0.04
0.08
Tenofovir
0.05
0.09
0.03
)Day	Analyst	Component	Rt

Stand. area % RSD	Sample area %RSD








Performance of the Drug/Batch Analysis
One market sample have been analysed to see the performance of the method. Tablet taken was


Juvisync which contains 100 mg sitagliptin and 10 mg of simvastatin. Results obtained have been summarized in the Table 8.





Juvisync

Table No. 08: Analysis of formulation
Drug	Labelled amount(mg)	Amount found	%amount
Sitagliptin	100	100.55	100.55
Simvastatin	10	9.97	99.7


Stability of sample solution
Solution stability of two drugs solution in a tightly capped volumetric flask for 72 hr when stored ina refrigerator between 2 to 8 °C temperatures was studied. The content of drugs were determined in
24 hr intervals. The content of drugs were determined   in the test solutions. No significant



changes were observed in the content of sitagliptine and simvastatine. The results from solution stability experiments confirmed that sample solution was stable up to 72 hr at 2-8°C temperature and did not show any appreciable change in sample area. (Table 9)


Table No. 09: Solution stability results
Time interval	simvastatine	Sitagliptine
% assay initial	100.55	99.70
% assay after 24 hr	99.98	99.82
% assay after 48 hr	100.54	100.00
% assay after 72 hr	100.08	99.93

Conclusion
A simple, precise and accurate method was developed for the quantitative estimation of sitagliptin and simvastatin in bulk drug and marketed formulation without any interference from the excipients. It is highly specific and pricise analytical procedure and chromatographic run time of five minutes allows the analysis of a large

number of samples in a short time period of time. The method validation shows satisfactory data for all the method parameters tested. Therefore this UPLC method can be used as a routine sample analysis.
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