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ABSTRACT 

A simple rapid and precise Rp-hplc method for metaformin HCL in a 

pharmaceutical solid dosage form has been developed and validated. 

Chromatography was performed on a 250 × 4.6mm i.d 4g particle C18 

Column with di potassium hydrogen phosphate and Acetonitrile 

55:45% 
V
/V) PH-4.5 with orthophosphoric acid buffer as mobile phase 

at a flow rate of 1ml/min. UV detection was performed at 260nm.Run 

time 10 min; metaformin HCL retension time is 4.28. The method was 

validated for accuracy, precision, linearity, LOD, LOQ, Robustness, 

Ruggedness, specificity, and sensitivity in accordance with ICH guide 

lines. Validation revealed the method is specific, rapid, accurate, 

precise, reliable and reproducible. Calibration plot was linear over the concentration ranges 

20mg/ ml for metaformin HCL. Limit of detection is1.05 µg and limit of quantification is 5.6 

µg for metaformin HCL. The high recovery and low coefficients of variation confirm the 

suitability of the method for metaformin HCL in tablets. The validated method was 

successfully used for quantitative analysis of metaformin HCL tablets. Find out the impurities 

of given metaformin HCL by using the validated method with help of HPLC. 
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INTRODUCTION 

The working condition for the RP-HPLC method was established for Metformin HCL and 

Sitagliptin then was applied on pharmaceutical dosage forms. A simple reverse phase liquid 

chromatographic method has been developed and subsequently validated.  

 

The separation method was carried out by using a mobile phase consisting of 0.02M 

dipotassium hydrogen phosphate and acetonitrile in the ratio 55:45. the detection was carried 

out by using UV – Visible SPD 20 A at 240nm. The column was phenominex Gemini C18 

(250×4.6mm×5µ). The flow rate was selected as 1ml/min.  

 

The retention time of Metformin HCL and Sitagliptin was found to be 4.285 and 7.485 

respectively. The asymmetry factor or tailing 1.008 and 1.011 respectively, which indicates 

symmetrical nature of the peak. The number of theoretical plates of Metformin HCL and 

Sitagliptin was found to be 8840 and 12044 respectively, which indicates the efficiency 

performance of the column.  

 

From the linearity studies, specified concentration levels were determined. It was observed 

that Metformin HCL and Sitagliptin was linear in the range of 80% to 120% for the target 

concentration. The linearity range of 10-50mg/ml for Metformin HCL and Sitagliptin were 

found to obey linearity with a correlation coefficient of 0.999 and 0.999 respectively.  

 

The validation of proposed method was verified by recovery studies. The percentage 

recovery range was found to be satisfied which represent in results. The robustness studies 

were performed by changing the pH and wavelength. The ruggedness study was also 

performed.  

  

     

METFORMIN HCL                                       SITAGLIPTIN 

Figure 1: Molecular structure of METFORMIN HCL and SITAGLIPTIN. 
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MATERIALS AND METHODS 

Instrumentation 

S. No.  Name of instrument  Model  Make  

1 Semi micro balance  CPA225D  Sartorius  

2 pH meter  Metler Toledo  Thermo Orion  

3 HPLC  LC-20 AT  Shimadzu  

4 C 18 Column  Phenomenex  Gemini  

5 Sonicator  USB  Spectro lab  

6 UV  1700 series  Shimadzu  

 

The separation and quantification of SITAGALIPTIN and METAFORMIN HCL was carried 

in ACETONITRILE spherisorb ODS1 C18 column (250 × 4.6mm, 5μ) equipped in isocratic 

LC-100 S-HPLC™ (Cyberlab- USA) LC 20AT pump for solvent delivery and variable 

wavelength programmable LC – 20AT UV- visible detector for detection. The samples were 

injected using Rheodyne manual inject port and data was analyzed by using WS-100 

Workstation software (Cyberlab- USA). USB SPECTRO LAB electronic balance and 

ultrasonic batch sonicator (1.5 L) in the study.  

 

Chemicals and Reagents 

METAFORMIN HCL and SITAGILIPTIN active pharmaceutical ingredients (APIs) were 

obtained from Klokter life sciences, Himachal Pradesh. The marketed formulation duzallo 

(METAFORMIN HCL – 200mg and SITAGLIPTIN- 300mg) was purchased in local 

pharmacy. HPLC grade acetonitrile, methanol, glacial acetic acid, di potassium hydrogen 

phosphate and water were purchased from Merck chemicals, Mumbai. The membrane filter 

papers (0.2µ nylon) were purchased from millipore (India).  

 

S. No. Chemicals/Reagents  Make/grade  

1  Glacial acetic acid  Merck(HPLC Grade)  

2 Dipotassium hydrogen phosphate  Merck(GR Grade)  

3 Methanol  Merck(GR Grade)  

4 water  Merck(GR Grade)  

 

Preparation of standard solutions 

Weigh accurately about 50mg of Metformin, 50mg Sitagliptin working standard to a 100ml 

volumetric flask. Dissolve it completely and sonicate it. Make up to 100ml mobile phase. 

Take 3ml from the above flask and make up to 50ml with mobile phase.  
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Preparation of formulation solution 

Weigh accurately 20 tablets equivalent to 92.4mg to a 100ml volumetric flask. mobile phase 

to dissolve it completely and sonicate for 10min with intermediate shaking Make up to 100ml 

with mobile phase and filter through 0.45µ GHP filter. Further dilute 3ml with 50ml mobile 

phase.  

 

Method development 

The method development for the identification and simultaneous quantification of 

metaformin HCL and sitagliptin in pharmaceutical formulations, different method 

development trails were performed. In the method development, composition of mobile 

phase, pH of mobile phase, configuration of stationary phase, UV detector wavelength and 

mobile phase flow rate was studied. In each trail condition, the system suitability parameters 

like peak shape, peak response, number of theoretical plates, tail factor and resolution were 

checked and the conditions that produce best results were considered as optimized and further 

validated.  

 

Method validation 

The developed method for the simultaneous quantification of sitagliptin and metaformin HCL 

was validated for the determination of range of analysis, sensitively, accuracy, precise, 

rugged and robust nature. The sensitivity of the developed method was determined by 

confirming detection and quantification limits. 

 

Specificity is the ability to measure accurately and specifically the analyte of interest in the 

presence of other components that may be expected to be present in the sample matrix. The 

other component may include excipients, impurities, degradation product etc. 

 

Peak purity test may be useful to show that the analyte chromatographic peak is not 

contributed by more than one component (e.g. Diode array, mass, spectroscopy). 

 

Force degradation studies 

Forced degradation study was carried for the standard drugs sitagliptin and meatformin HCL 

in the develop method to evaluate the effectiveness of the developed method for the 

separation and identification of known and unknown impurities in the drug. 50mg of standard 

drug was mixed with 50mL of 0.1N NaOH in base hydrolysis study and 50mL of 3% 

hydrogen peroxide solution for oxidative degradation study. These conditions were carried 
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separately for both the drugs and the solutions were incubated 24 H and then neutralized 

separately. The equal volume of selected concentration of both the drugs were mixed and 

then neutralized. The neutralized solutions were analyzed in the developed method condition. 

In photolytic and thermal degradation conditions, standard drug was kept under UV light at 

260nm and oven at 60 
0
C for 24 hours respectively. Then the standard drug was diluted to 

300µg/mL and was analyzed in the developed method condition. The % degradation, number 

of degradation products formed in the degradation study and the % effectiveness of the 

method for the separation of degradation products was evaluated.  

 

Formulation analysis 

The formulation solution prepared from the formulation tablets of sitagliptin and metaformin 

HCL was analyzed in the developed method. The % assay of sitagliptin and metaformin HCL 

in the developed method was calculated in the developed method.  

 

Method Precision for Metformin HCL 

Sample. No  % Assay 

Sample Preparation – 1  100.14 

Sample Preparation – 2  100.1.8 

 

RESULTS AND DISCUSSION 

The present work is aimed to develop a simple, precise and accurate stability indicating 

HPLC method for the separation and quantification of sitagliptin and metaformin HCL in 

pharmaceutical formulations. The optimized separation was achieved using isocratic elution 

at a flow rate of 1.0 mL/min using mobile phase of methanol, acetonitrile and water in the 

ratio of 55:45% (v/v) at pH 4.5 and 7.3. Waters spherisorb ODS1 C18 column (250 mm x 4.6 

mm, 5μ) was used as stationary phase and UV detection was monitored at 260 nm.  

 

In the optimized conditions, sitagliptin and metaformin HCL were well resolved and retained 

at a retention time of 3.7 min and 6.1 min respectively and clear base line was observed with 

in run time of 10 min. The method obeys system suitability conditions (Table 1) for both 

sitagliptin and metaformin HCL. Figure 2 shows the optimized chromatogram of sitagliptin 

and metaforine HCL in the developed method.  
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Robustness study for Metformin HCL and Sitagliptin  

Robustness Criteria  RT Metformin of RT of Sitagliptin 

Change in flow +0.2  3.707  6.100 

Change in flow -0.2  4.790  7.560 

Change in wavelength by -P
H
  4.27 7.44 

Change in wavelength by + P
H
  4.28 7.48 

 

Table 1: System suitability results. 

System suitability parameters  Metformin HCL Sitagliptin 

Tailing factor  1.056 1.000 

No. of theoretical plates  9226 11340 

Resolution  - 13.861 
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Figure 2: Standard chromatogram in the optimized conditions. 
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In the chromatogram obtained with Standard,  

 The % RSD of area of Metformin HCL and Sitagliptin in replicate injections of standard 

solution should not be more than 2.0.  

 The tailing factor of Metformin HCL and Sitagliptinpeak should not be more than 2.0  

 The theoretical plates of Metformin HCL and Sitagliptin peak should be  

 more than 2000.  
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Figure 4: Linear calibration curve for metaformin HCL. 

 

The repeatability and reproducibility were studied by intraday, interday precision and 

ruggedness study. The standard solution at a concentration of 20 µg/mL of sitagliptin and 20 

µg/mL of metaformin HCL was analysis six times in the same day for intraday precision, six 

times in three successive days for interday precision and six times for change in analyst for 

ruggedness study. The % RSD in each study was calculated for both the drugs and was found 

to be 0.79, 0.562 in intraday precision, 0.44, 1.091 in interday precision and 0.593, 0.849 in 
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ruggedness study for metaformin HCL and sitagliptin respectively. This confirms that the 

method developed was found to be precise and rugged for the simultaneous analysis of 

metaformin HCL and sitagliptin.  

 

The standard concentration of metaformin HCL and sitagliptin were analyzed by change in 

analytical conditions i.e mobile phase composition (±5 %), mobile phase pH (±0.1) and 

detector wavelength (±5 nm). The % change was calculated in each changed condition for 

both the drugs and was found to be within the acceptable limit of less than 2 confirms that the 

method was found to be robust. The spiked recovery at 80%, 100% and 120% spiked levels at 

a target concentration of 20 µg/mL of metaformin HCL and 20 µg/mL of sitagliptin were 

studied. The % Recovery and the % RSD of recovery in each spike level for 30 µg/mL was 

calculated (table 3 and 4) and was found to be within the acceptable limits for both 

metaformin HCL and sitagliptin confirms that the method was found to be accurate. 

 

Recovery values of Sitagliptin 

Table 3: Linearity results for sitagliptin. 

Concentration Avg Area Amount Recovery % Recovery 

80 1679.874 3.96 99.78 

100 2086.258 4.96 99.24 

120 2565.329 6.08 101.18 

  Mean 100.06 

SD 0.79 

%RSD 0.79 

 

Recovery values of Metformin  

Table 4: Linearity results for metaformin HCL. 

Concentration Avg Area Amount Recovery % Recovery 

80 1777.467 39.89 99.93 

100 2210.760 49.50 99.05 

120 2694.174 59.99 100.03 

  Mean 99.66 

SD 0.44 

%RSD 0.44 

 

In the stress degradation study, the % degradation of metaformin HCL was found to be 8.61 

(acidic), 10.67 (basic), 4.72 (peroxide), 5.38 (thermal) and 7.28 (UV light) where as the % 

degradation of sitagliptin was found to be 7.76 (acidic), 8.78 (basic), 3.34 (peroxide), 6.46 
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(thermal) and 5.28 (UV light). Less % degradation was observed for both the drugs in 

peroxide conditions where as the % degradation was found to be high in acidic and base 

conditions. In the stress degradation studies, both the standard drugs were retained in the 

same retention time compared with un stressed conditions and the additional degradation 

products formed were effectively separated and retained in the developed method. Hence the 

method can be used for the identification of known or unknown impurities formed during the 

stress study. Hence the method was considered as stability indicating method. 

 

The analytical method validation was carried as per ICH guidelines and given below are the 

tables are the summary of the result.  

S.No Parameters  Limit  Observations  Passes/ fails  

1 Specificity  No Interferences at retention  

time of the analyte peak.  

No Interference at retention  

time of the analyte peak  

Passes  

2 System  

Precision  

RSD NMT 2.0%  Metforminn:0.3397%  

Sitagliptin:0.385  

Passes  

3 Method  

Precision  

RSD NMD 2.0%  Metforminn:0.46%  

Sitagliptin:0.25%  

Passes  

4 Linearity „of  

detector response  

Correlation coefficient NLT  

0.999  

Metforminn:0.999  

Sitagliptin:0.999  

Passes  

5 Accuracy  % Recovery range  

98-102%  

Metforminn:99.59100.71%  

Sitagliptin:99.11101.18%  

Passes  

6 Ruggedness  % Recovery range  

98-102%  

Within limits  Passes  

7 Robustness  RSD NMT 2.0%  Within limits  Passes  

8 Limit detection  

(LOD) of  

Based on SD of the  

Response and slope  

Metforminn :1.052µg/ml  

Sitagliptin:7.10µg/ml  

Passes  

9 Limit quantitation  

(LOQ)  

Based on SD of the  

Response and slope  

Metforminn :5.7µg/ml  

Sitagliptin 3.4µg/ml  

passes  

 

CONCLUSION 

RP-HPLC method was developed. It was validated for the estimation of Metformin HCL and 

Sitagliptin in tablet dosage form using HPLC Shimadzu Prominence with UV-Visible SPD 

20A Detector and Phenominex C18 (250x4.6mm, 5µ) column, injection of 20 µl is injected 

and eluted with the mobile phase of dipotassium hydrogen phosphate buffer, and acetonitrile 

in the ratio 55:45, which was pumped at a flow rate of 1ml at 260 nm. The peak of Metformin 

HCL and Sitagliptin are found well separated at 4.285 and 7.485 respectively. The developed 

method was validated for various parameters as per ICH guidelines like Accuracy, Precision, 

Linearity, Specificity, Ruggedness, Robustness, LOQ and LOD. 
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The analytical method validation of Metformin HCL and Sitagliptin by RP HPLC method 

was found to be satisfactory and could be used for the routine pharmaceutical analysis of 

Metformin HCL and Sitagliptin. 
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