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INTRODUCTION:
[1]

 

Analytical techniques hold the key to the design, 

development, standardization and quality control of 

medical products. They are equally important in 

pharmacokinetics and in drug metabolism studies. Both 

of which are fundamental to the assessment of 

bioavailability and the duration of clinical response. 

Analytical instrumentation Place an important role in the 

production and evaluation of new products, and in the 

production of consumers and the environment. 

  

CHROMATOGRAPHY:
[2] 

Chromatography is a non-destructive procedure for 

resolving a multi-component mixture into individual 

fractions. Quantitative analysis is carried out by 

measuring the area of the chromatographic peak. Hence 

chromatography can be used for qualitative and 

quantitative analysis. Chromatography may be defined as 

a method of separating a mixture of components into 

individual components through equilibrium distribution 

between two phases that is mobile phase and stationary 

phase.Chromatography is mainly divided into two 

categories: 

 

Adsorption Chromatography: 
Separation ismainly due to the interaction between solute 

and surface on the adsorbent. In this, stationary phase is 

solid and mobile phase is liquid. e.g.: TLC, HPTLC and 

GC. 

 

1. Partition Chromatography:  
Separation is based on the partition coefficient of two 

phases. In this mode, both stationary phase and mobile 

phase are liquids e.g.: HPLC, GLC and PC. 

 

VALIDATION:
[3,4]

 

 Method validation constitutes the important part of any 

analytical methods. A Success in these areas is identified 

to several important factors, we can find in the 

development of pharmaceuticals and all of them have 

great contribution to regulatory compliance. Validation 

proves under standardised set of conditions that any 

procedure, process, equipment, material, activity or 

system performs; it assures that a method works 

reproducibly, when proved by a same or different person, 

in same or different laboratories, using different reagents, 

different equipments, etc. Validation is important one to 

understand the parameters or characteristics involved in 
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ABSTRACT 

Objective: the objective of this study was to develop a simple, efficient, specific, precise and accurate RP-HPLC 

method for Metformin Hydrochloride and Gliclazide in combined dosage form. Method: The separation method 

was carried out using reverse phase C18 column(Cosmosil) (150×4.6mm, 5.0μ);the mobile phase used was a 

mixture of Methanol + Water (0.1% OPA) (60+40% v/v) pH 4.2, with flow rate 0.7ml/min, and eluents were 

monitored at 233nm using UV spectroscopic detector. Results: With the optimized method, the retention times of 

Metformin Hcl and Gliclazide were found to be 2.2833min and 5.6667min with theoretical plate count as per ICH 

limits. This method showed good linearity in concentration range of 50-250µg/ml for Metformin HCL and 5-25 

µg/ml for Gliclazide with Regression Coefficient (R
2
) of 0.9995 and 0.9993 respectively. The limits of detection 

and limits of Quantitation values were found to be within limit of standard. The method was found to be accurate, 

precise, robust, stable and specific of Metformin and Gliclazide were found to melt in the range of 123-126
0
C and 

181-182
0
C respectively freely soluble in Acetonitrile, Methanol. λ max of Metformin and Gliclazide was found to 

be 233 nm respectively. Conclusion: The developed method was validated as per the ICH guidelines and hence 

can be successfully applied to the estimation of Metformin Hcl and Gliclazide in Pharmaceutical tablet dosage 

form.  

 

KEYWORDS: Metformin Hcl, Gliclazide Simultaneous estimation, Reverse phase HPLC, Validation. 
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the validation process. Method validation is explained as 

the process of explained an analytical method acceptance 

in scientific method for its intended use. 

 

Analytical Method Validation
[5,6,7,8]

  

The validation of analytical method is the process in 

determining the suitability of a given methodology by 

laboratory studies; that the method can meet the 

requirements for intended use. Method validation is not 

simply a measure of procedure but method validation is a 

measure of performance of the total analytical system. 

 

According to USP “Validation is the process of 

providing documented evidence that the method does 

what it is intended to do” In other words, the process of 

method validation ensures that the proposed analytical 

methodology is accurate, specific, reproducible, and 

rugged for its intended use. Method validation is a 

regulatory requirement. 

 

Various Guidelines describe typical analytical 

performance characteristics, how they are determined, 

and which subset of data is required to demonstrate 

validity, based on the methods intended use. These 

analytical performance characteristics are:  

 Accuracy 

 Precision 

 Specificity 

 Limit of Detection (LOD)/ Detection Limit (DL)  

 Limit of Quantitation (LOQ)/ Quantitation Limit 

(QL) 

 Linearity and range 

 Ruggedness 

 Robustness 

 

MATERIAL AND METHOD 

Selection of wavelength by UV-Visible 

Spectrophotometry  

Preparation of standard stock solution 

Metformin standard stock solution: (Stock I) 

An accurately weighed quantity, 10 mg of Metformin 

(MET) was dissolved in MEOH in a 10ml volumetric 

flask and volume made up to 10.0 ml to produce a 

solution of 1000 μg/ml. 

  

Gliclazide standard stock solution: (Stock II ) 

 An accurately weighed quantity, 10 mg of Gliclazide 

(GLZ) was dissolved in MEOH in 10 ml volumetric flask 

and volume made up to 10.0 ml to produce a solution of 

1000. 

  

Preparation of Stock Standard Combination Solution 

:( Stock III) [MET+ GLZ] 

 Accurately weight and transfer 10 mg Metformin and 

Gliclazide 10 mg working standard into 10 ml 

volumetric flask as about diluent methanol completely 

and make volume up to the mark with the same solvent 

to get 1000µg/ml standard (stock solution) and 15 min 

sonicate to dissolve it and remove the unwanted gas, 

further an aliquots portion of Metformin and Gliclazide 

stock solution in ratio of 1:1 were mixed in volumetric 

flask in 10 ml and volume was adjusted up to mark with 

mobile phase from the resulting solution 0.1ml was 

transferred to 10 ml volumetric flask and the volume was 

make up to the mark with methanol prepared in solvent . 

 

a) Selection of detection Wavelength 

Standard solutions were scanned in the range of 200-400 

nm , against 10 ml Methanol and volume make with 

water solvent system as reference Metformin and 

Gliclazide were showed absorbance maxima (lamda 

max) at 236nm and 230nm respectively. 

 

If Two Metformin and Gliclazide sample Interact with 

this point is called Isobestic point Then detection of 

wavelength in Isobestic point in 233 nm were selection 

wavelength is HPLC Method can be used.  

 

HPLC used for chromatographic condition apply on 

the Preparation of standard solution 

Preparation of std. MET solution( Stock I ) 

From the freshly prepared standard stock solution (10000 

μg/ml), 0.1ml stock solution was pipetted out in 10 ml of 

volumetric flask and volume was made up to 10 ml with 

mobile phase to get final concentration of 10 μg/ml. 

  

Preparation of std. GLZ solution: (Stock II ) 

From the freshly prepared standard stock solution 500 

μg/ml), 0.1 ml stock solution was pipetted out in 10 ml 

of volumetric flask and volume was made up to 10 ml 

with mobile phase to get final concentration 10 μg/ml. 

 

Preparation of std. Metformin and Gliclazide solution 

:( Stock III) 

From the freshly prepared standard stock solution (1:10 

μg/ml), 0.1 ml stock solution was pipetted out in 10 ml 

of volumetric flask and volume was made up to 10 ml 

with mobile phase to get final concentration 10 μg/ml. 

 

Selection of mobile phase 

Each mobile phase was vacuum degassed and filtered 

through 0.45µ membrane filter. The mobile phase was 

allowed to equilibrate until steady baseline was obtained. 

The standard solution containing mixture of Metformin 

and Gliclazide was run with different individual solvents 

as well as combinations of solvents were tried to get a 

good separation and stable peak. From the various 

mobile phases tried, mobile phase containing Methanol 

and Water (0.1% OPA) with pH adjust (4.2) was selected 

since it gave sharp, well resolved peaks with symmetry 

within the limits and significant reproducible retention 

time for Metformin and Gliclazide. Chromatograms of 

Metformin and Gliclazide are shown in respectively. 

  

Optimization of Chromatographic condition 

The following chromatographic conditions were 

established by trial and error and were kept constant 

throughout the analysis. 

Column: C18 (150 mm× 4.6mm) 

Particle size packing: 5µm  
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Detection wavelength: 233 nm  

Flow rate: 0.7 ml/min  

Temperature: Ambient  

Sample size: 20 µl  

Mobile phase: Methanol:Water( 0.1% OPA ) pH adjust 

(60 : 40) 

 

a) Preparation of Calibration curve standard: 

The above standard stock solution (1:10µg/ml) of 

Metformin and Gliclazide was diluted with mobile phase 

to yield Five calibration curve (cc) standards with 

concentrations of 5,10,15,20,25 µg/ml of Gliclazide and 

50,100,150,200,250 µg/ml of Metformin. 

 

Procedure for calibration curve of Metformin and 

Gliclazide: 
The mobile phase was allowed to equilibrate with 

stationary phase until steady baseline was obtained. 

From the freshly prepared standard stock solution, 

100mg Metformin and 5 mg Gliclazide in 10ml of 

volumetric flask and diluted with methanol. From it 0.1, 

0.2, 0.3, 0.4 and 0.5ml of solution were pipette out in 10 

ml volumetric flask and volume was made up to 10 ml 

with mobile phase to get final concentration 

50,100,150,200,250 µg/ml of Metformin and 

5,10,15,20,25 µg/ml of Gliclazide. Sample were injected 

and peaks were recorded at 233 nm as the graph plotted 

as concentration of drug verses peak area. 

Linearity 

Linearity of an analytical method is its ability to elicit 

test results that are directly or by a well defined 

mathematical transformation, proportional to the 

concentration of analyte in samples within a given range. 

  

Determination 

The linearity of the analytical method is determined by 

mathematical treatment of test results obtained by 

analysis of samples with analyte concentrations across 

the claimed range. Area is plotted graphically as a 

function of analyte concentration. Percentage curve 

fittings are calculated.  

 Acceptance Criteria: 

The plot should be linear passing through the origin. 

Correlation Coefficient should not be less than 0.999. 

  

Table 1: Table of linearity (Conc) for RP-HPLC 

Method.  

 

Concentration 

(µg/mL) 

Metformin Gliclazide 

50 5 

100 10 

150 15 

200 20 

250 25 

 

Accuracy (recovery) 
The accuracy of an analytical method is the closeness of 

test results obtained by that method to the true value. 

Accuracy may often the expressed as percent recovery 

by the assay of known added amounts of analyte. The 

accuracy of an analytical method is determined by 

applying the method to analyzed samples, to which 

known amounts of analyte have been added. The 

accuracy is calculated from the test results as the 

percentage of analyte recovered by the assay. 

 

 Table 2: Acceptance Criteria: 

Sample 
Amount Added (mg) 

Metformin Gliclazide 

Accuracy 80% 40 4 

Accuracy 100% 50 5 

Accuracy 120% 60 6 

 

Mean recovery should be in the range of 98-102%. 

The Relative Standard Deviation should not be more 

than 2.0%. 

 

 Preparation of standard stock solution: 
100mg of Metformin and 5mg of Gliclazide working 

standards were weighed and transfered to 10 mL 

volumetric flask & diluent was added to make up the 

volume 0.1 ml of this solution diluted upto 10 ml with 

diluent. 

 

Accuracy 

The accuracy was determined by Metformin and 

Gliclazide (equivalent to 100 mg of Metformin and 5mg 

of Gliclazide (80 %, 100 % and 120 % of the label 

claimed, respectively) to quantity equivalent to average 

weight of marketed tablets. This powder mixture 

containing 100 mg of Metformin and 5 mg of Gliclazide 

were triturated and then subjected to chromatographic 

analysis using the described method. The resulting 

mixtures were analyzed in triplicates over three days. 

The % recovery of added drug was taken as a measure of 

accuracy. 

 

Repeatability 

Repeatability of the system was determined with the 

sample of RP-HPLC & Method for duplicates of sample 

solution containing 100 mg of Metformin and 5mg 

Gliclazide were injected and peak areas were measured 

and %RSD was calculated. 

  

Study of system suitability parameters
 

The system suitability is used to verify, whether the 

resolution and reproducibility of the chromatographic 

system are adequate for analysis to be done. The test was 

performed by collecting data from five replicate 

injections of standard solution. 

 

Precision 

Precision of an analytical method is the degree of 

agreement among Individual test results when the 

procedure is applied repeatedly to multiple Samplings of 

a homogenous sample. Precision of an analytical method 

is usually expressed as standard deviation or relative 

standard deviation. Also, the results obtained were 
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subjected to one way ANOVA and within-day mean 

square and between-day mean square was determined 

and compared using F-test.  

Intra-day precision 

Sample solutions containing 100 mg of Metformin and 5 

mg of Gliclazide (1:10) conc. prepared three different 

concentration (50µg/ml,150µg/ml 250µg/ml) and 

(5µg/ml,15µg/ml,25µg/ml) Metformin and Gliclazide 

were analyzed three times on the same day and %R.S.D 

was calculated. 

  

Inter-day precision 

Sample solutions containing 100mg of Metformin and 

5mg of Gliclazide (1:10) conc. Prepared. three different 

concentration (50µg/ml,150µg/ml250µg/ml) and 

(5µg/ml,15µg/ml,25µg/ml) Metformin and Gliclazide 

different days and % R.S.D was calculated. It is usually 

expressed as standard deviation or relative standard 

deviation. 

  

Acceptance criteria 

The Relative Standard Deviation should not be more 

than 2% for test. 

  

Preparation of standard stock solution 
100 mg of Metformin and 5 mg Gliclazide working 

standards were weighed and transfered to 10 mL 

volumetric flask & diluent was added to make up the 

volume, from above conc. this solution diluted up to 10 

ml with diluent. 

 

Robustness 

 The mobile phase composition was changed in (±1 ml/ 

min
-1

) proportion and the flow rate was of Methanol: 

Water (0.1 % OPA ) in the mobile phase composition 

(±1ml/ min
-1

) and the change in detection wavelength 

(±1 ml/ min
-1

) and the effect of the results were 

examined. it was performed using 100µg/ml and 

10µg/ml solution of Metformin and Gliclazide in 

duplicate. 

 

Detection Limit  
Based on the S.D. of the response and the slope of 

calibration curve, the detection limit (DL) was calculated 

as,  

DL =  

Where,  

σ = the S.D. of the y-intercepts of regression lines.  

S = the slope of the calibration curve.  

The slope S may be estimated from the calibration curve 

and S.D. was used should be calculated from the y-

intercepts of regression line in calibration curve. 

  

Quantitation Limit  

Based on the S.D. of the response and the slope of 

calibration curve, the Quantitation limit (QL) was 

calculated as,  

QL =  

Where,  

σ = the S.D. of the y-intercepts of regression lines.  

S = the slope of the calibration curve.  

The slope S may be estimated from the calibration curve 

and S.D. was used should be calculated from the y-

intercepts of regression line in calibration curve. 

  

Analysis of marketed formulation 

To determine the content of Metformin and Gliclazide in 

marketed tablets (label claim 400mg of Metformin and 

40 mg Gliclazide), 20 tablets powder weighed in 

12.10gms and average weight of powder was calculated 

in 0.605 gms.Tablets were triturated and powder 

equivalent to weighed in 151.25mg The drug was 

extracted from the tablet powder with 10 mL Methanol. 

To ensure complete extraction it was sonicated for 15 

min. 0.4mL of supernatant was then diluted up to 10 mL 

with mobile phase. The resulting solution was injected in 

HPLC and drug peak area was noted. Regression 

equation was generated using peak areas of standard 

solutions. Using the regression. 

 

Application of proposed method for analysis of tablet 

formulation: 

Average weight of tablet sample (equivalent to 100 mg 

of Metformin and 5mg Gliclazide) were weighed and 

transfered to 10mL volumetric flask & diluent was added 

to make up the volume. Sonicated for 10 min with 

occasional swirling. The above solution was filtered 

through 0.45μm membrane filter 0.4 ml of this solution 

diluted upto 10 ml with diluent. 

on equation and peak area of the sample the amount of 

Metformin and Gliclazide in the sample was calculated. 

The amount of Metformin and Gliclazide per tablet was 

obtained from the regression equation of the calibration 

curve. 
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“Fig 1”: UV Spectrum of Metformin. “Fig 2”: UV Spectrum of Gliclazide. 

 

Table 3: Chromatogram of trail 1 using 80% Methanol and 20% Water (0.1% OPA. 

Flow rate 0.7ml at 257 nm 

No. RT[min] Area[mV*s] TP TF Resolution 

1 2.286 3209.2153 3124.0 1.41 0.0000 

2 5.6667 368.4821 6410.3 1.16 11.9412 

Sum  3577.6974    

 

 
“Fig 3”: Chromatogram of trail 1 using 80% Methanol and 20% Water (0.1% OPA) 

Flow rate 0.7ml at 257 nm. 

 

Table 4: Linearity data for Metformin. 

Method 
Conc 

µg/ml 

Peak area(µV.sec) Average peak 

area (µV.sec) 

S.D. of Peak 

Area 

% RSD of 

Peak Area 1 2 

RP-HPLC 

Method 

50 3209.21 3218.12 3213.672 6.30 0.20 

100 6817.64 6780.52 6799.08 26.25 0.39 

150 10147.6 10345.3 10246.5 139.76 1.36 

200 14110.7 14114.7 14162.78 73.53 0.52 

250 17780.7 17669.5 17725.15 78.69 0.44 

 
Equation y = 72.77x-497.5 

R
2 

0.9995 

 

Table 5: Linearity data for Metformin. 

Conc 

µg/ml 

Peak area(µV.sec) 
Average peak area (µV.sec) S.D. of Peak Area % RSD of Peak Area 

1 2 

5 368.48 372.29 370.3906 2.70 0.73 

10 817.59 822.50 820.0483 3.47 0.42 

15 1198.8 1208.22 1203.545 6.62 0.55 

20 1672.33 1673.42 1672.91 0.73 0.04 

25 2073.69 2073.93 2073.181 0.17 0.01 
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Equation y = 85.19x-49.77 

R
2 

0.9993 

 

  
“Fig 4”: Calibration curve Metformin. “ Fig 5”: Calibration curve of Gliclazide. 

 

Table 6: Statistical Validation of Recovery Studies. 

Level of Recovery (%) Drug Mean % Recovery Standard Deviation % RSD 

80 
Metformin 100.23 1.09 1.09 

Gliclazide 101.87 1.29 1.27 

100 
Metformin 99.59 1.17 1.18 

Gliclazide 102.45 0.86 0.84 

120 
Metformin 101.58 0.55 0.54 

Gliclazide 101.58 0.47 0.46 

 

Table 7: Repeatability Studies on RP-HPLC for Metformin and Gliclazide. 

Method 
Concentration of Metformin and 

Gliclazide (mg/ml) 

Peak 

area 

Amount found 

(mg) 

% Amount 

found 

 

RP-HPLC Method 

for 

MET & GLZ 

100 6676.022 98.19 98.19 

100 6660.702   

 Mean 6648.36  

 SD 10.83  

 %RSD 0.16  

20 1670.27 20.20 101.00 

20 1672.20   

 Mean 1671.24  

. 
 SD 1.36  

 %RSD 0.08  

 

Table 8: Intraday and Inter day Precision studies on RP-HPLC method for Metformin and Gliclazide. 

METHOD 
 

Drug 

Conc
n 

(µg/ml) 

Intraday Precision Interday Precision 

Mean± SD %Amt Found Mean± SD %Amt Found 

 

RP- 

HPLC METHOD 

 

 

 

MET 

20 3144.10 ± 32.66 100.08 3177.15±32.64 100.98 

60 10191.63±81.65 97.92 10186.79±117.36 97.88 

100 17526.52±89.60 99.07 17783.99±291.09 100.49 

 

GLZ 

5 371.11±5.17 98.80 375.11±6.58 99.09 

15 1200.14±2.16 97.81 1209.14±6.41 98.47 

  25 2076.56±5.07 99.83 2075.56±13.55 99.76 

 

Table 9: Robustness Study of Metformin and Gliclazide 

Parameters Conc. 

Metformin Gliclazide 

Amount of 

detected(mean ±SD) 
%RSD 

Amount of 

detected(mean ±SD) 
%RSD 

Mobile phase composition 

(59+41) (Mth+Water) 
100 6979.0±71.36 1.02 880.4±1.12 0.13 
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Mobile phase composition( 

61+39) (Mth+Water) 
100 6778.81±94.72 1.40 872.98±1.01 0.12 

Wavelength change 232nm 100 6381.5±61.80 0.97 879.6±0.91 0.10 

Wavelength Change 234nm 100 6103.06± 45.3 0.74 785.18±1.01 0.13 

Flow rate change(0.6ml) 100 7573.31±91.9 1.21 826.29±0.88 0.11 

Flow rate change(0.8ml) 100 5884.67±67.12 1.14 795.52±0.86 0.11 

 

Table 10: Limit Detection & Limit Quantitation Of Metformin and Gliclazide. 

Parameter  Metformin Gliclazide 

LOD 2.9431 (μg/mL) 0.0106 (μg/mL) 

LOQ 8.9185(μg/mL) 0.0321(μg/mL) 

 

DISCUSSION 

The analytical method was developed by studying 

different parameters. First of all, maximum absorbance 

was found to be at 233nm and the peak purity was 

excellent. Injection volume was selected to be 20μl 

which gave a good peak area. The column used for study 

on Metformin and Gliclazide, C18 (Cosmosil 

)(150×4.6mm, 5.0μ) was chosen that resulted in 

symmetric peak shape. The flow rate was fixed at 

0.7ml/min because of satisfactory retention time. 

Different pH and ratios of mobile phase constituents 

were studied, mobile phase with Methanol: Water in the 

ratio of 51:49 v/v and 61:39 v/v was optimized due to 

good symmetrical peak. Run time was selected to be 

10min because analyte elutes at around 2.2833min and 

5.6667min. The percent recovery was found to be 98.25-

101.85.Both Intraday and Interday precision was found 

to be well within range. In specificity study, there was no 

interference by degradant, impurity and excipients. 

Detection limit was found to be 2.9431 (μg/mL) and 

0.0106 (μg/mL). The analytical method was found linear 

over the range of 5-25μg/ml and 50-250 μg/ml. 

respectively. 

 

CONCLUSION 

The proposed R-HPLC method was developed and fully 

validated as per International conference on 

Harmonization (ICH) Guidelines and found to be 

applicable for routine quality control analysis for the 

simultaneous estimation of Metformin and Gliclazide in 

combination using isocratic mode of elution. The 

proposed method is highly sensitive, accurate, precise, 

simple, reproducible, reliable, rapid and specific. 

Therefore, this method can be employed in quality 

control for simultaneous estimation of MET and GLZ in 

bulk and in combined dosage form. 

 

ABBREVARTIONS 
RP-HPLC- Reverse phase High Performance Liquid 

Chromatography 

UV – Ultra violet
 

RSD -Relative Standard Deviation 

SD -Standard Deviation 

MET –Metformin 

GLZ - Gliclazide 

°C -Degree Celsius 

Fig. –Figure 

% -Percentage 

LOD - Limit of detection 

LOQ - limit of quantification  
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