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ABSTRACT: A simple, rapid, accurate, precise, and robust method has been developed and validated for 
estimating Repaglinide and Metformin HCl in human plasma. Method: The Protein precipitation method 

was used for obtaining metformin and repaglinide from serum, using ethyl acetate and 0.1N hydrochloric 

acid. The solvent used was Acetonitrile: water (70:30). The isosbestic point was found to be at 245.5 nm. 

The challenges in the study were the availability of serum and extraction of drug from the serum. Results: 

Extraction efficiency for Metformin HCl and Repaglinide was found to be 95.4% and 96.8% respectively. 

The precision was in terms of %CV which was found to be less than 2%. LLOQ and ULOQ were found to 

be 1.66:0.06 and 12.5:0.5 respectively. All the validation parameters like linearity, precision, accuracy, 

LLOQ, ULOQ, LOD, and LOQ were performed according to ICH guideline M 10. % Assay was done by 

using the simultaneous equation method. All the parameters were found to be within the limits. The 

proposed UV method can be successfully applied for the estimation of metformin HCl and Repaglinide in 

human plasma. As diabetic patients are increasing day by day so there is a need to develop a method for 

simultaneously estimating two drugs i.e., Metformin HCl and Repaglinide in human plasma. The method 

has been done in UV hence the method is economic and the method can be further extended to HPLC, LC-

MS, 2D-LC, and further hyphenated techniques. 

Keywords: Bioanalytical method development, Extraction, Human plasma, Metformin HCl, Repaglinide, UV-

Visible Spectrophotometer. 

 

INTRODUCTION 

Metformin and Repaglinide are given to diabetic 

patients suffering from high blood glucose levels. This 

combination is used to manage high blood sugar in 

diabetic individuals combined with a diet and exercise 

program (Domingues et al., 2016; Hiral et al., 2019). 

By promoting the release of your body's endogenous 
insulin, repaglinide works (Sharma et al., 2013). As a 

biguanide, metformin reduces the amount of sugar 

produced by your liver and absorbed by your stomach 

and intestines. Both of these drugs work by assisting in 

the restoration of your body's appropriate reaction to 

the insulin you naturally make (El-Zaher et al., 2016; 

Sharma et al., 2012). Blood sugar control can avoid 

kidney damage, blindness, nerve problems, limb loss, 

and problems with sexual function. Maintaining proper 

control of your diabetes may also reduce your risk of 

having a heart attack or stroke (Ma et al 2016; Patel et 

al., 2021). An innovative, cost-effective 

Spectrophotometric bioanalytical technique for 

measuring Metformin HCl and Repaglinide in human 

plasma has been developed. The validation of 

bioanalytical methods used for the quantitative 

measurement of medicines and their metabolites in 

biological fluids. The study is important in the 

assessment and interpretation of data from 

bioavailability, bioequivalence, pharmacokinetic, and 

toxicokinetic studies. The quantitative measurement of 

analytes in a specific biological matrix, such as blood, 

plasma, serum, or urine, is required for bioanalytical 

technique validation (Ma et al., 2014; Prasanth et al., 

2020). The protein precipitation method (PPM) was 

used to examine the levels of repaglinide and 
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metformin HCl in human plasma. The PPM concept is 

based on protein denaturation. Protein denaturation 

happens when the pH of the medium is changed, 

organic solvents are used, and salts are used (Rahul et 

al., 2022; Ramanjireddy et al., 2010). All validation 

parameters were carried out in accordance with ICH 

guidelines Q10 M. Table 1 displays the drug profiles 

for both medications. 

Table 1: Drug profile. 

Parameters Metformin HCl Repaglinide 

Colour white crystalline powder 
It is in powder form from white to 

off-white 

Molecular formula C4H11N5HCl C27 H36 N2 O4 

Solubility 

It is completely insoluble in acetone 

and methylene chloride, but very 

slightly soluble in alcohol and water. 

It is a chemical that dissolves poorly 

in water but readily in methanol, 

ethanol, and acetonitrile.[11] 

Structure 

 

 

 

 

 

MATERIALS AND METHODS 

Chemicals. Repaglinide and Metformin HCl standards 

were obtained as a gift sample from a pharmaceutical 

company, and EUROPA MF 2(Metformin HCl and 

Repaglinide [500:2]) tablet was purchased from the 

local pharmacy store. Human plasma was obtained 

given by the blood bank. All the other chemicals used 

were of analytical grade. 

Instrument and Apparatus. "Elico Sl 210" Double 

Beam UV-Visible Spectrophotometer, Centrifuge, digital 

analytical balance, UV chamber, and Ultrasonic water 

bath were used. Pipettes, beakers, measuring cylinders, 

volumetric flasks, and centrifuge tubes were used. 

Extraction procedure. 20 ml of plasma sample was 

pipetted out in a 10ml centrifuge tube.0.5ml of working 

standard solution & 0.5ml of ethyl acetate and 0.1ml of 

0.1N HCl were added. Both the compounds were easily 

soluble in methanol and phosphate buffer pH 4(40:60). 
Subsequent addition of plasma leads to protein 

precipitation. Then the mixture was vortexed and 10ml 

of ACN was added. Mix the solution properly and then 

vortexed again. Centrifuge for 15 minutes at 10,000 

rpm. Then supernatant present after the centrifuge was 

transferred to a 10ml tube. Then absorbance was 

checked between 200-400nm. 

Method development. Selection of solvent: The 

diluent was selected by determining the solubility of 

Repaglinide and Metformin HCl in different solvents 

like Distilled water, Methanol, Acetonitrile etc. Finally, 
Acetonitrile: Distilled water (70:30) was selected as a 

solvent. 

Preparation of standard solution. 10mg of the 

standards of both Repaglinide and Metformin were 

weighed separately and transferred to a volumetric flask 

(10 ml). Volume was made up with the respective 

solvents i.e., Repaglinide in Acetonitrile and Metformin 

HCl in water to get 1000 ppm of both drugs. From this 

0.1ml was pipetted out and transferred to a 10ml 

volumetric flask to get 10 µg/ml concentration solution. 

Metformin HCl and Repaglinide standard 

concentrations were prepared in the ratio of 50:0.2 and 

were scanned in UV in overlay mode from 200-400 nm 

to determine the isosbestic point. The isosbestic point 

was found at 245.5 using Acetonitrile: water (70:30) as 

blank. 

Optimization of parameters. Metformin HCl and 

Repaglinide (50:0.2) were found to yield a clear 

colourless solution with ACN: water showing an 
isosbestic point at 244.5 nm.  

Method validation 

Specificity. Specificity is performed by scanning the 

blank and standard from 200-400nm. 

Linearity. It is defined as the capacity of analytical 

methods to yield results directly proportional to the 

range of analyte concentrations in samples within the 

necessary concentration level. 

According to label claim EUROPA MF 2 (500mg: 

2mg), linearity studies were performed for the 

combined drug, and absorbance was checked at the 
isosbestic point i.e., 245.5.  The ratios for the combined 

drug were found to be 1.66:0.006, 02:008, 2.5:0.01, 

3.33:0.013, 05:0.02, 10:00.04, 12.5:0.05 ppm. 

Preparation of 1.66:0.006: From 10ppm standard 

metformin solution, pipette out 2.5ml in 5ml volumetric 

flask to get 1.66 ppm, then to this add 0.06ml from 

0.5ppm of standard Repaglinide then make up to mark 

with acetonitrile: water (70:30). Then check the 

absorbance at 245.5 nm. In a similar manner all the 

concentrations were prepared to get 02:008, 2.5:0.01, 

3.33:0.013, 05:0.02, 10:00.04, 12.5:0.05 ppm. 
LLOQ. The lower Limit of Quantification (LLOQ) is 

the lowest concentration of the standard curve that can 

be quantified accurately and precisely. LLOQ is defined 

as the lowest quantifiable concentration in the 

calibration curve. 

ULOQ. The maximum concentration of the standard 

curve that can be determined with acceptable accuracy 

and precision is known as the upper limit of 

quantitation (ULOQ). 

Precision. From the stock of 100µg/ml solution 

(Repaglinide and Metformin HCl), 6 ppm of Metformin 

HCl and 10 µg/ml of Repaglinide were made. The 
absorbances of these solutions were checked 6 times 
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and noted.  For combined drug the precision was 

performed at 5:0.02 at 245.5. % CV was calculated for 
all these 3 solutions. 

Standard deviation
%CV = ×100

Mean
 

i(x – )

N

2
Σ µ

σ =  

Where, 

σ = Standard deviation 

Accuracy. It is performed by spiking the sample with 

the known concentration of standard solution 

%recovery were calculated at three different levels 

(50%, 100% and 150%). Accuracy was calculated by 

using the below formula. 

Measured value – True value
Abs% Bias = ×100

True value
 

Detection limit. The following formula is used to 

determine LOD. 
LOD = 3.3 × SD/Slope 

Where,  

SD=Standard deviation. 

Quantitation limit. The following formula is used to 

determine LOQ. 

LOQ = 10 × SD/slope 

Where,  

SD=Standard deviation. 

ASSAY. An assay of the combined tablet dosage form 

was done by using the simultaneous equation method. 

Simultaneous equation method. It would be possible 
to identify both medications using the simultaneous 

equation approach if a sample contains two absorbing 

substances (X and Y), each of which absorbs at the λmax 

of the other (λ1 and λ2). 10 tablets of EUROPA MF 2 

(Metformin and Repaglinide 500:2) were weighed and 

taken in a mortar then crushed to get a fine powder. 

Then the weight equivalents to 10mg was taken in a 

100ml volumetric flask then add small amounts of 

diluent to dissolve the powder. Sonicate in an ultrasonic 

water bath for 15 mins. Then make up the volume with 

diluent. Then filter the solution. This filtered solution 

will be 100µg/ml. From this 1ml was pipetted and taken 
in a volumetric flask (10 ml) to get a 10 ppm solution. 

This solution is taken for simultaneous estimation of 

Metformin HCl and Repaglinide in a combined tablet 

dosage form. The formula for the simultaneous 

estimation is given below. 

Cx = A1ay2 – A2ay1/AX1ay2 – ax2ay1 

Cy = A1ax2 – A2ax1/AX1ax2 – ay2ax1 

Where, 

A1 and A2 are absorbances of λ1 and λ2 respectively, 

Ax1 and ax2 are absorptivities of X at λ1 and λ2 

respectively, 
Ay1 and ay2 are absorptivities of Y at λ1 and λ2 

respectively, 

The concentrations of X and Y are Cx and Cy 

respectively. 

RESULTS AND DISCUSSION 

Specificity. Specificity is the ability of the analytical 

method to distinguish between the analyte(s) and the 

other components in the sample matrix. When blank 

was injected, no peaks were observed at the Rt of 
Metformin HCl and Repaglinide and when the sample 

was injected peaks were observed at the respective Rt 

of the Metformin and Repaglinide. This means that the 

method is specific to the sample and the instrument is 

able to distinguish between the analyte and the sample. 

Spectrums of standard and blank are shown in Fig. 1 

and 2 respectively. 

 

Fig. 1. Spectrum of standard drug. 

 

Fig. 2. Spectrum of blank. 

Table 2: Results of linearity. 

Concentration(ppm) Absorbance(nm) 

1.66:0.006 0.3568 

02:008 0.6478 

2.5:0.01 0.9345 

3.33:0.013 1.254 

05:00.0 1.5678 

10:00.0 1.876 

12.5:0.05 2.1345 

Linearity. The linearity of an analytical procedure is its 

ability (within a given range) to obtain test results 

which are directly proportional to the concentration 

(amount) of analyte in the sample. The linearity range  

is found to be 1.66:0.006-12.5:0.05µg/ml. Results of 

linearity are shown in Table 1. Calibration graph was 
shown in Fig. 3. 
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Fig. 3. Calibration curve. 

Limits: Correlation Coefficient (r2) ≥ 0.999.  
Result: Correlation Coefficient (r2) =0.9994 

LLOQ 

LLOQ (Lowest Limit of Quantification) from the 

calibration curve was found to be 

LLOQ=1.66:0.006 

ULOQ 
ULOQ (Upper Limit of Quantification) from the 

calibration curve was found to be  

ULOQ=12.5:0.05 

Precision. Precision expresses the closeness of 

agreement between a series of measurements obtained 

from multiple sampling of the same homogeneous 

sample under the prescribed conditions. The 

concentrations of the sample selected for the study are 

5:0.2. Intraday prescision was carried out within the 

same day in the same laboratory. Interday precision was 

carried out by different analyst in different laboratory 

on different day and on different instrument. Table 3 
shows the results of precision of intraday and interday.

Table 3: Results of precision. 

Concentration(ppm) Intraday precision Inter-day precision 

5:0.2 1.4675 1.7121 

5:0.2 1.46675 1.7158 

5:0.2 1.4672 1.7173 

5:0.2 1.4675 1.7202 

5:0.2 1.46576 1.7204 

5:0.2 1.4676 1.7194 

Average 1.467115714 1.717528571 

Standard deviation 0.000616021 0.00270962 

%CV 0.041988563 0.157762735 

Limits: %CV should be less than 2 as per ICH guidelines.  

Result: %CV for intraday precision was found to be 0.041988 and %CV for interday precision was found to be 0.157762.%CV is within the 

limits. 

Accuracy. Accuracy is the degree of closeness between 
the true value of analytes in the sample and the value 

determined by the method. In this study concentration 

levels selected were 50%, 100% and 150%.  The 

absorbance and the percentage recovery at these levels 
were measured. Results of accuracy were shown in 

Table 4. 

Table 4: Results of Accuracy for combined drug. 

% Level Absorbance % Recovery Abs %Bias 

50% 
0.4425 
0.4542 

0.4498 

96.97% 
97.5% 

98.5% 

97.6%  

100% 
0.6698 
0.6659 

0.6641 

99.11% 
98.5% 

98.2% 

98.6%  

%150 
0.9810 
0.9785 

0.9755 

99.6% 
99.4% 

99.11%  

99.37%  

     Limits: Abs% Bias should be 98-102% as per ICH guidelines  
    Result: Abs% Bias was found to be 97-99%. 

LOD and LOQ. Limit of detection (LOD) is the 

smallest concentration of analyte that can be detected. 

Limit of quantification (LOQ) is the lowest possible 

concentration of the analyte that can be quantified. 

LOD and LOQ were calculated by using the below 

formula. LOD and LOQ values are given in Table 5. 

LOD=3.3x SD/slope 

LOQ=10x SD/slope 

SD= standard deviation 

Table 5: LOD and LOQ Results. 

Drug name LOD LOQ 

Metformin and 

Repaglinide 

(500:2) 

0.009154µg/mL 0.02786µg/mL 

Assay. Assay of the tablet formulation was done by 

using the Simultaneous equation method 

Cx = A1ay2 – A2ay1/AX1ay2 – ax2ay1 

Cy = A1ax2 – A2ax1/AX1ax2 – ay2ax1 

By substituting the above value for the value in the 

formula we will get Cx and Cy values. Cx and Cy values 

are given in Table 6. 

Cx=9.660    Cy= 0.0368 

95.4%  of Metformin HCl was found in combined tablet 

dosage form  

96.8%  of Repaglinide was found in combined tablet 

dosage form  
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Table 6: Analysis of formulation by 

Simultaneous Method. 

Drug name Concentration(µg/ml) 

Metformin HCl (Cx) 9.660 

Repaglinide (Cy) 0.0368 

CONCLUSIONS 

 A simple, economic, rapid, precise, and accurate 

Spectrophotometric method has been developed and 

validated for quantitative estimation of Metformin HCl 
and Repaglinide (500:2) in human plasma. Extraction 

of drugs from plasma has been done by protein 

precipitation. All the validation parameters like 

Specificity, LLOQ, ULOQ, precision, accuracy, LOQ, 

and LOD have been performed according to ICH 

guidelines Q10 M. All validation parameters were 

confirmed to be within their respective limitations. 

Hence the developed method can be successfully used 

for quantitative estimation of metformin HCl and 

Repaglinide in combined tablet dosage form in human 

plasma using UV-spectroscopy. 

FUTURE SCOPE 

The present method was found to be economic, precise, 

accurate. Hence it can be used for routine simultaneous 

analysis of metformin and Repaglinide. The method can 

be further extended to LC-MS, 2D LC and further 

hyphenated techniques to make the analysis of these 

drugs further sensitive and precise. 
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