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ABSTRACT

The objective of this study was to develop a new simple, rapid,
sensitive, and validated reversed phase-high performance liquid
chromatography (RP-HPLC) method for the simultaneous
estimation of Metformin Hydrochloride and Dapagliflozin
Benzoate in tablet dosage form. By utilizing RP-HPLC, this
method fills a gap in the existing literature. Optimizing various
parameters of the chromatographic process was key to
developing an effective method for separating and detecting
drugs. International guidelines and regulatory requirements
were followed for the validation of the method, including
specificity, linearity, accuracy, Precision, robustness, and
suitability for the system. For analysis of mixed solutions
containing Metformin Hydrochloride and Dapagliflozin
benzoate, a Chromatographic separation was achieved on a
Phenomenex C 18 column (150x4.6mm), 5um, a mobile phase
ratio consisting of Buffer: ACN: Methanol (30:5:65) at flow
rate 1.2 ml/min, and total run time 8 min, The injection volume
20ul. The detection wavelength is 249nm. Approximately 2000

plates were found, indicating a successful chromatographic
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separation. With a tailing factor of less than 2 and a well-resolved peak, the peaks appear
symmetrical and well-resolved. In order to ensure there were no interfering peaks, retention
times for Metformin Hydrochloride and Dapagliflozin benzoate were found to be 2.078 and
3.238 min. As for Metformin Hydrochloride, the correlation coefficient (R?) is 0.9993 and
Dapagliflozin benzoate is 0.9996. This indicates a good linear relationship between drug
concentrations and peak areas based on the high correlation coefficients. For Metformin
Hydrochloride and Dapagliflozin benzoate, the %RSD values were 0.09% and 1.42%,
respectively, below the acceptable limit of 2%. As a result, the method is accurate and
repeatable. In the study of Metformin Hydrochloride, the mean percent recovery was
100.09%, while in the study of Dapagliflozin benzoate, the mean percent recovery 100.34%.
Under varied conditions, both Metformin Hydrochloride and Dapagliflozin benzoate showed
%RSD values within the Acceptable range of 2%, demonstrating the robustness and
reliability of the method. This Study concluded that valuable insight is provided into the use
of validated RP-HPLC methods in this study, which contributes significantly to the evolution
of pharmaceutical analytical techniques.

KEYWORDS: Metformin Hydrochloride and Dapagliflozin benzoate, RP-HPLC, Method
development, Method validation.

INTRODUCTION

Metformin (Figure 1) (also referred to as Glucophage) is a biguanide-class oral anti-diabetic.
It is the first-line medicine for the treatment of type 2 diabetes, particularly for overweight
and obese individuals. There is also emerging evidence for its usefulness in gestational
diabetes, while safety issues still prevent widespread usage in this situation. It turns on the
AMP-activated protein kinase (AMPK). It is used to treat polycystic ovarian syndrome and

has been studied for other disorders where insulin resistance is a contributing factor.!"!

Dapagliflozin (Figure 2) is given as a crystalline solid. Dapagliflozin decreases renal glucose
reabsorption through the solid-glucose cotranspoter (SGLT) and provides an insulin-free
option for regulating blood glucose levels in type 2 diabetic patients. Dapagliflozin is a first-
generation SGLT inhibitor that selectively targets SGLT2 over SGLT1. Dapagliflozin is a
first-generation SGLT inhibitor that selectively targets SGLT2 over SGLT1.?

Metformin HCL and Dapagliflozin are used to treat type 2 diabetes. The combined mode of

action of Metformin HCL and dapagliflozin, as well as their outstanding efficacy and safety
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profiles, support the utilization of this fixed-dose combination as a therapeutic option for
T2DM patients.

The literature review reveals that several methods have been reported for estimating
Metformin HCI and Dapagliflozin benzoate alone or in combination with other drugs in their
pharmaceutical dosage forms, but none of these methods are available for estimating these
drugs in the selected pharmaceutical dosage form. In the investigation of formulations
containing two or more pharmaceuticals, one drug may interfere with the estimation of
another. To avoid this, component combinations frequently separate by extraction, which
makes the process timeconsuming, difficult, and often inaccurate. As a result, it was
considered worthwhile to create an analysis approach capable of estimating both medications
in combination without the need for separation. As a result of the literature review, it was
believed to design a precise, accurate, easy, and reliable method for estimating medication in
tablets utilizing the following technology of RP HPLC method for Metformin HCI and
Dapagliflozin benzoate. The technique was confirmed, and recovery tests were undertaken

using ICH criteria and many statistical metrics."®!

MATERIALS AND METHODS

Chemicals and Reagents

Acetonitrile, Di — Sodium Hydrogen ortho Phosphate (AR Grade), Ortho phosphoric acid
(AR Grade), Water and Methanol of HPLC grade were obtained from S.D. Fine Chemicals
Pvt. Ltd., India, Sigma - Aldrich Chemicals Pvt. Ltd. Pharmaceutical grade Metformin HCL
+ Dapagliflozin benzoate Zydus Medica Healthcare Pvt. Ltd (Dapaglyn M— MET PLUS
10mg/ 500mg), Zydus MEDICA Pvt. Ltd., Gujarat, India respectively.

Instruments

The analysis was performed by using the Shimadzu digital electronics balance, pH meter -
Elico Pvt. Limited, India, Jasco V-600 UV/ Vis- spectrophotometer, Shimadzu HPLC
Prominence i LC — 2030 liquid chromatograph system with UV — VISIBLE detector and auto
sampler injector. Chromatograms were recorded and integrated on PC installed with Lab
solutions chromatographic software. Shimadzu liquid chromatograph equipped with LC — 10
AT VP pump, SPDM10A VP diode array detector and rheodyne 7725 i injected with a 20 pl
loop. Chromatograms were recorded and integrated on PC installed with LC solutions

chromatographic software.
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Chromatographic Conditions

Waters Corporation (Milli — Q -Water) was used for method development, forced degradation
and method validation. This system is comprised of a ternary gradient pump and auto sampler
(2487 Separation module), column oven and a photo diode array detector. Inspire (4.6 x
150mm, 5um) column was used. The instrumental settings were a flow rate of 1 mL/min, a
column temperature at 40°C and a detector wavelength of 260 nm. The injection volume was
10 pL. Data acquisition was made with the software PC 1000 (Thermo Separations Products,
Riviera Beach, FL).

REAGENTS AND SOLUTIONS

Preparation of Mobile Phase

a. Selection of mobile phase

Solvent type, solvent strength, strength of buffer and optimum pH were optimised to get the

chromatographic conditions that gave best separation.

The mobile phase was made up of buffer and acetonitrile in a 30:70 ratio (v/v). The pH of the
mobile phase was adjusted to 3.0 using sodium hydroxide. The buffer employed in the mobile
phase consisted of 0.1% of orthophosphoric acid in double-distilled water. The mobile phase

was premixed, filtered using a 0.45-um filter, and degassed.

b. Preparation of stock solution

500mg of Metformin HCL and 10 mg of Dapagliflozin benzoate were accurately weighedand
transferred in to a separate 50 ml volumetric flask and sufficient mobile phase was added to
dissolve the drug. The final volume was made up to 50 ml with mobile phase (primary stock
solution). Pipette out 2ml from the above stock solution into a 50mlvolumetric flask and the

final volume was made up to the mark with the mobile phase.

Preparation of Sample solution

20 tablets were weighed and powdered, tablets powder equivalent to 500mg of Metformin
HCL and 10 mg of Dapagliflozin benzoate was transferred in to a 50 ml volumetric flask,
sufficient amount of mobile phase was added and dissolved by 20 minutes ultrasonication.
Then made the volume up to the mark with the mobile phase and filtered with 0.45 p filter

paper. Pipette out 2 ml from the above solution and diluted to 50ml withthe mobile phase.
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Recording the chromatogram

A steady baseline was recorded with the fixed chromatographic conditions and 20 pg of
standard drug solutions and sample solutions were injected and chromatograms were
recorded. Calibration curve was plotted using the standard drug peak area versus

concentration of standard solutions.

METHODS DEVELOPMENT 24

The developed method was fully validated for the parameters as per ICH guidelines.

System suitability

A standard solution was prepared by using Metformin HCI and Dapagliflozin benzoate
working standards as per test method. The working standard solution was injected 5 times
into the HPLC; chromatograms were recorded and measured the responses for the major
peaks. System suitability parameters such as retention time, theoretical plates and asymmetric

factor.

Linearity

Linearity is achieved through a series of standards. Appropriate volume from the stock
solution was diluted to get the final concentration of 200, 300, 400, 500, 600 pg/mL for
Metformin HCI and 5, 7.5, 10, 12.5, 15 pg/mL for Dapagliflozin benzoate. Then the
chromatogram was recorded for each concentration, plot the graph concentration versus area.

Accuracy

This study was performed using a minimum of 3 concentration levels, each intriplicate
determinations 75, 100 and 125% from the label claim of metformin HCI and Dapagliflozin
was taken in to a 50 ml volumetric flask and sufficient mobile phase was added, sonicated 20
min for dissolving the drugs, final volume was adjusted up to the mark with the mobile phase.
Pipette out 2 ml from the above solution into a 100 ml volumetric flask and final volume was
adjusted up to the mark with the mobile phase. Calculate the individual recovery and mean

recovery values.

Precision
To determine the precision, Repeatability, Intermediate precision and Reproducibility
analysis was performed. The standard solution was injected for five times and measured the

area for all five injections in HPLC. The %RSD for the area of five replicate injections was
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found to be within the specified limits. Precision study was carried out by injecting a sample
solution in to HPLC without changing the assay procedure and the results are shown the %
RSD is less than 2 % for Metformin HCI and Dapagliflozin benzoate. The low RSD value
indicated that the method was precise.

Limit of detection and Limit of quantification

The LOD and LOQ of the developed method were determined by analyzing progressively
low concentration of the standard solution using the developed methods. The LOD is the
concentration of the analyte that gives a measurable response (signal to noise ratio 3.3). The
LOQ is the lowest concentration of the analyte, which gives a response that can be accurately
quantified (signal to noise ratio of 10). The determination of the limit of quantification is
carried by minimum concentration at which the analyte can reliably be quantified is
established.

Stability

The standard drug solutions were subjected to stability studies under room temperature. it
was determined by keeping the drug solution for 3 days at room temperature. The
chromatogram was recorded by injecting the sample solution at once per day and calculated
the amount of drug present. Stability of solutions were analysed by looking for any changes

in retention time, resolution, peak shape etc.

Robustness

The concept of robustness of an analytical procedure has been defined by the ICH as a
measure of its capacity. Robustness of the method were determined by changing the method
parameters (wavelength + 1nm from 1nm, Flow rate £ 0.1, pH £ 0.05 and the mobile phase

ratio + 2 %).

Specificity (forced degradation studies)

Sample degradation is also a technique for assessing specificity by deliberately degrading the
sample and to look for the appearance of other peaks in the chromatogram. Here, the drugs
were subjected to acid degradation (0.5 N HCI), base degradation (0.5 N NaOH), oxidative
degradation (3% H202) and neutral conditions to achieve 10 to 20% degradation from the

initial material.
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RESULT AND DISCUSSION

The present study aimed to create a new RP-HPLC method for separating and quantifying
Metformin HCI and Dapagliflozin benzoate in bulk and pharmaceutical dosage forms. A
wavelength of 249 nm was selected for the study. It was found that a system comprising of
Buffer: ACN: Methanol in the ratio of 30:5:65 which gave good resolution and peak
characteristics. The column used was Phenomenex C 18 column (150x4.6mm,) particle size
S5um with flow rate of 1.2 ml/min with pH adjusted to 3.5 using UV detection at 249
nm.Various mobile phase compositions were tested. However, Trail 6 was Metformin HCI
and Dapagliflozin benzoate are eluted at 2.078 and 3.238 respectively, efficiency parameters
are indicate the good separation, asymmetric. So this method was selected for further
analysis. In RP-HPLC method, optimizations of different chromatographic parameters like
selection of chromatographic method, detection wavelength, selection of mobile phase,

mobile phase ratio, etc., were done.

1. System suitability

System suitability tests were carried out on a freshly prepared standard solution of the MET
and DAP to scrutinize the various optimized parameters. System suitability parameters like
plate number (N), tailing factor (Tf), capacity factor (k’), resolution (Rs) and relative standard
deviation of peak area for repetitive injections were studied and it was found that the values

were within the limits. Results are shown in (Table no. 1)

2. Linearity

From the linearity studies, specified concentration levels were determined. Metformin
hydrochloride was found to be linear in the concentration range of 200 to 600 pg/ml.
Dapagliflozin benzoate was found to be linear in the concentration range of 5 tol5 pg/ml.
Each set was analyzed to plot a calibration curve. Standard deviation (SD), slope, intercept
and coefficient of determination (r 2) of the calibration curves were calculated to ascertain

linearity of the method. Results are shown in (Fig. 3- 4)

3. Accuracy or Recovery

Accuracy is represented and determined by recovery experiments. Recovery studies were
carried out at 75%, 100% and 125% levels. Good recovery values show that the method is
free from interferences. Accuracy was evaluated by determining the analyte in solution

sprepared according to the standard addition method and expressed in terms of percentage
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recoveries of MET and DAP from the real samples. Results are shown in (Table no. 2 & Fig.
5-7).

4. Precision

The precision evaluated at the repeatability of the method was studied by calculating the
relative standard deviation (RSD). All precision results were summarized in (Table 3)

a). Repeatability: This study was performed with a minimum of three replicate measurements
of sample solution at O hrs, 8 hrs and 16 hrs in a same day.

b). Intermediate precision: Intermediate precision was performed by injecting the sample
solution in to HPLC at three different days, different analysts and in different instruments.

c). Reproducibility: Reproducibility studies were done in two laboratories and the results

were compared.

5. Determination of the Limits of Detection and Quantitation:

The LOD and LOQ of the developed method were determined by analyzing progressively
low concentration of the standard solution using the developed methods. The LOD is the
concentration of the analyte that gives a measurable response (signal to noise ratio 3.3). The
LOQ is the lowest concentration of the analyte, which gives a response that can be accurately
quantified (signal to noise ratio of 10). LOD and LOQ of Metformin HCI and Dapagliflozin
benzoate were found to be 359.561 ng/mL, 84.037 ng/mL and 108.958 ng/ml, 254.658 ng/m
(Table 5).

6. System Suitability Study

Stability of drug solution was determined by keeping the drug solution for 3 days at room
temperature. The chromatogram was recorded by injecting the sample solution at once per
day and calculated the amount of drug present. There is no significant degradation was
observed. The stability test results (Table 6) are indicating the drug solutions are stable up to

3 days at room temperature.

7. Robustness

Robustness of the method were determined by changing the method parameters (wavelength
+ 1nm from 1nm, Flow rate + 0.1 (Chromatogram no. 33-36), pH + 0.05 andthe mobile phase
ratio £ 2 %), the results were presented in Table 4. Based on the results of these studies show,
the small changes made to the method procedure, but it willnot affect the method results so

this method is robust. the results are present in the (Table — 7& Fig. 8- 11).
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Sample solution was prepared according to the above described procedure. Then the solution

was injected in to the HPLC and calculated the amount of Metformin HCI, Dapagliflozin

benzoate present in the each tablet by using the above mentioned formula, results are present
in the (Table — 8,9 & Fig. 12- 17)

Tablet no. 1: System suitability parameters.

MET DAPA MET DAPA
S.No MET DAPA Theoretical Theoretical Tailing Tailing
Area Area

plates plates factor factor

1 4208745 | 400587 3568.305 4836.127 1.276 1.105

2 4208746 | 396574 3586.231 4836.241 1.285 1.118

3 4198754 | 398567 3528.97 4863.727 1.256 1.126

4 4184764 | 397854 3594.212 4758.963 1.274 1.113

5 4207841 | 399852 3567.422 4698.521 1.293 1.133
AVG | 4201770 | 398686.8 3569.028 4798.716 1.2768 1.119
SD | 10397.99 | 1592.19 25.1889 68.2888 0.01388 0.0109
R;/ICI)) 0.247467 | 0.3993 0.7057 1.4230 1.0872 0.9769

Tablet no. 2: Accuracy (Recovery studies for MET & DAPA).

Concentration Added AMT Amt recovered | Amt recovered
(%0) amount (mg) (mg) (%)

MET/DAPA MET | DAPA | MET | DAPA | MET | DAPA

75 375 9.375 | 374.65 | 9.394 | 99.90 | 100.20

100 500 125 | 495.17 | 12.649 | 99.03 | 101.19

125 625 15.625 | 621.83 | 15.487 | 99.49 | 99.11

The percentage recoveries of the three concentrations (75 %, 100% and 125%) were found to

be close to 100%, indicative of high accuracy of this method.

Table no. 3: Precision results for MET and DAPA.

MET DAPA
Parameters Sampling Amount | Amount RSD Amount | Amount RSD
time present | present (%) present | present %
(mg) (%) (mg) (%)
0 hrs 495.11 99.02 |0.0920 | 12.62 100.97 | 1.4542
Repeatability 8"hrs 499.69 99.93 |0.9449 | 12.37 100.62 | 0.5498
16"hrs 503.98 100.79 ]0.3633 | 12.60 100.83 | 0.7566
1"Day 504.63 100.92 |0.4993 | 1255 100.42 | 0.7712
2"day 503.59 100.71 |0.3197 | 12.63 101.06 | 0.6141
Intermediate 3"day 497.53 99.50 |0.1257 | 1270 101.64 | 0.1250
precision Analyst-1 | 502.26 100.45 |0.1907 | 12.63 101.07 | 0.8081
Analyst-2 | 504.35 100.87 |0.1197 | 1261 100.94 | 0.6498
Instrument | 501.00 100.20 | 0.7276 | 12.66 101.30 | 0.1559
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-1

Instrument

9 504.86 100.97 |0.1219 | 1261 100.94 | 0.4287

Table no. 4: LOD and LOQ results for MET and DAPA.

S.No MET | DAPA
1 2056745 | 188634
2 2057246 | 187858
3 2058874 | 187658
) 1113.106 | 515.5502
Slope 10215.91 | 20244.82
LOD(ug/mL) | 0.359561 | 0.084037
LOQ (ug/mL) | 0.108958 | 0.254658

Table no. 5: LOD and LOQ results for MET and DAPA.

S.No MET DAPA

1 2056745 | 188634

2 2057246 | 187858

3 2058874 | 187658
SD 1113.106 | 515.5502

Slope 10215.91 | 20244.82
LOD(pg/mL) | 0.359561 | 0.084037
LOQ (ug/mL) | 0.108958 | 0.254658

Table no. 6: System Suitability.

MET DAPA
Parameters Amount | Amount | Amount | Amount
present | present | Present | Present
(mg) (%) (mg) (%)
Dayl 504 98.60 12.65 101.25
Day?2 504.38 100.87 12.64 101.17
Day3 503.88 100.77 12.64 101.16
Table no. 7: Robustness.
MET DAPA
Amount | Amount RSD Amount | Amount RSD
Parameters present present % present Present %
(mg) (%) (mg) (%)
Wavelength | 248 493.04 98.60 0.1139 12.64 101.16 0.0549
(nm) 250 505.57 101.11 0.1237 12.63 101.11 0.0504

FlowRate 13 502.87 100.57 0.3725 12.61 100.94 | 0.4278
(mL/min) 11 502.90 100.58 0.7906 12.65 101.23 | 0.0153
Mobile 67 502.99 100.59 0.3907 12.65 101.27 | 0.1750

(o)
?&ﬁﬁgﬁ;‘; 63 | 50486 | 10097 | 0.09942 | 1258 100.66 | 0.3853
oH 355 | 498.76 9975 | 1.1828 | 12.64 10118 | 0.0634

3.45 | 500.30 100.06 1.3808 12.63 101.08 | 0.0801

www.wipr.net | Vol 14, Issue 23,2025. |  1SO 9001: 2015 Certified Journal | 781



Ramaswamy et al. World Journal of Pharmaceutical Research

Table no. 8: Assay results for MET.

SAM Area | STD Area | Amt present | 0Amt present
4257964 4201770 501.7721 100.3544
4287561 4201770 505.2599 101.0517
4287956 4201770 505.3064 101.0612
4281863 4201770 504.5884 100.9176
4178293 4201770 492.3834 98.4766
4187956 4201770 493.5221 08.7044

AVG 500.4721 100.0944108
SD 5.977577 1.195515343
%RSD 1.194388 1.194387712
Table no. 9: Assay results for DABA.
SAM STD Amt %Amt
Area Area | present present
403156 | 398687 | 12.54026 | 100.3220
406321 | 398687 | 12.63871 | 101.1096
403652 | 398687 | 12.55569 | 100.4454
406328 | 398687 | 12.63893 | 101.1114
401357 | 398687 | 12.4843 99.8744
398741 | 398687 | 12.40293 99.2234
AVG | 1254347 | 100.3477463
SD 0.091207 | 0.729659142
% RSD | 0.727131 | 0.727130573
TR
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Fig. 1: Metformin Hcl.
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Fig. 2: Dapagliflozin Benzoate.
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Fig. 15: Assay (Chromatogram of standard 4).
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Fig. 17: Assay (Chromatogram of standard 6).

CONCLUSIONS

The technique described above may be applied to the simultaneous measurement of
Metformin and Dapagliflozin Benzoate in pharmaceutical dose form. The procedure is
validated and demonstrated to be accurate and precise. The validation studies demonstrated
that the stability-indicating RP-HPLC technique is simple, mass compatible, accurate, robust,

and specific, with no interference from excipients or degradation products. The proposed
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approach was successfully used to conduct quantitative analyses of MET and DAPA in

tablets. The approach may thus be applied to regular analysis, quality control, and stability

investigations of pharmaceutical tablets containing these medicines.
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