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ABSTRACT 

The present study examines simultaneous multiple response optimization using Derringer’s desirability function for the 

development of an HPTLC method to detect Metformin and Remogliflozin in pharmaceutical dosage form. Central 

composite design (CCD) was used to optimize the chromatographic conditions for HPTLC. The independent variables 

used for the optimization were the methanol content in the mobile phase, wavelength and the chamber saturation time. 

HPTLC separation was performed on aluminium plates pre-coated with silica gel 60 F254 as the stationary phase using  

methanol: ethyl acetate: acetic acid (7:2.5:0.5 % v/v/v) as the mobile phase.  

Quantification was achieved based on a densitometric analysis of Metformin and Remogliflozin over the concentration 

range of 40-65 µg/mL and 4.0-6.5 µg/mL, respectively, at 245 nm. The method yielded compact and well-resolved bands 

at Rf of 0.24 ± 0.04 and 0.48 ± 0.03 for Metformin and Remogliflozin, respectively.  

The linear regression analysis for the calibration plots produced r2 = 0.9997 and r2 = 0.9996 for Metformin and 

Remogliflozin respectively. The precision, accuracy, ruggedness, specificity, limit of detection and limit of quantitation 

of the method were validated according to the ICH guidelines. The factors evaluated in the validation parameters test were 

determined to have an insignificant effect on the selected responses.  

The results indicate that the method is suitable for the routine quality control testing of marketed tablet formulations. 
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INTRODUCTION 

One of the main causes of death worldwide is diabetes 

mellitus (1–3). Therefore, improved glycemic 

management is necessary to lower the risk of diabetic 

symptoms, including cardiovascular issues, retinopathy, 

neuropathy, and kidney failure (4). To reach the intended 

treatment aim and minimize side effects, combination 

therapy of oral hypoglycemic medications with a variety 

of mechanisms of action is typically advised over 

monotherapy (5).  For the treatment of diabetic mellitus, 

a novel formulation of remogliflozin etabonate and 

metformin HCl was recently approved. Metformin HCl 

(figure1) is a commonly used oral hypoglycemic 

medication that works in several ways, including 

decreasing the rate of hepatic gluconeogenesis, insulin 

sensitivity, and intestinal absorption of glucose by 

increasing the anaerobic metabolism of glucose in 

enterocytes and decreasing insulin sensitivity, which 

increases the utilization of glucose by peripheral cells 

(6–8). 

Remogliflozin etabonate (figure 2) is a recently 

developed oral hypoglycemic medication that does not 

require insulin (9, 10). It increases the removal of sugar 

from the urine by blocking sodium-glucose 

cotransporter-2 (SGLT2), an enzyme responsible for the 

kidneys' reabsorption of sugar. In addition to glycemic 

management, SGLT-2 inhibitors have a number of 

positive side effects, such as reducing hemoglobin A1c 

levels, systolic blood pressure, and body weight. RGE is 

therefore more beneficial when taken in conjunction 

with metformin, especially for patients who need to 

further lower their hemoglobin A1c level due to cardiac 

or renal conditions (11–16). 

                 
Figure 1 and 2 Structure for Metformin and Remogliflozin etabonate 

 

Drug quantification has recently made extensive use of 

HPTLC due to its inexpensive maintenance costs, short 

analytical times, low mobile phase consumption per 

sample, and little sample cleanup requirements. It makes 

automated sample application and plate scanning 

possible. Additionally, it is adaptable enough to examine 

various sample types (17).  

Literature survey states that Metformin and 

Remogliflozin are official in IP, USP and BP 

individually however, a combination of Metformin and 

Remogliflozin is not official in any Pharmacopoeia.  

Various analytical methods like HPLC (18), UV (19), 

stability indicating UV (20), Absorption ratio UV (21), 

LC-MS/MS (22), HPTLC (23), RP-UPLC (24),  

Mannich Reaction UV (25), Human plasma RP-HPLC 

(26), CCD with HPTLC (27),  HPLC and HPTLC(28) 

Factorial Design Capillary Zone Electrophoresis (29), 

Multivariate optimization Capillary Zone 

Electrophoresis (30),  for the determination of 

metformin alone and combined with other drugs has 

been reported.  Similarly, UHPLC-MS/MS (31), HPLC 

(32), stability indicating HPTLC (33), HPTLC (34) and 

RP-HPLC (35) for the determination of Remogliflozin 

alone and combine with other drugs has been reported. 

Metformin combine with Remogliflozin different 

analytical methods like UV Derivative (36), Green UV 

Derivative (37), RP-HPLC (38) and UPLC (39) has been 

reported.  Remarkably, no HPTLC method using QBD 

optimization for the simultaneous determination of 

metformin and Remogliflozin in bulk and 

pharmaceutical formulations has been reported in 

literature till date. Hence, this research paper describes 

the development of HPTLC method for simultaneous 

estimation of Metformin and Remogliflozin using 

Design of Experiment (DoE) approach for method 

validation.  

DoE operates on the idea that different rational 

combinations of components are used to generate 

mathematical equations (models), graphical results, and 

experimental design. Pharmaceutical development, 

including formulation development, analytical method 

optimization, and validation, benefits greatly from 

experimental design procedures. Additionally, 

methodology has shown itself to be a useful tool for 

method validation, as it permits the investigation of 

concurrently changing factors. Ruggedness (various 

normal conditions) tests are usually conducted during 

method validation with the expectation that the answer 

will not change much, enabling the assertion of a tough 

technique (40). Moreover, many factors can be screened 

simultaneously without concerns about interacting and 

non-interacting effects, as they are usually considered 
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negligible. Various experimental designs for the study 

includes Plackett Burman design, factorial, fractional 

factorial and response surface designs.  

This research article focuses on the determination of 

analytes by HPTLC analytical method using central 

composite design (CCD). Among the various 

experimental designs, CCD as a response surface design 

was preferred for prediction of nonlinear response and 

also due to its flexibility, in terms of experimental runs 

and information related to factor’s main and interaction 

effects (41,42). Moreover, preliminary trials of 

optimization study revealed that the methanol content in 

the mobile phase produced significant effect on the 

response. Hence, CCD that combines two level factorial 

design with a star design and centre points covers the 

factor space near the centre with more points than at the 

periphery and allows more number of levels without 

performing experiments at every combination of factor 

levels. For this CCD, three influent chromatographic 

parameters; mobile phase composition in terms of 

methanol content, wavelength and saturation time on the 

basis of optimized experimental domain were selected 

and varied within a real range, and their quantitative 

influence on the response variable, retention factor was 

determined. Hence a novel, simple, accurate, 

reproducible HPTLC method was developed for 

simultaneous estimation of Metformin and 

Remogliflozin in pharmaceutical dosage form, using 

CCD design.  

 

MATERIALS AND METHODS 

Working standards of  Metformin and Remogliflozin  

were kindly provided as a gift sample from  Sai primus 

life biotech limited, Kurumbapet , Puducherry and 

Century Pharmaceuticals limited,  Vadodara, Gujarat, 

India, respectively. All solvents and chemicals used 

were of analytical grade, purchased from Merck 

Specialities Pvt. Ltd., India. Marketed tablet 

formulations used in this study were procured from local 

market; Remo Zen M tablet, from Glenmark 

Pharmaceuticals Ltd.  

Microsyringe (Linomat syringe 659.0014, Hamilton 

Bonaduz Schweiz, Camag, Switzerland), pre-coated 

silica gel 60F254 aluminium plates (10×10 cm, 100μm 

thickness; Merck, Darmstadt, Germany), Linomat 5 

applicator (Camag, Switzerland), twin trough chamber 

(10×10 cm; Camag, Switzerland), UV chamber (Camag, 

Switzerland), TLC scanner IV (Camag, Switzerland), 

win CATS version 1.4.6 software (Camag, Switzerland) 

were used in the study. All data analysis of experimental 

design was performed by using the Design-Expert trial 

version 12.0 (Stat-Ease Inc., Minneapolis) and 

remaining calculations were performed by use of 

Microsoft Excel 2007 software (Microsoft Corporation, 

USA). 

 

Chromatographic Development and scanning 

The standard solutions of Metformin and Remogliflozin 

were spotted in the form of bands having a bandwidth of 

6 mm using a Camag Linomat sample applicator a pre-

coated silica gel aluminum Plate 60F254. The length of 

chromatographic run was 9 cm. Subsequent to the 

development; HPTLC plates were dried in a current of 

air with the help of an air dryer. Densitometric scanning 

was performed using a Camag TLC scanner with 

winCATS software. All measurements were made in the 

reflectance–absorbance mode at 245 nm, slit dimension 

(6.00 x 0.30 mm, micro), scanning speed 20 mm/s, and 

data resolution 100 µm/step. The source of radiation was 

a deuterium lamp emitting a continuous UV spectrum 

between 190 and 400 nm.  

The concentration of both drugs was determined from 

the intensities of diffusely reflected lights, and 

evaluation was done by ordinary linear regression 

analysis of peak areas were used as a stationary phase. 

Linear ascending development was carried out in a twin 

trough glass chamber. The mobile phase consists of 

Methanol: Ethyl acetate: glacial acetic acid (6:3.5:0.5 % 

v/v/v). The optimized chamber saturation time before 

chromatographic development was 30 min at room 

temperature (25±2 ◦C) Evaluation was via peak areas 

with linear regression analysis. The method was 

validated in accordance with ICH guidelines Q2 (R1) 

(43,44) for evaluation of various parameters that include 

linearity, precision, accuracy, LOD, LOQ, content 

estimation and ruggedness. 

 

Preparation of standard stock solution 

Weighed accurately about 1000mg of Metformin and 

100mg of Remogliflozin were transferred into a 100ml 

volumetric flask and dissolved with minimum quantity 

of mobile phase and the volume was made up to the 

mark with mobile phase.  Further diluted pipette out 

0.55ml of this solution in to 100 ml volumetric flask and 

made upto the mark with mobile phase. The 

concentration of the solution contains 55µg/ml and 

5.5µg/ml for Metformin and Remogliflozin 

respectively. 

 

Preparation of Calibration Graph 

The aliquots of stock solution of Metformin (0.4-0.65ml 

of 10000µg/ml) and (0.4-0.65ml of 1000µg/ml) for 

Remogliflozin were transferred in to six 100 ml 

volumetric flasks and made up to mark with mobile 

phase. The solutions containing the concentration of 40-

65µg/ml for Metformin and 4-6.5µg/ml of 

Remogliflozin.  From this solution 5µl were spotted and 

the chromatogram were recorded at 261nm.  The above 

concentration range was found to be linear and obeys 

beer’s law. The procedure was repeated for three times. 

The peak areas were plotted against concentration and 

the calibration curve was constructed. 

 

 LOD and LOQ 

The linearity study was carried out for three times. The 

LOD and LOQ were calculated based up on the 

calibration curve method. The LOD and LOQ were 

calculated using average of slope and intercept. 

 

Preparation of Sample solution 

Twenty tablets of formulations (Remo Zen M) were 

weighed accurately. The average weight of the tablet 

https://www.bing.com/ck/a?!&&p=7dac789db5d0c6b1f725f6639cb38bb66105e8c93bdf65b6c389c73ae07ac78dJmltdHM9MTczMzE4NDAwMA&ptn=3&ver=2&hsh=4&fclid=0b6d452f-7a63-6dd1-030e-54457bce6c4d&u=a1L21hcHM_Jm1lcGk9MTA5fn5Ub3BPZlBhZ2V-QWRkcmVzc19MaW5rJnR5PTE4JnE9Q2VudHVyeSUyMFBoYXJtYSZzcz15cGlkLllONDA3MHg1MDAyMzE1MDkmcHBvaXM9MjIuMzA4MzcyNDk3NTU4NTk0XzczLjE4MzQ0ODc5MTUwMzlfQ2VudHVyeSUyMFBoYXJtYV9ZTjQwNzB4NTAwMjMxNTA5fiZjcD0yMi4zMDgzNzJ-NzMuMTgzNDQ5JnY9MiZzVj0xJkZPUk09TVBTUlBM&ntb=1
https://www.bing.com/ck/a?!&&p=7dac789db5d0c6b1f725f6639cb38bb66105e8c93bdf65b6c389c73ae07ac78dJmltdHM9MTczMzE4NDAwMA&ptn=3&ver=2&hsh=4&fclid=0b6d452f-7a63-6dd1-030e-54457bce6c4d&u=a1L21hcHM_Jm1lcGk9MTA5fn5Ub3BPZlBhZ2V-QWRkcmVzc19MaW5rJnR5PTE4JnE9Q2VudHVyeSUyMFBoYXJtYSZzcz15cGlkLllONDA3MHg1MDAyMzE1MDkmcHBvaXM9MjIuMzA4MzcyNDk3NTU4NTk0XzczLjE4MzQ0ODc5MTUwMzlfQ2VudHVyeSUyMFBoYXJtYV9ZTjQwNzB4NTAwMjMxNTA5fiZjcD0yMi4zMDgzNzJ-NzMuMTgzNDQ5JnY9MiZzVj0xJkZPUk09TVBTUlBM&ntb=1
https://www.1mg.com/marketer/glenmark-pharmaceuticals-ltd-72198
https://www.1mg.com/marketer/glenmark-pharmaceuticals-ltd-72198
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was found and powdered. The tablet powder equivalent 

to 1000 mg of Metformin and Remogliflozin was 

weighed and transferred into 100 ml volumetric flask. 

About 15ml of mobile phase was added to dissolve the 

substance. Then the solution was sonicated for 15mins. 

The volume was made up to required volume with the 

same solvent and centrifuge at 3000 rpm. Then the 

solution was filtered through whatmann filter paper 

No:41 to get 1000µg/ml Metformin of and 100µg/ml of 

Remogliflozin respectively. From the clear solution, 

further 0.55ml of this solution was diluted to 100ml with 

mobile phase to obtain 5.5 µg/ml of Metformin and 

5µg/ml of Remogliflozin. The test solutions were 

spotted and recorded the chromatogram. The 

concentration of each test solutions was determined by 

using slope and intercept values from the calibration 

graph. 

 

Precision 

The repeatability of the method was checked by repeated 

analysis of the formulation for six times with the same 

concentrations. The amount of drug present in the 

formulations was calculated. The percentage RSD value 

was calculated. 

 

Accuracy 

To determine the accuracy of the method, recovery study 

was performed by standard addition method. The 

recovery experiment was done by adding known 

concentration of Metformin and Remogliflozin working 

standard to the pre-analysed formulations.  The tablet 

powder equivalent to 1000mg of Metformin (100mg of 

Remogliflozin) was weighed accurately and transferred 

into a series of two 100ml standard flask. To that raw 

material Metformin and Remogliflozin (50, 

100%,150%) were added, dissolved with 100 ml of 

mobile phase and made upto the volume with the same. 

Then the solutions were sonicated for 10 minutes.  After 

sonication the solution was filtered through whatmann 

no 41. From the clear solution, pipetted out 0.55ml of 

test solution made into 100 ml volumetric flask and 

made up to mark with mobile phase. About 5µl solutions 

were spotted and recorded the chromatogram. Each 

concentration was repeated for three times. 

 

Content Estimation (Assay) 

About 55µg/ml for Metformin and 5.5µg/ml for 

Remogliflozin of standard and sample (Tablet 

formulation) solutions were prepared separately from 

the standard and sample stock solutions (1000µg/ml for 

Metformin and 100µg/ml for Remogliflozin). 5µl of 

each standard and sample solution were spotted and the 

chromatograms were recorded. The percentage purity 

was calculated by using peak area. 

 

Ruggedness 

The degree of reproducibility of test results by the 

proposed method of analytes was detected by analyzing 

the drug sample under following variety of test 

conditions. 1. Different analyst 2. Different instruments. 

 

Forced Degradation studies 

Forced degradation of each drug substances and the drug 

product was carried out under hydrolytic, oxidative, 

photolytic and thermolytic conditions. Photo 

degradation of drug substances and drug product was 

carried out in solid state. After degradation these 

solutions were diluted with mobile phase to achieve a 

concentration of 55µg/ml for Metformin and 5.5µg / ml 

for Remogliflozin (on label claim basis for tablet dosage 

form in marketed formulation). Then 5μl portions of 

degraded solutions by using 0.1N HCl, 0.1N 

NaOH,1%H2O2 and UV light for 24 h.   were spotted and 

the chromatograms were recorded. 

 

RESULTS AND DISCUSSION 

Method optimization 

The optimizations of chromatographic conditions were 

done with a view to develop HPTLC method for 

simultaneous determination of Metformin and 

Remogliflozin in bulk and in pharmaceutical dosage 

form. 

 

Initial study 

From the literature review, it is revealed that HPTLC 

method for Metformin and Remogliflozin alone or with 

other drug combination had been reported, where 

selected mobile phase comprised of methanol, ethyl 

acetate, acetic acid. Hence, various combinations of 

such components in different proportions such as 

methanol: ethyl acetate (6:4%v/v), methanol: acetic acid 

(5:5%v/v), methanol: ethyl acetate: acetic acid (8:1:1, 7: 

1.5: 1.5, 6: 2: 2, 6:3.5: 0.5% v/v/v) were tried at fixed 15 

min chamber saturation time and 80 mm solvent 

migration distance. However, satisfactory resolution of 

the drugs was not achieved with acceptable Rf value. 

Generally, chamber saturation time and solvent 

migration distance were crucial to HPTLC 

chromatographic separation. Here, chamber saturation 

time of less than 15 min and solvent migration distances 

greater than 80 mm resulted in the diffusion of the 

analyte band. methanol: ethyl acetate: acetic acid (6: 3.5: 

0.5% v/v/v) was found to be a satisfactory mobile phase, 

giving good separation of Metformin and Remogliflozin.   

 

 

 

 

 

 

 

 

Table 1 Chromatographic conditions optimized with CCD 
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   Factor A Factor B Factor C Response 1 Response 2 

Std Run Space Type MeOH 

con 

(%v/v) 

Wavelength 

(nm) 

 

Saturation 

time (min) 

Rf value A Rf value B 

 

17 1 Center 6 245 15 0.24 0.39 

18 8 Center 6 245 15 0.24 0.39 

16 11 Center 6 245 15 0.24 0.39 

15 14 Center 6 245 15 0.24 0.39 

20 17 Center 6 245 15 0.24 0.39 

19 18 Center 6 245 15 0.24 0.39 

14 6 Axial 6 245 18.36 0.24 0.39 

13 9 Axial 6 245 11.63 0.21 0.42 

12 10 Axial 6 248.36 15 0.26 0.41 

11 12 Axial 6 241.63 15 0.23 0.38 

9 13 Axial 4.31 245 15 0.20 0.35 

10 19 Axial 7.68 245 15 0.29 0.44 

4 2 Factorial 7 247 13 0.27 0.42 

6 3 Factorial 7 243 17 0.24 0.40 

2 4 Factorial 7 243 13 0.22 0.45 

1 5 Factorial 5 243 13 0.23 0.42 

7 7 Factorial 5 247 17 0.28 0.36 

3 15  Factorial 5 247 13 0.25 0.37 

8 16 Factorial 7 247 17 0.27 0.42 

5 20 Factorial 5 243 17 0.22 0.37 

 

But, Rf value of Metformin and Remogliflozin was 

found 0.24 and 0.39 was also affected by chamber 

saturation time. Therefore, further chromatographic 

conditions were optimized to obtain well-defined, 

compact bands of with acceptable Rf Central composite 

Design (CCD) is chosen due to its flexibility and can be 

applied to optimize HPTLC separation by gaining a 

better understanding of factors main and interaction 

effects. A three factorial, rotatable Central Composite 

statistical experimental design was performed using 15 

experimental runs including five center points. The 

independent variables such as methanol content in 

mobile phase (A), Wavelength (B) and Saturation time 

(C) and the responses for all 15 optimized trial 

experimental runs are summarized in table 1. During 

model selection, it was observed that the best-fitted 

model for R value (<0.9) of both drugs using CCD.  

Central Composite Design (CCD) was selected due to its 

flexibility and applied to optimize the HPTLC 

separation by gaining a better understanding of the 

factors main and interaction effects. A three-factorial, 

rotatable central composite statistical experimental 

design was employed using 15 experimental runs that 

included five centre points. The independent variables, 

such as the methanol content in mobile phase (A), 

Wavelength (B) and Saturation time (C), and the 

responses for all 15 optimized trial experimental runs are 

summarized in Table 1. During model selection, the 

best-fitted models for the Rf values of   Metformin and 

Remogliflozin were a linear and quadratic model, 

respectively, based on the lowest PRESS value and 

adjusted R2 value closer to 1. 

 

Table 2 Reduced Response Surface Models and Statistical parameters obtained from ANOVA 

Responses Regression model Adjusted R2 Model p 

value 

C.V 

(%) 

Adequate 

Precision 

Rf value A 

 

+0.2397+0.0125A+0.0154B+0.0056C 

+0.0000AB+ 0.0000AC+0.0025BC 

+0.0037 A²+0.0037 B²-0.0033 C² 

0.9912 

 

< 0.0001 

 

7.30 5.5269 

 

Rf value B 

 

+0.3899+0.0235A-0.0014B-0.0117C+ 

0.0062AB+0.0012AC+0.0112BC+0.0023A2+0.

0023 B²+ 0.0058 C² 

0.9015 < 0.0001 2.81 10.6485 

 

The model was also validated with an analysis of 

variance (ANOVA) using the Design Expert software, 

and the results are presented in Table 2. Significant 

effects had a P value less than 0.0001. An adequate 

precision, a measure of the signal (response) to noise 

ratio, greater than 4 is desirable, and the obtained ratio 

for both drugs indicated an adequate signal (45). A 

coefficient of variation (% CV), which measures the 

reproducibility of the model, was less than 10%, and the 

adjusted R-square values were high, indicating a good 
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relationship between the experimental data and those of 

the fitted models. Here,the adjusted R2 values were well 

within the acceptable limit of R2 ≥ 0.80, which indicated 

that the experimental data fitted polynomial equations 

well (46.47). The final equation, in terms of the actual 

components and factors, is shown in Table 2. A positive 

value represents an effect that favours optimization, 

whereas a negative value indicates an inverse 

relationship between the factor and the response. Three-

dimensional response surface plots and perturbation 

plots were constructed to evaluate the effect of the 

factors on the retention factor of each drug. In figure 3, 

perturbation plots are presented for the predicted model 

to better understand the investigated procedure.  

This figure 3 demonstrates how the response changes in 

response to perturbations in each factor from its defined 

reference value while all other factors are held constant 

at a reference point; the steepest slope or curvature 

indicates the sensitivity to a specific factor. Fig. 3(a) 

shows that the saturation time (factor C) had the most 

significant effect on the Rf value of Remogliflozin 

compared with other factors. Moreover, the methanol 

content (A) and wavelength (B) had more significant 

effects on the Rf value of Metformin, followed by the 

saturation time (factor C) (figure 3(b). Figure 4(b) 

response surface plots represents a variation in the Rf 

value of Remogliflozin  as a function of the chamber 

saturation time and wavelength while the methanol 

concentration was constant. 

 

 
Figure 3 (a,b) Perturbation Plot for Rf value of A ( Metformin) and Rf value B (Remogliflozin) 

 

 
 

Figure 4(a,b,c) Response surface Plot for Rf value of A ( Metformin), Rf value B (Remogliflozin) and Desirability 

plot 
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An analysis of the perturbation plots and response plots 

of the optimization model revealed that the methanol 

content (A) and chamber saturation time (C) more 

significantly affected the responses than factor B, i.e., 

the wavelength. The optimum conditions of separation 

were estimated using Derringer’s desirability function. 

During the numerical optimization, the targets of 

individual factors and responses were fixed. Out of the 

15 different solutions of the optimization provided by 

the software, two conditions that have a desirability near 

0.845 were selected. The response surface obtained for 

the maximum Derringer’s desirability function is 

presented in figure. 4c. 

To investigate the predictability of the proposed 

model,the agreement between the experimental and 

predicted responses for both the predicted optimums, are 

shown in Table 3. The percentage of the prediction error 

was calculated using the following formula:  

Predicted error = experimental-predicted/predicted × 

100. 

 The percentage predicted error identified a set of 

coordinates that produced a high desirability value D = 

0.845. Thus, these coordinates were used to select an 

optimum experimental condition to analyze Metformin 

and Remogliflozin in combination. The selected 

optimized composition for the final HPTLC analysis 

was methanol: ethyl acetate: acetic acid (7:2.5:0.5 % 

v/v/v), 17 min for chamber saturation time and 247 nm 

as wavelength.  Under the optimized conditions, the 

HPTLC densitogram showed an Rf of 0.28 for 

metformin (50 μg/ml) and 0.42 for Remogliflozin (5 

μg/ml) and is depicted in Fig. 5. 

 

Table 3 Comparison of Experimental and Predictive values of different functions under optimal conditions 

Optimum conditions 
MeOH (% 

v/v) 

Wavelength 

(nm) 

Saturation time 

(Min) 

Rf 

value A 

Rf 

value  

B 

Predictive 7.00            247 17 0.27 0.43 

Experimental 7.00            247 17 0.28 0.42 

Average error    3.70 2.32 

Desirability value (D) = 0.845 

 

 
Figure 5 Chromatograms for different Experimental conditions 

 

Method validation 

The linearity of an analytical method is its ability to 

provide results that are directly, or via a mathematical 

transformation, proportional to the concentration of the 

analyte within a given range. The Metformin and 

Remogliflozin showed a good correlation coefficient (r2 

= 0.9997 for Metformin and r2 = 0.9996 for 

Remogliflozin in the proposed concentration ranges of 

40–65 μg/ml for Metformin and 4–6.5 μg/ml for 

Remogliflozin. The LOD and LOQ of the developed 

method were found to be 59.34 and 179.84 μg/ml, 

respectively, for Metformin 41.84 and 126.79 μg/ml, 

respectively, for Remogliflozin, indicating the 

sensitivity of the proposed method.  The experiment was 

repeated for three times. The average % RSD values of 

metformin and remogliflozin were calculated. It was 

found to be less than 2%, confirming the precision of the 

method. When used to evaluate the recovery after 

spiking with three concentrations of standard, 50%, 100% 

and 150%, the proposed method showed percentage 

recovery 100.01 for metfomin and 100.96 for 

Remogliflozin, which were within the acceptable range 

of 100 ± 1%. 

The analysis of the table (Remo Zen M) formulation 

containing 1000 mg of meformin and 100 mg of 

remogliflozin showed good recovery. Specifically, the 

percentages were 100.05% for metformin and 99.80% 

for remogliflozin, indicating that the method can be used 

for routine quality control when testing the tablet dosage 

formulation. The %RSD value was found to be less than 

2.  The developed method was validated for ruggedness. 

It was confirmed by using different analysts. The 

percentage RSD values were found to be less than 2% 

for two analytes.  Hence the precision was further 

confirmed. The validation parameters reports shown in 

table 5.  

 

The Stability of the drugs were confirmed by stability 

studies. The degradation studies was carried out by 

using 0.1N HCl, 0.1N NaOH, 0.1%H2O2 and 
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photolytic. Based on the results the percentage 

degradation was found to be for 0.1N HCl – 4.40 and 

3.47 %, 0.1N NaOH-8.81 and 7.1%, 0.1% H2O2 – 7.87 

and 9.73 %, Photolytic degradation-6.74 and 3.47 % for 

Metformin and Remogliflozin respectively. The 

degradation percentage was found to be for all stress 

conditions below 20 % (ICH guidelines within the 

limit). Hence conclude that the analytes was stable 

under the above stress conditions. The report was 

shown in table 6.   

 

 

 

 

Table 5. Reports for Validation Parameters 

Parameters Metformin Remogliflozin 

Beer’s law limit (µg/ mL) 40-65 µg/mL 4.0-6.5 µg/mL 

Correlation coefficient (r2) 0.9997 0.9996 

Regression equation (y = mx + c) 1.5412 x + 2257.3 3.5488 x + 1577.3 

Slope (m) 1.5412 3.5488 

Intercept (c) 2257.3 1577.3 

LOD (µg/ mL) 59.34 41.84 

LOQ (µg/ mL) 179.84 126.79 

Precision (% RSD) 0.1909 0.3157 

Accuracy (%) 100.01 100.96 

Content Estimation (Assay) (%) 100.05 99.80 

Ruggedness   

Analyst-I (% RSD) 0.6170 0.8258 

Analyst-II (% RSD) 0.8457 1.4307 

 

Table 6 Data for Degradation study 

Degradation 

Condition 

% Assay % Degradation 

Metformin Remogliflozin 

 

Metformin Remogliflozin 

0.1N HCl Acidic / 2hr  95.60 96.53 4.40 3.47 

0.1N NaOH Basic / 2hr 91.19 92.9 8.81 7.1 

1% H2O2 Peroxide/2hr 92.13 90.27 7.87 9.73 

Photo/ UV light/ 24hr 93.26 96.53 6.74 3.47 

 

CONCLUSION 

Essential information about the sensitivity of the Rf 

values of metformin and remogliflozin to different 

chromatographic factors can be obtained with the aid of 

the CCD design and response surface methods. 

Response surface design and Derringer's desirability 

function, two practical experimental design tools, were 

used together to optimize the methanol content, 

wavelength, and chamber saturation time. The results 

showed that a flexible process that can minimize the 

number of experiments required for the development 

and optimization of an HPTLC method is the use of a 

CCD design and multi-criteria decision making 

approaches. Additionally, it is a cost-effective technique 

that uses a limited number of tests to produce the most 

information in the shortest amount of time.  The 

developed HPTLC method is simple, precise, and 

dependable, according to methodological validation. It 

is also appropriate for the quick quantitative 

measurement of metformin and remogliflozin in routine 

analysis. The quantities of metformin and remogliflozin 

in pharmaceutical dosage forms can be successfully 

estimated simultaneously using the suggested HPTLC 

approach without interference or the requirement to first 

separate the individual drugs. 
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