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Abstract: The aim of this study was to develop a fast RP-HPLC method for simultaneous measure-
ment of two antidiabetic formulations (vildagliptin + remogliflozin and teneligliptin + remogli-
flozin) under identical experimental conditions. Using the Box-Behnken approach and response
surface design, the interaction and quadratic influence of three variable parameters, acetonitrile %,
pH of the mobile phase, and flow rate, on resolution between the peaks were optimized. To forecast
the resolution of peaks (2.7 and 6.5) for the three anti-diabetic medications, the design space with
desirability function was used to find the optimal chromatographic conditions. Isocratic elution
with 58:42 acetonitrile and phosphate buffer (20 mM KH2POs, pH adjusted to 4.9 with orthophos-
phoric acid) over a Zorabx Cis HPLC column with a flow rate of 1.2 mL min separated all three
analytes in 2.5 min. In addition, the optimized HPLC process was validated using ICH recommen-
dations. The devised HPLC method’s precision and accuracy were proven by the low percent rela-
tive standard deviation (0.60-1.65%), good percentage recovery (98.18-101.50%), and low percent-
age relative errors (0.20-1.82%). The method’s robustness was also proven by slightly varying the
five separate parameters. Finally, the accuracy of the proposed HPLC approach was confirmed us-
ing a standard addition method for simultaneous determination of vildagliptin + remogliflozin and
teneligliptin + remogliflozin from formulations. Furthermore, the findings demonstrated that ex-
perimental design can be successfully used to optimize chromatographic conditions with fewer
runs. The devised HPLC method for simultaneous quantification of two binary combinations uti-
lizing the same chromatographic conditions is fast, accurate, precise, and easy, and it might be uti-
lized in laboratories for routine quality control investigations on both formulations.

Keywords: remogliflozin; vildagliptin; teneligliptin; experimental design; HPLC; formulation

1. Introduction

Type 2 Diabetes is a chronic endocrine condition characterized by elevated blood glu-
cose levels with micro and macrovascular complications. [1-3] As a result, when compared
to monotherapy, treatment with a combination of oral hypoglycemic medications with dif-
ferent mechanisms of action is widely favored for improving glycemic control. [4,5] The
combination of dipeptidyl peptidase-4 (DPP-4) inhibitors such as vildagliptin (Figure 1A,
VLG) and teneligliptin (Figure 1B, TNG) with the sodium-glucose cotrasportase-2 (SGLT-2)
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inhibitor, remogliflozin etabonate, (Figure 1C, RGE) has just been approved by the Food and
Drug Administration for the treatment of diabetes mellitus type 2. [6,7] DPP-4 inhibitors
increase the secretion of insulin by inhibiting the enzyme DPP-4 responsible for degradation
of incretins in the blood, thereby decreasing the blood glucose level by lowering the blood
glucagon level, and improving pancreatic cell function. [8,9] DDP-4 inhibitors also lower
HbA1clevels without causing hypoglycemia and weight gain. [10-12] Further, teneligliptin
can be taken in patients with renal failure without dose adjustment [13,14].

The SGLT-2 inhibitor remogliflozin etabonate works by blocking the enzyme SGLT-
2 present in the proximal renal tubule, which is responsible for the reabsorption of 90% of
glucose from the glomerular filtrate. [15] The blood glucose level is reduced by glycosuria
and simultaneously it reduces body weight. Further, SGLT-2 is also safe to use because it
reduces renal failure and has cardioprotective properties. [16-18]. Furthermore, due to
their complementary mechanisms of action, the combination of SGLT-2 and DPP-4 inhib-
itors is useful in treating type 2 diabetes, and no hypoglycemia is reported in patients
treated with this unique combination [7,19,20].

HC

Figure 1. Chemical structure of vildagliptin (A), teneligliptin (B), and remogliflozin etabonate (C).

For quality control, a suitable analytical approach for assaying these anti-diabetic med-
icines is necessary. All laboratories are interested in developing easy, rapid, and reliable
analytical processes for analyzing pharmaceuticals in various formulations, which can be
accomplished by estimating a larger number of medications using a single approach em-
ploying the same stationary and mobile phases [21]. For the measurement of remogliflozin
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alone and in combination with other antidiabetic medications, only a few analytical proce-
dures have been established. The LC-MS [22] approach was used to determine the amount
of REM in plasma. For the determination of REM in combination with metformin, our re-
search team reported UV spectrophotometric methods and HPLC procedures [23,24]. Dif-
ferent analytical methods such as HPTLC [25], UV spectrophotometric [25], HPLC [26,27],
and UPLC [28] methods have also been documented in the literature for the quantification
of REM. Several analytical methods for estimating VLD alone and in combination are illus-
trated in the literature [29-35], including UV spectrophotometricc HPLC, HPTLC, and
LCMS approaches. For simultaneous measurement of teneligliptin and metformin, several
UV spectrophotometric [36-38], HPTLC [38], and HPLC [39-41] approaches have been re-
ported. The stability-indicating HPLC method with the UPLC-MS technique for identifica-
tion of degraded products was reported [42]. For the measurement of teneligliptin and its
metabolite in plasma, an LC-MS/MS method was devised. [43]. One HPLC approach for
simultaneous measurement of vildagliptin and remogliflozin has been published, but no
internal standard was used, and the analytical duration was long. Furthermore, no analyti-
cal method has been reported for the simultaneous determination of remogliflozin and ten-
eligliptin. As a result, the goal of this study is to establish a simple, fast, and reliable RP-
HPLC process for quantifying remogliflozin in the presence of vildagliptin and teneligliptin
in the formulation using internal standards. Further, a multivariate optimization technique
was adopted for optimizing the HPLC parameters. Experimental design with response sur-
face design represents the cumulative effects of all variable parameters of HPLC responsible
for the separation of analytes [44—46]. Furthermore, multivariate optimization reduces the
number of experiments required for optimization, saves time, effort and money. Hence, in
the present work Box-Behnken response surface technique [46] was used to optimize the
separation of three antidiabetic medicines from the formulations. Finally, using the opti-
mized HPLC approach, fixed-dose combinations consisting of VLG + RGE and TNG + RGE
were estimated simultaneously.

2. Materials and Methods
2.1. Reagents and Standards

Pharmaceutical grade analytes of remogliflozin etabonate, teneligliptin, and vildag-
liptin were purchased from Biokemix India Ltd. (Hyderabad, India). Analytical grade ace-
tonitrile, potassium dihydrogen phosphate, and ortho-phosphoric acid were procured from
Sigma Aldrich (St. Louis, MO, USA). Purified water prepared by Milli-Q (Millipore, Biller-
ica, MA, USA) was used for preparing standard, sample solutions, and phosphate buffer.

2.2. Instrumentation and Chromatographic Condition

Analysis was performed using Agilent high performance liquid chromatographic
system (1200 series, Agilent Technologies, Waldbronn, Germany). HPLC system was
equipped with degasser, quaternary pump, autosampler, and diode array detector with a
personal computer. The UV absorption of analytes was monitored using chem-station
software (Agilent Technologies, Ver B 03.04.2). The analytes were separated using a re-
versed phase C18 HPLC column, Zorbax C18 (100 mm x 4.6 mm, i.d., particle size 5 um).

2.2.1. Box-Behnken Optimization Configuration

For the study of interaction and quadratic effects of three variable factors, a three-level
factorial design with the Box-Behnken approach was used. pH of the mobile phase (3, 4, and
5), percentage of acetonitrile (50%, 55%, and 60%), and flow rate (1, 1.2, and 1.4) are three pa-
rameters considered at three levels (-1, 0, and +1). Throughout the trials, the concentration of
potassium dihydrogen phosphate (20 mM) and detector wavelength (210 nm) were kept con-
stant. Seventeen tests with five center points were done in random sequence, as suggested by
the program (Design Expert Ver. 12), and the mobile phase was pumped for 15 min to achieve
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complete equilibrium of stationary and mobile phases between the runs. The resolutions be-
tween VLG and TNG (RS1) and TNG to RGE (RSz) were calculated as a response. To obtain
the optimal chromatographic condition, design space with desirability 1 was used.

2.2.2. Optimized Chromatographic Configuration

The optimal mobile phase is a 58%:42% (v/v) mixture of acetonitrile and 20 mM phos-
phate buffer (pH adjusted to 4.9 with orthophosphoric acid). The flow rate of the mobile phase
was adjusted to 1.2 mL min™ and the wavelength of the detector was set at 210 nm. The anal-
ysis was carried out by injecting 20 uL of analyte solutions at ambient temperature (25 °C).

2.2.3. Robustness Chromatographic Configuration

The robustness of the proposed HPLC method was investigated by slightly varying five
parameters: acetonitrile %, mobile phase pH, injection volume, detector wavelength, and flow
rate. The analysis was carried out by modifying one parameter at a time while maintaining
the optimal state of the other. The variations in the conditions are volume of acetonitrile by 58
*2% (v/v), pH of the mobile by 4.9 + 0.2, injection volume by 20 + 0.1 uL, wavelength by 210 +
2 nm, and flow rate by 1.2 + 0.1 mL.

2.3. Preparation of Standard Solutions

Reference standard solutions of RGE, VLG, and TNG were prepared by transferring 100
mg of analytes separately into 100 mL volumetric flasks. VLG and TNG were dissolved in
water, whereas RGE was dissolved in methanol to get 1 mg mL- solution. By diluting the
aforementioned solution with mobile phase, a working standard solution of 200 ug mL was
prepared.

2.4. Procedure for the Calibration Curve

Transferring the required quantity of VLG and RGE stock solutions (200 pg mL™) into a
10 mL volumetric flask obtained working standard solutions containing 5-100 g mL of VLG
and RGE. As an internal standard, sufficient TNG was added to all standard solutions to
achieve a concentration of 25 ug mL-. Similarly, working standard solutions comprising of 5-
100 pg mL1 RGE and 2-60 pug mL7* TNG, as well as 50 ug mL VLG as an internal standard,
were prepared. Triplicate injections of the solutions were made, and chromatograms were
recorded. Peak area ratios for analytes were computed, and a calibration curve was built
against each concentration. The corresponding linear curves were used to generate regression
equations and coefficients.

2.5. Preparation of Sample Solutions

Formulation 1: Twenty tablets (VLG 50 mg and RGE 100 mg) were weighed and
grounded into a powder. The powder equivalent to a 10 mg of VLG and 20 mg of RGE was
transferred into a 10 mL volumetric flask consisting of 50 mL of methanol. The solution was
sonicated for 15 min to dissolve the analytes, then filtered through Whatman filter paper into
another 10 mL volumetric flask, the residue was washed with fresh methanol, and the final
volume of adjusted to 10 mL using methanol. Further, the required quantity of aforesaid so-
lutions was diluted with mobile phase to get the concentration of the analytes in the calibration
range and IS TNG (25 ug mL) solution was added before injecting 20 uL of solution into the
HPLC system for analysis.

Formulation 2: Fixed-dose combination of RGE and TNG was not available in the local
market, hence, separate tablets consisting of 100 mg of RGE and 10 mg of TNG were weighed
separately and powdered together. The powder equivalent to 10 mg of RGE and 1 mg of TNG
was weighed and a sample solution was prepared implementing the above procedure. Before
injecting 20 uL of solution into the HPLC system for analysis, the needed quantity of aforesaid
solutions was diluted with mobile phase to get the concentration of the analytes in the calibra-
tion range, and IS VLG (50 pg mL) solution was added.
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3. Results and Discussions
3.1. Optimization of Chromatographic Conditions

For well-separated symmetric peaks, the mobile phase composition must be optimized.
The traditional optimization entails changing one factor at a time while keeping the other
factors constant; this does not account for the combined effects of other variable parameters
involved in analyte separation. It also necessitates a greater number of experiments and is
time-consuming. As a result, we investigated using a multivariate optimization technique
such as response surface methodology (RSM), which evaluates the relative effects of differ-
ent variable parameters [45,46]. It also requires fewer experiments and takes less time. RSM
generates useful data and statistically useful information about the interaction of multiple
chromatographic parameters. A three-level, three-factor Box-Behnken design (BBD) was
used for the experimental design [46]. The percentage of acetonitrile, the pH of the mobile
phase, and the flow rate were the three factors evaluated for the optimization of chromato-
graphic conditions, with the resolution between the peaks as the response. The pH of the
mobile phase was maintained with a potassium dihydrogen phosphate (20 mM) buffer. An
acidic pH was chosen based on the pKa values of VLG (9.03), RGE (6.8), and TNG (8.7) to
improve analyte ionization and retention time. To ionize the analytes, the pH of the phos-
phate buffer was adjusted to 3, 4, and 5 with ortho-phosphoric acid. Acetonitrile was used
as an organic modifier because it provides a good peak appearance and fast analyte elution.
To develop a rapid analytical method with good resolution between the peaks, 100 mm Cis
RP HPLC column with 50%, 55%, and 60% of acetonitrile in the mobile phase and flow rates
of 1.0, 1.2, and 1.4 were selected to optimize the chromatographic condition by BBD. Seven-
teen experiments were performed in random order with five center points as suggested by
the Design-Expert program for BBD. (Table 1). The resolution between the first two peaks
of VLG and TNG (RS1) and the second and third peaks of TNG and RGE (RS2) were com-
puted, and 3D response surfaces were created.

Table 1. Seventeen experiments suggested by BBD for optimization of chromatographic conditions.

Pattern Factor 1 Factor 2 Factor 3 Resolution Resolution
A: % of C: flow Rate between VLG between TNG
Coded Value Run Acetonitrile B: pH mL min-! and TNG and RGE
000 3 55 4 1.2 1.81 10.80
000 5 55 4 1.2 1.79 10.87
000 6 55 4 1.2 1.78 10.88
000 10 55 4 1.2 1.86 10.70
000 11 55 4 1.2 1.81 10.76
--0 14 50 3 1.2 1.44 15.22
-+0 7 50 5 1.2 4.98 11.96
-0- 13 50 4 1.0 3.54 14.59
-0+ 15 50 4 1.4 3.06 11.00
0-- 9 55 3 1.0 1.93 12.25
0-+ 2 55 3 1.4 1.68 9.89
0+- 4 55 5 1.0 4.83 7.93
0++ 17 55 5 14 3.31 7.44
+0+ 12 60 4 14 1.46 7.49
++0 8 60 5 1.2 2.83 5.90
+-0 1 60 3 1.2 1.03 9.78
+0- 16 60 4 1.0 1.82 8.21
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As indicated by the Design Expert program, the effect of variable parameters on the
resolution was described as a polynomial equation with the quadratic model (Equation (1))

Y = Bo + BiXq + BoXp + BsXs + BaXf + BsXE + BeXF + BrX1 Xy + BeXi X5 + BoX,Xs3 1

Where Y is the resolution between the peaks, (o is the constant, 1 to 3o are the regression
coefficient values of the three variable factors acetonitrile percentage (Xi), pH of the mo-
bile phase (Xz), and flow rate (Xs). X12, X22, and Xs? are quadratic terms of each factor and
X1X2, X1X3, and X2Xs indicate the interaction between the factors.

The regression coefficient values are shown in Table 2 together with their corre-
sponding p-values (p < 0.05). The results showed that each of the three variables had a
considerable impact on the resolution between the peaks. It was evident from the results
that, all three variables had a significant influence on the resolution between the peaks (p
<0.05). On both RS1 and RS;, the first-order influence of acetonitrile %, flow rate, and pH
of the mobile phase, as well as the quadratic influence of flow rate and pH of the mobile
phase, were very significant (p < 0.001). The percentage of acetonitrile and the flow rate
had a detrimental influence on the resolution between VLG and TNG, although the pH of
the mobile phase had a positive impact. The resolution between TNG and RGE was neg-
atively affected by all three variables. Furthermore, the estimated F value for the model
was 62.92 and 118.94 for RS: and RSy, respectively, along with p-values less than 0.05, in-
dicating a significant model.

Table 2. Quadratic equation coefficients with related probability values (p-values) for peak resolution.

Coefficient Terms

Resolution between VLG and TNG (RS1) Resolution between TNG and RGE (RSz2)

Coefficient Value p-Value Coefficient Value p-Value

Constant 1.81 <0.0001 10.80 <0.0001
CAN=? -0.7338 0.0001 -2.67 0.0001
pH 1.23 0.0001 -1.74 0.0001
Flow rate -0.3243 0.0022 -0.8956 0.0001
CAN* pH -0.4316 0.0030 -0.1556 0.3338
CAN * Flow rate 0.0312 0.0758 0.7168 0.0020
pH * Flow rate -0.3153 0.0143 0.4685 0.0167
CAN* ACN 0.1448 0.1712 0.4304 0.0215
pH* pH 0.6168 0.0003 -0.5187 0.0093
Flow rate * Flow rate 0.5143 0.0010 -0.9078 0.0004

2 percentage of acetonitrile in the mobile phase.

The coefficients of parameters fit the model effectively, with strong R? values for res-
olution factors (0.9878 for RS: and 0.9931 for RSz). Further, the predicted R? valve 0.8971 is
in agreement with the adjusted R? value 0.9721 for RS: whereas the predicted R? value
0.8995 is in agreement with the adjusted R? value 0.9852. Further, the adequate precision
for RS: and RSz was found to be 26.3176 and 38.3854, respectively, which is more than 4,
indicating that this model can be utilized to navigate design space. The response surface
model (Figure 2) exhibited that a decrease in the amount of acetonitrile with a decrease in
the pH reduced the resolution between VLG and TNG, and the resolution was less than
2. Good resolution between TNG and RGE peaks was observed with an increase in the
amount of acetonitrile and pH. The mobile phase flow rate of 1 mL min™ produced good
resolution but took more than 3 min to analyze, whereas the resolution between VLG and
TNG was less than 2 with a flow rate of 1.4 mL min.

All response models fit into the quadratic polynomial model (Table 2) and Figure 3
shows that predicted versus actual resolution values are close to each other and on the
diagonal line, demonstrating that the model adequately fits the data. Furthermore, to de-
velop a rapid HPLC method with good resolution and peak symmetry, resolution be-
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tween the first two peaks was set at a target value of 2.7, and resolution between the sec-
ond and third peaks was set at a target value of 6.5 in the design space. Finally, the optimal
chromatographic condition selected by the design space with desirability value of 0.996,
which is close to 1, was acetonitrile 58%, pH 4.9, and flow rate 1.2 (Figure 4).

The proposed chromatographic condition was validated using a mobile phase of ac-
etonitrile: phosphate buffer (pH 4.9) in a ratio of 58%: 42% (v/v) with a flow rate of 1.2 mL
min in five experiments. The average resolution between VGE and TNG was 2.71 com-
pared to the projected value of 2.7, while the average resolution between TNG to RGE was
6.49 compared to the predicted value of 6.5. All three analytes were separated within 2.5
min with acceptable resolution and peak shape (Figure 5). As a result, for assessing stand-
ard and formulation solutions, optimum chromatographic conditions were used.

Figure 2. Response surface models showing the effect of percentage of acetonitrile, pH of the mobile
phase and flow rate on the resolution between VLG to TNG (A-C) and TNG to RGE (D-F).
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Figure 5. Representative chromatograms for standard (A), VLG + RGE formulation with IS TNG
(B), and TNG+ RGE with IS VLG (C). The retention time of VLG was 1.26 min, TNG: 1.65 min, and
RGE: 2.48 min. The peak at 0.936 is Ferric oxide yellow present in the TNG tablet coating.

3.2. Validation of the Proposed HPLC Method
3.2.1. System Suitability Test

A system suitability test was carried out to ensure that the chromatographic technique
was suitable and effective for the analysis of the analytes. Retention time, peak area, peak
symmetry, resolution, and theoretical plate number per meter were evaluated as system
appropriateness factors. For the system suitability test standard solution consisting of 20 ug
mL- of VLG, 40 ug mL™ RGE, and 10 ug mL- TNG were injected in six replicates. Table 3
shows the results of the analysis in six replicates, as well as the percentage relative standard
deviation determined and tabulated. For retention time and peak area, the percentage RSD
was less than 2. The peak symmetry, resolution, and theoretical plate number per meter,
were found to be close to 1, above 2, and more than 2000, respectively.
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Table 3. System suitability and regression analysis results.
Parameters VLG RGE TNG RGE
System Suitability Results
Retention time + SD 1.26 +0.015 248+0.021 1.65+0.019 2.48+0.021
Peak area + SD 309.82£3.182 885.35+2.86722.95+2.54¢ 885.35+2.86
Resolution + SD -- 6.48+0.144 279+0.05¢ 6.48+0.14
Tailing factor + SD 0.99 +0.02 1.08£0.02  1.16+0.03 1.08 + 0.02
Theoretical plate + SD 2437.6+21.4 3388.9+28.1 5855.7+44.5 3388.9+28.1
Linearity
Linearity range (pg mL™) 5-100 5-100 2-60 5-100
Slope 0.0107 0.0164 0.0692 0.0351
Intercept 0.003 0.0054 0.2864 -0.0237
Regression coefficient (1?) 0.9997 0.9996 0.9989 0.9999
Sensitivity
LOD (ug mL1) 1.46 1.39 0.56 1.39
LOQ (pug mL™) 4.52 4.10 1.64 4.10

SD: Standard Deviation, ? 20 ug mL, ® 40 ug mL™, ¢ 10 ug mL, 4 resolution between TNG and
RGE, ¢ resolution between VLG and TNG.

3.2.2. Linearity

The linearity of the analytes was determined by analyzing two series of solutions in
the concentration range of 5-100 pug mL™ for VLG and RGE and 5-100 ug mL" of RGE
and 2-60 pug mL! for TNG. (Figure S1 and S2). For the binary mixture of VLG and RGE,
TNG (25 pg mL™) was employed as an internal standard, whereas for the TNG and RGE
binary mixture, 50 ug mL~ of VLG was utilized as an internal standard. Peak area ratios
were calculated from the chromatograms, and a calibration curve was built against the
corresponding analyte concentration. (Figure S3 and S4) Table 3 contains additional re-
gression equations derived from the linearity graph. The regression coefficient values are
close to 1 (R?>0.999), indicating a good regression analysis.

3.2.3. Limits of Detection and Quantification

Limits of detection (LOD) and limits of quantification (LOQ) were calculated by us-
ing the signal to noise ratio of the chromatogram. LOD is 3.3 times and LOQ is 10 times
the signal to noise ratio of a chromatogram. Chromatograms were recorded by injecting
different concentrations of analytes in the range of 0.25 ug mL to 5 pg mL™" in triplicate
and average peak heights were recorded. A blank chromatogram was recorded by inject-
ing the mobile phase, and the average noise was calculated and compared with the ana-
lytes chromatograms to calculate the LOD and LOQ. The sensitivity of the proposed
HPLC method was confirmed by the low LOD and LOQ. (Table 3).

3.2.4. Precision and Accuracy

The precision of the proposed method was evaluated by within-day repeatability by
analyzing the three different concentrations (Low, Medium, and High) covering the entire
calibration range in triplicate. Further, between-day precision was performed by analyz-
ing the above solutions for three successive days. Precision was expressed as a percentage
relative standard deviation, which was found to be less than two for both within and be-
tween-day precision confirming the precision of the HPLC method. (Table 4) Accuracy of
the method was expressed as percentage assay and percentage relative error, which was
found to be in the range of 98.18-101.50% and less than +1.82% respectively, confirming
the accuracy of the proposed HPLC method. (Table 4)
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Table 4. Precision and accuracy results.
Inter-Day Intra-Day
Amount Found Amount found
Drug [ﬁgl::;lf] Mean [n=3] £ RZOD % Recovery % RE Mean [n=9]+ RZOD % Recovery % RE
SD SD

5 04.98 +0.03 0.60 99.60 -0.40 05.01 £ 0.04 0.80 100.20 0.20

VLG 50 49.25 + 0.67 1.36 98.50 -1.50 49.09 +£0.37 0.75 98.18 -1.82
100 99.48 +1.26 1.27 99.48 -0.52 98.51+1.19 1.21 98.51 -1.49

5 04.97 +0.05 1.01 99.40 -0.60 05.02 +0.07 1.39 100.40 0.40

RGE 50 49.09 + 0.63 1.28 98.18 -1.82 50.26 +0.83 1.65 100.52 0.52
100 99.18 +0.82 0.83 99.18 -0.82  101.06 +1.27 1.26 101.06 1.06

2 02.03 £ 0.02 0.99 101.50 1.50 01.97 £0.02 1.02 98.50 -1.50

TNG 30 29.66 +0.45 1.52 98.87 -1.13 29.58 £0.36 1.22 98.60 -1.40
60 58.93 +0.53 0.90 98.22 -1.78 59.12 +0.84 1.42 98.53 -1.47

5 04.96 +0.06 1.21 99.20 -0.80 05.04 +0.08 1.59 100.80 0.80

RGE 50 50.16 +0.75 1.50 100.32 0.32 49.36 + 0.39 0.79 98.72 -1.28
100 100.24+1.48  1.48 100.24 0.24 98.78 £ 0.93 0.94 98.78 -1.22

3.2.5. Robustness Study

If the analysis result is not affected by the small changes in the experimental condi-
tions, the analytical method is robust. The robustness of the proposed HPLC method was
investigated by slightly varying five parameters: acetonitrile %, mobile phase pH, injec-
tion volume, detector wavelength, and flow rate. The peak area of analytes determines
the assay results, hence, peak area has been considered to determine the influence of
changes in the experimental condition. The resolution between the peaks is important for
the baseline separation; hence resolution was also determined with slight changes in the
experimental conditions. The analysis was carried out by injecting a standard solution
containing 25 ug mL™ of each analyte in six replicates and the peak area with standard
deviation was tabulated in Table 5. The peak area and resolution did not change even
when the experimental conditions were changed slightly, indicating the robustness of the
proposed HPLC method. A one-way ANOVA test was applied to the different parame-
ters’ results and F values at p = 0.05 were recorded. The calculated F values were lower
than the critical F value at p = 0.05, indicating no statistically significant difference was
observed in the analysis results with a slight change in the experimental condition.

Table 5. Robustness study results.

Parameters Levels Peak Area
VLG TNG RGE RS: RS:
Flow Rate (mL min™)
1.1 -0.1 359.24 +3.45 1325.73+10.24 568.24 +5.48 2.75 6.44
1.2 0 354.18 +4.28 1316.37 £09.78 554.45 + 6.24 2.78 6.47
1.3 +0.1  349.89+3.74 130790+ 11.46 541.97 +5.69 2.80 6.51
Percentage of Acetonitrile in Mobile Phase (mL)
56 -2 360.12 +4.54 1331.17 +12.48 563.72 +£5.32 2.81 6.52
58 0 353.58 +3.77 1315.49 +12.09 549.38 +5.68 2.79 6.45
60 +2  35236+3.09 1310.67 +10.37 537.88 +6.45 2.74 6.43
pH of the Mobile Phase

4.7 -0.2 35245+3.61 1320.82+9.28 542.97 +6.08 2.77 6.45
49 0 355.72 +3.96 1318.57 +10.55 550.46 +5.43 2.78 6.48
5.1 +0.2  347.13+4.86 1308.38+11.95 543.54 +7.83 2.75 6.47
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Injection Volume (uL)

19 -1 34218 +£4.07 1304.27 +12.47 540.24 +7.25 2.75 6.43
20 0 356.73 +£3.81 1320.17 £11.39 552.37 +6.13 2.77 6.46
21 +1 36499 +3.46 1326.45+10.08 562.42 + 6.04 2.78 6.48
Wavelength (nm)
208 -2 367.54+4.25 1324.29+11.23 564.39 +5.31 2.76 6.49
210 0 357.15+3.28 1318.44 +10.05 558.77 + 6.29 2.79 6.45
212 +2 34156 +4.22 1302.36 + 11.53 542.54 +5.78 2.81 6.47
F (3.478) 2 0.092 0.989 0.374 0.373 0.123

RS1, Resolution between VLG and TNG; RS2, Resolution between TMG and RGE; @ critical value of
Fatp=0.05.

3.3. Application to the Formulation and Recovery Study

The proposed RP-HPLC method was used to estimate VLG + RGE and TNG + RGE
simultaneously from the respective formulations. Assay findings of both formulations
were precise, and the amount of analytes corresponds to the label claim. (Table 6) This has
been confirmed from percentage recovery and% RSD. The accuracy was further con-
firmed by the recovery study using the standard addition approach. The previously ana-
lyzed formulation solution was spiked with known amounts of standard analyte solutions
at three levels (50%, 100%, and 150%) and evaluated. The percentage recovery was found
to be in the range of 98-102% with a very low% RSD. (Table 6) The good percentage re-
covery of the added analyte confirmed the specificity of the developed HPLC method.
Further comparison of chromatograms of blank, standard, and sample showed no inter-
fering peaks appeared due to formulation excipients at the retention time of analytes. (Fig-
ure 5) However, degradation products and other impurities were not determined in the
present work; this is the limitation of this method.

Table 6. Analysis results of drugs from formulations and standard addition method by optimized
HPLC method.

Label Claim Amount Taken Amount Found Recovery
%o RSD
(mg/Tab) (ng mL-1) (ug mL) %

Formulation 1 VLG 20 19.75 98.75 0.60

(VGE 50 mg+ RGE 100 mg) RGE 40 39.68 99.20 1.62

Recovery study by Standard Addition Method

Amount of VGE added (ug 10 10.06 100.60 1.08
mL-1) to formulation solu- 20 19.63 98.15 0.85
tion 1 30 29.82 99.40 1.53

Amount of RGE added (pg 20 19.78 98.90 1.82
mL") to formulation solu- 40 39.86 99.65 1.27
tion 1 60 58.91 98.18 0.92
Formulation 2 TNG 4 3.97 99.25 1.15

(TNG 10 mg + RGE100 mg) RGE 40 39.54 98.85 0.96

Recovery Study by Standard Addition Method

Amount of TNG added (ug 2 2.01 100.50 1.82
mL") to formulation solu- 4 3.96 99.00 1.26
tion 2 6 5.93 98.83 1.33

Amount of RGE added (pg 20 20.08 100.40 1.17
mL?) to formulation solu- 40 39.82 99.55 0.94

tion 2 60 59.67 99.45 1.06
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4. Conclusions

In the present study, a rapid and simple RP HPLC method was developed for con-
current quantification of two antidiabetic formulations consisting of VLG + RGE and TNG
+ RGE, using the same chromatographic conditions. Furthermore, Box-Behnken method-
ology, one of the three-level factorial experimental designs, was applied to optimize criti-
cal chromatographic conditions. The response surface models were analyzed and stati-
cally validated to predict the resolution between the peaks. In addition, the results demon-
strated that experimental design could be successfully used for chromatographic condi-
tion optimization with few runs. The developed HPLC method for simultaneous quanti-
fication of two binary combinations utilizing the same chromatographic conditions is fast,
accurate, precise, and easy, and it might be utilized in laboratories for routine quality con-
trol investigations on both formulations.

Supplementary Materials: The following are available online at www.mdpi.com/2297-
8739/9/2/23/s1. Figure S1: Chromatograms of standard and formulation solutions. Figure 52: Cali-
bration curves for standard solutions.
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