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INTRODUCTION

Quality of pharmaceutical products was considered as an
important aspect by all regulatory bodies. The quality by design
for the method development of the pharmaceuticals gives us
more robust method. J.M. Juran, a well known quality expert
developed the concept quality by design. Here, the appellant
will plan the design space which had been undergoing regula-
tory analysis and consent [1-5]. International conference on harm-
onization in its Q8 pharmaceutical development, Q9 quality
risk assessment and Q10 pharmaceutical quality system gives
compelling conditions regarding quality of products. QbD basi-
cally aids to execute Q8 and Q9. Food and drug administration
perspective of QbD is a systematic approach to product and
process design and development [6-9]. QbD does not neces-
sarily mean less analytical testing alternately, it means the right
analysis at right time, and is based on science and risk assessment.
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Pharmaceutical industries are adopting the concept of QbD,
one can develop robust method which helps to follow ICH guide-
lines. Here components which enhance robustness are taken
into consideration for the analytical method development in
QbD environment. The method optimization was done using
design expert software that follows a DOE approach [10]. Vali-
dation remains the formality as it is done in similar way to that
of traditional method development in validation (ICH Q2) but
in traditional method approach method validation after develop-
ment i.e. it is like check box tool and in QbD, the validation
parameter in ICH Q2 are consider as method intent. Diabeties,
are a group of metabolous disorders in which there are elevated
blood sugar level over an extended duration [11]. It causes many
complicated situations which includes cardiovascular disease,
stroke, chronic kidney disease, foot ulcer and even damage to
the eyes by causing diabetic retinopathy if left untreated [12].
As per International Diabetes Federation (IDF) in year 2015,



it was assessed that 415 million people had diabetes worldwide
with type II Diabetics mellitus comprises of about 90 % of the
cases [13-15]. Hence, it is necessary to control diabetics by
using various hypoglycemic agents. Gliptins are the novel class
of compounds which reformed the treatment of diabetes during
the recent past.

Teneligliptin is a new FDA approved long-acting, orally
bioavailable, pyrrolidine based inhibitor of dipeptidylpep-
tidase-4 (DPP-4), with hypoglycemic activity used for the treat-
ment of type II Diabetes mellitus [16-18]. For effective control
of blood sugar level in diabetic patients more than one medica-
tion is required. Teneligliptin shows effective control of blood
sugar when combined with metformin. Metformin hydrochloride
is 1,1-dimethylbiguanide hydrochloride (N,N- dimethylimido-
dicarbonimidic diamide hydrochloride), a biguanide anti-diabetic
[19]. An extensive literature review revealed that there are some
analytical methods available in the literature for the estimation
of teneligliptin such as UV spectrophotometry [20], HPLC
[21,22], HPTLC [23] and metformin individually included in
different pharmacopeias [24-28]. Moreover, many methods
were reported for the estimation of metformin along with other
drugs in combined formulation [29-37]. Analytical methods
for the estimation of teneligliptin and metformin simultan-
eously are three different UV spectrophotometers [38], RP-HPLC
methods [39-41]. There are few methods available in the lite-
rature for simultaneous estimation of teneligliptin and metfor-
min in combined dosage form, but by applying statistical
tools to the method development by RP-HPLC has not yet been
reported by any method. Hence, this manuscript was the first
to describe optimization of the method by chemometric design
and validation of the developed method. The proposed method
was simple, sensitive, stability indicating, accurate and more
robust than the previous reported ones.

EXPERIMENTAL

Metformin and teneligliptin reference standards were pro-
cured as gift samples from MSN Pharmaceuticals, Hyderabad,
India. Methanol, acetonitrile, orthophosphoric acid and water
were of HPLC grade and purchased from Rankem Chemicals.
The tablet formulation (Ten 20-M 500, composed of 20 mg
teneligliptin hydrobromide hydrate and 500 mg extended
release metformin hydrochloride) were procured from local
market and used for analysis of drug product.

The chromatographic separation was carried out by Waters
Acquity HPLC with binary solvent manager, equipped with
Tunable UV detector and auto sampler. The Empower 2 software
was used for signal monitoring, data collection and data proce-
ssing. In addition, an electronic balance (BL-220H; Shimadzu
Corporation), a pH meter (ELICO® LI 120), a sonicator (PCi,
Mumbai) has been employed in this study. Isocratic separation
was achieved on an STD Discovery C8 (250 × 4.6 mm, 5 µm) column.

Design-Expert 10.0.0.7 trail version (Stat-Ease Inc., USA)
have been used for the experimental design, data analysis and
desirability function calculations. The rest of the calculations
for the analysis were performed with the help of Microsoft
Excel 2007 software (Microsoft, USA).

Preparation of mobile phase and stock solutions: The
mixture of 630 mL of acetonitrile and 370 mL of 0.1 % orthophos-

phoric acid buffer was taken and sonicated for 30 min and filtered
through 0.45 µm membrane filter and has been used as mobile
phase. 0.1 % orthophosphoric acid buffer was prepared by taking
1 mL of orthophosphoric acid solution in a 1000 mL of volu-
metric flask and added about 100 mL of HPLC grade water and
final volume make up to 1000 mL with HPLC grade water.

Stock solutions were prepared by accurately weighing 50
mg and 2 mg of metformin and teneligliptin working standards
into a 10 mL clean dry volumetric flask. To this 7 mL of diluent
were added; sonicate it for 30 min and make up to the final
volume with the same diluent. The solutions were further diluted
with the same diluent to obtain final concentrations of 500
and 20 µg/mL metformin and teneligliptin, respectively. Here,
the diluents have been prepared by using 50 mL of acetonitrile
and 50 mL of water, i.e., 1:1 ratio respectively.

Analysis of marketed formulation: About 20 tablets were
weighed and calculate the average weight of each tablet then
the weight equivalent to one tablet was transferred into a 50
mL volumetric flask, 30 mL of diluent added and sonicated for
30 min, further the volume made up with diluent and filtered.
The filtered solutions were further diluted with the same diluents
used in the stock solution preparation to obtain final concen-
trations of 500 and 20 µg/mL metformin and teneligliptin,
respectively. The above sample solution was injected into
HPLC system and peak areas were measured under optimized
chromatographic conditions.

Optimization of method assisted through software: After
the initial screening of conditions like stationary phase, mobile
phases, the method has been gone for optimization by using
Design Expert 10 software. In this software, central composite
design under the category of response surface methodology
(RSM) have been employed to design a set of experimental
runs by concerning the three independent variables i.e., flow
rate, wavelength and acetonitrile ratio in the mobile phase. Here,
the independent variables ranges were entered along with their
actual levels (Table-1). In experimental design, central
composite design was followed with three factors, 2 levels, 5
responses and 20 experimental runs. These three factors have
an effect on the dependent variables i.e. retention time, resolution
and peak area.

TABLE-1 
VARIABLES SELECTED IN  

CENTRAL COMPOSITE DESIGN 

Levels used 
Factors 

Low (-1) Medium (0) High (+1) 
Independent variables 

Flow rate (mL/min) 
Mobile phase 
Wavelength (nm) 

Dependent variables 
tR-Met (min) 
tR-Ten (min) 
Area-Met 
Area-Ten 
Resolution 

 
0.9 
35 
260 

 
2.478 
3.413 

2.10054×106 
220531 

3.8 

 
1 
40 

263 
 

2.884 
4.030 

6065677 
386382 

7.3 

 
1.1 
45 

266 
 

3.47 
4.905 

1.48437×106 
562896 

12.2 

 
Chromatographic conditions: The final conditions opti-

mized by the software include 0.942 mL/min. flow rate, 261.08
nm of wavelength and 37 % of acetonitrile ratio in the mobile
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phase. The HPLC analysis was performed on reverse phase
high performance liquid chromatographic systems with isocratic
elution mode using a mobile phase of acetonitrile and buffer
(63:37, v/v) on STD dis 250 C8 column (250 × 4.6 mm, 5 µm
particle size) with flow rate 0.94 mL/min at 261.08 nm using
TUV detector. The column temperature has been maintained
at 30 ºC with an injection volume 10 µL. The comparison of
initial HPLC method and optimized HPLC method from design
expert experiments are drawn in Table-2.

TABLE-2 
A COMPARISON OF INITIAL HPLC METHOD, OPTIMIZED 
HPLC METHOD FROM DESIGN EXPERT EXPERIMENTS 

Parameter Initial method Optimized method 
Column 
 
Injection volume (µL) 
Column temp. (ºC) 
Flow rate (mL/min) 
Detection (nm) 
Mobile phase 
Run time (min) 

Discovery 250 × 
4.6 mm, 5 

10 
30 
1  

263 
40:60 

6 

Discovery 250 × 
4.6 mm, 5 

10 
30 

0.94 
261 

37:63 
6 

 
Sample preparation for stability studies: In developed

method stability is indicating both the drugs were stressed under
various conditions like acid, alkaline and neutral hydrolysis
and peroxide to perform forced degradation studies [42-45].

Acid induced degradation: Stock solution of metformin
and teneligliptin (1 mL each), 1 mL of 2N HCl was added and
refluxed for 30 min at 60 ºC .The resultant solution was diluted
to obtain 500 and 20 µg/mL solution and 10 µL solutions were
injected into the system and the chromatograms were recorded
to assess the stability of the sample.

Alkaline induced degradation: It was performed by
taking 1 mL of stock solution of metformin and teneligliptin
and then 1 mL of 2 N NaOH was added and refluxed for 30
min at 60 ºC. The resultant solution was diluted to obtain 500
and 20 µg/mL solution and 10 µL were injected into the system
and the chromatograms were recorded to assess the stability
of the sample.

Peroxide induced degradation: Degradation with peroxide
was performed by taking 1 mL of stock solution of metformin
and teneligliptin, 1 mL of 20 % H2O2 was added separately.
The solutions were kept for 30 min at 60 ºC. For HPLC study,
the resultant solution was diluted to obtain 500 and 20 µg/mL
solution and 10 µL were injected into the system and the chromato-
grams were recorded to assess the stability of sample.

Neutral degradation: Stress testing under neutral conditions
was studied by refluxing the drug in water for 6 h at 60 ºC. For
HPLC study, the resultant solution was diluted to 500  and 20
µg/mL solution and 10 µL were injected into the system and
the chromatograms were recorded to assess the stability of
the sample.

Assessment of validation parameters: As per ICH guide-
lines, analytical method was known to be validated if it has
been evaluated through characteristics such as accuracy, precision,
linearity, limit of detection, limit of quantification and robust-
ness. The characteristics of analytical method should be within
prescribed limit and defined standards to confirm its accuracy
and authenticity [46]. Spiking, mean, standard deviation and

relative standard deviation are the terms used to measure the
characteristics for a validation of an analytical method.

Accuracy: The accuracy of the method was determined
by calculating percentage recovery of metformin and teneligli-
ptin. By applying standard addition method for both the drugs
recovery studies have been carried out at three different concen-
trations such as 50, 100, 150 % of label claim. At each level ICH
recommendation for performing accuracy was minimum tripli-
cate at each concentration and results obtained were compared.

Precision: Precision is the closeness of agreement between
series of measurement obtained from multiple sampling of
homogenous sample under prescribed conditions. Precision
includes repeatability and intra laboratory repeatability; both
were performed for six replicates at concentration of 500 and
20 µg/mL metformin and teneligliptin, respectively.

Linearity: Linearity was established from 25 to 150 %
of working standard concentration using minimum of six calib-
ration levels (25, 50, 75, 100, 125 and 150 %) having a range
of 125 to 750 µg/ml for metformin and 5 to 30 µg/mL for tenelig-
liptin. The calibration curve was plotted as the concentration
of the reference standard of substance against peak area and
linearity of the method was evaluated by regression analysis.

LOD and LOQ: The detection limit and the quantification
limit of method were obtained from the following formulae:

LOD = 3.3 × (σ/S)

LOQ = 10 × (σ/S)

where σ = standard deviation of response and S = slope obtained
from calibration curves of linear study.

Robustness:  A few parameters like flow rate, percentage
of organic phase and temperature were changed deliberately
for the robustness evaluation using HPLC method. One factor
was changed at one time to estimate the effect. Each factor
selected was changed at three levels (-1, 0, +1) with respect to
the optimized parameters. Robustness of the method was done
at the concentration level 500 and 20 µg/mL metformin and
teneligliptin, respectively.

RESULTS AND DISCUSSION

Optimization of central composite design (CCD): The
method optimization was performed by employing design expert
software. Three factors and five responses were selected for
randomized response surface central composite quadratic design
using 20 experimental runs is tabulated in Table-3. Various
factors optimized were flow rate, wavelength and % mobile
phase. The limits of these variables were set to yield specific
desired numerical conditions for retention time, peak area
and resolution. The effects of independent variables on the
responses for the 20 experimental runs are summarized in
Table-4.

The polynomial equations for the response generated by
ANOVA are depicted below:

Retention time (tR Met) = +2.88 -0.034 * A -0.29 * B -
1.697 × 10-4 * C +1.250 × 10-3 *AB -5.000 × 10-4 * AC +
1.500 × 10-3 * BC +8.301 × 10-3 * A2 +0.034 * B2 +3.456 ×
10-4 * C2
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Retention time (tR-Ten) = +4.02 +0.34 * A -0.41 * B
+3.661 × 10-4 * C -0.036 * AB +8.750 × 10-4 * AC -1.250 ×
10-4 * BC +0.066 * A2 +0.044 * B2 +2.721 × 10-5 * C2

Peak area (Met) = +5.966 × 106 -5.273 × 105 * A -7.881 ×
105 * B -4.024 × 106 * C +5973.50 * AB +3.053 × 105 * AC
+5.341 × 105 * BC +2.729 × 105 * A2 +4.147 × 105 * B2
+8.403 × 105 * C2

Peak area (Ten) = +3.836 × 105 -949.71 * A -37078.31 *
B +1.134 × 105 * C +1605.38 * AB -2905.37* AC -11527.12
* BC -5088.06 * A2 +2936.55 * B2 -1158.13 * C2

Resolution = +7.37 +2.54 * A -0.049 * B +0.034 * C -0.062
* AB +0.038 * AC +0.013 * BC +0.19 * A2 -0.11 * B2 -0.037
* C2

The above equations in terms of coded factors can be used
to make predictions about the response for given levels of each

factor. By default, the high levels of the factors are coded as
+1 and the low levels of the factors are coded as -1. The coded
equation is useful for identifying the relative impact of the
factors by comparing the factors coefficients.

With the help of design expert software the model was
obtained and it was validated by using ANOVA. The results
are depicted in Tables 5-7. By using a lack of fit test, the model
was examined which indicated a significant lack of fit value
corresponding with a lower p-value as compared to the model
F-value. From the ANOVA results, the model F-value of teneli-
gliptin and metformin implied that the model was significant.

The perturbation plots are constructed to evaluate the effect
of the factors on the retention time, peak area of each drug and
resolution. The chromatogram of standard metformin and
teneligliptin at optimized conditions obtained by the design is
shown in Fig. 1. The optimized conditions includes flow rate

TABLE-3 
EXPERIMENTAL FACTORS AND RESPONSES BY USING CENTRAL COMPOSITE DESIGN DATA MATRIX 

Design point 
Factor 1 

Mobile phase 
(%) 

Factor 2 
Flow rate 
(mL/min) 

Factor 3 
Wavelength 

(nm) 

Response 1 
tR-Met 

Response 2 
tR-Ten 

Response 3 
Area-Met 

Response 4 
Area-Ten 

Response 5 
Resolution 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40.000 
40.000 
31.591 
40.000 
45.000 
35.000 
40.000 
35.000 
45.000 
40.000 
45.000 
45.000 
48.409 
35.000 
40.000 
40.000 
40.000 
40.000 
40.000 
35.000 

1.00000 
1.00000 
1.00000 
1.00000 
1.10000 
1.10000 
1.00000 
1.10000 
1.10000 
1.00000 
0.90000 
0.90000 
1.00000 
0.90000 
1.00000 
0.83182 
1.16818 
1.00000 
1.00000 
0.90000 

263 
263 
263 
263 
260 
260 
268 
266 
266 
263 
266 
260 
263 
266 
263 
263 
263 
258 
263 
260 

2.875 
2.875 
2.952 
2.877 
2.591 
2.663 
2.878 
2.664 
2.594 
2.877 
3.167 
3.174 
2.848 
3.246 
2.875 
3.470 
2.478 
2.877 
2.875 
3.247 

4.015 
4.011 
3.614 
4.019 
4.003 
3.414 
4.019 
3.413 
4.006 
4.019 
4.905 
4.902 
4.797 
4.169 
4.015 
4.837 
3.450 
4.019 
4.011 
4.169 

6018502 
5949553 
6751604 
6053760 

10217402 
12060824 
2100536 
3349651 
2861088 
6053760 
3483675 

13109937 
5271371 
4129686 
6018502 
7508054 
5317028 

13132296 
5949553 

14843699 

384475 
380026 
385499 
386393 
223823 
220531 
562896 
445761 
444781 
386393 
532939 
273222 
382674 
547690 
384475 
471719 
341848 
227508 
374541 
269002 

7.4 
7.3 
3.8 
7.4 
9.7 
4.8 
7.4 
4.8 
9.9 
7.4 

10.1 
10.0 
12.2 
4.8 
7.4 
7.2 
7.1 
7.3 
7.3 
4.8 

 
TABLE-4 

SUMMARY RESULTS FOR RESPONSES IN QUADRATIC MODEL 

Response Models Adjusted R2 Predicted R2 SD PRESS CV (%) Adequate 
precision 

tR-Met 
tR- Ten 

Area-Met 
Area-Ten 

Resolution 

Quadratic 
Quadratic 
Quadratic 
Quadratic 
Quadratic 

0.9997 
0.9993 
0.9201 
0.9602 
0.9979 

0.9987 
0.9971 
0.6819 
0.8446 
0.9924 

4.550×10–3 
0.013 

1.045×106 
20475.83 

0.10 

1.552×10–3 
0.012 

8.257×1013 
3.112×1010 

0.68 

0.16 
0.31 

14.90 
5.37 
1.35 

3055.461 
169.710 
18.327 
26.344 

120.545 

 

TABLE-5 
SUMMARY RESULTS OF ANOVA STATISTICAL ANALYSIS FOR MODELS AND  

RESPONSE (tR) FOR FINALLY SUGGESTED QUADRATIC MODEL 

Sum of squares Degree of freedom Mean square F-Value P-Value 
Source 

Met Ten Met Ten Met Ten Met Ten Met Ten 
Model 
Mobile phase 
Flow rate 
Wavelength 
Residual 
Lack of Fit 

1.20 
0.016 
1.17 

3.935×10-7 
2.070×10-4 
2.017×10-4 

4.00 
1.58 
2.33 

1.831×10-6 
1.579×10-3 
1.515×10-3 

9 
1 
1 
1 
10 
5 

9 
1 
1 
1 

10 
5 

0.13 
0.016 
1.17 

3.935×10-7 
2.070×10-5 
4.034×10-5 

0.44 
1.58 
2.33 

1.831×10-6 
1.579×10-4 
3.029×10-4 

6438.56 
777.64 

56315.55 
0.019 

– 
37.82 

2816.89 
9988.25 

14762.51 
0.012 

– 
23.67 

0.0001 
0.0001 
0.0001 
0.8931 

– 
0.0006 

0.0001 
0.0001 
0.0001 
0.9164 

– 
0.0017 
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TABLE-6 
STATISTICAL ANALYSIS FOR FACTORS AND RESPONSE (PEAK AREA) BY  

ANOVA FOR RESPONSE SURFACE QUADRATIC MODEL 

Sum of squares df Mean Square F- Value P-Value 
Source 

Met Ten Met Ten Met Ten Met Ten Met Ten 
Model 
Mobile phase 
Flow rate 
Wavelength 
Residual 
Lack of Fit 

2.486×1014 
3.797×1012 
8.482×1012 
2.212×1014 
1.091×1013 
1.090×1013 

1.961×1011 
1.232×107 
1.878×1010 
1.756×1011 
4.193×109 
4.085×109 

9 
1 
1 
1 

10 
5 

9 
1 
1 
1 

10 
5 

2.763×1013 
3.797×1012 
8.482×1012 
2.212×1014 
1.091×1012 
2.180×1012 

2.179×1010 
1.232×104 
1.878×1010 
1.756×1011 
4.193×108 
8.171×108 

25.32 
3.48 
7.77 

202.72 
– 

969.95 

51.97 
0.029 
44.78 

418.86 
– 

38.08 

0.0001 
0.0917 
0.0192 
0.0001 

– 
0.0001 

0.0001 
0.8673 
0.0001 
0.0001 

– 
0.0006 

 
TABLE-7 

STATISTICAL ANALYSIS FOR FACTORS AND RESPONSE (RESOLUTION) BY  
ANOVA FOR RESPONSE SURFACE QUADRATIC MODEL 

Source Sum of squares Degree of freedom Mean square F-Value P-Value 
Model 
Mobile phase 
Flow rate 
Wavelength 
Residual 
Lack of Fit 

88.69 
87.80 
0.033 
0.016 
0.100 
0.087 

9 
1 
1 
1 

10 
5 

9.85 
87.80 
0.033 
0.016 
0.010 
0.017 

984.38 
8770.30 

3.27 
1.60 

– 
6.51 

0.0001 
0.0001 
0.1009 
0.2341 

– 
0.0303 
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Fig. 1. Chromatogram of drug substance

0.942 mL/min, wavelength 261.08 nm and mixture of
acetonitrile and 0.1 % orthophosphoric acid buffer in the ratio
of 37: 63 as mobile phase, respectively. The results of system
suitability parameters like resolution, plate count, peak area
and asymmetric factor were measured to verify optimum
conditions and are within the limit. The comparison of initial
developed method and optimized method predicted by the
design and experimental values are reported in Table-8. The
optimized method was validated in compliance with ICH
guidelines. Average percentage recoveries for metformin and
teneligliptin were found to be 99.99 and 100.44 %, respec-
tively, while % RSD values are less than 1 % indicating accuracy
of the repeated method. The calibration curve was found to be
linear over the range of 125-750 µg/mL of metformin and 5-
30 µg/mL of teneligliptin, respectively (Table-9). As shown
in Table-10, the regression analysis of calibration curves and
the correlation coefficient for both drugs was found to be 0.999.
The limit of detection and limit of quantification for metformin
was found to be 0.06 and 0.08 µg/mL and for teneligliptin
0.19 and 0.25 µg/mL, respectively.

The precision data representing both repeatability and
intermediate precision are summarized in Table-10. The %
RSD values for both repeatability and precision were less than
2 % which indicates that the proposed method is precise. The
results for validation and system suitability parameters are

TABLE-8 
OPTIMIZED METHOD-REPORT CARD 

Optimized method 
Response variable Initial 

method Predicted by 
DE 

Experimental 
values 

Retention time-Met 
Retention time-Ten 
Peak Area-Met 
Peak Area-Ten 
Resolution 

2.884 
4.030 

6065677 
386382 

7.3 

3.07832 
4.07491 

10192910 
326703 
5.88625 

3.086 
4.065 

9820218 
353678 

5.7 

 

TABLE-9 
LINEARITY 

Concentration (µg) 
Metformin 

Concentration (µg) 
Teneligliptin Linearity (%) 

125 
250 
375 
500 
625 
750 

5 
10 
15 
20 
25 
30 

25 
50 
75 
100 
125 
150 

 

TABLE-10 
VALIDATION SUMMARY AND SST PARAMETERS 

Parameter Metformin Teneligliptin 
Linearity range (µg/mL) 
Correlation coefficient 
Slope 
Intercept 
LOD (µg/mL) 
LOQ (µg/mL) 
Accuracy (Recovery %) 
Precision (% RSD) 
Repeatability 
Intermediate precision 
Robustness 
Retention time (min) 
USP Resolution 
USP Plate Count 
Asymmetry factor 

125-750  
0.999 

18170.3 
1011 
0.06 
0.19 
99.99 

 
0.5 
1.1 

Robust 
3.086 

- 
4204 
1.0 

25-150  
0.999 
17905 
773.0 
0.08 
0.25 

100.44 
 

0.9 
1.1 

Robust 
4.065 
5.7 

12081 
1.3 
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shown in Table-10. The results for robustness are presented in
Table-11, which shows that change in conditions like flow rate,
mobile phase ratio and column temperature did not signifi-
cantly affects the recoveries, peak area and retention time of
the drugs indicating that the proposed method was robust. The
% RSD was calculated, which was found to be in permissible
limit.

TABLE-11 
RESULTS OF ROBUSTNESS STUDIES 

Robustness parameter % RSD for 
Metformin 

% RSD for 
Teneligliptin 

Flow rate (0.9 mL/min) 
Flow rate (1 mL/min) 
Mobile phase (58:42) 
Mobile phase (68:32) 
Temperature (25 °C) 
Temperature (35 °C) 

0.8 
0.6 
0.5 
1.5 
0.3 
1.6 

1.8 
0.8 
0.3 
1.6 
1.2 
1.6 

 
Stability studies: The sample was subjected to various

stress conditions and the stability of the method was observed.
The results of forced degradation studies (Table-12) revealed
that the method is stability indicating.

Analysis of marketed formulation: The developed and
validated method has been employed for the estimate the teneli-
gliptin and metformin content in a commercially available brand
of the tablet containing 20 mg of teneligliptin and 500 mg of
metformin (Ten 20-M 500). The potency of the tablet formu-
lation sample was found to be 99.92 % of metformin and 99.97 %
teneligliptin, respectively (Table-13) and the system suitability
parameters of drug product is shown in Table-14. The amount
measured was in good agreement with the label claims. The
results of the assay indicated that the method was selective for
analysis of teneligliptin and metformin without interference
from the excipients (Fig. 2).

TABLE-13 
ASSAY RESULTS OBTAINED BY THE PROPOSED METHOD 
FOR THE DRUGS IN PHARMACEUTICAL PREPARATIONS 

[Ten 20-M 500 Tablets (LABEL CLAIM 20 mg  
TEN & 500 mg MET): (n = 6)] 

Parameter Metformin Teneligliptin 
Mean peak area 
Recovery (%) 
RSD (%) 

9191898 
99.92 
0.485 

352173 
99.97 
0.87 

 

TABLE-12 
SUMMARY OF FORCED DEGRADATION RESULTS 

Metformin Teneligliptin 
Stress conditions 

Degradation (%) Purity of angle Purity of threshold Degradation (%) Purity of angle Purity of threshold 
Acid degradation 
Alkali degradation 
Oxidative degradation 
Neutral degradation 

3.61697 
4.27139 
4.00502 
0.95515 

5.745 
6.697 
2.753 
4.753 

12.651 
33.597 
3.382 
3.382 

3.06328 
2.10505 
1.73529 
0.31315 

0.441 
0.451 
0.427 
0.427 

0.652 
0.685 
0.626 
0.626 

 
TABLE-14 

SYSTEM SUITABILITY PARAMETERS OF DRUG PRODUCT 

Peak name Retention time (min) Peak area USP tailing USP plate count USP resolution 
Metformin  

Teneligliptin 
3.092 
4.071 

9180013 
357006 

1.07 
1.26 

4560 
12216 

– 
5.7 
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Fig. 2. Chromatogram of drug products

Conclusion

An innovative, simple, robust QbD approach for RP-HPLC
method development has been employed for teneligliptin and
metformin. Comparison of experimental results with predicted
results illustrated the preciseness of the design. The stability
of the developed method was demonstrated by subjecting the
drug to various stress conditions. The obtained results revealed
that the stability indicating power of the method. Further valid-
ation was performed in compliance with ICH guidelines and
robustness of the method was verified by varying three chromato-
graphic parameters. The validation results show that the prop-
osed method meets the regulatory aspects. Hence it can be used
in the routine quality control analysis of the pharmaceutical
formulation.
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