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Impurity profiling method development 
and validation of metformin hydrochloride 
and teneligliptin hydrobromide hydrate in their 
combination tablet dosage form by using 
RP‑HPLC with UV/PDA detector
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Abstract 

Background:  An accurate, precise and robust analytical method was developed for the impurity profiling in the 
metformin hydrochloride and teneligliptin hydrobromide hydrate tablet. The gradient was optimized for better sepa-
ration of impurities by using BDS Hypersil C18 250 × 4.6 mm, 5µ column operated at 35 °C. The  octane sulfonic acid 
and phosphate buffer with triethylamine at pH 3.0 were used as mobile phase A, and acetonitrile was used as mobile 
phase B. The mobile phase was pumped at 1.0 mL/min. The gradient was optimized for better resolution, and the 
chromatogram was monitored at 210 nm.

Results:  The % recovery of teneligliptin and metformin HCL observed was above 90% from LOQ level to 150%. The 
correlation coefficient r2 was 0.999 for metformin HCl, teneligliptin, melamine, cyanocobalamin, teneligliptin impurity 
A and 0.998 for teneligliptin impurity B. The method was found unaffected by change in method variance during 
the robustness study. During the stress study with acid, base, peroxide and temperature, maximum degradation was 
observed with peroxide indicating the sensitivity of the molecule toward oxidative stress.

Conclusions:  The developed method is precise, accurate, robust and linear and hence can be routinely used for the 
related substance analysis of metformin hydrochloride and teneligliptin hydrobromide hydrate tablet in the quality 
control laboratory at manufacturing site during the commercial manufacturing.

Keywords:  Metformin hydrochloride, Teneligliptin hydrobromide hydrate, Method validation, Impurity profiling

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Background
Controlling the organic impurities in various pharma-
ceutical products/compositions is critical to maintain 
the purity of drugs which has direct impact on the safety 
and efficacy of drugs from the perspective of the patient. 
An accurate, sensitive and a robust stability indicating 
analytical method can help to monitor the drug stability 

parameters and minimize production losses. The detec-
tion wavelength for detection of impurities of each drug, 
limit of detection and the label claim of each drug in the 
finished product are critical parameters during the devel-
opment of such an analytical method.

Metformin hydrochloride (MTF) and teneligliptin 
hydrobromide hydrate (TNG)
The metformin hydrochloride and teneligliptin hydro-
bromide hydrate are a well-known rational combination 
used in the treatment of diabetes all over the world. This 
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oral anti-hyperglycemic combination is a drug of choice 
worldwide to treat mild-to-moderate diabetic patients.

Metformin hydrochloride (MTF)
MTF (Fig.  1a) is a biguanide derivative used to lower 
the blood glucose concentration in patients with non-
insulin-dependent diabetes mellitus [1]. Chemically, it 
is 1,1-dimethylbiguanide hydrochloride easily soluble in 
water, marginally soluble in ethanol and almost insoluble 
in acetone and methylene chloride [2].

Teneligliptin hydrobromide hydrate (TNG)
IUPAC name of TNG is [(2S,4S)-4-[4-(5-methyl-2-phe-
nylpyrazol-3-yl)piperazin-1-yl]pyrrolidin-2-yl]-(1,3-thi-
azolidin-3-yl)methanone;hydrate;pentahydrobromide.
TNG (Fig. 1b) is dipeptidyl peptidase-IV inhibitor (DPP-
IV), off white to cream colored powder [3]. It is a strong, 
modest and long-performing DPP-1V inhibitor [4]. The 
DPP-IV inhibitors are recently developed antidiabetic 
agents which have demonstrated promising results in 
modifying the glycemic control of diabetic patients with 
a minimum risk of hypoglycemia and weight gain [5].

During the literature review, we realized that many 
assay methods are reported for these two compounds. 
Some reported assay methods are based on UV–visible 
spectroscopy [6–8] technique. These methods being non-
stability indicating and are no longer accepted by regula-
tory agencies. Some reported assay methods are by using 
high-performance thin-layer chromatographic (HPTLC) 
technique [9, 10]. Since HPTLC method lacks sensitiv-
ity, hence it is not acceptable for quantification purpose. 
The reported HPLC stability indicating methods [11–19] 
is either for the assay of MTF and TNG individually or 
for combination products with various other antidiabetic 
molecules. We also found some methods like individual 
impurity profiling methods of MTF and TNG [20–23], 
degradation of linagliptin in the presence of metformin 
HCL, impurity of glimepiride and metformin HCl [24, 
25], while simultaneous estimation of omarigliptin, 

trelagliptin and alogliptin from rat plasma [26]. There is 
no any reported method for the impurity testing of MTF 
and TNG combined dosage form. Further, it is observed 
that there is a significant difference in the dose of MTF 
(500/1000  mg/tablet) and TNG (20  mg/tablet) when 
available as a combination product. In the present work, 
an attempt has been made to develop a precise, accurate 
and stability indicating analytical HPLC method for the 
quantitation of organic impurities from MTF and TNG 
from the combination product. The developed method 
was validated as per ICH Q1 (R2) guideline [27, 28]. The 
developed method being robust and simple can be used 
in the routine impurity testing studies in the quality con-
trol laboratories of pharmaceutical companies engaged in 
this drug combination.

Methods
Pure compounds
The MTF (99.8% purity) and TNG (99.6% purity) were 
used for preparation of respective standards for the 
development and validation studies. The cyanoguani-
dine and melamine impurities of MTF and TNG impu-
rities (impurity A, impurity B) were purchased from 
Chromachemie.

Formulation used
The In-house (Sava Healthcare limited, R&D, Pune India) 
formulated sample and placebo were used during the 
method development and validation study.

Chemicals, reagents and equipment
HPLC grade methanol and acetonitrile (Rankem, Mum-
bai, India), potassium dihydrogen phosphate (Rankem, 
Mumbai, India), octane sulfonic acid sodium salt (Finar) 
and orthophosphoric acid (Rankem) were used for dilu-
ent and mobile phase preparation. The calibrated seven 
compact pH meter (Mettler Toledo) was used for pH 
measurement. The separation of all the impurities was 
achieved on a BDS Hypersil C18, 250 × 4.6  mm, 5µ 

Fig. 1  Structure of a metformin HCl, b teneligliptin hydrobromide hydrate
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column (Thermo Scientific, UK). The complete develop-
ment and validation study were performed by using LC-
2010CHT, with VU–visible detector (Shimadzu, Japan) 
using liquid chromatographic system. Intermediate pre-
cision and selectivity study were performed on Alliance 
2695 with PDA detector (Waters, USA).

Mobile phase and diluent preparation
2.72  g of potassium dihydrogen phosphate and 1  g of 
octane sulfonic acid sodium salt were transferred to 
1000 mL water containing 1 mL triethylamine and 10 mL 
methanol in the glass mobile phase bottle. The bottle 
was sonicated to mix for 5 min and dissolve the reagents 
completely. The pH was adjusted to 3.0 using orthophos-
phoric acid. The mobile phase was then filtered through 
0.45 µm filter to remove the dissolved gases and contami-
nants and further used as mobile phase A. The HPLC 
grade methanol was used as mobile phase B. The mixture 
of water and acetonitrile (80:20) was used as the diluent.

Optimization of chromatographic conditions
For optimum resolution, we tried Baker bond C18 
(Make-Avantor), Symmetry C18 (Waters) and Inert-
sil ODS (GL, Lifesciences) columns. Maximum resolu-
tion between impurities and principle analyte peaks was 
achieved on BDS Hypersil C18, 250 × 4.5  mm, 5µ col-
umn at 35 °C with 1 mL/min flow rate in gradient elution 
mode. The optimized chromatographic conditions  are 
summarized in Tables 1 and 2.

System suitability solution preparation
Preparation of solution A
Accurately weighed 5 mg each MTF working standard, 
melamine impurity and cyanoguanidine impurity was 
transferred into a 50-mL volumetric flask. About 30 mL 
diluent was added, and the contents were sonicated to 
dissolve completely. The volume was made up to the 
mark with the diluent and sonicated for 5 min to mix, 
before use.

Preparation of solution B
Accurately weighed 4 mg of each TNG working stand-
ard, impurity A and impurity B was transferred all of 
them into a 100-mL volumetric flask. About 70 mL dil-
uent was added and sonicated to dissolve the contents 
completely. The volume was made up to the mark with 
the diluent and sonicated for 5 min to mix, prior to use.

Further, 5 mL of solution A and solution B was trans-
ferred in a 100-mL volumetric flask and diluted with 
diluent up to the mark, mixed and used as a system 
suitability solution.

Preparation of standard solution 1
About 5 mg of MTF working standard was transferred 
into a 50-mL volumetric flask dissolved and diluted 
to volume with diluent (standard stock solution A). 
Accurately weighed 4  mg of TNG working standard 
was transferred into a 100-mL volumetric flask. About 
70 mL of diluent was added and sonicated to dissolve 
completely. The volume was adjusted up to the mark 
with diluent and mixed properly (standard stock solu-
tion B).

Further 5  mL of each standard stock solutions A and 
B was transferred in a 100-mL volumetric flask. The vol-
ume was adjusted up to the mark with diluent and used 
as a standard solution 1. The standard solution 2 was 
similarly prepared for the calculation of similarity factor.

Preparation of standard solution 2
The standard solution 2 was prepared as per standard 
solution 1.

Sample preparation
Ten tablets of IH combination product were crushed to 
a fine powder. Powder equivalent to 500 mg of MTF was 
accurately weighed and transferred into a 100-mL volu-
metric flask. About 70 mL of the diluent was added, and 
the contents were sonicated for 20 min. The volume was 
made up to the mark with the diluent and mixed well. 

Table 1  Chromatographic conditions

HPLC parameters Conditions

HPLC column BDS Hypersil C18, 
250 × 4.5 mm, 5µ

Column temperature 35 °C

Sample cooler temperature Ambient

Flow rate 1 mL/min

Injection volume 20 µL

Wavelength 210 nm

Table 2  Gradient program

Time in min % mobile phase A % mobile 
phase B

0.1 75 25

10.0 70 30

45.0 40 60

55.0 40 60

55.01 75 25

65.0 75 25
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The sample was filtered through 0.45 µm filter and used 
for HPLC analysis.

Placebo preparation
Placebo powder was weighed equivalent to sample weight 
and further processed as per sample preparation.

System suitability criteria
For development of a robust analytical method, we have 
defined the system suitability parameters like resolution, 
capacity factor, signal-to-noise ratio, theoretical plates, 
etc. Considering the long run time and solution stability 
issue, similarity factor was estimated by injecting the two 
standard solutions (standard solutions 1 and 2). The limit 
of similarity factor was set at 95–105%. The resolution 
between each impurity and principle analyte peak was set 
NLT 2, the theoretical plate limit was kept at NLT 2000, 
and tailing factor limit was set NMT 2.0 as per USP sys-
tem suitability criteria.

Impurity calculation
All the known impurities eluted in the sample chro-
matogram were calculated against the respective prin-
ciple analyte peak in the standard solution 1. The 
quantification of the unknown degradants peaks was 
done by degrading the individual API and specifying 
the relative retention time with respect to the principle 
analyte peak. The unknown impurities were calculated 
against the analyte having a low concentration (TNG) in 
the combination product.

Method validation
The developed method was validated as per ICH Q2 
guidelines. The developed HPLC method was validated 
in terms of the following parameters: system suitability, 
specificity (selectivity and forced degradation), sensitiv-
ity (LOD and LOQ), linearity, precision, accuracy, filter 
study, stability of analytical solutions and robustness 
studies.

Accuracy
Accuracy study was carried out by spiking all the known 
impurities as well as MTF and TNG working standard at 
LOQ level, 50%, 100% and 150% level of impurity limit 
in the placebo. Six preparations at LOQ level and three 
preparations each at 50%, 100% and 150% level were 
injected into the system. The % recovered amount was 
calculated for each known impurity, and principle analyte 
peak against the spiked amount was assessed. The limit of 
recovery was set at 80% to 120% at LOQ level and 85% to 
115% at 50% to 150% level.

Precision
Separately prepared standard solutions 1 and 2 were 
injected into the HPLC system. The % similarity factor 
was calculated for standard solutions 1 and 2 and mon-
itored as per system suitability criteria. The % similarity 
factor limit was set at 95–105% for MTF and TNG.

Method precision
Six sample solutions were prepared as described in the 
method and injected into the HPLC system. The % RSD 
was calculated for all the known impurities, individual 
unspecified impurity and total impurities. The % RSD 
limit was set at NMT 15%.

Intermediate precision
Intermediate precision study was carried out by chang-
ing the analyst and HPLC system on different days. All 
the samples were prepared as per the method of anal-
ysis and injected into the HPLC system. The % RSD 
was calculated for all the known impurities, individual 
unspecified impurity and total impurities.

Specificity
To prove the specificity of the developed method, the 
diluent as a blank solution, placebo solution, cyano-
guanidine impurity solution, melamine impurity 
solution, TNG impurity A solution, TNG impurity 
B solution, MTF and TNG standard solutions were 
injected separately. The sample solution and impurity 
spiked solutions were prepared and injected into the 
HPLC system. The response of the individual analytes 
and peak purity was recorded by using the PDA (photo-
diode array) detector.

Forced degradation study
Forced degradation study of sample and placebo was 
carried out to prove the selectivity of the method and 
to evaluate the stability indicating nature of the method. 
Sample and placebo were exposed under relevant stress 
conditions like heat, acid, base and oxidation. These 
stressed samples were then analyzed by HPLC. The acid 
degradation was carried out by using 0.5  N hydrochlo-
ric acid for 2 h at 60  °C and alkali degradation by using 
1 N sodium hydroxide for 5 h at room temperature. For 
thermal degradation, the sample and placebo were kept 
at 80 °C for 2 days. The oxidative stress study was carried 
out by using 0.3% hydrogen peroxide for 12 h. The pho-
tolytic degradation was carried out by exposing the drug 
sample for not less than 1.2 million lux h at 200 Wh/sq. 
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meter near ultraviolet energy by using the Sun test appa-
ratus (Atlas, Germany).

LOD and LOQ determination
Series of known impurity solutions were prepared over a 
range starting from 1 to 50% of the working concentra-
tion and injected in triplicates. The linearity graph was 
plotted for average area at each level against the concen-
tration in PPM. The correlation coefficient, slope and 
intercept were determined for each known impurity.

Precision at LOQ Level
Six solutions were prepared by spiking the MTF and 
TNG working standard along with all the known impuri-
ties at LOQ level in the placebo. The % RSD of peak area 
and % results were calculated.

Linearity
The samples containing all the known impurities along 
with MTF and TNG working standard solutions were 
prepared from 150% to LOQ level (150%, 120%, 100%, 
80%, 50%, 20% and LOQ) and injected in triplicate. The 
linearity graph was plotted for average area of individual 
analyte against the concentration in µg/mL at each level. 
The correlation coefficient, slope and intercept were 
calculated.

Range
The range of concentration of analyte and impurity solu-
tions was determined by evaluating the area under the 
curve and concentration for linear response.

Stability of analytical solutions
The MTF and TNG working standard solution and the 
impurity spiked sample solution were prepared. The solu-
tions were stored at room temperature and evaluated 
against the freshly prepared standard solution on day 0, 
day 1, day 2 and day 3. The % known impurity and total 
impurity were calculated for the stored samples at each 
time point and compared against results of freshly pre-
pared sample.

Filter validation study
Filter validation study was conducted to prove the com-
patibility of the molecule and the impurities with the 
filter used during the sample and standard preparation. 
Sometimes the analyte may get adsorbed on the filter 
paper resulting in inconsistent results. The study was 
conducted by filtering the sample solution through fil-
ters like Nylon filter (MDI, India) and PVDF (Merck 
Millipore, Germany) filter having 0.45µ porosity and dis-
carding the initial 2 mL, 3 mL and 5 mL of filtrate to opti-
mize the sample filtration study for precise and accurate 
results.

Robustness
This study was conducted by intentionally altering the 
critical method parameters like flow rate (± 0.1  mL), 
pH of mobile phase (± 0.2), change in column tempera-
ture (± 5 °C), change in wavelength (± 2 nm) and change 
in gradient composition. The diluent, standard solu-
tion, sample solution and impurity spiked sample solu-
tion were injected to check the robustness of analytical 
method.

Results
The developed method was validated as per ICH guide-
line Q2B (R1).

Accuracy
The developed method was found capable to recover the 
contents accurately when spiked at 50% to 150% of the 
working concentration. The obtained results in % as well 
as µg/ml are summarized in Tables 3 and 4.

Precision
The % similarity factor for standard 1 and standard 2 was 
found between 95 and 105% during the complete valida-
tion study.

Method precision and intermediate precision
The % RSD of known impurities, single maximum and 
total impurities was found to be less than 15% from six 

Table 3  Recovery study results in % recovered

Analytes name Recovery at LOQ Recovery at 50% Recovery at 100% Recovery 
at 150%

Cyanoguanidine 81.7 99.3 102.1 101.0

Melamine 105.2 101.5 101.5 99.6

Metformin HCl 98.2 92.8 92.1 92.2

Teneligliptin 90.8 98.0 99.4 98.9

Teneligliptin Impurity A 97.5 98.4 102.6 97.9

Teneligliptin Impurity B 97.1 99.6 107.8 103.9



Page 6 of 10Musmade et al. Futur J Pharm Sci           (2021) 7:218 

sample preparations during the method and intermediate 
precision study. The data are reported in Tables 5 and 6.

Specificity
Selectivity
No interference was observed at the retention time of 
known impurities and principle analyte peaks from 
blank and placebo solution. All the peaks were properly 
resolved from each other. The representative chromato-
grams of blank, placebo, system suitability, standard and 
spike sample are shown in Fig. 2a–d, respectively.

Forced degradation (FD) study
During FD study, we observed no significant degrada-
tion in acid (< 1%), alkali (3.5%), thermal (1.9%) and 
photolytic (< 1%) conditions. Significant degradation 

(11.6%) was observed during oxidative stress. During 
FD study, we observed no any interfering peak at the 
retention time of principle analyte peak and known 
impurities. All the peaks were evaluated for peak purity 
index through PDA detector and found pure. This 
showed the stability indicating nature of the developed 
method.

LOD and LOQ determination
The LOD and LOQ values of MTF, CYN and melamine 
were found to be 0.37, 0.33, 0.30 µg/mL and 1.11, 1.17, 
and 0.92  µg/mL, respectively. The LOD and LOQ val-
ues of TNG, TNG impurity A and TNG impurity B 
were found to be 0.14, 0.11, 0.11 µg/mL and 0.42, 0.33, 
0.34 µg/mL, respectively.

Table 4  Recovery study results in µg/mL

Analytes name Recovery in µg/mL at LOQ Recovery in µg/mL at 50% Recovery in µg/mL at 100% Recovery in µg/mL at 
150%

Added Recovered Added Recovered Added Recovered Added Recovered

CYN 0.051 0.042 2.545 2.527 5.090 5.197 7.635 7.711

Melamine 0.053 0.056 2.640 2.680 5.280 5.359 7.920 7.868

MTF HCl 0.058 0.0565 2.875 2.668 5.750 5.296 8.625 7.952

TNG 0.215 0.195 1.075 1.054 2.150 2.137 3.225 3.190

TNG Imp. A 0.221 0.216 1.105 1.087 2.210 2.268 3.315 3.245

TNG Imp. B 0.022 0.208 1.073 1.072 2.145 2.312 3.218 3.332

Table 5  Method precision study

S. no API/impurity Spl.1 Spl.2 Spl.3 Spl.4 Spl.5 Spl.6 %RSD

1 CYN 0.015 0.014 0.015 0.013 0.015 0.014 5.7

2 Melamine 0.003 0.004 0.004 0.004 0.004 0.004 10.6

3 TNG Impurity A ND ND ND ND ND ND ND

4 TNG Impurity B ND ND ND ND ND ND ND

5 Single max imp 0.082 0.084 0.076 0.085 0.0128 0.100 6.4

6 Total impurities 0.320 0.340 0.296 0.324 0.377 0.335 8.1

Table 6  Intermediate precision study

S. no API/impurity Spl.1 Spl.2 Spl.3 Spl.4 Spl.5 Spl.6 %RSD

1 CYN 0.013 0.015 0.014 0.015 0.014 0.014 5.3

2 Melamine 0.004 0.004 0.003 0.004 0.004 0.004 10.6

3 TNG Impurity A ND ND ND ND ND ND ND

4 TNG Impurity B ND ND ND ND ND ND ND

5 Single Mix. Imp 0.089 0.086 0.084 0.078 0.082 0.091 5.6

6 Total impurities 0.316 0.308 0.296 0.298 0.325 0.308 3.53
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Fig. 2  a Representative chromatogram of blank solution. b Representative chromatogram of placebo solution. c Representative chromatogram of 
system suitability solution. d Representative chromatogram of sample solution
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Linearity and Range
During the linearity study, we found that the area under 
the curve for each analyte peak and impurities was linear 
to the concentration. The correlation coefficients (r2) for 
all the peaks are reported (Fig. 3).

Robustness
During the robustness study, we observed that the system 
suitability parameters like RT, RRT and resolution were 
unaffected with small change in the pH, detection wave-
length, column temperature and flow rate. The developed 

method showed minor sensitivity toward the gradient 
composition change. The 5% change in the organic com-
position of the mobile phase altered the retention time of 
TNG peak by about 10% indicating this to be a critical 
method parameter.

Discussion
Precise, accurate and robust method was developed for 
impurity profiling of MTF and TNG in their combination 
tablet dosage form. At present, only assay method of MTF 
and TNG was reported individually or in combination with 
other drugs by various techniques like UV [6–8], HPTLC 
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[9, 10] and HPLC [11–19]. Some individual method of 
degradation products of MTF and TNG was also reported 
[22–24], but at present no simultaneous impurity profiling 
method was reported for this combination drug product. 
The developed method was validated to meet the specifica-
tion criteria for all validation parameters as per ICH guide-
lines Q2 (R). The method was found capable to quantitate 
the analytes and impurities from LOQ level to 150% of the 
impurity limits. The recovery for both analytes and impuri-
ties was found to be between 80 and 120% at LOQ level and 
85% to 115% at 50% to 150% level. Method is unaffected by 
deliberate changes in the method parameters during the 
robustness study. The standard and test solutions were sta-
ble up to 48 h at room temperature.

Conclusions
The result obtained from validation study implies that the 
developed method is precise, accurate, linear and robust. 
The method is applied for stability study of the formula-
tion products and shows very precise and accurate results. 
Impurity isolation, detection, separation and quantita-
tion are key parameters of any drug and drug products 
which determine the efficacy and safety of the medication. 
Because of high requirement of this combination in the 
market, we successfully separate the impurities of both the 
drugs in single method, so patient will get safe and effec-
tive medication. Hence, the proposed method is supportive 
to researchers for saving the development time and cost. 
No any hazardous chemicals were used in the analysis, 
and also, the method consumes fewer amounts of organic 
solvents; hence, the method is safe and eco-friendly. The 
developed method can be successfully used for the routine 
testing of impurities in pharmaceutical products during the 
commercial manufacturing of batches.
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