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ABSTRACT:

There has been ewver increasing interest in impurities present in Active Pharmaceutical Ingredient’s (API’s). Nowadays, not
only purity profile but also impurity profile has become mandatory according to the various regulatory authorities. The study
aimed to develop and wvalidate a reverse-phase high-performance liquid chromatography (RP-HPLC) method for the
simultaneous estimation of processwelated impurities in Dapagliflozin, Vildagliptin, and Sitagliptin. The method was
optimized using various mobile phases and validated according to ICH guidelines for parameters including linearity, accuracy,
precision, robustness, LOD, and LOQ. The optimized method employed an Agilent Poroshell C18 column (150 mm x 4.6
mm, 5 um), with a mobile phase of acetonitrile and 0.05% orthophosphoric acid in water (30:70, v/v), at a flow rate of 1.0
mL/min, and detection at 210 nm. The method exhibited good linearity (r? > 0.998), accuracy (recovery within 98—-102%),
and precision (RSD < 2%). The method is suitable for routine quality control of impurities in antidiabetic formulations.
Regulatory bodies across the globe have established comprehensive guidelines to ensure that impurity profiling is rigorously
conducted during the development and manufacturing of pharmaceuticals. These guidelines are designed to protect public
health by setting acceptable limits for impurities and mandating robust analytical methods for their detection and
quantification. Thus impurity profiling is a cornerstone of pharmaceutical development, ensuring that drug products are safe,
effective, and of high quality. Regulatory guidelines such as FDA (Food and Drug Administration, USA), EMA (European
Medicines Agency), Pharmacopoeias etc. The presence of impurities can accelerate the degradation of drug products, thereby
reducing their shelf life and stability. Stability studies are conducted to understand how impurities develop over time and under
various storage conditions, which is essential for establishing appropriate storage guidelines and expiration dates.

Keywords FDA, EMA, APl shelf life.

INTRODUCTION

There has been ever increasing interest in impurities present in Active Pharmaceutical Ingredient’s (API’s).
Nowadays, not only purity profile but also impurity profile has become mandatory according to the various
regulatory authorities. In the pharmaceutical world, an impurity is considered as an inorganic or organic material,
or residual solvents other than the drug substances, or ingredients, arising out of synthesis or unwanted chemicals
that remain with APIs. Impurity profiling includes identification, structure elucidation and quantitative
determination of impurities and degradation products in bulk drug materials and pharmaceutical formulation.
The control of impurities in Formulated products and API's were regulated by various regulatory authorities like
ICH, USFDA, Canadian Drug, and Health Agency. Impurity profiling is very important in the modern
pharmaceutical analysis due to the fact that unidentified, potentially toxic impurities are hazardous to health and
in order to increase the safety of drug therapy, impurities should be identified and determined by the selective
method. Nowadays, it is a mandatory requirement in various pharmacopeias to know the impurities present in
APIs and finished drug products. Thus, impurity profiling can act as a Quality Control tool.

It can provide crucial data regarding the toxicity, safety, various limits of detection and limits of quantitation of
several organic and inorganic impurities, usually accompany with APIs and finished products. There is a strong
requirement to have unique specifications/standards with regard to impurities. The major aim of bulk drug
industries and pharmaceutical industries is to produce the best quality product. As drugs are meant for saving
lives and even minute quantities of impurities are unacceptable. Hence, impurity profiling has become very
important. Impurity can be defined as any substance that exists with the original drug; it can be starting material
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or intermediates that are formed due to any side reactions. Our aim is to provide details regarding impurity and
its profiling, which is very important in the Pharmaceutical sector. As per the, International Conference on
Harmonization (ICH), “any component of the drug product that is not the chemical entity defined as the drug
substance or an excipients in the drug product is considered an impurity. During the manufacturing of drugs,
the Active Pharmaceutical Ingredients (APIs) and excipients are rarely 100% pure. This lack of purity is due to
the presence of various components introduced from sources such as the synthesis process, excipients themselves,
residual solvents, or degradation products. These unintended and undesirable substances are collectively known
as impurities. In any pharmaceutical product or drug substance, when impurities are expected to be present, it is
essential to identify and characterize them using appropriate analytical methods—a process known as impurity
profiling. Impurity profiling is a systematic approach designed to identify, isolate, and elucidate the structure of
unknown impurities. This process is crucial for accurately determining and quantifying the impurities within a
medicinal substance. Impurity profiling is a critical aspect of pharmaceutical quality control and drug
development, ensuring that medications are safe, effective, and of high quality. Impurities in pharmaceutical
formulations can arise from various sources during the manufacturing process, including raw materials,
intermediates, manufacturing processes, degradation, and packaging. These impurities, even in trace amounts,
can significantly impact the safety, efficacy, and stability of the final drug product. It ensures that these impurities
remain within acceptable limits, preventing any toxicological effects on the human body. Therefore, producing
high-quality and efficacious medicinal products requires stringent impurity reporting.

It is a crucial aspect of pharmaceutical development and quality control. It involves identifying, quantifying, and
controlling the presence of impurities in drug substances and products to ensure their safety, efficacy, and quality.
Some impurities can be toxic, mutagenic, or carcinogenic, posing serious health risks to patients. For instance,
certain degradation products might form during the shelf life of a drug, potentially interacting with biological
systems in unpredictable and harmful ways. Identifying and controlling these impurities is crucial to prevent
adverse health outcomes Impurities can interfere with the therapeutic activity of the drug’s API, leading to
reduced efficacy. This is particularly concerning in drugs with a narrow therapeutic index, where even small
variations in drug concentration can lead to suboptimal treatment outcomes or adverse effects.

MATERIALS and METHOD

DRUG-

Dapagliflozin, Vildagliptin and Sitagliptin
Methanol, Water

Method Development by RP - HPLC *

PRELIMINARY CHARACTERIZATION OF DRUG

Color, odor and appearance

Dapagliflozin, Vildagliptin and Sitagliptin was evaluated for parameters like color; odor & appearance are shown
in result. ”’

Determination of solubility

The solubility was determined in Water & Methanol at a concentration of 3 mg/mL as follows and is given in
results.

Water: Weighed approx. 30 mg of Dapagliflozin, Vildagliptin and Sitagliptin and sonicated for 5-10 minutes to
dissolve in 10 ml of Water.

Methanol: Weighed approx. 30 mg of Dapagliflozin, Vildagliptin and Sitagliptin and sonicated for 5-10 minutes
to dissolve in 10 ml of Methanol. *®

Selection of analytical wavelength
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Selection of solvent
Methanol was selected as the solvent for dissolving Dapagliflozin, Vildagliptin and Sitagliptin.

Preparation of standard stock solutions
Vildagliptin: In order to prepare stock solution, weighed accurately 10 mg Vildagliptin and transferred into 20
ml volumetric flask, added 15 ml of methanol and sonicated to dissolve the standard completely and diluted up

to the mark with methanol (500 PPM).

Solutions for UV scan:

Further diluted 1 mL to 25 mL with methanol. (20 PPM)

Dapagliflozin: In order to prepare stock solution, weighed accurately 10 mg dapagliflozin and transferred into 20
ml volumetric flask, added 15 ml of methanol and sonicated to dissolve the standard completely and diluted up

to the mark with methanol (500 PPM).

Solutions for UV scan:

Further diluted 1 mL to 25 mL with methanol. (20 PPM)

Sitagliptin: In order to prepare stock solution, weighed accurately 10 mg sitagliptin and transferred into 20 ml
volumetric flask, added 15 ml of methanol and sonicated to dissolve the standard completely and diluted up to
the mark with methanol (500 PPM).

Solution for UV scan:

Further diluted 1 mL to 25 mL with methanol. (20 PPM)

Selection of analytical wavelength "

Methanol as a blank Dapagliflozin, Vildagliptin and Sitagliptin standard solution (20 PPM each) was scanned
from 400 nm to 200 nm. An absorption maximum was determined for both drugs. Dapagliflozin, Vildagliptin
and Sitagliptin showed Q-point at 210 nm shown in results.

Method Development by RP - HPLC *

Preparation of standard stock solution for Chromatographic development:

Vildagliptin: Weighed 20 mg Vildagliptin and transferred into a 20 mL of clean and dried volumetric flask,
added about 15 mL of methanol, sonicated to dissolve it completely and made volume up to the mark with
methanol (1000 PPM).

Further diluted 1 ml of stock solution to 10 mL with mobile phase (100 PPM). It was prepared in mobile phase
of each trial and injected in development trials.

Dapagliflozin: Weighed 20 mg of Pioglitazone and transferred into a 20 mL of clean and dried volumetric flask,
added about 15 mL of methanol, sonicated to dissolve it completely and made volume up to the mark with
methanol (1000 PPM).

Further diluted 1 ml of stock solution to 10 mL with mobile phase (100 PPM). It was prepared in mobile phase
of each trial and injected in development trials.

Sitagliptin: Weighed 20 mg of Pioglitazone and transferred into a 20 mL of clean and dried volumetric flask,
added about 15 mL of methanol, sonicated to dissolve it completely and made volume up to the mark with
methanol (1000 PPM).

Further diluted 1 ml of stock solution to 10 mL with mobile phase (100 PPM). It was prepared in mobile phase
of each trial and injected in development trials.

Selection of analytical wavelength for HPLC method development: Analytical wavelength for the examination
was selected from the Q-point from the spectrophotometric analysis and it was 210 nm.

Optimization of HPLC method

Following trials are taken for estimation of Dapagliflozin, Vildagliptin and Sitagliptin. *®
Principle: Reversed Phase Liquid Chromatography with Isocratic elution and UV detection.
Trial 1:
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Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5pum
Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Methanol: water (70:30)

Flow Rate: 1.0 ml/min

Observation: The trial 1 results are shown in results.

Trial 2:

Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5um
Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Acetonitrile: Water (70:30)

Flow Rate: 1.0 ml/min

Observation: The trial 2 results are shown in results.

Trial 3:

Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5um
Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Acetonitrile: Water (50:50)

Flow Rate: 1.0 ml/min

Observation: The trial 3 results are shown in results.

Trial 4:

Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5um
Column Oven temperature: 40°C

Injection Volume: 20pul

Wavelength: 210 nm

Mobile phase: Acetonitrile: 0.05% OPA in Water (70:30)
Flow Rate: 1.0 ml/min

Observation: The trial 4 results are shown in results.
Trial 5:
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Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5pum

Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Acetonitrile: 0.05% OPA in Water (50:50)

Flow Rate: 1.0 ml/min

Observation: The trial 5 results are shown in results.

Trial 6:

Chromatographic Conditions:

Standard solution: Dapagliflozin 100PPM, Vildagliptin 100PPM and Sitagliptin 100 PPM
Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5um

Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Acetonitrile: 0.1% OPA in Water (30:70)

Flow Rate: 1.0 ml/min

Observation: The trial 6 results are shown in results

Optimized Chromatographic condition: Trial no. 6 considered as optimized chromatography which is as follows:

Chromatographic Conditions:

Detector: U.V. Detector

Column: Agilent, Poroshell C18,

Column Dimension: (150 mm X 4.6 mm i.d.) 5um
Column Oven temperature: 40°C

Injection Volume: 20pl

Wavelength: 210 nm

Mobile phase: Acetonitrile: 0.05% OPA in water (30:70)
Flow Rate: 1.0 ml/min.

4.4.2. Preparation of System suitability stock solutions:

Vildagliptin: Weighed 20 mg of Vildagliptin and transferred in 20 mL volumetric flask, added 15 mL of
methanol, sonicated to dissolve it, made volume up to the mark with methanol. (1000 PPM)

Dapagliflozin: Weighed 15 mg of dapagliflozin and transferred in 50 mL volumetric flask, added 35 mL of
methanol, sonicated to dissolve it, made volume up to the mark with methanol. (300 PPM)

Sitagliptin: Weighed 15 mg of sitagliptin and transferred in 50 mL volumetric flask, added 35 mL of methanol,
sonicated to dissolve it, made volume up to the mark with methanol. (300 PPM)

System suitability standard mixture solution:

Pipette out 1.0 mL of Vildagliptin standard stock solution, 1.0 mL of dapagliflozin and 1.0 ml of sitagliptin
standard stock solution and transferred in 20 mL volumetric flask, made volume up to the mark with mobile
phase. (Vildagliptin = 50 PPM Dapagliflozin = 15 PPM & Sitagliptin = 15 PPM)

50 PPM of Vildagliptin, 15 PPM of dapagliflozin and sitagliptin are the working concentration.

Marketed formulation contains Sitagliptin and Dapagliflozin (15 mg) and Vildagliptin (50 mg).
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System suitability is a Pharmacopeial requirement and is used to verify, whether the chromatographic system is
adequate for analysis to be done. The tests were performed by collecting data from five replicate injection of
standard drug solution and the results are recorded.

Acceptance criteria’” *#

1. RSD should not be more than 2.0 % for five replicate injections of standard.

2. USP Tailing Factor/ Asymmetry Factor is not more than 2.0.

3. The column efficiency as determined for Plate Count should be more than 2000.

EXPERIMENTAL DATA:

The developed method for estimation of Dapagliflozin, Vildagliptin and Sitagliptin was validated as per ICH
guidelines for following parameters.

Placebo Sample solution preparation:

Weighed 221.4 mg of placebo material (Which is equivalent to 50 mg of Vildagliptin , 15 mg of Sitagliptin and
15 mg of Dapagliflozin) and transferred to clean and dried 100 mL of volumetric flask. Added 70 mL of
methanol, sonicated for 15 minutes with intermittent shaking. After 15 minutes allow cooling the solution to
room temperature and made volume up to the mark with methanol. Filtered the solution through suitable 0.45
p PVDF syringe filter discarding 3-5 mL of initial filtrate. Further dilute 2.0 ml of filtered stock solution to 20 ml
with mobile phase, injected the resultant solution and chromatograms were recorded

Preparation of linearity solution

The linearity of an analytical procedure is its ability (within a given range) to obtain test results which are directly
proportional to the concentration (amount) of analyte in the sample.

5 levels of Linearity were performed from 50% to 150% of working concentration.

Vildagliptin: Weighed 25 mg Vildagliptin and transferred in 50 mL volumetric flask, added 35 mL of methanol,
sonicated to dissolve it, made volume up to the mark with methanol. (500 PPM)

Dapagliflozin: Weighed 15 mg of Dapagliflozin and transferred in 100 mL volumetric flask, added 70-75 mL of
methanol, sonicated to dissolve it, made volume up to the mark with methanol (150 PPM).

Table No. 2 Linearity levels prepared as follows

Vildagliptin Dapagliflozin ) . . P Sitagliptin
Level | Stock solution | Stock solution Diluted to \Clg::g(lligp/tg:L) ]gzﬁig(hi:;)iz) Conc

(mL) (mL) (ng/mL)
50% | 1.0 1.0 20 25.00 7.50 7.50
75% | 1.5 1.5 20 37.50 11.25 11.25
100% | 2.0 2.0 20 50.00 15.00 15.00
125% | 2.5 2.5 20 62.50 18.75 18.75
150% | 3.0 3.0 20 75.00 22.50 22.50

Determination

Each level injected in triplicate and mean area calculated. Calibration curve was plotted graphically as a function
of analyte concentration in pg/mL on X-axis Vs mean area on y-Axis as given in results.

Acceptance criteria

Correlation Coefficient: NLT 0.98

Intercept: To be report

Slope: To be report

Limit of Detection (LOD) and Limit of Quantitation (LOQ):

Detection limit:
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The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample which can
be detected but not necessarily quantitated as an exact value

Quantitation limit:

The quantitation limit of an individual analytical procedure is the lowest amount of analyte in a sample which
can be quantitatively determined with suitable precision and accuracy.

As per ICH Q2R1 guidelines LOD and LOQ was determined by using the approach Based on the Calibration
Curve in which residual standard deviation of a regression line was calculated and determined the LOD and

LOQ

Procedure for preparation of Accuracy sample solution:

Take clean and dried 9 volumetric flasks of 100 mL. Weighed 221.4 mg of placebo and transferred in each 100
mL volumetric flask. Weighed Vildagliptin and Dapagliflozin

API as per accuracy level and transferred in same 100 ml volumetric flask. Added 70 mL of methanol and
sonicated it for 15 minutes with intermittent shaking. Made the volume up to the mark with methanol. Filter
the solution through 0.45 p PVDF syringe filter discarding 3-5 mL of filtrate. Further dilute 2.0 ml of filtrate to
20 ml with mobile phase.

Table No. 3 Accuracy levels details

. .. Dapagliflozin
Level Vildagliptin | Dapagliflozin Wil Diluted to Vil Diluted to Witk it Adlc:,lefl
Placebo taken Added Conc
(%) API (mg) API (mg) (mg) (mL) (mL) (mL) (ng/mlL) Conc
(ng/mL)

25.2 7.8 221.8 100 2.0 20 25.20 7.80

50 25.0 7.6 221.3 100 2.0 20 25.00 7.60
25.1 7.7 222.2 100 2.0 20 25.10 7.70
50.1 15.2 221.5 100 2.0 20 50.10 15.20

100 50.2 15.1 221.7 100 2.0 20 50.20 15.10
50.1 15.3 220.9 100 2.0 20 50.10 15.30
75.1 22.6 222.4 100 2.0 20 75.10 22.60

150 75.1 22.5 221.9 100 2.0 20 75.10 22.50
75.2 22.6 221.7 100 2.0 20 75.20 22.60

Repeatability:

Preparation of sample solution (6 Samples prepared):

Weighed 20 tablets transferred in mortar pestle and crushed to fine powder. Mixed the contents with butter
paper uniformly. Weighed the powder material (286.4 mg) equivalent to 50 mg of Vildagliptin, 15 mg of
Sitagliptin and 15 mg of Dapagliflozin and transferred to clean and dried 100 mL of volumetric flask. Added 70
mL of methanol, sonicated for 15 minutes with intermittent shaking. After 15 minutes allow to cool the solution
to room temperature and made volume up to the mark with methanol. Filtered the solution through suitable
0.45 p syringe filter discarding 3-5 mL of initial filtrate. Further diluted 2.0 ml of filtered stock solution to 20 ml
with mobile phase. (50 ppm of Vildagliptin and 15 ppm of Dapagliflozin), injected the resultant solution and
chromatograms were recorded and results are recorded. Six samples prepared.

Table No. 4 Precision (Repeatability) Sample details are as follows

Sample No. | Test powder material (mg) | Diluted to (mL) | Volume taken (mL) | Diluted to (mL)
1 286.1 100 2 20
2 286.9 100 2 20
3 285.8 100 2 20
4 286.4 100 2 20
5 287.2 100 2 20
6 286.3 100 2 20

Acceptance criteria:
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% Assay: 90-110% for each sample and mean assay value
% RSD for % assay value of 6 samples: NMT 2%

Intermediate precision
It is performed by doing analysis on another day to check reproducibility of results. Samples prepared in same

manner as that of Repeatability parameter (6 Samples prepared).

Table No. 5 Intermediate Precision Sample details are as follows

Sample No. | Test powder material (mg) | Diluted to (mL) | Volume taken (mL) | Diluted to (mL)
1 286.7 100 2 20
2 286.2 100 2 20
3 287.1 100 2 20
4 287.3 100 2 20
5 286.4 100 2 20
6 286.8 100 2 20

Acceptance criteria:

% Assay: 90-110% for each sample and mean assay value

9% RSD for % assay of 6 samples of Intermediate precision: NMT 2

9% RSD for Total 12 samples: NMT 2% for test results (6 of Repeatability and 6 of Intermediate precision)

ROBUSTNESS

The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but deliberate
variations in method parameters and provides an indication of its reliability during normal usage.

RESULT:

Determination: Blank and Standard solution were injected under different chromatographic conditions as
shown below.

a) Changes in flow rate by +10%. (+0.10 ml/min)

b) Change in column oven temperature. (+ 2°C)

c) Change in wavelength (+ 2 nm)
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