International Journal of Medical and Pharmaceutical Sciences
Open access peer-reviewed Journal

Volume 2, Issue 7, Page 1063-1070.
https://doi.org/10.5281/zenodo.21668327

Review Article

A Comprehensive Review on RP-HPLC Method
Development and Validation for Simultaneous Estimation
of Linagliptin and Empagliflozin in Bulk Drug and

Pharmaceutical Dosage Forms

Pooja Yewale*, K. Shrikant Kumar

Datta kala Institute of Pharmaceutical Sciences and Research, India

Because of their complimentary modes of action, linagliptin and empagliflozin are frequently given as a fixed-dose
combination for the treatment of type 2 diabetes mellitus. Regular quality control, stability testing, and regulatory
compliance all depend on accurate and trustworthy analytical techniques. The most used analytical method is still
reverse phase high performance liquid chromatography (RP-HPLC) because of its ease of use, accuracy, sensitivity,
and affordability. The documented RP-HPLC techniques for the simultaneous measurement of linagliptin and
empagliflozin in pharmaceutical dosage forms and bulk medications are compiled in this study. A serious discussion
is held about chromatographic settings, mobile phase composition, stationary phases, detection wavelengths,
validation parameters, and stability-indicating techniques. Current developments including Quality by Design (QbD),
forced degradation studies, and the use of ICH analytical validation principles are also highlighted in the study.
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INTRODUCTION

Persistent hyperglycemia brought on by deficiencies
in insulin production, action, or both is a hallmark of
diabetes mellitus (DM), a chronic metabolic disease.
[1] Type 2 diabetes mellitus (T2DM) is a serious
public health problem and accounts for approximately
90-95% of all occurrences of diabetes globally. [2]
Severe consequences such cardiovascular illnesses,
nephropathy, neuropathy, retinopathy, and kidney
failure can result from poorly managed diabetes.
Therefore, to enhance treatment results and patient
safety, efficient pharmacological control and ongoing
monitoring of antidiabetic drugs are crucial. [3] For
the treatment of type 2 diabetes, two often
recommended oral antidiabetic medications are
which
in a fixed-dose

linagliptin and empagliflozin, can be
administered either alone or
combination.[4] While empagliflozin is a sodium-

glucose co-transporter-2 (SGLT2) inhibitor that
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lowers blood glucose by decreasing renal glucose

reabsorption and increasing urinary glucose
excretion, linagliptin is a dipeptidyl peptidase-4
(DPP-4) inhibitor that increases glucose-dependent
insulin secretion by raising incretin hormone
levels.[5] The combination is becoming more and
more common in clinical practice because of its
complimentary modes of action, which offer better
glycaemic control, a lower risk of hypoglycemia, and

extra cardiovascular and renal advantages.[6] For

regular quality control, assay determination,
dissolution  testing, stability research, and
pharmaceutical formulation development, the

increasing usage of this fixed-dose combination has
increased the need for precise, accurate, and
trustworthy analytical techniques.[7] One of the most
popular analytical methods is reverse phase high

performance liquid chromatography (RP-HPLC)
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because of its excellent sensitivity, selectivity,
repeatability, and affordability.[8] In order to
accomplish effective separation and precise
quantification, chromatographic parameters such as
mobile phase composition, stationary phase, pH, flow
rate, detection wavelength, and column temperature
must be optimised for an RP-HPLC technique to be
developed successfully. [9] To guarantee the
dependability and appropriateness of the proposed
technique, analytical method validation must be
carried out in accordance with the International
Council for = Harmonization's (ICH) Q2
recommendations. The performance of the technique
for routine pharmaceutical analysis is determined by
validation factors including specificity, linearity,
accuracy, precision, robustness, limit of detection
(LOD), limit of quantitation (LOQ), and system
appropriateness. [10] This study offers a thorough
summary of the documented RP-HPLC techniques
created for the simultaneous measurement of
linagliptin and empagliflozin in pharmaceutical
dosage forms and bulk medicines. To assist
researchers and pharmaceutical analysers in creating
reliable and legally acceptable analytical methods, it
covers a variety of chromatographic settings, method
validation parameters, stability-indicating techniques,

current developments, and future prospects.
Drug Profile
Linagliptin [11,12]

The dipeptidyl peptidase-4 (DPP-4) inhibitor family
includes the oral antidiabetic medication linagliptin.
By specifically blocking the DPP-4 enzyme, it
improves glycaemic control and is recommended for
the treatment of Type 2 diabetic mellitus (T2DM).
Endogenous incretin hormones, especially glucagon-
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like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP), are elevated as a
result of this suppression, leading to increased
glucagon release and decreased glucagon-dependent

insulin secretion.

¢ Drug Class: DPP-4 inhibitor

e Molecular Formula: CzsH2sNsO-
e Molecular Weight: 472.54 g/mol

e Mechanism of Action: improves insulin
secretion and lowers blood glucose levels by
inhibiting the DPP-4 enzyme and
endogenous GLP-1 and GIP levels.

raising

Empagliflozin [13,14]

The oral antidiabetic medication empagliflozin is a
member of the sodium-glucose co-transporter-2
(SGLT?2) inhibitor family. In addition to providing
extra cardiovascular and renal protection, it is used to
treat Type 2 diabetes mellitus. The medication lowers
blood glucose levels by specifically inhibiting SGLT2
in the proximal renal tubules, which decreases
glucose reabsorption and increases urine glucose
excretion.

¢ Drug Class: SGLT2 inhibitor
e  Molecular Formula: C2:H»Cl10,
¢  Molecular Weight: 450.91 g/mol

e Mechanism of Action: improves glycaemic
management by inhibiting SGLT2 in the kidneys,
renal

reducing glucose reabsorption, and

increasing urine glucose excretion.
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DRUG PROFILE
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Figure 1. Comparative Drug Profile of Linagliptin and Empagliflozin Used in Type 2 Diabetes Mellitus.

Combination Therapy

For the treatment of Type 2 Diabetes Mellitus
(T2DM), linagliptin and empagliflozin work well
blood
glucose by decreasing SGLT2 and encouraging urine
glucose excretion, linagliptin enhances insulin

together. While empagliflozin decreases

production by blocking the DPP-4 enzyme. Better
glycaemic control, a reduced risk of hypoglycemia,
and extra cardiovascular and renal advantages are all
provided by their complimentary processes. Because
this fixed-dose combination is widely used, accurate
RP-HPLC techniques are necessary for both regular
quality control and simultaneous estimation in
pharmaceutical formulations. [15,16]

Importance of Simultaneous Estimation

To guarantee the quality, safety, and effectiveness of
their
Linagliptin Empagliflozin
simultaneously estimated using RP-HPLC. It makes it

fixed-dose combination formulations,

and must  be
possible to precisely quantify both medications in a
single chromatographic run, cutting down on
analytical time and expenses. Regular quality control
(QC), regulatory compliance, stability studies,

dissolution tests, and batch release analysis all make

Additionally, it reduces solvent usage, increases
laboratory efficiency, and yields accurate analytical
findings for quality control and pharmaceutical
manufacture. [17,18]

Principle of RP-HPLC

A popular analytical method called reverse phase
high-performance liquid chromatography (RP-
HPLC) divides according to their
hydrophobic interactions with a polar mobile phase
and a non-polar stationary phase. While more polar

substances

molecules elute quicker, those with lower polarity
interact more strongly with the stationary phase and
are held longer. Optimising a number of
chromatographic parameters, including as mobile
phase composition, pH, flow rate, column chemistry,
and detection wavelength, is necessary for effective
RP-HPLC is widely used for the

determination of linagliptin and

separation.
simultaneous
empagliflozin  in formulations

because to its

pharmaceutical

excellent sensitivity, accuracy,

precision, and repeatability. [19]
Method Development Considerations

Typical parameters optimized include: [20.21]

extensive use of simultaneous estimation.
Parameter Common Conditions
Column C18 (150 x 4.6 mm, 5 um)
Mobile phase | Phosphate buffer + Acetonitrile or Methanol
pH 3.0-4.5
Flow rate 1.0 mL/min
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Detection PDA/UV
Injection volume 1020 pL
Run time 6—12 min

Analytical Method Development

Analytical method development is an important
process in pharmaceutical analysis used for the
identification, separation, and quantitative estimation
of active pharmaceutical ingredients (APIs) in bulk
drugs and dosage forms. The main objective of
analytical method development is to establish a
simple, accurate, precise, robust, reproducible, and

cost-effective analytical procedure for routine quality
control analysis. [22] For simultaneous estimation of
Sotagliflozin and Metformin in combined dosage
forms, optimization of chromatographic conditions is
essential to obtain proper peak separation, acceptable
retention time, high sensitivity, and accurate
quantification of both drugs without interference from
excipients, impurities, or degradation products. [23]
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Figure 2: Key Step in Method develpoment

Method Validation (ICH)

To prove that an RP-HPLC technique is appropriate
for its intended use, analytical method validation is
performed in accordance with ICH Q2(R1)/Q2(R2)
recommendations. The following is a description of
the main validation parameters:

1. Specificity

The capacity of the analytical technique to precisely
quantify the analyte in the presence of contaminants,
degradation products, excipients, or other elements is
known as specificity. It guarantees that linagliptin and
empagliflozin are kept apart from other drugs. [24]

2. System Suitability

Prior to sample analysis, system suitability tests
confirm that the HPLC system is operating as
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intended. To verify adequate chromatographic

performance, parameters such retention time,
theoretical plates, tailing factor, resolution, and

%RSD of peak area are assessed. [25]
3. Linearity

The capacity of a technique to yield findings that are
exactly proportionate to the analyte concentration
throughout a certain range is known as linearity. The
correlation coefficient (R2) should typically be higher
than 0.999. It is assessed by creating calibration
curves at various concentration levels. [26]

4. Accuracy

The degree to which the measured value resembles the
genuine value is referred to as accuracy. Recovery
experiments at various concentration levels (e.g.,
80%, 100%, and 120%) are frequently used to
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establish it; acceptable recoveries usually fall between
98% and 102%. [27]

5. Precision [28,29]

The degree of agreement between repeated
measurements made under the same circumstances is
known as precision. It consists of the following and is
represented as the percentage relative standard
deviation (%RSD):

e Repeatability (intra-day precision):
carried out several times in a single day.

Analysis

e Intermediate Precision (also known as Inter-day
Precision): Analysis carried out using several
instruments, by various analysts, or on separate
days. In general, %RSD need to be below 2%.

6. Robustness

The method's robustness is determined by how well it

can withstand modest, intentional changes in
such as minute
changes in the composition of the mobile phase, pH,

flow rate, column

chromatographic circumstances,
temperature, or detection
wavelength. Results from a robust procedure are
dependable and consistent. [30]

7. Ruggedness

Ruggedness assesses the method's repeatability under
typical operational circumstances, such as varying
analysts, equipment, labs, or days. It illustrates the
method's dependability in ordinary analysis. [31]
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8. Limit of Detection (LOD) [32]

The lowest analyte concentration that is detectable but
may not be precisely measured is known as LOD. It is
often computed using the following formula and
shows the analytical method's sensitivity:

LOD =33 x (6/S)

where o is the standard deviation of the response
and S is the slope of the calibration curve.

9. Limit of Quantitation (LOQ)[33]

The lowest analyte concentration that can be
quantitatively measured with reasonable precision
and accuracy is known as the LOQ. The following
formula is used to compute it:

LOQ=10x(c/S)

LOQ is always higher than LOD and represents the
practical lower limit for quantitative analysis.

10. Solution Stability

Solution stability evaluates the prepared standard and
sample solutions' capacity to stay stable under
predetermined  storage
predetermined amount of time. Throughout the course

circumstances for a

of the investigation, stable solutions should exhibit no
appreciable changes in assay values, peak area, or
chromatographic features. [34]

Comparative Literature Review [35,36,37,38,39]

Author Year Column Mobile Phase Detection Remarks
Devanna et al. 2015 C18 Buffer: Organic uv First simultaneous RP-
solvent HPLC method
Bornare et al. 2020 C18 Buffer: Acetonitrile uv Review article
Patel et al. 2022 Phenyl 0.1% Perchloric 226 nm Stability-indicating
acid: ACN method
Kumar et al. 2024 Thermo | KH2PO.: Methanol 223 nm PDA method
ODS C18
Kharwade et al. | 2024/2025 Cl18 Methanol: 289 nm QbD-based
Acetonitrile optimization

Comparative Analysis of Reported Methods

The majority of reported RP-HPLC techniques for the

simultaneous measurement of linagliptin and
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empagliflozin employ C18 columns with acetonitrile
or phosphate buffer-methanol as the mobile phase.
UV or PDA detectors can detect wavelengths between
223 and 289 nm. To increase robustness and
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efficiency, modern approaches place a strong
emphasis on Quality by Design (QbD) and stability-
indicating analysis. Overall, the disclosed procedures
are appropriate for regular quality control of
pharmaceutical ~ formulations they are
straightforward, precise, accurate, and verified in
accordance with ICH recommendations. [40,41]

since

Current Challenges

Even though a number of RP-HPLC techniques are
available for the simultaneous measurement of
linagliptin and empagliflozin, several difficulties still
exist. These include obtaining total separation from
contaminants and degradation products, creating
quick and economical techniques, using green
chromatography to use less solvent, and enhancing
method resilience for regular examination. More
stability-indicating and Quality by Design (QbD)-
based techniques that satisfy regulatory requirements
and adhere to current ICH principles are also needed.

FUTURE PERSPECTIVES

Even though a number of RP-HPLC techniques are
available for the simultaneous measurement of
linagliptin and empagliflozin, several difficulties still
exist. These include obtaining total separation from
contaminants and degradation products, creating
quick and economical techniques, using green
chromatography to use less solvent, and enhancing
method resilience for regular examination. More
stability-indicating and Quality by Design (QbD)-
based techniques that satisfy regulatory requirements
and adhere to current ICH principles are also needed.

CONCLUSION

One of the most dependable and popular analytical
methods for the simultaneous measurement of
linagliptin and empagliflozin in bulk medications and
pharmaceutical dosage forms is reverse phase high-
performance liquid chromatography (RP-HPLC).
Excellent specificity, accuracy, precision, linearity,
robustness, and sensitivity are demonstrated by the
evaluated techniques, which qualify them for regular
stability testing and pharmaceutical quality control.
The majority of published procedures are cost-
effective, yield repeatable findings, and adhere to ICH
validation requirements. They also need less time for
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analysis. Analytical performance and method
dependability have been greatly enhanced by recent
advancements, such as stability-indicating methods,
Quality by Design (QbD)-based optimisation, and the
application  of  sophisticated chromatographic
techniques. To  provide speedier, more
environmentally friendly, and sustainable analytical
techniques that use fewer solvents and are more
effective, additional research is necessary. All things
considered, RP-HPLC is still the preferred technique
for the simultaneous measurement of linagliptin and
empagliflozin, and it will remain crucial for
pharmaceutical analysis, quality control, and
regulatory compliance.
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