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ABSTRACT: Evogliptin Tartrate, a member of
dipeptidyl peptidase-4 inhibitors, is a recent drug
marketed by Alkem Laboratory Limited, India for
the treatment of Type 2 diabetes; it reduces
degradation of endogenous glucagon-like peptide 1
(GLP-1) to× increase insulin secretion and satiety
and decrease glucagon. Evogliptin can be used
alone or in combination therapy.
A new sensitive and rapid RP-HPLC method was
developed for the determination of Evogliptin in
pharmaceutical dosage forms and it was validated
according to ICH guidelines. The HPLC analysis
was performed on the Model DG31000 system
equipped with a ODS 5 µm (4.6 mm X 250 mm)
C18
column,
with
a
mixture
of
methanol:water:acetonitrile (70:20:10) and Octane
1 sulphonic acid sodium salt powder as mobile
phase, at the ﬂow rate of 1.0 mL/min. The detection
was performed at the wavelength (λ) of 265, and
the retention time of Evogliptin was around 3.6
min. The total run time was 10 min. The calibration
plot gave linear relationship over the concentration
range of 10–30 µg/ml. The LOD and LOQ were
0.99 and 3.00 μg, respectively. The accuracy of the
proposed method was determined by recovery
studies and was found to be in range of 99.87 to
100.47%. The repeatability testing for both
standard and sample solutions showed that the
method is precise within the acceptable limits.
RSD% of the determination of precision was <2%.
The results of robustness was within the acceptable
limits as well. The proposed method showed
excellent linearity, accuracy, precision, speciﬁcity,
robustness, LOD, LOQ, and system suitability
results within the acceptance criteria. In addition,
the main features of the developed method are
low run time and retention time around 3.6 min.

I. INTRODUCTION
Diabetes mellitus is evident from nearly
3000 years ago and despite the many research work
that has been done, diabetes mellitus is still widely
spreaded serious disease which has affected the life
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quality of millions of people worldwide. It is
estimated that till 2035 year, the numbers of patients
with diabetes mellitus will be increased to 592 millions.
[1, 2].
The diabetes mellitus was distinguished
to Type 1 and Type 2 until the year 1936 [2]. The
main feature of Type 2 diabetes is the increased
cell resistance to insulin and the dysfunction of
the insulin-producing cell in the pancreas (β-cells)
[1, 3].
Metformin is the ﬁrst line of therapy for
the treatment of Type 2 diabetes, but as the disease
progresses, a drug in combination therapy is
required to control [4].
After eating food, incretin hormones are
secreted from the gastrointestinal tract in to the
blood stream and stimulates the insulin secretion
and help in controlling the glucose levels; thus, it
helps the body against increase in blood glucose
level. These hormones include glucagon-like
peptide-1 and glucose-dependent insulin tropic
polypeptide [5, 6]. Dipeptidyl peptidase-4 is an
enzyme which is found in human body that helps to
inactivate the incretin hormones and hence ending
their hypoglycemic effect [2].
Evogliptin is a
member of dipeptidyl peptidase-4 inhibitors is a
recently developed drug, which is used for the
treatment of Type 2 diabetes and it potentiates the
effect of incretin hormones through inhibition of
their degradation by the dipeptidyl peptidase-4
enzyme [2, 4]. Evogliptin can be used alone or in
combination therapy, and it is approved in the India
in 2018 [7]. Evogliptin is 4-[3-amino-4-(2,4,5trifluorophenyl)butanoyl]-3-[(2- methylpropan-2yl)oxymethyl]piperazin-2-one;2,3dihydroxybutanedioic acid (C23H32F3N3O9), and it‟s
structure is shown in Figure 1[8]
Analytical method validation provides
assurity that the method will give reliable and
repeatable result; which is crucial step in method
development and validation with respect to
specificity, linearity, range, precision, accuracy,
detection, quantitation limits and robustness.
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According to the ICH guideline, “the objective of
validation of an analytical procedure is to
demonstrate that it is suitable for its intended
purpose.” It is now obligatory in the process of
drug development to supply the validation data for
the responsible authorities. [9–10].
Evogliptin is not official in any of the
pharmacopoeia (i.e. USP, EP, and IP).
Literature survey reveals few methods reported for
determination of Evogliptin but in biological
samples using LC-MS/MS method [11-13].
In this research, a new sensitive and rapid RPHPLC method was developed for the estimation of
Evogliptin in tablet dosage forms, and this method
was validated according to ICH guidelines.

II. MATERIALS AND METHODS
Instrumentation. Model DG31000 HPLC
system was used for liquid chromatography method
development
and
validation
(Analyticals
Technologies), equipped with a pump (model
P3000), an auto sampler (ALS), and ODS 5 µm
(4.6 mm X 250 mm) C18 column and the detector
consisted of UV operated at 265 nm. Anal Chrom
Software was used for data processing and
evaluation.
Chemicals
and
Reagents.
A
pharmaceutical grade sample of Evogliptin Tartrate
(purity 99.1%) was obtained from Vivan
Laboratory. Valera tablet containing 5 mg
Evogliptin was purchased from the local pharmacy
store. Methanol, water, acetonitrile (HPLC grade)
and Orthoposphoric acid, Sodium dihydrogen
phosphate, Hydrochloric acid and Octane 1
sulphonic acid sodium salt powder (AR grade)
were purchased from Merck.
Chromatographic Conditions. The mobile
phase
was
prepared
by
mixing
methanol:water:acetonitrile (70:20:10) and adding
Octane 1 sulphonic acid sodium salt powder in
1000 mL of mobile phase. The pH of this mobile
phase was adjusted to 3 using Orthoposphoric acid.
Prior to use the mobile phase was filtered through
Whatmann Filter and degassed by sonication for 10
min.

Figure 1: Chemical structure of Evogliptin
DOI: 10.35629/7781-0602775781

×
The analysis was carried out on DG31000
series HPLC system. The analysis was carried out
on an analytical column C18, 5 µm, 250 X 4.6
mm with a detection wavelength of 265 nm. The
operating temperature of the column was set at
25°C. The injection volume was 20 µL, and the
flow rate was maintained at 1.0 mL/min. The run
time was 10 min.
Preparation of Standard Solution. A
standard solution of Evogliptin tartrate was
prepared by dissolving an accurately weighed
amount of API powder of Evogliptin (10 mg) in 50
ml of the mobile phase and sonicated, and then 5
mL of the resulting solution was diluted to 50 mL
by the same solvent to obtain a standard solution of
Evogliptin (20 µg/ml).
Preparation of Sample Solution. Ten
Evogliptin tablets were weighed, triturated in
porcelain mortar, and mixed, and the average
weight of tablet was calculated i.e. 149.7 mg.
Accurately weighed amount (299.4 mg) of crushed
tablet powder (equivalent to 10mg Evogliptin) was
transferred to 50 mL volumetric flask, and 50 mL
of the mobile phase was added and sonicated. 5 mL
of the resulting solution was diluted to 50 mL by
the same solvent to obtain a test solution of
Evogliptin (20 µg/ml). The prepared solution was
filtered through whatmann filters.
Method Validation. The method was
validated as per ICH Q2(R1) guideline, and the
validation
parameters
included
specificity,
linearity, range, accuracy, precision, LOQ, LOD
and robustness [9- 17].
Specificity. Specificity is the ability of the
analytical method to discriminate between the
analyte and the other component(s) in the mixture.
Specificity of the method was evaluated by
injecting 20 µL solution of standard, sample and
blank separately.
Linearity. To evaluate the linearity and range of the
method, different standard solutions were prepared
by diluting the standard stock solution with the
mobile
phase in deferent concentrations of Evogliptin: 10,
16, 20, 24, and 30 µg/ml, which cover 50%, 80%,
100%, 120%, and 150% of the target concentration,
respectively. Each of these concentrations was
analysed under the same conditions. Linear
regression analysis was used to estimate the
linearity of the calibration curve by using the least
square linear regression method.
Precision. The system precision and
method precision (repeatability) of the proposed
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methods were determined by several measurements
of standard solution and sample solution,
respectively. Repeatability was estimated by six
measurements of the standard solution at the 100%
concentration levels on the same day. Method
precision was established by five assay
determinations of the sample solution at the 100%
concentration levels on the same day and on next
day for intraday and interday precision. The RSD
of obtained results was calculated to evaluate
repeatability results.
Accuracy. The accuracy of the assay
method was determined by recovery studies at
three concentration levels (50%, 100%, and 150%),
i.e., 10, 20, and 30 μg/ml, and three samples from
each concentration were injected. The percentage
recovery of added Evogliptin and RSD were
calculated for each of the replicate samples.
Limit of detection (LOD) and Limit of
Quantitation (LOQ). The LOD 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. The LOQ
of an individual analytical procedure is the lowest
amount of analyte in a sample which can be
quantitatively determined with suitable precision
and accuracy.
LOD= 3.3 σ/s & LOD= 10 σ/s
Where, σ = the standard deviation of the response.
S = the slope of the calibration curve.
The slope S may be estimated from the calibration
curve of the analyte
Robustness. Robustness of the method was
estimated by applying minor but deliberate changes
in the experimental parameters, as below:



Column temperature: ±1°C
Flow rate: ±0.1 mL/min

Change was made to evaluate its effect on the
method. Obtained data for each case was
evaluated by calculating % RSD.

III. RESULTS AND DISCUSSION
Method Development and Optimization.
Several physical and chemical properties of
Evogliptin were obtained from the literature. The
analytical method was developed to select
preliminary
reversed
phase
HPLC-UV
chromatographic conditions, including detection
wavelength, mobile phase, stationary phase, and
sample preparation procedure. For this purpose, a
DOI: 10.35629/7781-0602775781

series of trials were performed by varying the ratio
of methanol, acetonitrile and water, acetate buffer,
Octane 1 sulphonic acid sodium salt powder in
1000 mL as mobile phase and optimizing the
×
chromatographic
conditions. The results of method
optimization are summarized in Table 1.
The mobile phase consisting of
Methanol:water:acetonitrile (70:20:10) and octane
1 sulphonic acid sodium salt powder in 1000 mL of
mobile phase with pH adjusted to 3 using
orthoposphoric acid with a ﬂow rate of 1 mL/min,
injection volume 20 µl, run time 10 min, and
column temperature 25°C at wavelength (λ) 265
was optimized as the best chromatographic
conditions for the entire study where evogliptin
was eluted forming symmetrical peak shape,
resolution and suitable analysis time with retention
time about 3.6 min (Figure 2).
Method Validation
Speciﬁcity. Speciﬁcity was evaluated by
comparing the chromatograms of mobile phase
blank solution, standard solution, and sample
solution (Evogliptin 20 μg/ml). For this purpose,
20 μL from solutions mobile phase blank, standard
solution, and sample solution were injected into the
HPLC system separately, and the chromatogram
results are shown in Figures 2–4. It can be
observed that there is no coeluting peak at the
retention time of evogliptin interference and it is
observed that the chromatograms of test and
standard solution were similar and no peak in blank
solution. This result indicates that the peak of the
analyte was pure and this conﬁrmed the speciﬁcity
of the method.
Linearity and Range. The linearity is
deﬁned as the ability of the method to obtain test
results that are directly proportional to the analyte
concentration, within a speciﬁc range. 5
concentrations (50% to 150% level) were injected
and plotted. The results of linearity study (Figure 5)
gave linear relationship over the concentration
range of 10–30 µg/ml. From the regression
analysis, a linear equation was obtained: y =
�
80775 X – 21004, and the goodness-of-ﬁt (r2) was
found to be 0.999, indicating a linear
relationship between the concentration of analyte
and area under the peak.
Limit of Detection and Limit of
Quantiﬁcation (LOD and LOQ). The limit of
detection (LOD) is the lowest amount of analyte in
a sample that can be detected, but not necessarily
quantitated, while the limit of quantiﬁcation (LOQ)
is the lowest amount of analyte in a sample that can
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be quantitatively determined with suitable
precision. The results showed an LOD and LOQ
for Evogliptin of 0.99 and 3.00 μg, respectively.
Accuracy. The accuracy of an analytical
procedure expresses the closeness of results
obtained by that method to the true value. The
results of accuracy showed percentage recovery at
all three levels in the range of 99.87 – 100.47%,
and % RDS values were in the range of 0.000373 0.218718% as shown in Table 2. The results of
percentage recovery and %RSD were within the
accepted limits from 98.0% to 102.0% and not
more than 2.0%, respectively, which indicates the
accuracy of method.
Precision. Precision of
the method is defined as “the closeness of
agreement between a series of measurements
obtained from multiple sampling of the same
homogeneous sample under the prescribed
conditions,” and it is normally expressed as the

relative standard deviation. The results of both
system and method precision showed that the
method is precise within the acceptable limits. The
RSD, tailing factor, and number of theoretical plats
were calculated for both solutions; all the results
were within limits.
Acceptable precision was not more than 2.0% for
the RSD and the tailing factor and not less than
1000 for number of plates, as shown in Tables 3
and 4.
Robustness. The analytical method
robustness was tested by evaluating the inﬂuence of
minor modiﬁcations in HPLC conditions on system
suitability parameters of the proposed method, as
mentioned in Section 2.0. The results of robustness
testing showed that a minor change of method
conditions, such as the temperature and ﬂow rate, is
robust within the acceptable limits. The results are
summarized in Table 5.

Table 1: Results of method optimization

Figure 2: Chromatogram of Evogliptin standard solution
Figure 3: Chromatogram of Evogliptin sample solution
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Figure 4: Chromatogram of blank solution Figure 5: Standard calibration curve of Evogliptin

Table 2: Recovery data of proposed HPLC method
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Table 5: Robustness data

chromatographic conditions.

IV. CONCLUSION
The developed HPLC method is fast &
simple and found specific, linear, accurate, precise,
and robust. Hence it can be employed for routine
quality control analysis. The analytical method
conditions and the mobile phase solvents provided
good resolution for Evogliptin. In addition, the
main features of the developed method are short
run time and retention time around 3.6 min. The
method was validated in accordance with ICH
guidelines. The method is robust enough to
reproduce accurate and precise results under these
DOI: 10.35629/7781-0602775781
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