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ABSTRACT

Sitagliptin, an oral antidiabetic agent used in the management of type 2 diabetes mellitus, requires stringent quality
control to ensure its safety and efficacy. The present study focuses on the development and validation of a simple,
precise, and reliable Reverse Phase High Performance Liquid Chromatography (RP-HPLC) method for the
determination of related impurities in Sitagliptin. Chromatographic separation was achieved using a suitable C18
column with an optimized mobile phase composed of buffer and organic solvent under gradient/isocratic
conditions. The detection was carried out using a UV detector at an appropriate wavelength. The method was
validated in accordance with International Council for Harmonisation (ICH) guidelines with respect to specificity,
linearity, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), and robustness. The
developed method demonstrated good resolution between Sitagliptin and its related impurities, with acceptable
system suitability parameters. Linearity was observed over a suitable concentration range with high correlation
coefficients. The recovery studies confirmed the accuracy of the method, while precision studies indicated
reproducibility with low %RSD values. The validated RP-HPLC method was found to be sensitive, specific, and
reliable for routine analysis of Sitagliptin and its related impurities in bulk and pharmaceutical dosage forms.
Hence, the method can be effectively employed for quality control and stability studies in pharmaceutical
industries.
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Introduction:

Sitagliptin is a widely used oral hypoglycemic agent
belonging to the class of dipeptidyl peptidase-4 (DPP-
4) inhibitors, indicated for the treatment of type 2
diabetes mellitus. It acts by inhibiting the DPP-4
enzyme, thereby increasing incretin levels, which in
turn enhance insulin secretion and reduce glucagon
levels in a glucose-dependent manner. Due to its
therapeutic ~ importance and widespread use,
maintaining the quality, safety, and efficacy of
Sitagliptin is essential.

During the synthesis, storage, and formulation of
pharmaceutical drug substances and products,
impurities may be formed. These impurities can arise
from starting materials, intermediates, degradation
products, or side reactions. The presence of such
related impurities, even in trace amounts, may affect
the safety and stability of the drug. Therefore,
identification, separation, and quantification of

impurities are critical components of pharmaceutical
analysis and are strictly regulated according to
International Council for Harmonisation (ICH)
guidelines such as Q3A and Q3B.

Reverse  Phase  High  Performance  Liquid
Chromatography (RP-HPLC) is one of the most widely
employed analytical techniques for the determination
of pharmaceutical compounds and their impurities due
to its high sensitivity, accuracy, and reproducibility. It
offers efficient separation of compounds based on their
polarity and is highly suitable for routine quality
control analysis.

The present study aims to develop and validate a
simple, rapid, and robust RP-HPLC method for the
determination of related impurities in Sitagliptin. The
developed method is validated as per ICH guidelines
with respect to parameters such as specificity, linearity,
precision, accuracy, robustness, limit of detection
(LOD), and limit of quantification (LOQ). This method
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can be effectively applied for routine quality control
and stability testing of Sitagliptin in bulk and
pharmaceutical dosage forms.

Materials and Methods:

Chemicals and Reagents

Sitagliptin working standard was obtained from a
certified pharmaceutical source. HPLC grade solvents
such as methanol, acetonitrile, and water were used
throughout the study. Analytical grade reagents
including potassium dihydrogen phosphate and
orthophosphoric acid were used for the preparation of
buffer solutions. All chemicals and reagents were of
suitable analytical or HPLC grade.

Instrumentation

The analysis was performed using an RP-HPLC system
equipped with a quaternary pump, auto-sampler,
column oven, and UV detector. Data acquisition and
processing were carried out using appropriate
chromatographic software.

Chromatographic Conditions

The chromatographic analysis was carried out using a
mobile phase consisting of methanol and 0.1%
orthophosphoric acid in water (80: 20, % v/v). The
detection wavelength was set at 266 nm to ensure
optimal sensitivity for the analyte. The mobile phase
was delivered at a flow rate of 1.0 mL/min, and the
column temperature was maintained at 25°C to ensure
consistent chromatographic performance. A sample
volume of 20 pL was injected for each run.

Experimental Work

Preparation of stock standard solution and working
solution (Stock-I)

A precisely weighed amount of 10 mg of SITA
standard was transferred into a clean, dry 10 mL
volumetric flask. Methanol was added to dissolve the
standard, and the solution was sonicated if necessary to
ensure complete dissolution. The volume was then
made up to the 10 mL mark with methanol, resulting in
a stock solution with a final concentration of 1000
pg/mL (Stock-I). This primary stock solution was
stored in an amber vial to protect it from light and used
for further dilutions during method development and
analysis.

Preparation of Impurity Sample Solution
For Impurity I

For impurity I (IMP-1), an accurately weighed quantity
of 5 mg was transferred into a clean, dry 10 mL
volumetric flask. Methanol was added to dissolve the
weighed material, and the solution was gently mixed
and sonicated, if necessary, to achieve complete
dissolution. The volume in each flask was then brought
up to the 10 mL mark with methanol, resulting in
individual stock solutions with a concentration of 500
pg/mL for Impurity.

For Impurity 11

For the preparation of the impurity stock solution,
accurately weighed quantities of Impurity-1 and
Impurity-2 (IMP-2) (5 mg each) were transferred into
separate clean and dry 10 mL volumetric flasks.
Methanol was added to each flask to dissolve the
impurities, and the solutions were gently mixed and
sonicated, if required, to ensure complete dissolution.
The volume in each flask was then made up to the 10
mL mark with methanol, yielding stock solutions with
a concentration of 500 ug/mL for IMP-1 and IMP-2,
respectively. These preparations were designated as
Stock-III solutions and were stored appropriately until
further dilution and analysis.

Preparation of working standard solutions

To prepare the mixed working solutions used in the
study, graded concentrations of SITA were combined
with fixed levels of IMP-1 and IMP-2. The process
began by taking 0.1 mL of the SITA Stock-I solution
together with 0.2 mL of the impurity Stock-III solution
and diluting the mixture to 10 mL with the mobile
phase, giving a final concentration of 5 ug/mL of SITA
along with 10 pg/mL each of IMP-1 and IMP-2. In the
same manner, additional working solutions were
prepared by increasing the volume of Stock-I to 0.2
mL, 0.3 mL, 0.4 mL, and 0.5 mL, respectively, while
keeping the impurity volume constant at 0.2 mL. Each
mixture was then made up to 10 mL with the mobile
phase. These preparations resulted in solutions
containing 10, 15, 20, and 25 pg/mL of SITA, each
consistently accompanied by 10 pg/mL of both
impurities. All solutions were thoroughly mixed to
ensure proper homogenization before use in calibration
and analytical evaluation.

Preparation of sample solution

Preparation of Sample Stock Solution (Stock-IT)

The marketed formulation selected for analysis was
RIFAMET (400 mg). The combined weight of twenty
tablets was found to be 11.11 g, giving an average
tablet weight of 555.6 mg. Based on this average
weight and the label claim of 400 mg of SITA per
tablet, the amount of tablet powder equivalent to 10 mg
of SITA was calculated. From this calculation, 13.89
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mg of the finely powdered tablet blend was accurately
weighed and transferred into a clean 100 mL
volumetric flask. Methanol was then added to dissolve
the sample, and the volume was made up to the mark.
This procedure yielded a sample stock solution
containing 100 pg/mL of SITA, which was designated
as Stock-II and used for further analytical work.
Tablet Assay Preparation

For the assay of the tablet formulation, the powdered
tablet sample was first extracted to obtain Sample
Stock-1, followed by appropriate dilution to prepare
Sample Stock-II. From this intermediate stock solution,
4 mL from Stock-II was accurately transferred to a 10
mL volumetric flask and the volume was made up with
the mobile phase, yielding a working
concentration of 40 pg/mL of SITA. The solution was

final

mixed thoroughly to ensure uniformity and clarity
before analysis. This final assay solution was then
injected into the HPLC system under the optimized
chromatographic conditions, and the peak area
obtained was compared with that of the standard
solution to determine the amount of SITA present in
the tablet formulation. This procedure ensured accurate
dilution, appropriate  sample handling, and
reproducible quantification suitable for routine quality-
control evaluation.

Results and Discussion:

Method Development

In the optimized conditions it has been observed that
the SITA, IMP-1 and IMP-2 were well separated with
a resolution greater than 4. Peak symmetry was
assessed using the asymmetry factor. All peaks
exhibited acceptable symmetry.

Table 1: System Suitability Parameters for
Optimized Chromatographic Condition
Retenti No. of
Na on Resoluti  Theoreti
. Area
me Time on cal
(min) plates
SIT 216.072
A 2.278 45 - 5443
IMP
) 3.874  9.65691 11.30 9532
IN;P 4.643 26'90124 4.52 10538

2.278 - SITAGLIPTIN

IMPURITY A
4643~ IMPURITY B

Figure 1: Chromatogram showing the separation
of SITA, IMP-1 and IMP-2

Tablet Assay Preparation

For the assay of the tablet formulation, an appropriate

working solution was prepared from the previously

obtained sample Stock-II solution. From this stock, 4

mL was accurately transferred into a 10 mL

volumetric flask and diluted to volume with the

mobile phase. This dilution produced a final

concentration of 40 pg/mL of SITA, which was used

for the quantitative assay of the tablet sample. The
solution was mixed thoroughly to ensure uniformity
before injection into the HPLC system.

Table 2: Analysis of Drug from Tablet Formulation

Peak Peak Mean Y
Conc. Area- Area- Peak SD RSoD
I II Area
40.00
289. 1.2 44
pg/m  290.8 8690 289.9 78 04
L 8 7
Method Validation
Specificity
Forced degradation data
SITA
S
r Area  Area of Deg  Actu
rade al%
Degradat of degrade d deor
N ion Stan d e a(:ft'
u i
dard S 1
0 ar ample % on
AFTER 1 HR
Acid
1 Degradati 97:56 82.4918 84.5 15.45
66 5
on
Basic
. 2.
2 Degradati 9756 80.9446 829 17.04
66 6
on
H>O»
97.56 91.5
3 D ti 31 4
eg;zdal 66 89.3173 4 8.46
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97.56 89.7

4  Neutral 66 87.5666 5 10.25
AFTER 2 HR
Acid
. 97.56 81.6
1 Degradati 79.6833 18.33
66 7
on
Basic
2 Degradati 976.656 47.1349 481'3 51.69
on
H202
. 1.
3 Degradati 97.56 69.6112 7.3 28.65
66 5
on
97.56
4 Neutral - - -
eutra 66
Acit;ic Degradation Ufl]\' am
Acid‘ic Degradation U‘LIN HCL (2 Hr) —
Linearity and Range
L“:;an Correlati
1
Compou Range on . Slop Interce
(ng/mL Coefficie .
2.00- 19.8
ITA . 18.62
S 10.00 0.9993 18 8.629

SITAGLIPTIN

CONC

Figure 3: Linearity assessment of SITA

MPURITY-A

?- IPURITY

L8

Figure 4: Typical overlay chromatogram of
linearity

Precision

Precision of the method was evaluated by analyzing
SITA at three concentration levels (2, 6, and 10 pg/mL)
in the presence of fixed concentrations of IMP-1 and
IMP-2 (10 pg/mL each), with duplicate injections at
each level. In the intraday precision study, the % RSD
ranged from 0.43 to 2.42 for SITA, 0.42 to 3.25 for
IMP-1, and 1.22 to 2.53 for IMP-2. Similarly, in the
Interday precision study, the % RSD ranged from 0.10
to 0.58 for SITA, 0.13 to 12.21 for IMP-1, and 0.36 to
1.32 for IMP-2. The method demonstrated good
precision, with % RSD values for both intraday and
Interday studies found to be below 2%.

Intra-day precision

[1)

Sos Peak Peak 7

Sam c. Me S R
Area Area

ple (ng/ 1 5 an D S

ml) D

59.63 57.62 58. 1. 2.

SIT 253 62 63 42 42

A 6 136.6 1357 136 0. O.

146 828 20 359 43
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10 2165 2148 215 1. 0.
19 142 .67 21 56
10 9.096 9.151 9.1 0. 0.
81 46 2 04 42
IMP 10 1044 9979 10. 0. 3.
-1 788 06 21 33 25
10 10.13 9942 10. 0. L.
918 25 04 14 39
10 27.87 2846 28. 0. L
418 489 17 42 48
IMP 10 29.06 30.12 29. 0. 2.
-2 408 269 59 75 53
10 26.19 2574 25. 0. L
273 348 97 32 22
Accuracy

For the accuracy study, a 10 pg/mL tablet solution was
used as the base concentration. From this, three
accuracy levels 80%, 100%, and 120% were prepared
to evaluate the reliability and recovery of the method.
To prepare the 80% level, 0.5 mL of the tablet solution
was transferred into a 10 mL volumetric flask, followed
by the addition of 0.08 mL of the standard solution; the
mixture was then diluted to volume with the mobile
phase to obtain a final concentration of 4 pg/mL. For
the 100% level, 0.5 mL of the tablet solution and 0.1
mL of the standard solution were combined in a 10 mL

flask and diluted to the mark, yielding a 5 pg/mL
solution. Similarly, the 120% level was prepared by
adding 0.5 mL of the tablet solution and 0.12 mL of the
standard solution into a 10 mL volumetric flask and
making up the volume with the mobile phase to obtain
a final concentration of 6 pg/mL. All solutions were
mixed thoroughly to ensure homogeneity before
analysis.

Accuracy for IMP-1 and IMP-2 was evaluated by
recovery studies at three levels corresponding to 80%,
100%, and 120% of the nominal drug concentration
while maintaining a constant impurity spike level of
10 pg/mL. Each level was prepared in triplicate and
analyzed as per the test method. Percent recovery was
calculated by comparing the measured impurity
content against the known spiked amount.

Recovery results of IMP-1

Level % M:Zm SD %

(%) Recovery e RSD
98.2

80 100.8 99.57 1.31  1.31
99.7
100.3

100 99.5 100.7 144 143
102.3
101

120 99.8 101.4 1.83  1.81
103.4

Recovery results of IMP-2

Level % M(:m SD %

(%)  Recovery Re RSD
98.2

80 99.8 99.93 1.80 1.80

— o

99.7

100 101.2 101.17 145 143
102.6
99.2

120 102.8 100.9 1.81 1.79
100.7

Robustness

The robustness study was performed to evaluate the
reliability of the analytical method under small,
deliberate variations in chromatographic conditions.
Changes in mobile phase composition, wavelength,
and flow rate were assessed using a standard
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concentration of 8 pg/mL, and results were compared
in terms of peak area, mean, SD, and % RSD, and the
detailed results are tabulated in Table for SITA, IMP-
1, and IMP-2.

Robustness evaluation

Pe Mo Ni
ak Chang difie Pea Pea e;l %
N ein d k k S R
a Param con are Are :[:li D S
m eter ditio al a2 D
ar
e n
ea
79:2 185. 188. 612 i 13
1 1 )
il 8 70 4 9 3
A Mobile gy gy g 1800
phase 30 5 3
9 47 67
compos 8 7 1
tion 255 957 900 92 O
I (Metha g3 ges 9 43
M nol: 0 4
P- 0.1% . .
| Orthop"h 81:1 929 984 95 (; ‘(‘)
. 4
osphori ? 346 583 7 9 7
c acid 264 26.1 0. 0.
I in 791'2 638 084 2269 2 9
M  water) 4 6 5 6
P- 247 244 0. O.
2 819'1 110 506 2;; 1 7
4 8 8 5
0. 0.
186. 185. 18
SI 265 42 96 6.2 3 !
3 8
T 19 1. 0
A . . ) '
267 2;)3 ljj 96 6 8
1 5 2
10.5 10.2 10 0. 2.
I 265 906 839 4' 2 0
M Wavele 5 2 2 8
P- ngth 109 113 1 0. 2.
1 267 056 417 12' 3 7
4 9 1 7
279 279 )% 0. 0.
I 265 743 509 O' 0o O
M 2 7 2 6
P- 266 254 2% 0. 3.
2 267 672 960 08' 8 1
1 1 3 8
SI 198. 199. 19 0. O.
Fl 0.
T thw mi 349 430 88 7 3
© 6 4 9 6 8

1 165. 162. 16 2. 1
' 333 278 38 1 3
mL
2 3 1 6 2
. 09 989 986 98 (())' 01
M mL 113 595 8 ) g
II' 1.1 823 824 82 (())' 01
mL 174 957 4
1 5
293 28.6 0. 1
I gli 376 560 %%‘ 4 6
M 3 1 g8 6
P- 243 243 0. 0
2 rlni 662 997 2;; 0 1
4 8 2 0
Ruggedness:

Ruggedness was evaluated to assess the reproducibility
of the analytical method under normal but variable
conditions, particularly with respect to analyst-to-
analyst variation. A standard solution of SITA (6
pg/mL) containing fixed concentrations of the related
impurities IMP-1 and IMP-2 was analyzed
independently by two different analysts, with each
analyst performing two replicate determinations under
identical chromatographic conditions. The inclusion of
fixed impurity concentrations during ruggedness
evaluation was intended to simulate routine analytical
conditions encountered during quality control and
stability testing, where impurities are expected to be
present in the sample matrix.

Ruggedness evaluation:

Me
Pl::a Pa:arm Peak Peak : na %
ete Area Area € SD RS

Na chang k
| 11 D

me e Are

a

Analys 1355 1376 136. 14 1.0

SIT tl 218 374 58 9% 95
A Analys 1364 1397 138. 23 1.6
tII 309 237 08 28 86

Analys 10.00 9.903 9.96 0.0 0.7

M tl 805 43 74 43
P-1 Analys 9.892 10.06 9.08 0.1 1.1
t1I &7 14 ' 19 94

Analys 30.85 30.14 305 05 1.6

M tl 67 297 0 05 55

P-2  Analys 3056 31.01 307 03 1.0
tII 78 75 9 18 33

Conclusion:
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A reliable, validated, and stability-indicating RP-
HPLC method was successfully developed for the
estimation of Sitagliptin and its related impurities
(IMP-1 and IMP-2) in tablet dosage forms. The
developed method demonstrated excellent specificity,
linearity, precision, accuracy, robustness, and
ruggedness in accordance with ICH guidelines.
Forced degradation studies confirmed the stability-
indicating capability of the method, as degradation
products were well separated from the analyte and
impurity peaks under all applied stress conditions. The
method showed consistent performance in the presence
of impurities, making it suitable for impurity profiling,
routine quality-control testing, and stability studies.
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