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ABSTRACT

Sitagliptin is an oral hypoglycemic agent of the dipeptidyl peptides-4 (DPP-4) enzyme
inhibitor used in the treatment of type 2 diabetes mellitus. It acts by stimulating the insulin
release by the reduction of glucagon level in pancreas. The main objective of the present
study was to develop and validate a simple and rapid liquid chromatography-mass
spectrometric method for estimation of Sitagliptin in human plasma using Sitagliptin D4 as
internal standard, K,EDTA as anticoagulant and a combination of ethyl acetate and n-
hexane as extraction solvent. Sitagliptin and Sitagliptin D4 were separated on Shimadzu
UHPLC using Phenomenex, Gemini C18, 3u, 100x4.6mm column and mobile phase
composed of acetonitrile and 5mM ammonium formate pH 3.5 in a ratio of 50:50% V/V.
UHPLC was operated at a flow rate of 0.8ml/min, run time of about 2.20mins, at column oven
temperature of 35+1°C and with isocratic flow mode. API-4000 (AB SCIEX) mass
spectrometer was operated with positive polarity, turbo spray ionization and in multiple
reaction monitoring (MRM) scan mode. The linearity was found to be in between 2.002ng/ml-
797.473ng/ml and the retention times of Sitagliptin and Sitagliptin D4 was found to be at
1.07min and 1.06min respectively. The Q1/Q3 values for Sitagliptin and Sitagliptin D4 was
found to be 408.000/174.000 and 412.000/174.000 respectively. Both Sitagliptin and
Sitagliptin D4 are stable for about 53hrs 32mins in auto sampler. The developed method was
found to be specific, accurate, precise, linear and stable with high recovery and less matrix
effect as per standard guidelines.

1. INTRODUCTION

Sitagliptin (STG) is an oral hypoglycemic agent
of the dipeptidyl peptides-4 (DPP-4) enzyme
inhibitor used in the treatment of type 2
diabetes mellitus. It is a potent agonist of PPAR-Y
and inhibits the inactivation of glucagon like
peptide-1 (GLP-1) and glucose dependent
insulinotropic polypeptide (GIP). It acts by
stimulating the insulin release by the reduction
of glucagon level in pancreas!?. Steady state
plasma concentration of Sitagliptin half-life is
10-12 hours at doses of 25mg-100mg. Sitagliptin
has been shown to be effective well tolerated
and safe in the treatment of type 2 diabetes
mellitus in monotherapy or in combination with
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metformin or thiozolidediones with minimal
side effects. Minimum dose is 25mg and
maximum recommended dose for sitagliptin is
100mg daily and it is most effective for
treatment3-5.

It has been found that very less literature was
observed for estimation of STG as an individual
drug in  human plasma by liquid
chromatography mass spectrometric method®.
Most of the analytical methods available for the
estimation of sitagliptin in human plasma were
in combination with drugs like metformin7-11,
simvastatin!2-13, pioglitazone!* and dasatinib?5.
These are estimated by several techniques
including protein precipitation?¢, capillary zone
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electrophoresis!’, in urine!819, RP-HPLC2O,
Spectrophotometry?l. The present study has
been aimed to develop and validate a new
method with less matrix effect, high recovery
and stable in K;EDTA human plasma. The
extraction method used was liquid-liquid
extraction to extract STG and STG D4 from
human plasma.

2. MATERIALS AND METHODS

2.1 CHEMICALS AND REAGENTS

Sitagliptin (Figure 1) and Sitagliptin D4 HCl
(Figure 2) were purchased from Vivan Life
Sciences Pvt Ltd, Mumbai, India. HPLC grade
acetonitrile, ethyl acetate, n-hexane, methanol
and water were obtained from E-Merck India.
Ammonium formate was purchased from Finar
Limited, India. Disodium hydrogen phosphate
and formic acid were from E-Merck India.
Human plasma was collected from National
Institute of Nutrition, Hyderabad, Telangana,
India.

2.2 Preparation of calibration curve (CC)
Standards and Quality control (QC) samples
STG master stock solutions (1000pg/ml) and
STG D4 master stock solutions (400pg/ml) were
prepared discretely in methanol and stored at 2-
89C. The STG D4 master stock solution was
further diluted to achieve final concentration
2.000pg/ml using the diluent
(Acetonitrile:Water 50:50 V/V). From STG
master stock solutions, CC standards and QC
samples were prepared. CC standards are a set
of eight non zero concentrations of STG master
stock solution spiked with blank K;EDTA human
plasma to acquire final eight concentrations in
between 2.000ng/ml to 799.775ng/ml. Similarly
QC samples were prepared by spiking STG
master stock solution with blank K;EDTA
human plasma to acquire final concentrations
634.873ng/ml, 317.436ng/ml, 5.460ng/ml and
2.000ng/ml and they were labeled as high
quality control (HQC), medium quality control
(MQQ), low quality control (LQC) and lower limit
of quantification quality control (LLOQ QC)
(Figure 3) respectively. All the CC standards and
QC samples were stored at 2-82C till use.

2.3 Sample preparation

The liquid-liquid extraction method was
preferred to extract STG and STG D4 from CC
standards and QC samples. The required
numbers of samples were collected from deep
freezer, thaw and maintained at room
temperature. 0.2ml of the thaw samples were
collected in pre-labeled polypropylene tubes
and 50pl of STG D4 dilution (2pg/ml) was added
except to blank. The solution was alkalinized by
adding 0.2ml of 50 mM disodium hydrogen
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phosphate and vortexed to mix the contents.
2ml of extraction solvent containing -ethyl
acetate and n-hexane (80:20%V/V) was added
to all the tubes, vortexed for 15mins at
2000rpm. These vortexed samples were then
centrifuged at 3500rpm for  10mins.
Supernatants were collected in pre-labeled
tubes and evaporated under nitrogen gas at
40°C till dryness. The dried samples were
reconstituted with 0.4ml solution containing
acetonitrile and 5mM ammonium formate at pH
3.5 in the ratio of 50:50%V/V, vortexed and
transferred in pre-labeled auto sampler vials.

2.4 Liquid chromatographic optimization
Sitagliptin and Sitagliptin D4 was separated on
Shimadzu UHPLC on Phenomenex, Gemini C18,
3u, 100x4.6mm column using a mobile phase
composed of acetonitrile and 5mM ammonium
formate pH 3.5 in a ratio of 50:50%V/V. The
retention times of STG and STG D4 was found to
be at 1.07min and 1.06min respectively when
conditions are optimized to isocratic flow,
0.8ml/min flow rate and with a run time of
about 2.20min. The auto sampler temperature
and column oven temperature have been
adjusted to 10.02C and 35.02C respectively
throughout the process.

2.5 LC-MS/MS instrument and conditions

STG and STG D4 were detected on API-4000 (AB
SCIEX) mass spectrometer at MRM scan mode,
positive polarity and turbo spray ionization. The
source parameters were optimized as curtain
gas (CUR) at 30 psi, collision associated
dissociation (CAD) at 6psi, nebulizer gas(GS1) at
40psi, turbo gas(GS2) at 45psi and ion spray
voltage(IS) 5500V. The optimized compound
parameters for both STG and STG D4 were
declustering potential (DP) 70mV, entrance
potential (EP) 10V, collision Energy (CE) 36V
and collision cell exit potential (CXP) 18V. The
source temperature was maintained at 5002C
and the dwell time was at 200msec.
Chromatographic data analysis and mass
spectrum interpretation was performed using
analyst software 1.6.2 version. The m/z values
of STG and STG D4 were found to be at
408.000/174.000 (Q1/Q3) and
412.000/174.000 (Q1/Q3) respectively.

2.6 Method validation??

The developed method was validated for system
suitability, selectivity, specificity, matrix effect,
linearity, precision, accuracy, dilution integrity
and recovery according to US FDA guidelines on
bioanalytical method validation. The method
was also evaluated for the STG stabilities in all
aqueous solutions and in all biological matrix
solutions from the preparation of master stock
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solution to the end of validation process. The
results of validation parameters, stabilities in
aqueous solutions and stabilities in biological
matrix are compared with the acceptance
criteria as per the standard validation guidelines
(USFDA guidelines).

2.7 System suitability

System suitability was performed with six
replicate injections of AQ STD equivalent to MQC
concentration levels of STG and STG D4. The
mean retention time of STG, mean retention
time of STG D4 and mean area ratio (STG/STG
D4) were compared with the acceptance criteria
as per standard guidelines.

2.8 Selectivity and specificity

Selectivity was performed to estimate the
interferences from blank plasma lots, lipidemic
lots and from hemolyzed lots of STG and STG D4
at LLOQ. Ten blank K;EDTA plasma batches
were (out of which 2 lipidemic lots and 2
hemolyzed lots) were selected to test for their
endogenous interferences.

Specificity was estimated by replicate injections
of standard blank, concomitant blank and
standard zero were set and compared the
percentage of interference with mean response
of LLOQ sample.

2.9 Linearity- goodness of fit

Eight calibration curve standards in K;EDTA
human plasma were prepared in between
concentrations from 2.002ng/ml to
797.473ng/ml with STG. All the CC standards
were back calculated from their respective
responses. An eight point calibration curve was
constructed between peak area ratios of STG
and STG D4 on Y-axis and plasma concentration
on X-axis. A linear equation was established
using 1/conc? weighing factor to provide the
best fit for concentration versus detector
response. The goodness of fit was greater than
0.99 during the course of validation.

2.10 Precision and accuracy

Accuracy of the method was measured by
percentage difference of back calculated mean
concentrations of quality control samples to
their respective nominal concentrations.
Accuracy of the method was assessed with
minimum of six repeated injections of all quality
control samples range (HQC, MQC, LQC and
LLOQ QC). Precision for the method was
performed to calculate percentage of coefficient
of variation (%CV) of all the quality control
samples for their intra-day and inter-day
responses. The intra-day and inter-day precision
was performed with six repeated injections of
quality control samples.
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2.11 Sensitivity

The lower limit of quantification of STG was
found to be 2.002ng/ml. The sensitivity of the
method was estimated by six replicate injections
of LLOQ concentration level. Finally the
sensitivity was represented in terms of signal to
noise ratio (SNR) of LLOQ concentration level
which must be 25 as per standard guidelines.

2.12 Matrix Factor

Aqueous samples of STG and STG D4, post
extracted samples of STG and STG D4 at high
quality control (HQC) and low quality control
(LQC) levels were evaluated for matrix effect.
Peak areas obtained from aqueous samples of
STG and STG D4 at HQC and LQC levels were
compared with peak areas of post extracted
samples at HQC and LQC levels of STG and STG
DA4.

Matrix factor and ISTD normalized matrix factor
was calculated by,

Peak area in presence of matrix ions

Matrix factor =

Mean peak area in absence of matrix ions

Matrix factor of Sitagliptin

ISTD Normalized matrix factor =

Matrix factor of Sitagliptin D4

2.13 Recovery

The mean areas of extracted HQC, MQC and LQC
samples of STG were compare with mean areas
of post extracted quality control (HQC, MQC and
LQC) samples of STG. The mean areas of middle
quality control samples of STG D4 were
compared against mean areas of post extracted
middle quality control samples of STG D4.

The percentage of mean recovery of STG or STG
D4, percentage recovery with factor was
calculated by,

Mean extracted peak area
% Mean recovery of STG or STG D4 =

Mean postextracted peak area

Extraction solvent added to sample

Supertant transfered for evaporation

% Recovery with factor =

2.14 Stability of Sitagliptin
solutions

Short term stock solutions stabilities was
studied by processing at ULOQ levels of STG and
STG D4 which were stored at 25+52C for 7hrs
00mins and 6hrs 50mins respectively, where as
short term working solutions stabilities was
carried out at ULOQ and LLOQ levels of STG at
ambient temperature for 6hrs 15mins and 6hrs
14mins respectively and for STG D4 stored at
25+52C for 6hrs 06mins. Long term stock
solutions stabilities was determined by

in Aqueous

X%Mean Recovery
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assessing at ULOQ levels stored at 2-82C for
6days 1hr for both STG and STG D4, long term
working solution stability was evaluated at
ULOQ and LLOQ levels of STG stored at 2-82C for
5days 23hrs and for STG D4 stored at 2-8°C for
5days 23hrs.

Mean peak area of stability sample

0tMean Stability = :
Mean peak area of comparison sample

2.15 Stability of Sitagliptin in Biological
matrix

Bench top stability was performed at HQC and
LQC levels stored at ambient temperature
(25%52C) for 7hrs 8mins after reconstitution.
Freeze stability was determined after
completing 5 freeze thaw cycles at -70+52C and
at -20+59C separately accessing at HQC and LQC
levels. Wet extract stability was checked by
assessing at HQC and LQC levels stored at
ambient temperature for 7hrs00 mins. Auto
sampler stability was performed with high and
low quality control samples by storing the wet
extracts for about 53hrs 32mins in auto
sampler. About 47hrs 20mins at 2-82C of
storage in refrigerator, the quality control (HQC
and LQC) samples were evaluated for dry
extract stability. Calibration curve stability was
evaluated by accessing upper limit (ULOQ) and
lower limits (LLOQ) of linearity calibration
curve standard levels after 4days 20hrs of
storage after reconstitution.

All the stabilities of sitagliptin in aqueous and in
biological matrix were estimated by minimum of
6 replicate injections at different concentration
levels of quality control samples at different
temperatures as per requirement.

3. RESULTS AND DISCUSSION
3.1 Method validation
The method was validated for entire linearity

concentration range of 2.002ng/ml to
797.437ng/ml. The sequential validation
parameters including system suitability,

selectivity, specificity, matrix effect, linearity,
precision, accuracy, sensitivity, recovery and
stability were evaluated under validation
segment as per USFDA guidelines.

3.2 System suitability

System suitability was evaluated with six
repeated injections of AQ STD equivalent to MQC
concentration. The %CV for STG retention time
and STG D4 retention time were 0.8% and 1.0%
respectively where as the %CV for area ratio
(STG and STG D4) was 1.4% as per acceptance
criteria.
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3.3 Selectivity and specificity

Ten plasma lots including 2 lipidemic and 2
hemolyzed lots were spiked with STG and STG
D4 at LLOQ sample, analyzed for selectivity of
the method. These plasma lots did not show any
considerable interference at the retention times
of STG and STG D4 at LLOQ level. The
percentage of interference at the RT of STG and
metabolites were less than 20% at LLOQ level;
the percentage of interference at RT of STG D4
was less than 5% at LLOQ level.

Specificity was estimated by two standard blank
injections, two concomitant blank injections and
two standard zero injections spiked with STG
and STG D4 at LLOQ concentration level. No
interference peaks were observed with standard
blank, concomitant blank and standard zero
samples at the retention times of STG and STG
D4 at LLOQ quality control level.

3.4 Linearity- goodness of fit

A linear calibration curve was developed by
plotting STG concentration on X-axis and peak
area ratio of STG/STG D4 on Y-axis. The curve
was linear over 2.002ng/ml to 797.473ng/ml of
STG. A linear regression equation was
established to provide best fit for the
concentration versus detector response using
1/x*x as weighing factor. The method has LLOQ
2.002ng/ml for STG. Correlation coefficient(r)
for the calibration curve was 0.99 throughout
the validation process. All the back calculated
concentrations were within *15% (except for
LLOQ #20%) of their respective nominal
concentrations (Figure 3).

3.5 Precision and accuracy

The intra-day and inter-day accuracy and
precision was determined by six replicates
injections of overall concentration range of
quality control (HQC, MQC, LQC and LLOQ QC)
samples. The intra-day and inter-day accuracies
for HQC, MQC, LQC and LLOQ QC samples were
ranged from 96.4% to 102.2% to the nominal
concentrations. The intra-day and inter-day
precision (%CV) for HQC, MQC, LQC and LLOQ
QC (Figure 4) samples were ranged from 1.6%
to 3.9% (Table 1).

3.6 Sensitivity

Sensitivity of the method was estimated in
terms of signal to noise ratio of LLOQ
concentration of STG. The LLOQ nominal
concentration was 2.002ng/ml. The accuracy
and precision of LLOQ level was 101.6% and
5.3% respectively. The average signal to noise
ratio of LLOQ sample was within acceptance
criteria 212.78.
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3.7 Matrix effect

At high quality control (HQC) and low quality
control (LQC) levels of 6 lots of aqueous
samples of STG and STG D4 and 10 lots
(including 2 lipidemic and 2 hemolyzed lots) of
post extracted plasma samples of STG and STG
D4 at HQC and LQC concentration levels were
evaluated for matrix effect. No matrix effect was
found with STG with all the six plasma lots. The
percentage of coefficient of variation (%CV) for
ISTD normalized matrix factor for both HQC and
LQC levels were 1.4% and 2.1% respectively
(Table 2).

3.8 Recovery

The mean areas of six replicate injections of
extracted quality control samples (HQC, MQC
and LQC levels) of STG were compared with six
replicate injections of post extracted quality
control samples (HQC, MQC and LQC levels) of
STG. Similarly the mean areas of six replicate
injections of extracted MQC level of STG D4 was
compared with six replicate injections of post
extracted MQC level of STG D4. The % mean
recovery for STG at HQC, MQC and LQC levels
were 65.9, 66.2 and 66.2 respectively. The %
mean recovery for STG D4 at MQC level was
found to be 73.35 (Table 3).

3.9 Stability

Sitagliptin was found to be stable at ambient
temperature (25%£52C) in blood plasma till 3hrs
34mins, on bench top till 7hrs 8 mins and in wet
extract till 7hrs 00mins. In biological matrix STG
at HQC and LQC levels was stable after 5 freeze
thaw cycles at -70+152C and -20+52C. The final
% found concentrations were 101.6% and
95.1% at -70£152C and 101.2% and 98.1% at -
20£52C. No evidence of degradation of STG was
found in auto sampler at 10+1 °C till 53hrs
32mins and in dry extracts at 2-82C till 47hrs
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20mins. The STG stock solution at ULOQ
concentration level was found to be stable at
25+52C for 7hr 00min and at 2-82C for 6days
1hr, the final % found concentrations were
94.9% and 98.6% respectively. Calibration curve
was found to be stable for 4days 20 hrs at ULOQ
and LLOQ levels and the found % concentrations
were 99.3% and 100%. The stabilities of STG
and STG D4 in aqueous solutions and in
biological matrixes at their respective
conditions were ranged from 93.6% to 104.4%
which were within acceptable limits (Table 4 &
Table 5).

4. CONCLUSION

The developed method was a simple, rapid,
specific, selective, accurate and reproducible,
with less matrix effect and with high recovery
for STG. Moreover the developed method is
highly sensitive and for analysis each sample
needs less than 2.20mins. The method was
found to be linear between 2.002ng/ml to
797.473ng/ml by using back calculated
concentrations and 1/conc? as weighing factor.
Both sitagliptin and sitagliptin D4 HCI are stable
for about 53hrs 32mins in auto sampler at
10+1°C. No evidence of degradation of master
stock solution was observed storage till 6days
1hr at 2-82C. Working solution was also stable
up to 5days 23hrs at 2-82C. Both sitagliptin and
sitagliptin D4 HCI are stable till 47hrs 20 mins in
dry extract at 2-82C. Thus, the results of the
study suggest that the method developed and
validated can be used for analysis of single dose
or multiple dose pharmacokinetics with desired
accuracy, precision and high throughput.
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Table 1: Precision and accuracy

QE:‘:;C' Parameter Intra-day Inter-day
Nominal Concentration (ng/ml) 643.416 643.416
HQC(n=6) Mean Estimated Concentration (ng/ml) 645.5192 657.7502
% Accuracy 100.3% 102.2%
%CV 1.6% 1.2%
Nominal Concentration (ng/ml) 321.708 321.708
MQC(n=6) Mean Estimated Concentration ( ng/ml) 328.5477 327.9198
% Accuracy 102.1% 101.9%
%CV 1.7% 3.2%
Nominal Concentration (ng/ml) 5.469 5.469
LQC(n=6) Mean Estimated Concentration (ng/ml) 5.2695 5.4043
% Accuracy 96.4% 98.8%
%CV 2.7% 3.9%
Nominal Concentration (ng/ml) 2.004 2.004
_ Mean Estimated Concentration (ng/ml) 1.9650 2.0422
LLOQ QC(n=6) % Accuracy 98.1% 101.9%
%CV 3.7% 2.5%

QC Conc.Level: Quality control concentration level; HQC: High quality control; MQC: Medium
Quality control; LQC: Low Quality control; LLOQ QC: Lower limit of Quantification Quality control
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Table 2: Matrix factor

Matrix Factor (MF) ISTD Normalized MF
Biological. Analyte ISTD
lot No HQC | LQC | HQC | LQC | HQC LQC
1 096 | 099 | 097 | 099 0.99 1.00
2 098 | 1.00 | 096 | 097 1.01 1.02
3 097 | 098 | 097 | 094 1.00 1.04
4 098 | 097 | 098 | 096 1.00 1.00
5 098 | 097 | 097 | 095 1.01 1.02
6 099 | 092 | 100 | 091 1.00 1.02
L1 096 | 091 | 096 | 094 0.99 0.98
L-2 094 | 091 | 095 | 0.90 0.99 1.02
H-1 .01 | 050 | 099 | 048 1.02 1.03
H-2 094 | 092 | 097 | 090 0.97 0.98
Mean 0971 | 0.907 | 0973 | 0.895 | 0.998 1.010
SD NA NA NA NA | 00138 | 0.0211
%CV NA NA NA NA 1.4% 2.1%

1 to 6: blank plasma lots;  ISTD: Internal standard; MF: Matrix factor;

L-1 &L-2: Lipidemic lots; H-1 & H-2: Hemolyzed lots

Table 3: Recovery

Qc Conc. Level Sample Mean area % Mean Recovery
HOC(=6) | poctouracted | 20060980 | 924%
MQC(n=6) Po[sii( g?t(l:;ictled 1609448188489.?8 82.7%
LC(=6) | pot onracied | 15089 20%
ISTD (6) | poqramtracted | 6352305 917%

Extraction solvent added to sample= 2ml;
Superntant transferred for evaporation= 1.6ml

Table 4: Stability of Sitagliptin in aqueous solutions (n=6)

Stability Check Conditions | Sompavison | S | o, stability
Short term stock solution 25+52C 2.1 1.1 94.9 %
Long term stock solution 2-8°C 1.1 1.2 98.6 %
Short term working solution ;gzgzg (1)(7) gi ggézﬁ;
Long term working solution 2-8%¢ 13 29 104.4%
2-82C 5.7 1.8 97.9%

HQC: High quality control; MQC: Medium Quality control; LQC:
Low Quality control ; ULOQ: Upper limit of Quantification;
LLOQ : Lower limit of Quantification

Table 5: Stability of Sitagliptin in biological matrix (n=6)

Stability Check Temp(2C) Q‘l:ecv‘:l‘c' %CV | %Stability
- 25+59C HQC 1.4% 103.1%
Bench Top Stability 25459(C LQC 2.4% 96.3%
-70+15°C HQC 1.9% 101.6%
s -70+15°C LQC 3.3% 95.1%
Freeze thaw stability -20+5¢C HQC 2.0% 101.2%
-20+5°C LQC 1.2% 98.1%
- . 25+59C HQC 1.5% 103.5%
Stability of Extract at Ambient 25459 LQC 1.3% 98.1%
- 10£1°C HQC 1.3% 104.0%
Stability of Extract(Auto sampler) 10+1°C LQC 2.4% 97.1%
- 2-82C HQC 1.8% 103.5%
Dry Extract Stability 2.89C LQC 2.9% 97.3%
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Fig. 1: Structure of Sitagliptin

Fig. 2: Structure of Sitagliptin D4 HCI

Project: MV-16-004(Sitagliptin) Apr 20, 2016

1. A Representative Calibration Curve 14:59:29

W 140416-P&A-01.1ab (Stagliptin): "Linear” Regression (1 / (x - )" weighting): y = 0.00454 x 7 -5.086-005 ( = 0.9993) W
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Fig. 3: Calibration Curve
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9. Representative Chromatogram of LLOQ QC

15:09:15

Workstation: LCMSMS3

Page 1 of |

Fig. 4: Representative chromatograms of Sitagliptin and Sitagliptin D4
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