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Abstract:

Objective: The fixed dose combination of saxagliptin and dapagliflozin, recently
approved antidiabetic medication. It is marketed with a brand name Qtern. The intend
method aim to develop a simple, rapid, sensitive and validated isocratic reversed phase
high performance liquid chromatography (RP-HPLC) method for the simultan
estimation of saxagliptin and dapagliflozin in human plasma by using linaglipti

internal standard as per US-FDA guidelines.

Materials and methods: The method was performed on Waters 269544PL ed
with quaternary pump. The analyte separation was achieved using XDB C18
(150%4.6ux5mm) column with a mobile phase consisting of 0.1$ yosphoric acid
and acetonitrile (50:50) with pH adjusted to 5.0 at1ml/

Results: The analyte was detected at 254nm. Retentig rnal standard,
saxagliptin and dapagliflozin was found at 2.746, 5.17 8minutes, respectively.

The peaks were found to be free of interfer thod is validated over a
dynamic linear range of 0.01 to 0.5p a .0859to 2ug/ml for saxagliptin and
dapagliflozin, respectively, with a correlatiog, co ent of 0.998. The precision and
s at LLOQ level was within limit. The
ma at -28°C for 37 days.

pecificity and reproducibility of this method make

accuracy of samples of six replicate feasur
analytes were found to be stabl
Conclusion: The stability, sens

it appropriate for the detegminati@R,offSaxagliptin and dapagliflozin in human plasma.
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Ozet:
Amag: Ii apagliflozin'in sabit doz kombinasyonu antidiyabetik ila¢ tedavisi

icin onaylanmitir ve Qtern markasi ile pazarda yer almaktadir.Bu ¢alismada amacg,

ndaki Saxagliptin ve dapagliflozin'in es zamanl tayini icin US-FDA

uygun sekilde linagliptin i¢ standardi kullanarak ve basit, hizli, hassas ve
yonu yapilmig izokroatik ters faz yuksek performansh sivi kromatografi (RP-
C) yontemi geligtirmektir.
ere¢ ve Yontem: Method 4'lU akis pompasina sahip Waters 2695 marka HPLC cihazi
ile gergeklestiriimistir. Analitin ayrilmasinda Eclipse XDB C18 kolon (150 X 4.6um x



5mm) kullaniimigtir. Kullanilan mobil fazin bilesimi ise pH 5.0' e ayarlanmis %0.1 orto
fosforik asit ve asetonitril (50:50) seklinde olup akis hizi analiz stresince 1 ml/dk'dir.
Bulgular: Analit 254nm'de tayin edilmistir. i¢ standart, saxagliptin ve dapagliflozin'in
allkonma zamanlari sirasiyla 2.746, 5.173 ve 7.218dk olarak tespit edilmistir. Pikler
interferanslar gozlenmeden elde edilmigtir. Metot validasyonu saxagliptin

dapagliflozin igin sirasiyla 0.01 ile 0.5ug/ml ve 0.05 ile 2ug/ml dogrusa ﬁ

kesinlik ve dogruluk tayin sinirlar igerisinde bulunmugtur. Analitleri sa
icinde -28°C sicaklikta 37gln boyunca kararl halde kaldigi belirlenpaisti

sonuglari, geligtirilen bu yontemin insan plazmasind
belirlenmesi i¢in uygun oldugunu ortaya koymustur.

Anahtarkelimeler: Saxagliptin, Dapagliflozin, Linaglip azma, Isocratic.
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INTRODUCTION

The combination of saxagliptin and dapagliflozin has the potential to confer significan
benefits in glycaemic control without the risk of weight gain and hypoglycaemia, which
may be associated with other medications used to treat type 2 diabetes(1). The fi

dose combination containing 10mg dapaglifiozin and 5mg saxagliptin was rec

with a brand name Qtern(2). Dapagliflozin belongs to the sodiu
transporter-2 (SGLT2) inhibitors with a chemical name (2S,3R,4R,5S,
(4-ethoxybenzyl)phenyl]-6-(hydroxymethyl) tetrahydro-2H-pyran-3

Saxagliptin belongs to the class of drugs inhibiting thg,enzyme l-peptidase-4
(DPP-4). This class of compound works by stimulatinghglucose- ndent insulin
release. Chemically, it is (1S,3S,5S)-2-((2S)-Amino( @ jcyclo(3.3.1.13,7)dec-1-

yl)acetyl)-2-azabicyclo(3.1.0) hexane-3-carbonitgi ¢ d with a molecular formula
C18H25N302(7-9). A review of the literat
LC-MS(10-11), HPLC (12-19), and spect

estimation of these drugs, either indiyidually @r ombination with other diabetic drugs

t a few analytical methods like

0ds(20-21) are available for the

like metformin(22-26). The present work aimedto develop a simple, rapid and accurate

method for the estimation of
USFDA guidelines (27). Also,

combination in a biolo@fical trix.

dap@glifiozin and saxagliptin in human plasma, as per

Sent method is the first for the estimation of this

MATERIALS DS

methanol and all other chemicals were obtained from Merck Chemical Division,
ai. HPLC grade water obtained from the Milli-Q water purification system was

ed throughout the study.



Instrumentation

Chromatography was performed with Waters 2695 HPLC provided with a quaternary,
pump, auto-sampler, column oven, degasser and & 2996 PDA detector to provide a

compact and with class Empower-2 software.

Chromatographic conditions

The separation was achieved by isocratic elution using an Eclipse XD
(150x4.6pymx5mm) with a mobile phase consisting of 0.1% orthopho
acetonitrile (50:50) with a pH adjusted to 4.5. The separation was
at 254nm using 1ml/min flow rate. The sample dilution wa

water:acetonitrile (50:50) ratio as a diluent.
Preparation of internal standard

The working standard of internal standard epared by transferring 10mg of

linagliptin to a10ml volumetric flask; the Vv e Was completed using the diluent.

From the resulting stock, 10ug/ml soluti a ared by further dilutions.
Preparation of calibration and lity,co | solutions

d dapagliflozin were prepared individually by
dissolving 10mg of the i f diluent to obtain a 1mg/ml concentration of each

s further diluted to prepare working standards. The

prepared solutie gach analyte into 250uL of plasma containing 50 L of the internal
standar i Med in final concentrations of saxagliptin and dapagliflozin of
0.01ug/mk to 0:80ug/mL and 0.05ug/mL to 2.00ug/mL, respectively, after spiking them

o thefplasma.
a preparation and extraction

e standard plasma samples, containing 10ul of each analyte and 50 pl of internal
standard (10ug/mL), were mixed with 2mL of acetonitrile. The sample tubes were

vortexed for 2min. and were then centrifuged at 3200 rpm for 3min. The resultant



organic layer was used for analysis. The resultant organic layer was used for analysis.
Method validation

A thorough and complete method validation was performed following the USFDA
guidelines. The method was validated for system suitability, auto-sampler carryg %

specificity and screening of the biological matrix, sensitivity, matrix effect,

precision and accuracy, recovery of the analyte and internal standard, r S,
reinjection reproducibility and stability. The stability studies include b 7e-
thaw and long-term stability at -28°C and -80°C.

Specificity

Specificity of the biological matrix was assessed and scrgehing was p med using six

blank standards and lower limit of quantification ( el samples. All of the

)

samples were checked to determine the erence by the plasma

components with the analyte and internaljstand
Calibration curve

The linearity of the method was de ined by analysis of the standard plots associated
with an eight-point standard ﬁ curve. Eight concentrations of saxagliptin and
dapagliflozin range from 1
e Q, LQC, MQC, HQC and ULOQ. The calibration curve

ing the peak area ratio of the analytes to the internal standard

Oug/ml and 0.05 to 2.00ug/ml, respectively, were

Qhcentrations. The percentage difference of back-calculated

nominal concentration (distribution of the residuals) was
als were within 15% for all calibration levels except LLOQ. Correlation
slope and intercept were determined to evaluate the calibration curve.

ufacy and Precision

ntra-day precision and accuracy were assessed at the lower, middle, high and lower

limit of quantification quality control samples LQC, MQC, HQC and LLOQ in six



replicates for both of the analytes, while inter-day precision and accuracy were
assessed for three consecutive days by using quality control samples.Mean values
were obtained for calculated drug concentration over these batches. The accuracy o
the analytical method describes the closeness of the mean test results obtained by the
method to the actual value of the analyte and was determined by replicate analy
the analyte. The accuracy and precision were calculated and expressed in te

mean accuracy and coefficient of variation (% CV), respectively.

Recovery

and HQC levels. It was assessed by comparing the p

(spiked before extraction) to the peak area of the une

working solutions spiked in extracted plasma).

Ruggedness

Ruggedness refers to the ability of an an al d to remain unaffected by small
variations. Parameters were used evaluaté®he constancy of the results when
external factors such as analys ory ihstrument, reagents and days are varied.

The ruggedness of the methg ed was determined using different analysts and

on different instruments e

Sensitivity

Sensitivity is de s the lowest analyte concentration that can be measured with
accepta d precision. Sensitivity experiments were carried out by using

six repli€ates offthe LLOQ level sample to determine the lowest limit of detection, the %

C and the % coefficient of variation.

ility studies were performed by keeping replicates of plasma samples at room
emperature for 24hrs. The freeze-thaw stability of the drugs in plasma samples were

studied over three freeze-thaw cycles, by thawing at room temperature for 2-3 h and




refrozen for 12-24 h. The stability of the drugs in plasma was also tested after storage at
-80°C. The concentration of the drugs after each storage period was related to the initial
analyte concentrations of freshly prepared samples. Samples were considered stable i

the assay values were within the acceptable limits of accuracy and precision.

RESULTS

Method optimisation

To obtain the best results, different mobile phase compositions cont gp ate

-

results were obtained with the mobile phase consistinggof 0.1% pR@sphoric acid (pH

buffer systems with varied pH and organic solvents like methano etonijtrile were

used to provide adequate sensitivity and selectivity in a short sep me. The best

4.5) and acetonitrile (50:50) with a flow rate of 1ml/mi tection was monitored at
254nm. With these conditions, the retention
dapagliflozin were found to be 2.784, 5.295 an

inutes, respectively.
Method validation
System suitability and auto-sampleh carryf@ver

System suitability was assesse 5ing the MQC level sample as six homogenous

injections. The %coefficiefit of for retention time and response was calculated.
The results were pr tedjin table 1. The obtained values are lower than 1%, which
shows the suitability ofithe system for the analysis of the selected combination in human

plasma.

Auto-safitple ca r was assessed by ULOQ (upper limit of quantification) and LLOQ
levels to'@nsuretthat it did not affect the accuracy and precision. There was no carryover

se
ineakity

e ratio of peak area of analyte to internal standard was used for construction of the
calibration curve. The linearity of saxagliptin and dapagliflozin was established by an

eight-point calibration curve. The most variable regression equation of the calibration



curve for saxagliptin and dapagliflozin was y= 0.126(+0.02)x + 0.003 & y= 0.53(+£0.02)x -
0.002, respectively. The linearity of the calibration graph was validated by the high value
of the correlation coefficient with an average value of 0.996 and 0.998 for saxagliptin
and dapagliflozin, respectively. The standard curves of saxagliptin and dapagliflozin are

presented in fig. 2.

Precision & Accuracy

calculating the % mean accuracy and the precision by calc
deviation (RSD). The data regarding precision and ac
The chromatogram of quality control samples is show
of saxagliptin and dapagliflozin ranged from 98.33 to

respectively.
Recovery

Recovery of saxagliptin and dapaglifl@zin wa rmined by comparing the mean peak
ontfel samples (HQC, MQC & LQC) with the

control samples at the same level. The results

areas of six replicates of three _guali

mean peak areas of unextrac

of the recovery study aregiven . The results are within the acceptance limits.
Ruggedness

The present

different
ruggedneéss study were found to be within acceptable limits, proving no significant
a o- st and instrument-to-instrument variation and hence the ruggedness of

metho@. The results are presented in table 4.
ility

he stability of the analytes in human plasma was assessed by the analysis of six

replicates of quality control samples at low and high concentration levels at room



temperature over 24 hours (bench top stability). The measured concentrations were
compared with those of freshly prepared and processed samples. The results obtained
indicated that the two drugs saxagliptin and dapagliflozin were stable for at least 24
hours in human plasma when retained at room temperature. On the other hand, the
results obtained for quality control samples subjected to long-term stability at -28°
37 days and at -80°C indicate the stability of analytes in human plasma. In co
freeze-thaw stability determined by using LLOQ, LQC, MQC and HQC level
also indicated the stability of analytes in human plasma. The res ob

compiled in table 5.

DISCUSSION

Since there is no reported sensitive method for thegé ation o xagliptin and

\

ods were developed to

dapagliflozin as a combination, the validated LC-UV developed for routine

analysis in a biological matrix. Moreover, the

assess drugs either individually or in b n. flherefore, there is a need to
develop an analytical method for the ati this combination. The current
method aims to develop a simple, urate eliable method for the simultaneous

estimation of saxagliptin and zingin human plasma. Good resolution and
minimum tailing was achieve Iag this method. The method used a simple single
step protein precipitatio h jfrile and provided good selectivity when tested for
peak interference from e enous sources by comparing the blank chromatogram
with quality control s les. The retention times of the internal standard, saxagliptin
@ found to be 2.746, 5.173 and 7.218 minutes, respectively. The

d pfoved to be rugged and had adequate recovery and no matrix

effect. The recOvery was determined by comparing the extracted sample with the

and dapagliflo

develop

u t ples at three quality control sample levels i.e., LQC, MQC, LLOQ. The
Its found to be within acceptable limits. The linearity of the method was tested
loping an eight-point calibration curve which included all quality control sample
entrations. The linear range for saxagliptin and dapagliflozin was found to be 0.01

o 0.50ug/ml and 0.05 to 2.00ug/ml, respectively. The regression coefficient and

equation for saxagliptin and dapagliflozin was 0.996 and 0.998, respectively. The linear




range and statistical parameters prove that the developed method is more sensitive
than the reported liquid chromatography coupled with a PDA detector. Using the
stability studies, it was found that analytes were stable in plasma throughout the
analysis period. The stability data were built by comparing the stability samples with
freshly prepared samples. On the other hand, long-term stability was establishe

subjecting quality control samples to -28°C for 37 days and to -80°C. The

obtained indicate that the method is sensitive, reliable and a cost-effecti

Furthermore, the method can be made applicable for pharmacokinetic a
CONCLUSION

The proposed method for the estimation of a saxag liflozin binary

mixture in human plasma is simple, accurate and rg . The si -step protein

precipitation, short runtime of 10 minutes and iso jon make the method
economical and suitable for the analysis of a lar, amples. The method has
been validated as per the requirements e DA: It can therefore be concluded
that the method is suitable for the routine ti n of saxagliptin and dapagliflozin

in human plasma.
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Table 1: Statistical analysis of system suitability parameters

Internal
Parameter Saxagliptin Dapagliflozin Acceptanc
Standard
Retention
. 0.50 1.07 0.49 %

time (tr)

Area under
0.88 0.35 0.98 % RSD*=

the peak

Resolution
(Rs=2[tr2-tr1] / - 10.95 7.11 Rs> 2
[W1-Wz])
Increases
Number of
with
theoretical o
7238 9 9758 efficiency of
plates
the
(N=16x[t/W]?) .
separation.

Tailing Factor
1.13 1.08 T<2
(T)
Smaller the
HETP value,
(H=L/N 5 0.015 0.0038 higher the

cm/plate)

column

efficacy

1.1 2.98 4.55 1-10




Table2: Intra and inter day precision and accuracy summary *n=18

Added conc. Saxagliptin Dapagliflozin
(ng/ml) 0.40 0.02 0.040 0.010 1.60 1.00 0.2 0 %
Between-batch (n=18)
Mean 0.4038 0.0199 0.0394 0.0098 1.6127 1.0017
SD 0.0196 0.0015 0.0021 0.0008 0.0743 0.0763
%RSD 4.85 7.29 5.31 7.99 4.61 7.
% CV 100.94 99.44 98.61 98.33 100.79
Day 1 (n=6)
Mean 0.4030 0.0197 0.0395 0.0098 .2018 0.0493
SD 0.0217 0.0012 0.0097 0.0037
%RSD 5.40 6.16 4.83 7.44
% CV 100.75 98.33 100.92 98.67
Mean 0.4052 0.0200 0%0395 ©V.0098 1.6117 1.0328 0.2062 0.0492
SD 0.0107 0.0 0.0008 0.0534 0.0525 0.0114 0.0029
%RSD 2.65 3 7.66 3.31 5.08 5.52 5.90
% CV 101 00 98.75 98.33 100.73 103.28 103.10 98.43
Day 3 (n=6)
Mean @ 0.0200 0.0393 0.0098 1.6135 0.9637 0.1977 0.0503
S 090267 0.0017 0.0022 0.0010 0.0545 0.0755 0.0098 0.0042
6.61 8.37 5.49 10.00 3.38 7.83 4.94 8.40
100.79 100.00 98.33 98.33 100.84 96.37 98.83 100.67




Table 3: Extraction recovery data from human plasma * n=6

Nominal
Analyte concentration % Recovery % RSD"
(ng/ml)
0.04 (LQC) 76.40 1
0.20 (MQC) 88.07
Saxagliptin
0.4 (HQC) 71.60
Across mean 78.689
0.2 (LQC) 828 (0)
1.0 (MQC) 7¢ 0.93
Dapagliflozin
1.6 (HQC) 0.96
Across 1.458 2.86
Internal standard 0.1 .22 0.46

&



Table-4: Ruggedness data * n=6

Parameter Saxagliptin Dapagliflozin

HQC MQC LQC LLOQ HQC MQC LQC LLOQ

Different Column

Mean 0.401 0.195 0.039 0.010 1.597 1.008

SD 0.027  0.011 0.001 0.008 0.119  0.052

% CV 6.66 5.38 2.98 7.66 7.47 5.1 7.90

% Mean 100.1
Accracy 7

97.50 97.92 9833 9979 100: .83 100.00

Different Analyst

Mean 0.404 0.195 0.040 0.01 .006 0.201 0.049

SD 0.018 0.0164  0.002 0.071 0.009 0.002

% CV 4.39 8.43 3. 7.02 4.45 4.71

% Mean 101.0

Accuracy

97.50 0.00 100.86 100.63 100.33 98.33

Sé



Table5: Stability data of saxagliptin and dapagliflozin in human plasma

Saxagliptin Dapagliflozin

Storage conditions
LQC HQC LQC HQC

Bench top stability

Mean calculated

0.0402+ 0.4033 0.1952 +
concentration
0.0017 0.0175 0.0111
(mg/ml) £ SD
%CV 4.29 4.34 5.67
% Mean accuracy 100.42 100.83 97.

Freeze thaw stability (after 3 cycles)

Mean calculated

0.0379 = 0.3998 + 0.1903 1.5639 +
concentration
0.0023 0.0188 273 0.0904
(ng/ml) £ SD
%CV 3.76 7.34 4.35
% Mean accuracy 98.78 9 97.89 99.90
Stability at - lo m stability)

Mean calculated

0.039 0 0.4013+0.013 0.1920+0.012 1.6110+0.0
concentration
28 79 718
(ng/ml) £ SD
%CV 2. 3.31 6.66 4.46
.58

% Mean accura 100.33 96.00 100.69
bility at -80°C (long term stability)
Mean cal @
0.0400+0.001 0.4018+0.009 0.1968+0.013 1.6120
caoncentratic
5 8 47 +0.0830
( [ D

%CV 3.87 243 6.84 5.15
0 Mean accuracy 100.00 100.46 98.42 100.80
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Fig. 1: Chemical structure&@\ (a) and saxagliptin (b).
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Fig. 2: Standard curves

axagliptin (a) and dapagliflozin (b).




020] 022]
18] [ :I) o2 b)
AL 1 098
w14 | o184 ‘
1z ‘ -3 0189 ' i E.
= @ 0429 o e "
3 o] ° E ‘ L = :
o0e] | £ 2 N 1] | £ s 5
vor H 4 g ome] £ H e
| 1 £ i L 1 H %
o] || g g 0047 I i f
| I A it
ooz | | & N 052 | | I
fii_ o A\ r] \ \ I I |
000 R et S S e e e
1o 2ho 17 bo 1 1% e #ho wbo wee ke who by w0 o o
Mot Mnutes
6204 24
9 on )
0207
o | - 0.184
0147 3 E .14
o | o E! E 014 “ g
2 oued [ 0124 r
i § i o] i
208 g = g | k-]
153 ‘ § [II ook 5
[ 0.0¢ 1 |
o0i] | l f [ | |
[ I | | .64]
LS I]I | | \ | | 002 I
| D | N A RN LA
IIU'.' ?h 3&0 leﬁ 600 Fh LI 200 1000 |M Qh

fs

Fig. 3: Chromatograms of Low QC
Sample (c¢) and Lo
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