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ABSTRACT

The objective of the present research work is developing a gradient, reversed phase liquid chromatographic method for the determination of saxagliptin
hydrochloride in bulk drugs and pharmaceutical dosage form. The chromatographic separation was achieved on a Inertsil C8 (4.6x250) mm, 5 Um column, the
gradient LC method employs solution A and B as mobile phase. The solution A contains (1.20g of sodium dihydrogen phosphate in 1000 ml of water) pH 5.0 solution
B (acetonitrile) at flow rate 1.2 ml/min. The UV detector was operated at 210 nm and temperature was 25°c. The retention time was 7.68 min and linearity was
observed in the concentration range of 50-375 pg/ml with correlation coefficient of 0.9999. The percentage relative standard deviation in accuracy and precision
studies was found to be less than 2%. The method was successfully validated as per International Conference on Harmonization (ICH) guidelines. Saxagliptin
hydrochloride undergoes degradation under acidic, basic, oxidation, dry heat and photolytic conditions, degradation impurities did not interfere with the retention
time of Saxagliptin hydrochloride. The proposed method was found to be a new, simple, precise, linear, accurate, specific and stability indicating.

Keywords: Saxagliptin.validation.HPLC.Stability indicating.

INTRODUCTION response to higher blood sugar levels, the risk of

Saxagliptin hydrochloride is a new oral hypoglycemic (anti-
diabetic drug) of the dipeptidyl peptidase-4 inhibitor class
of drugs (1-9). Saxagliptin is part of a class of diabetes
medications called dipeptidyl peptidase-4 (DPP-4) inhibitors.
DPP-4 is an enzyme that breaks down incretin hormones. As
a DPP-4 inhibitor (21), Saxagliptin slows down the breakdown
of incretin hormones, increasing the level of these hormones in
the body. It is this increase in incretin hormones that is
responsible for the beneficial actions of Saxagliptin,
including increasing insulin production in response to meals
and decreasing the amount of glucose that the liver

produces. Because in cretin hormones are more active in

dangerously low blood sugar (hypoglycemia) is low with
Saxagliptin. Saxagliptin is available as tablets at the dose
of 5 mg in the market under the brand name of Onglyza by
Bristol-Myers Squibb and AstraZeneca. Saxagliptin s
chemically(1S,3S,5S)-2-[(2S)-Amino(3-hydroxytricyclo [3.3.1.
13,7] dec-1-yl)acetyl]-2-azabicyclo[3.1.0] hexane-3-
carbonitrile monohydrochloride  with empirical formula is
C18H25N302.HCl and molecular weight 351.87(22),

Various methods in the literatures involve determination of
Saxagliptin in human plasma by LCMS/MS (10), estimation
of saxagliptin by UV-spectroscopy (11, 12), HPLC (13-

18).However no method is available for stability indicating
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method for assay of Saxagliptin in bulk drug and
pharmaceutical dosage form. In the present work we have
developed a new, simple precise and stability indicating
method for determination of Saxagliptin in bulk drug and

pharmaceutical dosage form.
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Figure 1: Structure of Saxagliptin hydrochloride
EXPERIMENTAL
Chemicals & Reagents
Saxagliptin is available as tablets with brand name
ONGLYZA was purchased from local market, containing
Saxagliptin 5mg. HPLC grade acetonitrile, AR grade Sodium
dihydrogen phosphate and Phosphoric acid were purchased
from Merck, Mumbai. High pure water was prepared by
using Millipore Milli-Q plus purification system.
Chromatographic Conditions
A Alliance 2695 separation module (Waters corporation,
Milford, MA) equipped with 2998 PDA detector with
empower 2 software used for analysis. Buffer consisted of
0.01M sodium dihydrogen phosphate in water (1.20g of
sodium dihydrogen phosphate in 1000 ml of water) pH 5.0
with ortho phosphoric acid. Inertcil C8 (4.6x250) mm 5 PUm
column and gradient mixture of solution A (Buffer) solution B
(Acetonitrile) used as stationary and mobile phase
respectively. The gradient program (T/%B) was fixed as
0/10, 10/35, 15/50,15.2/10,20/10. Water: Acetonitrile
(80:20) %v/v used as diluent. The column oven maintained at
25°c with 1.2ml flow rate. An injection volume 10lI was
used. The elution compounds were monitored at 210 nm.
Preparation of Stock and standard solutions
Accurately 50mg of Saxagliptin standard dissolved in 25ml
diluent to get a concentration of 2000ug/ml. Further 5ml of
stock solution was taken in 50ml flask and diluted up to the

mark with diluent to get concentration of 200ug,/ml.

Preparation of Tablets for assay

The formulation tablets of Onglyza were crushed to give
finely powdered material. Powder equivalent to 50mg of
drug was weighed and transferred to the 25ml flask added
10ml diluent and placed in an ultrasonicator for 10minites
made up to the volume with diluent, and filtered through a
0.45um nylon syringe filter. 5ml of this solution was taken
infto 50 ml flask and diluted volume with diluent to get
concentration 200ug/ml.

FORCED DEGRADATION STUDIES

Acid Degradation studies

Acid decomposition was carried out in 0.4N HCL at
concentration of 2000dg/ml  Saxagliptin - and  after
refluxation for 24hours at 80°c, the stressed sample was
cooled, neutralized and diluted as per requirement with
diluents filtered and injected. The resulting chromatogram is
shown in fig.3 (g). The results are tabulated in table 3.

Alkali Degradation studies

Base decomposition was carried out in 0.02N NaOH at
concentration of 2000ug/ml Saxagliptin after refluxation
for 24hours at 80°c, the stressed sample was cooled,
neutralized and diluted as per requirement with diluents
filtered and injected. The resulting chromatogram is shown in
fig.3 (i). The results are tabulated in table 2.

Oxidation

Oxidation was conducted by using 4%H202 solution at
room temperature for 24hours, 5ml of solution was taken in
50ml flask and diluted up to the mark with diluent to get
concentration of 200ug/ml filtered and injected. The
resulting chromatogram is shown in fig.3 (k). The results are
tabulated in table 2.

Temperature Stress studies

1g of Saxagliptin sample was taken into a petridish and
kept in oven at 80°c for 7days. 50mg of sample was taken
into 25 ml flask diluted volume with diluent, further 5ml to
50ml made up with diluent. The results are tabulated in table
2.

Photo stability

1g of Saxagliptin was taken in to a petridish and kept in
photo stability chamber 200 W.hr/m2 in UV Fluorescent
light and 1.2M LUX Fluorescent light. 50mg of sample was

taken in 25ml flask, dissolved in diluent, further 5ml in 50ml
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flask diluted volume with diluent. The results are tabulated in
table 2.

RESULTS AND DISCUSSION

HPLC Method Development and Optimization

To develop a rugged and suitable HPLC assay method for
the determination of Saxagliptin, the analytical condition
were selected after the consideration of different
parameters such as diluents, buffer, organic solvent for
mobile phase, column and other chromatographic conditions
(20). Initial trails were performed with different composition
of buffer (acetate and formate) and organic phase
(methanol, teterhydrofuran) with different column like <8,
phenyl, cyno, amino and basic but Saxagliptin peak shape
was not good. Finally 0.02 M Sodium dihydrogen
phosphates in water pH 5.0 with ortho phosphoric acid and
acetonitrile with gradient and Inertsil C8 (4.6x250) mm 5 Um
column were optimized. Different diluents were tried to dilute
sample like water, buffer, methanol, tetrahydrofuran and
mixture of water: methanol and water: teterhydrofuran,
buffer: methanol and buffer: acetonitrile. Saxagliptin was
not dissolved, finally (water: acetonitrile) (80:20) %v/v was
optimized. The detection wavelength was chosen as 210nm
for Saxagliptin because they have better absorption and
sensitivity at this wavelength (fig-2). Hence selected method

was best among the all trails by many aspects.
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Fig-2 wavelength spectrum of Saxagliptin hydrochloride

Method Validation
The method was validated for the following parameters
specificity, linearity, accuracy, limit of detection (LOD), limit

of quantitation (LOQ), precision and robustness (19).

Specificity

A study to establish the interference, blank detection was
conducted. Diluent was injected as per the test method.
Solution of standard and sample were prepared as per test
method and injected into the chromatographic system. The
chromatograms of blank, standard and sample were shown
in the fig q, b, c.

Precision

The precision for assay method was established by
evaluating method precision and intermediate precision
study. Method precision was determined by analyzing six
independent assays were performed and calculated the %
RSD for replicate assay determinations. Intermediate
precision of the analytical method was determined by
conducting method precision on another day and another
analyst under same experiment condition. The result obtained
for method precision and intermediate precision are shown in
table 4. The percentage of RSD was calculated. The %RSD
range was obtained as 0.12 and 0.20 for method precision
and intermediate precision respectively (Table 4) which is
less than 2% indicating that the method is more precise.
Accuracy

The accuracy of the method was estimated by determination
of recovery for three concentrations (corresponding to
50,100 and 150% of test solution concentration) covering
the range of the method. For each concentration three sets
were prepared and injected. The drug concentrations of
Saxagliptin were calculated, the results obtained are shown
in table 3. The drug concentrations of Saxagliptin were
calculated, the percentage recovery was found to be 99.89-
100.01% with %RSD 0.05 - 0.23(<2.0%) indicating that the
method is more accurate (table 3).

LOD & LOQ

The LOD and LOQ were determined at a signal to noise
ratio of 3:1 and 10:1 respectively by injecting a series of
test solutions of known concentrations within the linearity
range. Precision study was also carried out at the LOQ level
by injecting six pharmaceutical preparations. The LOD and
LOQ were to be 0.39ug/ml and 1.29ug/ml respectively.
The %RSD value was noticed to be less than 2.0% at LOQ

concentration level.
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Linearity

The linearity plot was prepared with six concentration levels
(40, 80, 160,200,240 and 300 Pg/ml of Saxagliptin). These
concentration levels were respectively corresponding to 20,
40, 80,100,120 and 150 % of test solution concentration.
The results obtained are shown in table 1. The peak areas
were plotted against the corresponding concentrations to
obtain the calibration curve (figure 4).

Robustness
Robustness of method was checked by making slight
deliberate changes in chromatographic conditions like flow
rate (+0.1 ml/min), PH (+0.Tunits) and column temperature
(£5°c). In the all above varied conditions, the components of
the mobile phase were held constant. The results are
tabulated in table 5.

Solution stability and Mobile phase stability

Solution stability checked for stability of standard and

sample solutions.

Solution  stability checked at each interval initial
2,4,6,8,12,16,20 and 24 hours. For standard solution
stability and sample solution stability %assay value

calculated at each interval. %RSD (NMT 2.0%) between

initial assay value and assay value obtained at

predetermined time interval calculated.
Forced Degradation Studies
studies under

Stress on Saxaglipin were carried out

oxidation, thermal stress, photolysis, acid and alkali
hydrolysis conditions. Significant degradation was observed
in acid (fig 3g) base (fig 3i), oxidation and Thermal of
Saxagliptin.  There was no significant degradation of
Saxagliptin upon exposure to photolysis total impurity
increased to 0.22%, which indicated that the drug was
stable against these stress conditions. The developed method
revealed that there was no interference from the impurities,
degradation products and excipients to determine the assay

of drug substance in pure and pharmaceutical formulation.

(b)
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Fig-4 Linearity of Saxagliptin

Table-1 Results for linearity of Saxagliptin

Linearity level % Level Area
1 20 380548
2 40 761116
3 80 1544951
4 100 1933417
5 120 2298366
6 150 2900156
Correlation co-efficient 0.999959
intercept -8403.36
slope 19350.93
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Table-2 forced degradation results for Saxagliptin

Stress condition Drug recovered (%) Drug decomposed (%)
Standard drug 100 -

Acid degradation 94.72 5.28

Alkali degradation 88.70 11.30
Oxidation degradation 95.37 4.63
Thermal degradation 96.65 3.35
Photolytic degradation 99.78 0.22

Table-3 Recoveries study for Saxagliptin

Accuracy (Recovery) study

Accuracy Level Set No Amount Amount Recovery Average Std Dev. %
Added Found (%) recovery
(Mg/ml) (Mg/ml) RSD
1 125.24 125.02 99.82
50% 2 125.12 124.96 99.7 99.89 0.23 0.23
3 124.96 125.14 100.14
1 250.06 249.75 99.88
100% 2 250.12 250.36 100.1 100.01 0.12 0.12
3 250.18 250.32 100.06
1 375.2 375.02 99.95
150% 2 375.08 375.18 100.03 100.01 0.05 0.05
3 375.14 375.28 100.04

Table-4 Precision results for Saxagliptin

Study Set no Assay (%) Mean assay(%) Stdev RSD%

100.22
100.12

99.98

99.9 100.07 0.12 0.12
100.16
100.02

Method precision

99.86
100.14

99.65

100.1 99.96 0.2 0.2
99.86
100.16

Intermediate precision

oA W IN][=]O] O [N W IN]|—
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Table -5 Robustness results for Saxagliptin

Robust conditions variation Retention time(min) USP Tailing USP Plate count
1.1ml 8.35 1.08 30765
Flow 1.2ml 7.68 1.04 31459
1.3ml 6.9 1.01 33432
20°c 7.84 1.07 30012
Temperature 25°c 7.68 1.04 31459
30°c 7.42 1.02 33648
4.9 7.55 1.02 34864
PH 5.0 7.68 1.04 31459
5.1 7.8 1.08 30142

CONCLUSIONS

A validated RP-HPLC method has been developed for
determination of Saxagliptin in presence of degradation
impurities. The proposed method was found to be a new,
simple, precise, linear, accurate and specific. Degradation
impurities did not interfere with the retention time of
Saxagliptin, and assay method is thus stability indicating.
Acknowledgements

The authors are grateful of M/S GITAM Institute of Science,
GITAM University, Visakhapatnam, India for providing
research facilities.

REFERENCES

1. David J. Augeri, Jeffrey A. Robl, David A. Betebenner
, David R. Magnin , Ashish Khanna , James G. Robertson
, Ailying Wang , Ligaya M. Simpkins , Prakash Taunk ,
Qi Huang , Song-Ping Han , Benoni Abboa-Offei ,
Michael Cap , Li Xin, Li Tao , Effie Tozzo , Gustav E.
Welzel , Donald M. Egan , Jovita Marcinkeviciene , Shu
Y. Chang , Scott A. Biller , Mark S. Kirby , Rex A.
Parker , and Lawrence G. Hamann, Discovery and
Preclinical Profile of Saxagliptin (BMS-477118): A
Highly Potent, Long-Acting, Orally Active Dipeptidyl
Peptidase IV Inhibitor for the Treatment of Type 2
Diabetes, J. Med. Chem., 2005, 48 (15), pp 5025-
5037.

2. Deacon CF, Holst JJ. Saxagliptin: a new dipeptidyl
peptidase-4 inhibitor for the treatment of type 2
diabetes. Adv Ther 2009; 26(5):488-499.

3. Robertson JG. Discovery and preclinical profile of
saxagliptin, A highly potent, long-acting, orally active
dipeptidyl peptidase IV inhibitor for the treatment of
type 2 diabetes. ] Med Chem 2005; 48(15): 5025-
37.

4.  Saxagliptin: A clinical review in the treatment of type 2
diabetes mellitus, Clin Ther 2011; 33:1005-1022.

5. Deanna KS. Jasmine GD., Zachary WA., Kulasa K.,
EdelmanS. Saxagliptin: the evidence for its place in the
treatment of type 2 diabetes mellitus. Core evidence
2010; 5:23-37.

6. Tahrani AA, Piya MK, Barnett AH. Saxagliptin: a New
DPP-4 Inhibitor for the treatment of Type 2 diabetes
mellitus. Adv Ther 2011; 26(3): 249-262.

7. Carolyn DF. Jens HJ. Saxagliptin: a new dipeptidyl
peptidase-4 inhibitor for the treatment of type 2
diabetes.Adv Ther 2011; 26(5): 488-499.

8. Hollander P., Jia L.,Allen E., Che R.. Saxagliptin Added
to a Thiazolidinedione Improves Glycemic Control in
Patients with type 2 diabetes and Inadequate Control
on Thiazolidinedione Alone. J Clin EndocrinolMetab
2009; 94(12): 4810 -19.

9.  Yang W.,Pan C,Tou C.,Zhao J., Nilsson IG. Efficacy and
safety of saxagliptin added to metformin in Asian
patients with type 2 diabetes mellitus: A randomized
controlled trial. Dia Res Clin Pra 2011; 5 3(1): 1-8.

10. Hess C., Musshoff F., Madea B. Simultaneous
identification and validated quantification of oral
hypoglycaemic drugs in plasma by electrospray
ionisation liquid chromatography—mass spectrometry.
Anal Bioanal Chem 2011; 400: 33-41.

11. Kalaichelvi R, Jayachandran E, Validated Spectroscopic
method for the estimation of Saxagliptinin pure and
from tablet formulation. Int J Pharm Pharm Sci 2011; 3:
179-180.

12. Narendra Nyola, Govinda Samy Jeyabalan,
Development and validation of uv-vis specctroscopy
method for simultaneous estimation of saxagliptin
hydrochloride and metforminhydrochloride in active
pharmaceutical ingrident, J Pharm Educ Res Vol. 3, Issue
No. 2, December 2012.

13. Mohammad Abdul-Azim Mohammad, Ehab Farouk
Elkady and Marwa Ahmed Fouad, Development and
validation of a reversed-phase column liquid
chromatographic method for simultaneous determination
of two novel gliptins in their binary mixtures with

©SRDE Group, All Rights Reserved.

Int. J. Res. Dev. Pharm. L. Sci. 1002



Chhabda P. . et. al., April-May, 2014, 3(3), 993-1003

Metformin, European Journal of Chemistry 3 (2) (2012)
152-155.

17.

R. Pravin Cumar, M.Vasudevan and Deecaraman, A
validated RP- HPLC method for simultaneous estimation

14. Patil Prafulla Prakash, Kalkotwar Ramesh.S, Patil Vikas of metform and saxagliptin in tablets, ric Vol. 5 | No.2
V, Jadhav Vijay.B, Patil Nilesh .P, A new RP — HPLC | 137-141 | April-June | 2012.

Method for derermination of metformin hcl and 18. M.Sarat,P.Muralikrishna and C.Rambabu, RP-HPLC
saxagliptin in tablet dosage form, IJPBS |Volume 2| method for simultaneous estimation of sexagliptin and
Issue 4 |OCT-DEC |2012]161-167. piolitazone in tablets, IRJP 2012,3(5).

15. N.V.M.S. Bhagavaniji, Development and validation of 19. ICH Q2 (R1), Validation of analytical procedures: Text
stability indicating LC method for the simultaneous and Methodology, Fed. Reg (19 May 1997) 62:27463.
estimation of metformin and saxagliptin in combined 20. Snyder LR, Kirkland JJ, Glajch JI. PracticalHPLC Method
dosage form, VSRD International Journal of Technical & Development.2nd ed.; 1997.p. 2.

Non-Technical Research, Vol. 3 No. 11 November 21. www.wikipedia.org/wiki/ Saxagliptin.
2012. 22. www.chemblink.com/products/ 709031-78-7
16. Srikanth Inturi,Ravikanth Inturi, Israel kumar Tagaram,

validated novel LC determination of saxagliptin in pure
bulk and pharmaceutical dosage forms, [JPRD, 2011;
Vol 3(8): November 2011 (45 - 52).

How to cite your article:
Chhabda P. J., Balaji M., Srinivasarao V., Ramakrishna K., Apparao K. M. Ch., “Devolpment and validation of simple stability
indicating rP-HPLC method for analysis of saxagliptin and its forced degradation impurities in bulk drug and pharmaceutical

dosage form”, Int. J. Res. Dev. Pharm. L. Sci., 2014, 3(3), pp. 993-1003.

©SRDE Group, All Rights Reserved. Int. J. Res. Dev. Pharm. L. Sci. 1003



