BIOANALYTICAL METHOD DEVELOPMENT AND VALIDATION FOR THE
ESTIMATION OF SAXAGLIPTIN IN MARKETED TABLET FORMULATION

Abstract

The concepts, importance and application of bioanalytical method development have been
discussed for a long time and validation of bioanalytical methods is widely accepted as pivotal
before they are taken into routine use. Now it is widely accepted that bioanalysis is an integral
part of the clinical diagnosis, biomarker discovery, pharmacokinetic/ pharmacodynamic
characterization of a novel chemical entity from the time of its discovery and during various
stages of drug development, leading to its market authorization. Bioanalytical methods, based on
a variety of physico-chemical and biological techniques such as chromatography, immunoassay
and mass spectrometry, must be validated prior to and during use to give confidence in the
results generated. This study describes the development of an innovative, rapid, precise, selective
and sensitive reverse phase high-performance liquid chromatography method for the quantitative
determination of Saxagliptin (SAXA) in human plasma and pharmaceutical dosage form.
Extraction of drug from plasma was done by employing optimized liquid-liquid extraction
procedure. The sample was analyzed using methanol: acetonitrile in the ratio of 50:50v/v as
mobile phase. Chromatographic separation was achieved on Thermo Cjg analytical column
(250mmx4.6mm i.d., 5.0um) as stationary phase using isocratic elution (at a flow rate of 1
ml/min). The peak was detected using UV-PDA detector set at 230 nm and the total time for a
chromatographic separation was 20 min. The calibration curve obtained was linear (r2 = 0.999)
over the concentration range of 5-25ug/ml for SAXA. Method was validated for precision,
robustness and recovery.
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INTRODUCTION

The discovery and development of a new drug costs around $1 billion and it may take
approximately 10 years for the drug to reach the marketplace [1]. Drug discovery and
development is the process of generating compounds and evaluating all their properties to
determine the feasibility of selecting one novel chemical entity (NCE) to become a safe and

efficacious drug. Strategies in the drug discovery and drug development processes are

Comment [T1]: Add the main objective and
result in abstract.




undergoing radical change. For example, the contribution of pharmacokinetics (PK) to both
processes is increasing [2, 3]. Furthermore, toxicokinetic has now become established as an
essential part of toxicity testing [4, 5]. With this emphasis in the use of PK/ toxicokinetic and the
greater potencies of newer drugs, a sensitive and specific bioanalytical technique is essential.
The emergence of the field of bioanalysis as a critical tool during the process of drug discovery
and development is well understood and globally accepted [6-9]. Over the past few decades, a
plethora of assays has been continuously developed for NCEs to support various stages of
discovery and development, including assays for important metabolites [10-14].

Saxagliptin  (SAXA) (1S,3S,5S)-2-[(2S)-2-amino-2-(3- hydroxy-1- adamantyl)acetyl]-2
azabicyclo[3.1.0]hexane-3-carbonitrile) is an orally active, potent and selective inhibitor of
dipeptidyl peptidase- IV (DPP-4) for the treatment of Type-2 diabetes, is marketed in a fixed
dose combination SAXA/ DAPA as tablet in USA, Europe and some other countries [15-16].
DPP-4 inhibitors enhance the body’s own ability to control blood glucose by increasing the
active levels of incretin hormones in the body. Their mechanism of action is distinct from any
existing class of oral glucose-lowering agents. They control elevated blood glucose by triggering
pancreatic insulin secretion, suppressing pancreatic glucagon secretion and signaling the liver to

reduce glucose production [17-19]. The structure of SAXA are shown in Figure 1.

NH,
Figure 1: Chemical Structure of saxagliptin
Literature survey also revealed that several analytical methods have been reported for the
estimation of SAXA by [uv and HPLC. No Bioanalytical HPLC method has been reported for

quantitative estimation of SAXA from dosage form and plasma Therefore, it seemed necessary
to develop a HPLC method for the estimation of SAXA in tablet dosage form and human

plasma. The developed method can be applied successfully to quality control and for other
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analytical purposes. To access the reproducibility and wide applicability of the developed
method, it was validated as per ICH guidelines

MATERIAL AND METHODS

Material

Liquid chromatographic system from Waters model no 784 comprising of manual injector, water
515 binary pump for constant flow and constant pressure delivery and UV-Visible detector
connected to software Data Ace for controlling the instrumentation as well as processing the
generated data. Weighing was done on a Digital Micro Balance (CX-265) manufactured by
Citizen Scale (1) Pvt. Ltd.

Reagents and chemicals

SAXA standard were obtained from Pharmaceutical company as gift sample. Methanol,
acetonitrile were procured from Rankem, RFCL Limited, New Delhi, India. The 0.45- mm pump
nylon filter was obtained from Advanced Micro devices (Ambala Cantt, India). HPLC grade
water| was used throughout the study. Other chemicals used were of analytical or HPLC grade.
Methods

Selection of Precipitating Agent

Selection of precipitation agent is based on the solubility of drug and good protein precipitation
property. Saxagliptin soluble in Acetonitrile and having good precipitating property so the
Acetonitrile was selected as the protein precipitation and extraction agent.

Selection of Mobile Phase

Initially to estimate Saxagliptin number of mobile phase in different ratio were tried. Taking into
consideration the system suitability parameter like RT, Tailing factor, No. of theoretical plates
and HETP, the mobile phase found to be most suitable for analysis was Methanol: acetonitrile in
the ratio of 50:50 v/v. The mobile phase was filtered through 0.45u filter paper to remove
particulate matter and then degassed by sonication. Flow rate employed for analysis was 1.0
ml/min.

Procedure for preparation of mobile phase [preparation of mobile phase\

Mixed /60 volumes of methanol, 40 volumes of Acetonitrile and adjust the pH 7 with TEA.
Filtered through 0.45 p filter paper.

Selection of Diluent
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Diluent used for preparation of sample were compatible with mobile phase and no any
significant affect retention and resolution of analyte. After various trials Acetonitrile was used as
diluents.

Extraction of drug sample Accurately weighed 10 mg of Saxagliptin was transferred into 50 ml
volumetric flasks separately and dissolved in 10 ml of plasma, then volume was made up to 50
ml with acetonitrile and vortex it to get complete precipitation of plasma protein. Stand it aside
for few minute, precipitate of protein settled down then collect the supernatant layer and add 10
ml of acetonitrile in precipitate to complete removal of drug. Centrifuge the collected supernatant
layer at 6000 rpm for 7 min at 4°C and then filtered by whatmann filter paper (no.41).
Concentration of Saxagliptin in acetonitrile was 200 pg/ml. (stock- A)

Preparation of Sub Stock Solution 5 ml of solution was taken from stock-A of Saxagliptin and
transferred into 10 ml volumetric flask separately and diluted up to 10 ml with diluent
(Acetonitrile) to give concentration of 100 pg/ml (Stock-B).

Preparation of Different Solution

0.5ml, 1.0 ml, 1.5ml, 2.0ml and 2.5ml of stock-B was taken separately in 10 ml volumetric flask
and volume was made up to 10ml with (Acetonitrile). This gives the solutions of 5ug/ml,
10ug/ml, 15pug/ml, 20pg/ml, 25ug/ml for drug.

Linearity and Calibration Graph

To establish the linearity of analytical method, a series of dilution ranging from 5-25 pg/ml was
prepared. All the solution were filtered through 0.2um membrane filter and injected,
chromatograms were recorded at 254 nm and it was repeat for three times. A calibration graph
was plotted between the mean peak area and respective concentration and regression equation
was derived.

System Suitability Parameters

Separation variables were set and mobile phase was allowed to saturate the column at 1.00
ml/min. After complete saturation of column, three replicates of working standard of Saxagliptin
10 pg/ml was injected separately. Peak report and column performance report were recorded for
all chromatogram.

The physical mixture of Saxagliptin is available in the strength of 10 mg. Based on this different

standard solutions were prepared for quantitative analysis, which gives satisfactory results. Stock



solution was prepared in the same manner as described in the section. Further dilutions were
made to prepare the mixed standard of desired concentration.
Validation of Developed Method
A. Linearity
Linearity of analytical procedure is its ability (within a given range) to obtain test, which are
directly proportional to area of analyte in the sample. The calibration plot was contracted after
analysis of five different (from 5 to 25 pg/ ml) concentrations and areas for each concentration
was recorded three times, and mean area was calculated. The regression equation and correlation
coefficient of curve are given and the standard calibration curve of the drug is shown in figure.
From the mean of AUC observed and respective concentration value, the response ratio
(response factor) was found by dividing the AUC with respective concentration.
Specificity
Specificity of the method was carried out to assess unequivocally the analyte presence of the
components that might be expected to be present, such as impurities, degradation products and
matrix components.
Accuracy
Recovery studies were performed to validate the accuracy of developed method. To preanalysed
sample solution, a definite concentration of standard drug (80%, 100%, and 120%) was added
and then its recovery was analyzed.
Precision
The precision are established in three differences:
1. Repeatability
2. Intermediate precision

a) Day to Day

b) Analyst to Analyst
3. Reproducibility
1. Repeatability
The repeatability was performed for five replicate at five concentrations in linearity range 5, 10,
15, 20 and 25 pg/ml for Saxagliptin indicates the precision under the same operating condition
over short interval time. Results of repeatability are reported in table-6.15 respectively.

2. Intermidiate Precision



a) Day To Day Precision
Intermediate precision was also performed within laboratory variation on different days in five
replicate at five concentrations. Results of day to day intermediate precision for Saxagliptin
reported.

Analyst- To- Analyst Precision

Analyst to analyst variation was performed by different analyst in five replicate at five
concentrations.

3. Reproducibility

The reproducibility was performed by chemical to chemical (use of rankem chemicals in place of
merck chemicals) variation in five replicate at five concentrations.

Robustness

As per ICH norms, small, but deliberate variations in concentration of the mobile phase were
made to check the method’s capacity to remain unaffected. The ratio of mobile phase was change
from, Methanol: Water (60:40 % V/V), to (55:45 % V/V).

Detection Limit and Quantitation Limit

The LOD and LOQ of developed method was calculated based on the standard deviation of
response and slope of the linearity curve. (Table- 6.20)

Analysis of Tablet Sample

Tablets amount equal to 10 mg of Saxagliptin was taken in 100ml volumetric flask. This was
than dissolve in 13 ml of plasma by sonication for about 10 minutes. The volume is made up to
the mark by mobile phase and filtered by whatmann filter paper (no.41) and the filtrate was used
to prepare samples of different concentration.

Results and Discussion

The method was validated according to ICH guidelines for validation of analytical procedures.
The method was validated for the parameters like linearity, precision, specificity, limit of
detection (LOD), limit of quantitation (LOQ), accuracy and robustness. The linearity of this
method was proved using linear correlation of the peak-area values and appropriate
concentrations.

Table 1: Regression statistics and LOD and LOQ
PARAMETER Saxagliptin

Concentration (ug/ml) 5-25
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Correlation Coefficient (r*)* 0.999
Slope (m)* 80.99
Intercept (c)* 19.14
LOD(pg/ml) 0.55
LOQ(ug/ml) 1.50

*value of five replicate

Table 2: Result of precision and robustness

PARAMETER

% MEAN=+SD*

Saxagliptin

Repeatability

99.447+0.036

Reproducibility

99.172+0.026

Intermediate precision

Day to day 99.276+0.041
Analyst to Analyst 99.367+0.039
Robustness 99.289+0.060

* Value of five replicate and five concentrations

Table 3: Results from recovery studies

% LEVEL % MEAN=xSD*
Saxagliptin

80% 99.51+0.664

100% 99.724+0.234

120% 99.567+0.254

* Value of three replicate and three concentrations.
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Figure 2: Representative chromatogram of blank plasma (A) and Saxagliptin (B)

Table 4: Analysis of Saxagliptin in marketed formulations

Saxagliptin *
Label Claim (mg) 5mg
% Found (mg) 4.95
% Assay 99.00
% RSD 0.145
*Average of three determination

CONCLUSION
It was concluded that the present method was fast and easy to perform. Moreover, the method
doesn't require various elaborate treatments and tedious extraction procedures. The linearity

range, precision, accuracy, robustness, LOD, LOQ and specificity were processed to establish



the suitability of the method and the confirmed results were obtained. HPLC has several
superiorities compared with UV spectrophotometry, such as smaller detection and quantification
limits, small sample volumes and specificity. The proposed method as higher sensitivity than
many of the reported methods. Thus, the developed HPLC method is rapid, reliable, cost-
effective and so, it is inexpensive. In addition to the satisfactory, sensitivity and reproducibility
as well as the convenience and simplicity and can be proposed for routine analysis laboratories
and quality control purposes and are very beneficial for pharmaceutical companies, clinicians
and physicians and also can be beneficial for the studies of drug interaction with other
combinations.
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