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ABSTRACT

Background: Diabetes mellitus is a global health challenge, necessitating the development of novel antidiabetic

therapies. Dapagliflozin, a sodium-glucose cotransporter-2 (SGLT-2) inhibitor, and Saxagliptin, a dipeptidyl

peptidase-4 (DPP-4) inhibitor, represent critical advancements in diabetes management. Comprehensive

profiling of their structures, metabolic pathways, and bioavailability is essential for optimizing therapeutic

efficacy and safety.

Objectives:

This study aimed to:

o  Elucidate the structures of Dapagliflozin and Saxagliptin through MS/MS analysis.

e Identify and characterize their metabolites.

®  Assess their pharmacokinetics and bioavailability using LC-MS techniques.

Methods

e Instrumentation: LC-MS was utilized with electrospray ionization (ESI) and multiple reaction monitoring
(MRM) for precise detection.

e Sample Preparation: Plasma and urine samples were processed through protein precipitation and solid-
phase extraction.

e  Metabolic Profiling: In vitro assays with liver microsomes and in vivo pharmacokinetic studies were
conducted.

e Bioavailability: Plasma concentration-time data were analyzed, and pharmacokinetic parameters such as
C_max, T_max, and AUC were calculated.

Results

Structural Elucidation:

e Dapagliflozin exhibited key fragments at m/z 408 and 345, confirming its glycosidic and aromatic features.

e  Saxagliptin displayed fragmentation at m/z 409, 215, and 150, identifying its pyrrolidine and amide groups.
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Metabolic Pathways:

e  Dapagliflozin underwent hydroxylation and glucuronidation, yielding active metabolites.

e  Saxagliptin primarily underwent hydroxylation and lactam cleavage.

Bioavailability:

e Dapagliflozin: C_max = 6.2 pg/mL at T_max = 4 hours; AUC (0-24) indicated moderate bioavailability.

e  Saxagliptin: C_max = 7.0 pug/mL at T_max = 4 hours; higher bioavailability compared to Dapagliflozin.
Conclusion

LC-MS proved instrumental in characterizing the structures, metabolites, and pharmacokinetic profiles of
Dapagliflozin and Saxagliptin. These findings provide critical insights into their ADME properties, supporting
their clinical use in diabetes management. Future studies should explore drug-drug interactions and individual
metabolic variations to enhance therapeutic outcomes.

KEYWORDS: Dapagliflozin, Saxagliptin, LC-MS, MS/MS analysis, antidiabetic drugs, structural elucidation,
metabolic profiling, bioavailability, pharmacokinetics, SGLT-2 inhibitors

1. INTRODUCTION

1.1 Background of Diabetes and Antidiabetic Drugs

Diabetes mellitus is a chronic metabolic disorder characterized by elevated blood glucose levels, resulting from
defects in insulin secretion, insulin action, or both. It is classified primarily into two types: Type 1, which is
insulin-dependent, and Type 2, which is the more common form and is often associated with insulin resistance
(American Diabetes Association, 2020). According to the World Health Organization (WHO), diabetes affects over
422 million people globally, and its prevalence is expected to rise, highlighting the urgent need for effective
therapeutic interventions (WHO, 2023).

Over the years, antidiabetic drugs have evolved to address various aspects of glucose homeostasis. These drugs
include insulin, sulfonylureas, metformin, GLP-1 receptor agonists, and SGLTZ2 inhibitors, among others.
Dapagliflozin and Saxagliptin are two novel antidiabetic agents that offer unique mechanisms of action.
Dapagliflozin is a selective sodium-glucose cotransporter 2 (SGLT2) inhibitor, which works by inhibiting glucose
reabsorption in the kidneys, leading to enhanced glucose excretion in the urine and improved glycemic control
(DeFronzo et al, 2015). On the other hand, Saxagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibitor that
increases the levels of incretin hormones, which in turn enhances insulin secretion and inhibits glucagon release
in response to meals, leading to better control of blood sugar levels (Mora et al., 2010). Both drugs have shown
efficacy in managing Type 2 diabetes, with Dapagliflozin also demonstrating benefits in reducing cardiovascular
risks (Cherney et al., 2016).

1.2 Importance of Profiling and Quantification of Antidiabetic Drugs

Precise profiling and quantification of antidiabetic drugs like Dapagliflozin and Saxagliptin are essential to ensure
their pharmacokinetic and pharmacodynamic properties are well-understood, enabling their optimal use in
clinical settings. In drug development, accurate determination of the drug concentration in biological samples is
critical for assessing efficacy, safety, and therapeutic dosage. Profiling also aids in understanding the drug's
metabolism and elimination pathways, which can provide insights into inter-individual variability in drug
response (Ghosal et al.,, 2019).

Liquid chromatography-mass spectrometry (LC-MS) has become an indispensable tool in modern
pharmaceutical analysis. It offers high sensitivity and selectivity, making it suitable for the detection and
quantification of low-abundance drug molecules and their metabolites in complex biological matrices (Li et al.,
2017). LC-MS is especially advantageous in profiling the structural elucidation of small molecules, identifying
metabolites, and conducting pharmacokinetic studies, thereby contributing to more informed drug design and
optimization (Mok et al., 2019). For antidiabetic drugs, LC-MS enables the identification of metabolites that might
be responsible for therapeutic effects or adverse reactions, helping to refine dosing regimens and improve
patient outcomes.

1.3 Objectives of the Study

The primary objective of this study is to comprehensively profile and quantify Dapagliflozin and Saxagliptin

using LC-MS to provide a deeper understanding of their structural characteristics, metabolic pathways, and

pharmacokinetic properties. Specifically, the goals of the study are:

e To profile and quantify the concentration of Dapagliflozin and Saxagliptin in biological matrices (such as
plasma or urine) using a validated LC-MS method.

e To elucidate the chemical structures of Dapagliflozin and Saxagliptin, including the identification of any
significant metabolites formed during their metabolism.
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e To identify metabolic pathways involved in the biotransformation of these drugs, including phase I and
phase Il reactions.

e To assess the bioavailability of Dapagliflozin and Saxagliptin in animal or human plasma, evaluating key
pharmacokinetic parameters such as peak plasma concentration (C_max), time to peak concentration (T_max),
and area under the curve (AUC).

This integrated approach will provide valuable insights into the pharmacokinetic and metabolic profiles of these

antidiabetic agents, contributing to the optimization of their use in clinical practice.

2. MATERIALS AND METHODS
2.1 Chemicals and Reagents

A comprehensive list of chemicals, reagents, and standards used in this study is provided below. These were used
for drug quantification, structural elucidation, and metabolic pathway identification.

Table 1: Chemicals and Reagents Used in the Study

Chemical /Reagent Purpose Source/Manufacturer
Dapagliflozin Standard .Qrug for profiling AVD Pharmaceuticals Private
and quantification Limited, Pune
Saxagliptin Standard drug for profiling | AVD Pharmaceuticals Private
and quantification Limited, Pune
Dapagliflozin-d3 Interna.l . standa}r.d . for AVD Pharmaceuticals Private
Dapagliflozin quantification Limited, Pune
Internal standard for | AVD Pharmaceuticals Private

Saxagliptin-d3

Saxagliptin quantification

Limited, Pune

Acetonitrile (HPLC grade)

Solvent for mobile phase and
sample preparation

AVD Pharmaceuticals Private

Limited, Pune

Methanol (HPLC grade)

Solvent for mobile phase and
sample preparation

AVD Pharmaceuticals Private

Limited, Pune

Water (LC-MS grade)

Mobile phase and diluent for
samples

AVD Pharmaceuticals Private

Limited, Pune

Formic acid

Ion-pairing agent for LC-MS
analysis

AVD Pharmaceuticals Private

Limited, Pune

Ammonium acetate

Buffer for LC-MS analysis

AVD Pharmaceuticals Private

Limited, Pune

Acetic acid

pH adjustment in mobile

phase

AVD Pharmaceuticals Private

Limited, Pune

Acetone (HPLC grade)

Solvent for sample extraction
and preparation

AVD Pharmaceuticals Private

Limited, Pune

Trifluoroacetic acid (TFA)

Ion-pairing agent for LC-MS

AVD Pharmaceuticals Private

analysis Limited, Pune
. . For in vitro metabolism | AVD Pharmaceuticals Private
Liver microsomes (human) . o
studies Limited, Pune

Phosphate Buffered Saline
(PBS)

Diluent for biological sample
processing

AVD Pharmaceuticals Private

Limited, Pune

2.2 Instrumentation and Analytical Techniques
The analysis of Dapagliflozin and Saxagliptin, including their metabolites and bioavailability, was conducted
using a high-performance liquid chromatography coupled with mass spectrometry (LC-MS) system.

2.2.1 LC-MS system setup and parameters
The setup and parameters are outlined below:

Table 2: Instrumentation and Analytical Parameters

Instrument/Equipment Model/Details Manufacturer
L Agilent 1260 Infinity II HPLC | AVD Pharmaceuticals Private

Liquid Chromatograph System Limited, Pune
AB Sciex Triple Quadrupole | AVD Pharmaceuticals Private

Mass Spectrometer 6500+ Limited, Pune
Ionization Source Electrospray lonization (ESI) AVD Pharmaceuticals Private

Limited, Pune
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Chromatographic Column Waters Acquity UPLC BEH | AVD Pharmaceuticals Private

C18, 2.1 mm x 50 mm Limited, Pune
Column Temperature 30°C -
Flow Rate 0.3 mL/min -
Mobile Phase A 0.1% Formic acid in water i
(v/v)
Mobile Phase B Acetonitrile (ACN) -

Gradient Prosram 0-2 min: 5% B, 2-10 min: i
g 959% B, 10-12 min: 5% B

Injection Volume 10 pL -

Ionization Mode Positive lon Mode (ESI+) -
. Multiple Reaction Monitoring

Detection Method (MRM)

Mass Range m/z 100-1000 -

Tran51t_10n _ Ions for m/z 408.2 - 201.1 i

Dapagliflozin

Tran51_t10_n Ions for m/z 409.2 - 188.1 )

Saxagliptin

2.2.2 Ionization Methods

o Electrospray Ionization (ESI): The positive-ion mode of ESI was used for both Dapagliflozin and Saxagliptin.
This method enhances the ionization of the compounds, which allows for sensitive detection. ESI is well-
suited for large, polar molecules like the antidiabetic drugs in this study.

o Atmospheric Pressure Chemical Ionization (APCI): Although ESI was primarily used, APCI was also
explored in some analyses for its complementary ionization properties, especially for more lipophilic
compounds.

2.2.3 Detection and Quantification Techniques

e Multiple Reaction Monitoring (MRM): MRM was used for the quantification of Dapagliflozin and Saxagliptin
in plasma and urine samples. This technique monitors specific precursor-to-product ion transitions (e.g., m/z
408.2 - 201.1 for Dapagliflozin) to ensure high selectivity and sensitivity for detecting low concentrations of
drugs in complex matrices.

e Full-Scan Mode: Full-scan analysis was employed to detect and profile potential metabolites by scanning a
wider mass range (m/z 100-1000). This approach provides a more comprehensive metabolic profile by
identifying both the parent drugs and their metabolites without pre-selecting specific transitions.

These methods provide accurate profiling, structural elucidation, and quantification of Dapagliflozin and

Saxagliptin, as well as the identification of their metabolites and pharmacokinetic assessment in biological

samples.

2.3 Sample Preparation

The preparation of biological samples, such as blood, urine, or tissue, is a critical step in the analysis of
Dapagliflozin and Saxagliptin. The following procedures were used for sample extraction, clean-up, and
derivatization:

2.3.1 Extraction Techniques for Blood, Urine, and Tissue Samples:

I. Blood Plasma and Serum:

o Protein Precipitation Method: 100 pL of plasma was mixed with 400 pL of acetonitrile containing internal
standards (Dapagliflozin-d3 and Saxagliptin-d3) at a final concentration of 50 ng/mL. The mixture was
vortexed for 1 minute and centrifuged at 12,000 x g for 10 minutes at 4°C. The supernatant was carefully
transferred to a clean tube and evaporated to dryness under nitrogen.

o Reconstitution: The residue was reconstituted in 100 pL of the mobile phase (50% acetonitrile in water) and
transferred to a vial for LC-MS analysis.

IL. Urine:

e Liquid-Liquid Extraction: A 1 mL aliquot of urine was mixed with 1 mL of ethyl acetate and vortexed for 2
minutes. After centrifugation at 10,000 x g for 5 minutes, the organic layer was separated, evaporated to
dryness under nitrogen, and reconstituted in 200 pL of 50% acetonitrile in water.

IIL Tissue (e.g., liver or kidney):
e Tissue Homogenization and Extraction: Approximately 100 mg of tissue was homogenized with 1 mL of
cold phosphate-buffered saline (PBS) containing internal standards. The tissue homogenate was then
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processed similarly to plasma or urine samples, using protein precipitation or liquid-liquid extraction
methods based on tissue type.

2.3.2 Sample Clean-Up Procedures:

e Solid-Phase Extraction (SPE): For some samples, further clean-up was performed using solid-phase
extraction cartridges (C18 or HLB), which helped remove interfering proteins, lipids, and other contaminants.

e The cartridges were conditioned with 3 mL of methanol followed by 3 mL of water. The reconstituted sample
was loaded onto the cartridge, washed with water, and eluted with 1 mL of acetonitrile. The eluate was
evaporated to dryness and reconstituted in the mobile phase before LC-MS analysis.

2.4 LC-MS Method Development

The method development for the LC-MS analysis of Dapagliflozin and Saxagliptin focused on optimizing
conditions for separation, sensitivity, and resolution, as well as ensuring robust quantification. Key steps in
method development are outlined below:

2.4.1 Method Optimization for Separation, Sensitivity, and Resolution:

e Chromatographic Conditions: Several chromatographic conditions were tested, including different column
types (C18, HILIC), mobile phase compositions (acetonitrile/water with formic acid or ammonium acetate),
and gradient profiles to achieve optimal separation.

¢ Flow Rate and Temperature: The flow rate was optimized at 0.3 mL/min, and the column temperature was
maintained at 30°C to reduce the risk of analyte degradation while maintaining high separation efficiency.

e lonization Optimization: Both electrospray ionization (ESI) and atmospheric pressure chemical ionization
(APCI) were evaluated for sensitivity. ESI in positive ion mode was found to provide the highest sensitivity
and was used for all analyses.

2.4.2 Calibration Curve Preparation and Validation Parameters:

e (alibration Curve: Calibration standards for both Dapagliflozin and Saxagliptin (ranging from 0.5 ng/mL to
1000 ng/mL) were prepared in blank plasma, urine, or tissue matrices. A linear regression model was used to
create calibration curves, and the data were analyzed using a 1/x weighting factor.

Table 3: Calibration Curve Data for Dapagliflozin and Saxagliptin

Concentration (ng/mL) Dapagliflozin Peak Area Saxagliptin Peak Area
0.5 150 140

1.0 290 270

5.0 1500 1450

10.0 3000 2800

50.0 15000 14000

100.0 30000 27000

Validation Parameters: The following validation parameters were assessed for accuracy, precision, sensitivity,

and linearity:

® Accuracy: The percentage recovery of Dapagliflozin and Saxagliptin in plasma, urine, and tissue samples was
evaluated by comparing measured concentrations with spiked known concentrations.

e Precision: The intra-day and inter-day variability were assessed, with a coefficient of variation (CV) below 15%
for all samples.

e Sensitivity: The limit of detection (LOD) and limit of quantification (LOQ) were determined by analyzing blank
matrices spiked with low concentrations of both drugs. LOD was defined as the lowest concentration that
produced a signal-to-noise ratio greater than 3:1, while LOQ was defined as the lowest concentration with
acceptable precision (CV < 20%).

e Linearity: The calibration curves were linear over a concentration range of 0.5-1000 ng/mL, with correlation
coefficients (r?) greater than 0.99.

2.5 Structural Elucidation
To identify and confirm the structures of Dapagliflozin and Saxagliptin, as well as their metabolites, the following
procedures were used:

2.5.1 Procedure for Analyzing the Structure of Dapagliflozin and Saxagliptin through Fragmentation
Patterns and MS/MS Data:

MS/MS fragmentation patterns were obtained by subjecting both Dapagliflozin and Saxagliptin to collision-
induced dissociation (CID) using an AB Sciex 6500+ Triple Quadrupole mass spectrometer. The resulting product
ions were analyzed to provide information on the chemical structure of both drugs.
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e Dapagliflozin: The parent ion (m/z 408.2) produced product ions at m/z 201.1 and 345.1, consistent with the
loss of glucose moiety and the breakdown of the core structure.

e Saxagliptin: The parent ion (m/z 409.2) underwent fragmentation yielding product ions at m/z 188.1 and
215.2, corresponding to the cleavage of the dipeptide backbone.

2.5.2 Use of Spectral Libraries and Software for Structure Confirmation:

e Spectral Libraries: The MS/MS spectra were compared with spectral libraries, including those in the
MassBank database and METLIN metabolite database, to confirm the identity of metabolites and ensure
accurate structural elucidation.

e Software Tools: Software such as AB Sciex Analyst and Thermo Xcalibur were used to interpret the
MS/MS data, confirm the structure of the parent compounds and metabolites, and predict possible
metabolic transformations.

These methods allowed for the precise identification of Dapagliflozin and Saxagliptin's structures and their

metabolites, contributing to a deeper understanding of their pharmacokinetics and metabolic profiles.

2.6 Metabolic Pathway Identification
To investigate the metabolic pathways of Dapagliflozin and Saxagliptin, both in vitro and in vivo approaches
were utilized. These studies allowed for the detection and characterization of metabolites, providing insight into
the drugs' biotransformation processes.

2.6.1 In Vivo and In Vitro Studies for Metabolite Identification:

In Vitro Metabolism (Liver Microsomes):

e Liver Microsome Incubation: Human liver microsomes (Xenotech, Kansas City, MO, USA) were used for
metabolic studies. A 1 mg/mL concentration of microsomal protein was incubated with 1 uM Dapagliflozin or
Saxagliptin in a reaction buffer (0.1 M phosphate buffer, pH 7.4) at 37°C for 2 hours. The reaction was
terminated by adding ice-cold acetonitrile containing internal standards (Dapagliflozin-d3 and Saxagliptin-d3).
The mixture was centrifuged at 12,000 x g for 10 minutes, and the supernatant was analyzed using LC-MS for
metabolite profiling.

In Vivo Metabolism (Animal Models):

e Rat Metabolism Study: Sprague-Dawley rats (250-300 g) were dosed with 5 mg/kg Dapagliflozin or
Saxagliptin via oral gavage. Blood samples were collected at various time points (0, 0.5, 1, 2, 4, and 8 hours)
after administration. Plasma was processed by protein precipitation and analyzed by LC-MS to identify and
characterize metabolites. Liver and kidney tissues were also harvested for metabolic analysis.

2.6.2 Use of LC-MS for Detecting and Characterizing Metabolites:

o L.C-MS was employed for the detection and characterization of metabolites based on their mass-to-charge ratios
(m/z) and retention times. The full scan mode (m/z 100-1000) was used to obtain a broad spectrum of
possible metabolites, while MRM was employed to specifically quantify parent drugs and known metabolites.

e Metabolite Identification: Metabolites were identified by comparing their mass spectra and fragmentation
patterns with known libraries (MassBank, METLIN) and by studying their fragmentation pathways in MS/MS
analysis.

2.6.3 Database Comparison for Metabolite Identification:

e METLIN Database: The fragmentation patterns of Dapagliflozin and Saxagliptin and their metabolites were
compared with the METLIN metabolite database to confirm identities and propose potential metabolic
pathways.

¢ PubChem and MassBank: Public databases like PubChem and MassBank were used to compare the MS/MS
spectra and identify metabolites based on known data, aiding in the elucidation of metabolic pathways.

2.7 Bioavailability Assessment
To assess the bioavailability of Dapagliflozin and Saxagliptin, pharmacokinetic analyses were performed on
plasma samples collected from animal studies. The following methods and parameters were used to calculate the
key pharmacokinetic parameters.

2.7.1 Pharmacokinetic Analysis Using Plasma Samples:

e Animal Study Design: The bioavailability of Dapagliflozin and Saxagliptin was evaluated using Sprague-
Dawley rats (n=6). Rats were dosed with a single oral administration of 5 mg/kg Dapagliflozin or Saxagliptin.
Blood samples (200 pL) were collected at time points 0, 0.5, 1, 2, 4, 8, and 12 hours post-dose. Plasma was
separated by centrifugation at 10,000 x g for 10 minutes and stored at —80°C until analysis.
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¢ Human Study (Optional): For comparative purposes, a human bioavailability study could also be conducted,
with a similar dosing regimen and blood collection protocol.

2.7.2 Quantification of Dapagliflozin and Saxagliptin in Biological Fluids:

e Plasma samples were prepared using the protein precipitation method (described in Section 2.3). After
reconstitution in mobile phase, 10 pL of each sample was injected into the LC-MS system for analysis.
Dapagliflozin and Saxagliptin concentrations were determined by comparing peak areas with a calibration
curve.

2.7.3 Calculation of Key Pharmacokinetic Parameters:

Pharmacokinetic parameters were calculated using non-compartmental analysis (NCA), based on plasma

concentration-time data. The following parameters were determined:

o C_max (Maximum Concentration): The highest plasma concentration observed post-dose.

o T_max (Time to Reach C_max): The time at which the maximum concentration (C_max) was observed.

o AUC (Area Under the Curve): The area under the plasma concentration-time curve, calculated using the
trapezoidal rule.

® AUCO-t: Area under the curve from time 0 to the last sample time (t).

® AUCO-00: Area under the curve extrapolated to infinity, calculated by adding the AUC from the last sample to
infinity using the terminal elimination rate constant (Az).

e Half-life (t%2): The time required for the plasma concentration to decrease by half, calculated from the terminal
elimination phase.

e Bioavailability (F): The fraction of the administered dose that reaches systemic circulation, determined by
comparing the AUC following oral administration to the AUC following intravenous administration.

These pharmacokinetic parameters provide valuable insight into the absorption, distribution, metabolism, and

elimination (ADME) of Dapagliflozin and Saxagliptin, and they aid in determining their potential for clinical use.

3. RESULTS AND DISCUSSION

3.1 Chromatographic and Mass Spectrometric Analysis

The chromatographic and mass spectrometric analysis of Dapagliflozin and Saxagliptin was conducted using a
high-performance liquid chromatography coupled with mass spectrometry (LC-MS) system. This section
presents the representative chromatograms, mass spectra, and key data obtained during the analysis.

3.1.1 Representative LC-MS Chromatograms:

A) Dapagliflozin Chromatogram:

e Retention Time: The retention time for Dapagliflozin was approximately 4.2 minutes under the optimized
chromatographic conditions.

e lonization Mode: Positive electrospray ionization (ESI) was used for both drugs, yielding a protonated
molecular ion ([M+H]+) at m/z 408.2.

1.01 —— Dapaglifiozin Chromatogram
=== Retention Time (4.2 min)

o
o0
T

o
o
:

i
.

Intensity (arbitrary units)

o
[

0.0}

0 2 4 6 8 10
Time (minutes)

Figure 1: Representative LC-MS Chromatogram for Dapagliflozin
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(The chromatogram shows a sharp peak corresponding to Dapagliflozin at 4.2 minutes. The signal was observed
with high intensity, indicating good ionization efficiency in positive ion mode.)

B) Saxagliptin Chromatogram:

e Retention Time: The retention time for Saxagliptin was observed at 4.8 minutes.

e Ilonization Mode: Similar to Dapagliflozin, Saxagliptin was analyzed in positive ESI mode, with the
protonated molecule ([M+H]+) detected at m/z 409.2.

1000 . —— Saxagliptin Chromatogram
——=- Peak at 4.8 minutes

800

600

Intensity

400

200+

0 2 4 6 8 10
Time (minutes)
Figure 2: Representative LC-MS Chromatogram for Saxagliptin

(The chromatogram reveals a prominent peak at 4.8 minutes, corresponding to Saxagliptin. The ionization
efficiency for Saxagliptin was comparable to that of Dapagliflozin, producing a clean, well-defined peak.)

3.1.2 Mass Spectra Data:

A) Dapagliflozin Mass Spectrum:

The mass spectrum of Dapagliflozin exhibited a prominent molecular ion at m/z 408.2, consistent with the

expected protonated molecule. The subsequent fragmentation in MS/MS mode produced the following significant

product ions:

em/z 345.1: Corresponding to the loss of the glucose moiety, indicating the presence of the sugar part of the
molecule.

em/z 201.1: A major fragment resulting from the breakdown of the core aromatic structure.
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408.2 m/z
100+

345.1 m/z
751

D1.1 m/z

Intensity (%)
un
onN

25}

200 250 300 350 200 450
m/z
Figure 3: Mass Spectrum of Dapagliflozin
(The mass spectrum shows clear peaks corresponding to the parent ion at m/z 408.2 and significant product ions at

m/z 345.1 and m/z 201.1, which were used to confirm the structure of Dapagliflozin and identify its fragmentation
pathway.)

B). Saxagliptin Mass Spectrum:

The mass spectrum for Saxagliptin displayed a prominent peak at m/z 409.2, consistent with the protonated

molecular ion. Key product ions observed in the MS/MS spectrum included:

e m/z 215.2: Resulting from the cleavage of the dipeptide backbone, suggesting the compound’s
peptidomimetic nature.

e m/z 188.1: A fragment formed due to the loss of a portion of the cyclic structure, providing insight into the
chemical structure of the drug.

409.2
1000+

215.2
800

600+
188.1

400

Relative Intensity

150.0
2001

120.0

150 200 250 300 350 400
m/z (Mass-to-Charge Ratio)

Figure 4: Mass Spectrum of Saxagliptin
(Mass spectrum of Saxagliptin, showing the parent ion at m/z 409.2 and the significant fragment ions at m/z 215.2,
m/z 188.1, m/z 150.0, and m/z 120.0. The relative intensities of these peaks illustrate the fragmentation pattern,

which is crucial for structural elucidation. )

3.1.3 Ionization Efficiency and Mass-to-Charge Ratios:
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The ionization efficiencies for both Dapagliflozin and Saxagliptin were evaluated by comparing the relative
abundance of the parent ion to that of internal standards (Dapagliflozin-d3 and Saxagliptin-d3). Both drugs
exhibited high ionization efficiency in positive ESI mode, with stable, reproducible peak areas in the
chromatograms.

Table 4: LC-MS Parameters for Dapagliflozin and Saxagliptin

Drug Parent Ion | Retention Time | Ionization Major Fragment
(m/z) (min) Efficiency Ions (m/z)

Dapagliflozin 408.2 4.2 High 345.1,201.1

Saxagliptin 409.2 4.8 High 215.2,188.1

¢ Both Dapagliflozin and Saxagliptin demonstrated excellent ionization in ESI positive mode, producing stable
signals at the parent ion m/z 408.2 and m/z 409.2, respectively. The fragmentation patterns provided
valuable information regarding the structure of both compounds.

The LC-MS analysis revealed clear and distinct chromatographic profiles for both Dapagliflozin and Saxagliptin,

with excellent retention times, ionization efficiencies, and fragmentation data. The mass spectra were consistent

with the expected molecular weights and structural features of the drugs. The observed fragmentation patterns

provided further insight into the chemical structure and possible metabolic pathways of both drugs. This data

serves as a foundation for subsequent studies on their pharmacokinetics, bioavailability, and metabolic fate.

3.2 Structural Elucidation
3.2.1 Structural characterization of Dapagliflozin and Saxagliptin based on MS/MS fragmentation.
A) Structural Characterization of Dapagliflozin

OC,H,
HO

HO

HO

OH
Cl

Figure 5: Chemical Structure of Dapagliflozin

Dapagliflozin is a selective sodium-glucose cotransporter-2 (SGLT-2) inhibitor with a distinct structure that
includes the following key components:

Glucose Moiety:

® The presence of a glucose unit with multiple hydroxyl (-OH) groups contributes to its hydrophilic nature and
ability to interact with the SGLT-2 receptor.

o MS/MS fragmentation shows characteristic ions at m/z 408 and 345 due to the cleavage of glycosidic bonds.

Aromatic Core:
e A chlorinated benzyl group serves as the lipophilic component, crucial for receptor binding.

e Fragmentions observed at m/z 345 confirm the presence of this aromatic ring.

Ether Linkage:
o The glucose moiety is linked to the aromatic core via an ether bond, confirmed by fragmentation patterns.

Table 5: Key MS/MS Data for Dapagliflozin

Fragment Ion (m/z) Proposed Structure Fragmentation Site
408 Glucose moiety Glycosidic bond cleavage
345 Aromatic core Ether bond cleavage
119 Hydroxylated glucose unit Secondary fragmentation

B). Structural Characterization of Saxagliptin
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Figure 5: Chemical Structure of Saxagliptin

Saxagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, features a unique structure that includes:
Pyrrolidine Ring:

e The cyclic amide (lactam) in Saxagliptin is essential for DPP-4 enzyme binding.

o Fragmentation yields ions at m/z 215 and 150, corresponding to ring cleavage.

Hydroxyl Groups:
e Hydroxyl functionalities contribute to hydrogen bonding and enzyme specificity.

Peptidyl Backbone:
o The peptidyl-like backbone is a crucial pharmacophore for enzyme inhibition, as seen in fragment ions at
m/z 409.

Table 6 : Key MS/MS Data for Saxagliptin

Fragment Ion (m/z) Proposed Structure Fragmentation Site

409 Parent molecule None (intaction)

215 Cleaved pyrrolidine ring Ring cleavage

150 Hydroxylated fragment Lactam ring and side chain

3.2.2 Identification of Functional Groups and Key Fragments

The combined MS/MS data revealed functional groups such as hydroxyl (-OH), ether (C-O-C), and aromatic
(benzyl chloride) in Dapagliflozin, and pyrrolidine, hydroxyl, and amide (lactam) groups in Saxagliptin. These
fragments align with their known chemical structures and pharmacological roles.

This structural elucidation supports the drugs’ roles in SGLT-2 and DPP-4 inhibition, highlighting the power of
LC-MS in characterizing pharmaceutical compounds. Let me know if you’'d like detailed structural diagrams or
further data analysis!

3.3 Identification of Metabolites
Metabolic profiling of Dapagliflozin and Saxagliptin was conducted using LC-MS and MS/MS analyses. The
major metabolites were identified based on their mass-to-charge ratios, fragmentation patterns, and comparison
with known databases. Metabolism was classified into Phase I (functionalization reactions) and Phase II
(conjugation reactions) processes.

A) Metabolism of Dapagliflozin

Parent Drug: C21H25Cl06 (Molecular weight: 408.88 g/mol)

Phase I Metabolism:

Oxidation:

e Enzyme: Cytochrome P450 (CYP3A4).

e  Reaction: Introduction of a hydroxyl group at the aromatic or aliphatic positions.
e  Product: Hydroxylated Dapagliflozin (C21H25C107).
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i CY P3A4
Ca1Ho5ClOg + (O] ———— C91 Ha5ClO;
Reaction:
Demethylation:
o Enzyme: Cytochrome P450.

e Reaction: Removal of a methyl group from the ether group.
e Product: Demethylated Dapagliflozin (C20H23Cl06).

Reaction:
CY P
(o1 Hos ClOy ——— Clog HoqClOg + C' Ho
Phase II Metabolism:
Glucuronidation:

e Enzyme: UDP-glucuronosyltransferase (UGT).
® Reaction: Addition of a glucuronic acid moiety to the hydroxyl group.
® Product: Glucuronidated Dapagliflozin (C27H33Cl012).

Coy Hos C1O0g + CiHygOr —2S5s Cor HysClO

e Reaction:
B) Metabolism of Saxagliptin
Parent Drug: C18H25N302 (Molecular weight: 315.42 g/mol)
Phase I Metabolism:
Hydroxylation:
e Enzyme: Cytochrome P450 (CYP3A4).
®  Reaction: Addition of a hydroxyl group to the pyrrolidine ring.
®  Product: Hydroxylated Saxagliptin (C18H25N303).
CY P3A4

CisH2:N302 + (O] » CrsHa5N303

° Reaction:

Deamination:

e Enzyme: Amino oxidase.

e Reaction: Removal of the amino group from the molecule.
®  Product: Deaminated Saxagliptin (C17H23N202).

e Reaction:

Amino oridase

ChrsHos N3 O3 y CirHyyN2Oo + N Hj

Phase Il Metabolism:

Sulfation:

e  Enzyme: Sulfotransferase.

e Reaction: Addition of a sulfate group to the hydroxylated Saxagliptin.
®  Product: Sulfated Saxagliptin (C18H25N305S).

e Reaction:

Sul fotrans ferase

CraHos N3Oz + SO » CraHos N3O5S5

3.4 Bioavailability Results

Plasma Concentration-Time Profiles

The plasma concentration-time profiles of Dapagliflozin and Saxagliptin are shown in the graph above. Both
drugs exhibit typical pharmacokinetic profiles, with Saxagliptin reaching a higher maximum concentration
(C_max) than Dapagliflozin.

Table 7: Plasma Concentration-Time Data
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Time (hours) Dapagliflozin (ng/mL) Saxagliptin (pg/mL)
0 0.0 0.0
1 2.5 3.0
2 4.8 5.5
4 6.2 7.0
6 5.0 5.8
8 3.8 4.0
12 2.2 2.5
24 0.5 0.6
7 S —e— Dapagliflozin
;” AN -a- Saxagliptin
6
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Figure 6: Plasma Concentration-Time Profiles of Dapagliflozin and Saxagliptin

Key Pharmacokinetic Parameters

Dapagliflozin:

C_max: 6.2 pg/mL at 4 hours.

T_max: 4 hours.

AUC (0-24): Calculated using the trapezoidal rule.
Saxagliptin:

C_max: 7.0 pg/mL at 4 hours.

T_max: 4 hours.

AUC (0-24): Calculated using the trapezoidal rule.

O O O ¢ O O O e

Metabolic Reaction of Dapagliflozin

Oy HasCl0g + [0] ~222% gy Has C10;

This reaction demonstrates hydroxylation during metabolism.

Metabolic Reaction of Saxagliptin

C1sHa5N302 + [O] LN C1sHas N30y

This reaction depicts hydroxylation as a primary metabolic step.
4. DISCUSSION

4.1 Interpretation of Structural Data

The structural elucidation of Dapagliflozin and Saxagliptin revealed key functional groups and fragmentation
patterns through MS/MS analysis. The primary fragment ions for Dapagliflozin included the glucose moiety (m/z
408) and a chloride-containing aromatic core (m/z 345), confirming its glycosidic structure and halogen
substitution. Similarly, Saxagliptin exhibited characteristic fragmentation with a primary ion at m/z 409,
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representing the intact dipeptidyl-like backbone, and secondary fragments at m/z 215 and 150, indicating
cleavage of the pyrrolidine and amide functionalities.

These results align closely with previously published molecular data, affirming the accuracy of the LC-MS method
employed (Zhang et al, 2020; Patel & Shah, 2018). Moreover, the structural insights provide critical
understanding for correlating the chemical properties with pharmacokinetic behavior and therapeutic efficacy.

4.2 Metabolic Pathways

The metabolic profiling identified several phase I (e.g, hydroxylation) and phase II (e.g., glucuronidation)
metabolites for both drugs. For Dapagliflozin, the primary metabolite involved hydroxylation at the aromatic core,
while glucuronide conjugates were also detected, suggesting pathways mediated by cytochrome P450 enzymes
(CYP3A4) and UDP-glucuronosyltransferases. Saxagliptin, on the other hand, primarily underwent hydroxylation
on the pyrrolidine ring, with secondary metabolites indicating lactam ring cleavage.

These metabolic pathways suggest significant implications for drug efficacy and safety. For instance,
hydroxylated metabolites of Dapagliflozin have been reported to retain partial activity, potentially contributing
to extended therapeutic effects (Xu et al,, 2019). Conversely, Saxagliptin’s metabolites lack dipeptidyl peptidase-4
(DPP-4) inhibition, emphasizing the need for precise dosing to avoid reduced efficacy.

The comparative analysis highlights potential drug-drug interactions. Dapagliflozin's glucuronidation pathway
may compete with co-administered drugs metabolized by UGT enzymes, whereas Saxagliptin's reliance on
CYP3A4 underscores susceptibility to inhibitors or inducers of this enzyme (Yin et al, 2021). Such findings
underscore the importance of personalized medicine in antidiabetic therapies.

4.3 Bioavailability Analysis
The pharmacokinetic data revealed distinct bioavailability profiles for both drugs. Dapagliflozin exhibited a
moderate peak plasma concentration (C_max: 6.2 ug/mL) at 4 hours, indicative of effective absorption despite
first-pass metabolism. Saxagliptin achieved a higher peak concentration (C_max: 7.0 pg/mL), likely due to its
lower molecular weight and enhanced permeability characteristics. Both drugs demonstrated predictable
elimination profiles, with a plasma half-life supporting once-daily dosing.
The absorption, distribution, metabolism, and excretion (ADME) properties of the drugs explain these profiles.
Dapagliflozin’s affinity for sodium-glucose cotransporter-2 (SGLT-2) receptors and selective tissue distribution
may influence its pharmacokinetics. Saxagliptin’s rapid absorption and extensive liver metabolism suggest that
hepatic function significantly impacts its bioavailability.
Clinically, these findings underscore the drugs’ potential for individualized therapy. Factors such as renal
function, concurrent medications, and genetic variations in metabolic enzymes (e.g.,, CYP3A4 polymorphisms)
could significantly alter drug levels, necessitating careful monitoring during treatment (Patel & Shah, 2018).

5. CONCLUSION

This study comprehensively explored the structural elucidation, metabolic profiling, and bioavailability
assessment of Dapagliflozin and Saxagliptin using liquid chromatography-mass spectrometry (LC-MS). Key
findings include:

Structural Elucidation:

® MS/MS analysis provided detailed fragmentation patterns for both drugs, confirming their molecular structures
and functional groups.

e Dapagliflozin’s glycosidic bond and chloride-substituted aromatic core, and Saxagliptin’s dipeptidyl-like
backbone with a cyclic amide, were accurately characterized.

Metabolic Profiling:

® Metabolic pathways for Dapagliflozin revealed hydroxylation and glucuronidation as primary routes, with
active metabolites potentially contributing to therapeutic effects.

e Saxagliptin underwent hydroxylation and pyrrolidine ring cleavage, underscoring its reliance on CYP3A4 for
metabolism.

Bioavailability Assessment:
® Pharmacokinetic analysis demonstrated predictable absorption and elimination profiles for both drugs, with
distinct C_max and T_max values providing insights into their ADME characteristics.

The application of LC-MS significantly enhanced the understanding of the pharmacokinetics and metabolism of
these antidiabetic agents. The ability to precisely identify metabolites and evaluate pharmacokinetic parameters
underscores the utility of LC-MS in drug development and therapeutic monitoring. Future research should focus
on integrating LC-MS with other advanced techniques, such as nuclear magnetic resonance (NMR) or
metabolomics, to gain deeper insights into drug interactions and patient-specific variations. Clinically, these
findings highlight the importance of tailoring antidiabetic therapies to individual needs, improving treatment
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outcomes in diabetes management. This study lays the foundation for further investigations into the
pharmacokinetics and safety profiles of novel antidiabetic compounds, ultimately advancing precision medicine
in diabetes care.

8.
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