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ABSTRACT

The drug-excipient compatibility study is a critical component of the preformulation stage in
pharmaceutical development. It provides essential insights for selecting suitable excipients to
ensure the stability, efficacy, and safety of the final formulation. For the development of
Paroxetine nanoparticle formulations, the compatibility of Paroxetine with commonly used
pharmaceutical excipients was assessed using Differential Scanning Calorimetry (DSC) and
Fourier-Transform Infrared Spectroscopy (FTIR). In this study, Paroxetine was evaluated in
combination with Poly (lactic-co-glycolic acid) (PLGA), a widely used biodegradable polymer.
The drug and excipient were mixed in a 1:1 ratio and subjected to DSC and FTIR analysis to
detect any potential chemical interactions or incompatibilities. The DSC thermograms of the
drug, excipient, and their mixture were analyzed. Paroxetine exhibited a characteristic
endothermic peak corresponding to its melting point, which remained unchanged in the drug-
excipient mixture. This result suggests that the physical and thermal properties of the drug and
excipient were retained, indicating the absence of any interactions that could lead to
incompatibility. FTIR spectroscopy was employed to study the functional group interactions
between the drug and the excipient. The spectra revealed no significant shifts or alterations in
the characteristic peaks of Paroxetine and PLGA. This absence of new peaks or changes in the
existing peaks confirmed that no chemical interaction occurred between the drug and the
polymer. The findings from both DSC and FTIR analyses demonstrated that there were no
incompatibility issues between Paroxetine and PLGA. The results infer that Paroxetine-loaded
nanoparticles can be successfully formulated using PLGA as the polymer, ensuring the stability
and integrity of the drug during formulation and storage. The compatibility study data support
the development of optimized Paroxetine nanoparticle formulations for potential therapeutic
applications, with PLGA serving as a reliable and compatible excipient.
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INTRODUCTION

Preformulation characterization is a fundamental and critical step in the development of
pharmaceutical dosage forms. It involves evaluating the physicochemical and mechanical
properties of a drug substance to ensure its suitability for formulation. Among the various
parameters involved in preformulation characterization such as solubility determination,
melting point analysis, analytical method development, solid-state stability studies, true
density, bulk density, Carr’s index, and compressibility index, the compatibility study between
the drug and excipients holds particular importance. This study is essential because the
interaction between the drug and excipients can significantly impact the stability, efficacy, and
safety of the final dosage form. Identifying potential incompatibilities early in the development
phase can prevent formulation failures and reduce development time and costs. Together, these
parameters provide valuable insights that guide the selection of suitable excipients, optimize
manufacturing processes, and ensure the development of a robust and effective dosage form
[1,2]. The compatibility studies between drugs and excipients are usually carried out to identify
any possible interaction between drugs and different excipients [3,4].

In compatibility studies, the interaction between the drug and various excipients is evaluated
under accelerated stability conditions. Samples are exposed to moisture and different
temperature settings, such as 4°C, 37°C (room temperature), and 60°C, typically for a period
of 45 days or longer. During this period, the exposed samples are analyzed at regular intervals
using FTIR (Fourier-Transform Infrared) spectral analysis. FTIR spectral analysis helps assess
the presence of functional groups by measuring transmittance versus wavenumber (cm) at
specified time points. This analysis provides initial insights into possible interactions between
the drug and excipients, such as the formation of new bonds or changes in chemical structure.
To confirm these interactions and gain a more comprehensive understanding, further detailed
studies can be performed. These studies may involve increased quantities of the sample,
extended exposure times, and varying solvent conditions to enhance the sensitivity and
accuracy of the findings. Such evaluations are crucial to ensure the stability and compatibility
of the drug formulation. [5-11].

In current pharmaceutical research, drug-excipient interaction studies are increasingly assessed
using advanced thermal methods such as Differential Scanning Calorimetry (DSC) and
Thermogravimetric Analysis (TGA). Among these, DSC has emerged as a particularly
significant and reliable technique. DSC provides valuable insights into the thermal behaviour
of a drug-excipient mixture, such as melting point, crystallinity, and potential interactions. This
method is advantageous because it requires only a few hours to evaluate a sample, using a
precise temperature programming protocol. The efficiency and reliability of DSC make it an
essential tool in preformulation and formulation studies, enabling rapid and accurate
characterization of drug-excipient compatibility. [12-14].

Among the various techniques in thermal analysis, Differential Scanning Calorimetry (DSC)
is one of the most widely used methods. In DSC analysis, specific properties of a sample,
particularly the physical characteristics of materials, are evaluated based on temperature-
dependent principles. Thermal analysis, as a group of techniques, involves measuring the
physical properties of a drug substance or its reaction products as a function of temperature.
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This is achieved while the drug substance, or a mixture of the drug and excipients, is subjected
to a controlled temperature program. Thermal methods have found extensive applications in
both research and quality control. Currently, they are widely used in areas such as composition
analysis, stability studies, environmental monitoring, product reliability, dynamic property
evaluation, and chemical reaction analysis. Their versatility and precision make thermal
analysis an indispensable tool in pharmaceutical and materials science.[15-20].

Thermal analysis is widely used to estimate the physicochemical properties of polymers (e.g.,
PLGA) and drug substances in formulation development. Modern instruments based on
thermal analysis principles can measure various parameters, including transition temperatures,
weight loss, transition energies, viscoelastic properties, dimensional changes, and modulus
changes. Additionally, the purity of materials can be evaluated by analyzing the temperatures
at which phase changes and reactions occur, as well as by measuring the heats of reaction.
These techniques provide valuable insights into the material characteristics, helping to ensure
the quality and stability of the formulation.

Paroxetine is one of the most potent clinically available selective serotonin reuptake inhibitors
(SSRIs) used as an antidepressant. It works by inhibiting serotonin reuptake; however, its
action is less selective at the serotonin site compared to other SSRIs, such as fluvoxamine or
sertraline. Paroxetine is clinically available in oral dosage forms, including tablets, capsules,
and oral suspensions. It is readily absorbed from the gastrointestinal tract (GIT) and extensively
metabolized in the liver. Following an oral dose of 30 mg per day, the half-life of paroxetine
can be up to 21 hours [Citation2]. However, its pharmacodynamics make it less suitable for
oral administration due to extensive first-pass metabolism, resulting in lower bioavailability.
Paroxetine is commonly used in the treatment of depression, social anxiety disorder, obsessive-
compulsive disorder, panic disorder, and post-traumatic stress disorder (PTSD). The drug was
FDA-approved and introduced to the market in 1992 under the trade name Paxil. Other brand
names include Brisdelle, Aropax, Seroxat, Pexeva, and Sereupin. Paroxetine is a white,
odorless powder with a molecular weight of 374.8 g/mol and a melting point range of 120-
138°C. The structure of paroxetine contains an amine group located in the piperidine ring,
which is linked to fluorophenyl and benzodioxol groups. Paroxetine is classified as a highly
lipophilic basic amine that exhibits both hydrophilic and hydrophobic properties.

Based on the above literature, the use of synthetic and natural polymers in specific formulations
can enhance drug delivery by employing simple formulation techniques, such as the
development of nanoparticles with functional activity. With this perspective, the current
research focuses on the formulation and evaluation of an oral drug delivery system using
paroxetine as the drug candidate in nanoparticle form. Drugs with low solubility in water, such
as those classified in BCS Class IV and Class Il, present significant challenges in the
development of appropriate dosage forms. Dissolution is the rate-limiting step for these drugs
due to their poor water solubility. The characteristic of poor solubility in water limits the rate
of absorption, and for BCS Class IV drugs, intestinal permeability further complicates drug
development. Currently, no nanoparticle formulations of paroxetine have been reported. This
study, therefore, aims to evaluate the compatibility of paroxetine, a selective serotonin reuptake
inhibitor, with commonly used pharmaceutical excipients, specifically in the context of
developing paroxetine-loaded nanoparticles.
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Materials and Methods
Paroxetine (99.82%) and PLGA was procured from Sigma Aldrich. All chemicals used in the
study were of analytical grade and used without further purification.

Experimental Studies:

The DSC thermal traces of the drug and excipient mixture were evaluated using a differential
calorimeter (Shimadzu DSC 60). Mixtures of paroxetine and PLGA were weighed and placed
in a standard aluminum pan. Dry nitrogen, at a flow rate of 20 mL/min, was used as the carrier
gas in the instrument. Thermal scanning was performed up to 250°C with a scan speed of
10°C/min. Instrument calibration was done using indium as the standard reference. Each
sample weighed between 5 and 10 mg. The onset temperature of the highest peak corresponds
to the main transition temperature (Tc). Based on the area under the main transition peak, the
enthalpy change (AHm) was automatically calculated. The heat flow for all samples was
measured to evaluate any thermal events and transitions. [21-25].

FT-IR (Fourier transform infrared) spectroscopy

The FT-IR spectra was generated for Paroxetine drug substance as well as for drug substance
sample along with mixture of selected PLGA of the optimized formula in 4000-500 cm_1
range. In FT IR spectrophotometer (Cary 630, Agilent Technologies, Danbury, USA), the
samples were placed in light path of sample cell and the spectrum of samples were generated.

RESULTS AND DISCUSSION

In the pharmaceutical industry, Differential Scanning Calorimetry (DSC) is commonly used to
evaluate drug-excipient interactions or incompatibilities between different components
blended in a formulation. This is done by observing the corresponding enthalpy peaks, which
may shift to a different temperature or disappear, indicating potential interactions or
incompatibilities. The DSC curves (presented in Figures 1-3) were evaluated to assess the
interaction or compatibility of paroxetine with various excipients.

DSC analysis measures the gain or loss of heat due to changes in the physical or chemical
nature of a sample or a mixture of samples as a function of temperature. The relative purity of
a sample is indicated by a sharp, symmetric melting endotherm, whereas the presence of
impurities or multiple thermal processes is identified by a broad, asymmetric curve.
Endothermic peaks observed in DSC below 120°C typically indicate moisture loss from the
compound. In this study, DSC analysis was performed to investigate the physical behavior of
paroxetine as a drug substance and to confirm that there was no interaction between paroxetine
and PLGA. The thermograms of the drug substance, polymer, and their physical mixture were
evaluated. The DSC thermograms are shown below in Figures 1 and 2. The DSC thermogram
of the physical mixture of paroxetine with PLGA exhibited the characteristic peak of the drug
substance at its melting point of 118°C. This confirms that there is no interaction between the
drug and the polymer.
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Figure 1 DSC thermogram of Paroxetine
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Figure 2 DSC thermogram of PLGA
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Figure 3 DSC thermogram of Paroxetine with PLGA physical mixture
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Additionally, FT-IR spectra of the samples are presented in Figures 4 and 5. A comparative
assessment of the FT-IR spectra of the drug substance alone and the drug substance mixed with
excipients showed no significant differences in the spectra, further supporting the lack of
interaction between the drug and excipients.
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Figure 4 FTIR Spectra of Paroxetine
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Figure 5 FTIR Spectra of Paroxetine with PLGA physical mixture
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CONCLUSION

The compatibility of Paroxetine with Poly (lactic-co-glycolic acid) (PLGA) was evaluated
using Differential Scanning Calorimetry (DSC) and Fourier-Transform Infrared Spectroscopy
(FTIR) to ensure the polymer is stable and does not react with the drug. The FTIR analysis
showed no significant changes in the chemical structure, indicating there were no chemical
interactions between Paroxetine and PLGA. Similarly, the DSC analysis confirmed that the
heat-related properties of both the drug and the polymer remained unchanged when combined,
further supporting the absence of any incompatibility. These results confirm that PLGA is
chemically inert and does not interfere with Paroxetine. Therefore, PLGA is a suitable and safe
polymer for the development of Paroxetine-loaded nanoparticles, ensuring the stability and
effectiveness of the final formulation.
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