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Abstract

Preformulation research involves studying the physicochemical characteristic of novel drug
candidate’s drug's effectiveness a Factors that might affect dosage form development. This
research may highlight the need for molecular modification or provide essential information for
formulation design. Developing a pharmaceutical formulation requires careful consideration of
each drug's unique chemical and physical characteristics.

Preformulation refers to studies that examine the physical and chemical characteristics of new
drug might impact its efficacy and dosage form development. These studies can indicate the need
for molecular modifications or provide valuable insights for formulation design analysis.
Preformulation data are essential for understanding potential pharmacokinetics in humans and
animals, as well as evaluating the advantages and challenges of process adjustments during large-
scale production. Conducting optimal formulation studies helps predict the stability of
formulations throughout manufacturing, transport, and storage, ultimately determining the
marketed product's shelf life.

Keywords - Preformulation, Physiochemical Properties.

INTRODUCTION

Preformulation emerged as the focus in industrial pharmaceutical development shifted. Advances
in analytical methods spurred the initial activities that are now recognized as "Preformulation."
The main objective of Preformulation testing is to collect information that helps formulators create
stable, scalable, and bioavailable dosage forms.

Early in the production of a new medicinal compound, synthetic chemists, either independently or
in collaboration with experts from other fields, may document information that is considered
Preformulation data: [!!

Preformulation studies support lead identification and formulation development throughout the
drug discovery process. For an entity to be considered a therapeutic molecule, it must have the
best biopharmaceutical qualities. Potency and selectivity do not always guarantee "drug ability."
An analysis of Preformulation can determine a molecule's "drug ability." Consequently,
Preformulation can be viewed as a crucial instrument for decision-making in the stages of drug
development and research. (2!

It is the study of a drug's physical and chemical characteristics, both on their own and in
combination with excipients, with the goal of logically developing a dosage that is safe, stable,
and maximizes therapeutic efficacy Preformulation studies are useful in determining a molecule's
"drug-ability."*]

e —————————————————————
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Preformulation's goals are to:

Provide the formulator with essential information.

Minimize compatibility problems with excipients.

To increase the bioavailability of medicines.

To create attractive dosage forms that is safe, effective, and dependable.
The physical description of the pharmaceutical substance synthesis must
be understood before selecting a dose form.

Before developing a medicinal dosage form, it is the initial stage of logical

formulation.

Needs of dosage form

Provide a mechanism for the safe and practical distribution of precise dosage.

To shield from environmental factors, such as the damaging effects of dampness or oxygen.

To shield against the damaging effects of stomach acid after oral ingestion Ex: pill with enteric
coating.

To mask the nauseating, salty, and bitter smell of the narcotic material. Example: Coated pill,
capsule.

To offer preparations for liquids that is erratic or insoluble in a vehicle. For example, suspension
To give substance dose forms that is unambiguous. Ex: Solutions, Syrups

To deliver drug activity at a controlled rate. For example, controlled release and sustained release
tablets

To give topical administration of drugs the best possible activity. such as creams, patches, and
ointments.

Advantages of preformulation

Elevate the standard for public security.

Enhance the quality of the product.

Encourage the uptake of new technique

Disadvantages of Preformulation

Ionosphere is false since resistance originates from a spherical particle.

It is common for needle-shaped crystals to block the aperture hole. Aqueous conducting media-
induced dissolution of compounds and particle stratification within the suspension'*
Physicochemical specifications: 15!

Properties of organoleptic

Characterization studies in bulk

Solubility analysis

Intrinsic solubility analysis

PKa determination

Distribution coefficients

Dissolution testing

Stability testing

Formulations of toxicity

Solution stability

Solid phase stability

Chemical characteristics

Hydrolysis

Oxidation

2734 www.ijprdjornal.com



A Review on Preformulation Studies Mahesh Dandage et al.

Racemization

Reduction

The process of photolysis

Using polymers

Properties of Organoleptic

Ascertained in methods that are visible or useful, and it must differ from batch to batch for future
production, it's essential to retain early batch records and establish specifications. If the body
colour is considered unsuitable, it may be changed to a different one.

Coatings, flavours, and other substances have the ability to inhibit the use of less soluble chemical
versions of medications that are not visually appealing.

Taste and odour

Drug ingredients that irritate the skin should be handled carefully. The bioavailability and stability
of the product will be affected by the flavours, colours, and excipients used. They might be glossy,
off-white, cream, yellow, or tan. Possible scents include fruity, aromatic, sulphurous, pungent and
odourless.

Bulk characterization studies

Evaluating the physical and chemical characteristics of materials in bulk is known as bulk
characterisation. Before proceeding to subsequent processing or production phases, this usually
entails assessing elements including particle size, shape, density, purity, moisture content, and
chemical stability to guarantee quality and uniformity.

Crystallinity

Crystallinity refers to the structural arrangement of a solid material of the liquid and vapour phases,
these structures disappear. Inside structures (such as rhombic, hexagonal, tetragonal, and cubic)
are some possible classifications for it. Good habits bladed, prismatic, needle, tabular, etc., Crystal
habits can be changed by altering internal structures, and both internal structures and crystal habits
can be changed by altering the chemical form such as salt production. Distinct solvents can
crystallize into distinct polymorphs, and after melting, they can solidify into diverse forms.
"Hydrates" refers to the state in which water is the incorporated solvent. "Anhydrous" refers to a
chemical whose crystal structure does not include any water. In three dimensions, the arrangement
of atoms in crystalline materials is uniform and recurring. For instance, atoms, minerals, and
metals molecules arranged erratically in amorphous substances without following a regular atomic
configuration.

The transformation of monotropic polymorphs is irreversible and one-way. The characteristics of
stable polymorphs include a high melting point, weak solubility, and poor free energy [*!
Applications of Crystallinity in medicine

Crystallinity plays a crucial role in medicine, particularly in drug formulation, delivery systems,
and medical devices. Here are some important applications:

Pharmaceuticals

Drugs are often synthesized in crystalline form to enhance their stability, bioavailability, and shelf
life. The crystalline structure of a drug influences its dissolution rate in the body, which in turn
affects its absorption and effectiveness. For instance, crystalline paracetamol can dissolve more
efficiently and be absorbed faster than its amorphous counterpart.

Polymorphism

Certain drugs exhibit polymorphism, meaning they can crystallize into multiple forms with
different characteristics. This property is vital in drug development since each polymorph can
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differ in solubility, stability, and bioavailability. Pharmaceutical companies take advantage of
polymorphism to improve a drug’s therapeutic performance.

Drug Delivery Systems

Crystalline substances are utilized in controlled-release drug delivery systems. Modifying the
degree of crystallinity allows for regulation of the drug's release rate. For example, crystalline
formulations can be engineered to dissolve slowly, providing extended therapeutic effects.
Medical Devices and Implants

Crystalline materials, like bioceramics, are utilized in medical implants, such as joint or dental
replacements. Hydroxyapatite, a crystalline form of calcium phosphate, is commonly used to
encourage bone growth and ensure integration with natural bone tissue.

Diagnostic Tools

Crystallization techniques, like X-ray crystallography, are used to determine the 3D structures of
biomolecules. This information is crucial for drug discovery and development, particularly in
designing targeted therapies for diseases such as cancer.

In summary, Crystallinity is vital in optimizing drug properties, developing effective medical
devices, and advancing medical research.

Hygroscopicity

"Hygroscopicity" refers to a material's ability to absorb moisture from the environment.

Because extremely hygroscopic compounds may absorb water and alter their physical
characteristics, chemical stability, or efficacy, this trait is crucial for assessing the stability and
shelf life of materials. In the food, chemical, and pharmaceutical industries, it is frequently
assessed to guarantee appropriate handling and storage conditions.

Fine particle characterization

Fine particle characterization focuses on analyzing particles, usually smaller than 100
micrometers, to assess their physical and chemical characteristics. Important factors include
particle size distribution, shape, surface area, porosity, and density. Methods like laser diffraction,
microscopy, and sedimentation are employed to measure these traits. This analysis is essential in
industries such as pharmaceuticals, cosmetics, and materials science, as it affects product
solubility, bioavailability, texture, and stability. Accurate characterization ensures product
consistency, quality, and performance, aiding in the optimization of formulations and
manufacturing procedures.

Bulk density

Bulk density Describes the density of a material, considering both the solid particles and the
empty spaces within its volume.

It holds significant importance in industries like pharmaceuticals, agriculture, and materials
science, as it influences flow ability, compaction, and stability.

Bulk density is typically measured by determining the weight of a sample of known volume or
by using standardized equipment like a powder testing apparatus. It helps in designing
formulations and optimizing processing conditions.

Powder flow Properties

How well a tablet works is dependent on the flow properties of the powder. The flow ability
characteristic of the drug material should therefore be investigated during the preformulation
evaluation, especially if a large dosage of the medication is anticipated. Both cohesive and free-
flowing powders are possible. Adsorbed moisture, particle size, density and electrostatic charges
all affect flow properties. Its attributes include thixotropy, rheology.
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The angle of repose

The Hausners Ratio
The index of Carr!’!
Angle of repose

Tan 6 = h/r If the particle surface is more uneven and rough, there will be a greater angle of repose.

Mahesh Dandage et al.

The better the flow qualities lower the value.

The approval requirements for angle of repose are as follows

Angle of Repose Types of Flow
<20 Excellent Flow
20-30 Good Flow
30-34 Passable
>40 Poor Flow

2. Hausners Ratio

Table 1 :Angle of Repose

Hausners Ratio Types Of Flow

1.00-1.11 Excellent

1.12-1.18 Good

1.19-1.25 Fair

1.26-1.34 Passable

1.35-1.45 Poor

1.46-1.59 Very Poor

Table 2: Hausners Ratio

The index of Carr

Bulk and tapped densities can be reduced to achieve good flow characteristics.

The requirements for approving Carr's index are as follows:

% of Compressibility Relative Flowability
5-15 Excellent
12-15 Good
18-21 Fair to Passable
23-35 Poor

33-38 Very Poor
>40 Extremly Poor

Compression properties

It is possible to determine the elasticity, plasticity, punch filming tendency, and fragment ability
of small amounts of a novel drug candidate. This characteristic aids in the appropriate choice of

formulation ingredients.
Physical Description

Dimensions form, and appearance can be used to make an observation and to make an instrumental

or visual determination.
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Solubility analysis

For a material to dissolve, the solute's molecules must be attracted to the solvent more than the
solvent's molecules are attracted to each other.

For instance, the solubility of a medicine taken orally should be investigated in media that
simulates the stomach. A novel drug's solubility analysis is necessary since it can influence the
drug's performance and serve as a foundation for subsequent formulation work.

Drugs with a water solubility of less than 1% will have trouble being absorbed by the body. The
degree of solute and solvent subdivision, temperature, pressure, physical agitation of the solution
during the dissolving process, and other factors can all impact a drug's solubility. Solubility
analysis employs the following methods: membrane permeability, partition coefficient, pKa
determination, solubility determination, and common ion effect. Methods to improve the chemical
conversion of a medication into an ester or salt form by the use of cosolvents, alternative

solubilizing agents, solid dispersion, micronization, and pH adjustment of the solvent is known as
drug solubility™®!

Determining intrinsic solubility

Step 1: It is important to define every element that influences the solubility and dissolution.

Step 2: The medicine is dispensed excessively in the medium and stirred at a steady temperature.

Step 3: Take Slurry Samples and graph them over time.

Step 4: Use centrifugation or filtering to IV clarify ampoules.

pKa determination

The pH-partition theory is based on the relationships between lipid solubility, the pH at the
absorption site, the dissociation constant, and the absorption properties of different drugs.
Potentiometric titration is commonly used to determine a drug's dissociation constant Most
modern drugs are weak organic acids or bases, and their specific ionization or dissociation
properties significantly affect their ability to pass through membrane barriers. Understanding these
properties is essential because the degree of ionization of a drug depends on its pKa and the pH of
the fluid at the biological membrane site. The pKa is calculated using the Henderson-Hasselbalch
equation.

Parenteral products should have a pH of 7.4. pH levels below 3 can cause discomfort and phlebitis
in tissue, whereas pH levels exceeding 9 can cause necrosis in tissue. Injection bufters are used to
keep parenteral medications like citrates and phosphates at a consistent pH. [*]

Significances

The Henderson equations can predict salt solubility and simplify the selection of suitable
compounds for salt formation.

Calculating a medication molecule's ratio of it’s ionized to unionized form. This helps to forecast
which form would be more prevalent at various physiological pH values.

The medication is absorbed mostly in its unionized form. As a result, acidic medications will be
absorbed in the stomach's acidic medium and vice versa.

Distribution coefficient

The partition coefficient is a ratio that describes how a substance distributes itself between two
immiscible solvents, usually water and an organic solvent like octanol. It reflects the compound's
hydrophilicity water-loving or lipophilicity fat-loving

A high partition coefficient means the compound is more lipophilic, favoring the organic phase,
while a low value indicates higher hydrophilicity. The partition coefficient is critical in drug design
and environmental science, as it affects a molecule's absorption, distribution, and ability to cross
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cell membranes, as well as its environmental behavior. LogP, the logarithmic form, is often used
to quantify this property.

Finding the distribution coefficient

The partition coefficient is calculated by measuring the concentration of a substance in each of the
two immiscible solvents. in two immiscible solvents, typically water and an organic solvent like
octanol. The most common method involves:

Liquid -Liquid extraction Method:

In this traditional method, the compound is introduced into a mixture of water and octanol, shaken
to achieve equilibrium, and then left to separate. Afterward, the concentration of the substance in
each phase is measured.

Chromatography technique:

Can estimate partition coefficients based on retention time, which correlates with a compound’s
affinity for the stationary organic-like vs. mobile aqueous phases.

Computational Prediction:

Log values are often predicted using software that estimates the partition coefficient based on
molecular structure, especially useful in early drug design.

Used to determine the solubility of mixtures and aqueous solvents

A homologous drug series is used to study the relationship between structure and activity in drug
absorption in vivo.

Extraction of antibiotics obtained from fermentation broths and those produced from bacterial
culture

Removing drugs from biological fluids to monitor therapeutic drug intake.

Dissolution studies

Dissolution studies in drug development involve testing how quickly and completely an active
drug dissolves in a specific solvent, often one that mimics bodily fluids, under controlled settings.
These tests are crucial for predicting the drug's behaviour in the body, as the dissolution rate
significantly affects absorption and therapeutic impact.

In these studies, a drug tablet or capsule is placed in a dissolution medium, and the amount of
dissolved drug is tracked over time. This reveals the dissolution rate, indicating how fast the drug
becomes available for absorption.

Dissolution testing is especially valuable for quality control, ensuring bioequivalence, and
comparing brand-name drugs with their generic counterparts to maintain consistent drug
performance. 1%

Significances

Dissolution tests can detect any bioavailability issues by taking into account the intrinsic solubility
data. For instance, the bioavailability and drug delivery may be impacted by the dissolution of
solvates and polymorphs.

The dissolution rate helps predict potential absorption issues. Dissolution of particles is
accomplished by adding a measured amount of powdered sample to a continuously stirred
dissolving medium.

This method is commonly used to examine the effects of excipients, surface area, and particle size
on the active pharmaceutical ingredient.

The drug's surface characteristics occasionally cause an inverse association between particle size
and dissolution to be observed.
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Common ion effect: The somewhat soluble electrolyte becomes less soluble when a common ion
is added.

The hydration of the common ion causes the solvent molecules to be removed from the
electrolyte's surface, causing salting out, or drug precipitation. By adding larger anions
(hydrotropes), like benzoates and salicylates, which open up the water molecule, salting in drugs
that are poorly soluble in water can improve their solubility.

It helps in selecting the right kind of salt to dissolve properly and hence improved absorption.
Temperature, pH impact, and additional elements including ionic strength, cosolvent, O2 presence
or absence, antioxidant content, and chelating agent presence all influence how quickly materials
degrade. A stable solution preparation is the primary goal of this procedure, which involves
determining the appropriate storage conditions and additions.

Analysis of stability

Formulations used in toxicity

The purpose of these tests is to assess the consistency and stability of toxicological formulations.
Animals typically receive their doses via food, oral solutions, or drug suspensions in water.
Various factors, including enzymes, water, vitamins, minerals, metal ions, and feed moisture
content, can significantly shorten the medication's shelf life and stability. To optimize production,
toxicological formulations meant for suspensions and solutions should be tested and stored at
different temperatures in flame-sealed ampoules. The drug’s solubility is evaluated through pH
degradation, and regular agitation of the suspension helps evaluate its chemical stability. 1]
Solution stability

Solution stability refers to a solution's capacity to retain its chemical, physical, and
microbiological characteristics over time when stored under defined conditions.

Stability testing evaluates various factors that can affect a solution’s shelf life and effectiveness,
such as temperature, light exposure, pH levels, and the presence of moisture, metal ions, or other
reactive substances. Key aspects of stability testing include assessing changes in colour, clarity,
precipitation, pH, and chemical composition over time. Stability information is essential for
ensuring the safe and effective use of solutions, particularly in pharmaceuticals and toxicology,
where stability impacts both efficacy and safety. !>13]

Solid phase stability:

Solid-state stability refers to the stability of a solid substance such as a powder or tablet) over
time, including its ability to retain its physical and chemical properties under certain storage
conditions. In pharmaceuticals and toxicology, solid-state stability is critical for ensuring a drug's
effectiveness, safety. 14!

The goal of a stability study is to verify the quality, safety, and effectiveness of the active
ingredient in drugs and their dosage forms; collect information on the product's packaging,
ascertain the product's shelf life or expiration date and validate label claims, and assess the
product's condition following prolonged storage. %)

Chemical properties

Hydrolysis

Nucleophiles target labile groups like lactam ester amide imide. A solvent other than water
attacking a material is referred to as solubility" Given that the two interacting species are Active
pharmaceutical ingredients and water, it typically follows second-order kinetics. Since aqueous
solution contains a large amount of water, the reaction follows first-order kinetics. Factors that
accelerate the decomposition include heat, light, ionic dissociation, solution polarity, divalent
ions, hydroxide ions, hydroxyl ions, and high concentrations of the drug. !¢
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Oxidation

It is the most common method via which medications break down, whether they are liquid or
solid. Oxidation is caused by two processes. First auto-oxidation

Oxidation is a chemical process where a substance loses electrons, often through reactions with
oxygen, free radicals, or other electron acceptors. This reaction can greatly affect the stability and
quality of pharmaceuticals, foods, and other materials by causing degradation, loss of
effectiveness, off-flavours, discoloration, and potentially harmful by-products. Factors such as
heat, light, metal ions, and moisture can accelerate oxidation. To prevent it, antioxidants are
frequently added, and products are kept in controlled conditions with protective packaging to meet
exposure to oxygen, light, and other factors that may speed up oxidation.

Racemization

Interconversion from one isomer to another may result in distinct pharmacological and
toxicological consequences, as well as a range of pharmacokinetic features. For example, only
half as much activity is present in the racemic combination as in epinephrine.

Reduction

Reduction is a chemical reaction where a substance gains electrons, often occurring alongside
oxidation in redox reactions. This process can alter the chemical structure and properties of a
compound. In pharmaceuticals, reduction can impact drug stability, effectiveness, or create
impurities. Control measures help manage reduction effects during storage and processing
Process of Photolysis

Photodecomposition happens when a drug's molecular structure aligns with the spectrum of
artificial or natural light, causing electrons to absorb energy and become excited. The drug then
breaks down, releasing the absorbed energy and returning to its stable form. In photosensitization,
molecules or intermediates absorb energy without directly reacting, instead transferring the
energy to other molecules, creating radicals that damage cells. Photosensitizers function by
converting oxygen from its lowest energy state to a higher one, resulting in the formation of
superoxide, a potent oxidizing radical.

Using Polymer

This is large, complex molecules made up of repeating subunits, known as monomers. They are
widely used in various industries, including pharmaceuticals, food, and materials science, due to
their versatility. Polymers can enhance drug delivery systems, improve packaging, and provide
structural in products, offering unique properties like flexibility and durability [!7]

Methods of Characterization of Solid

Microscopic analysis

Thermal scanning Calorimetry

Infrared Spectroscopy

X Rey Powder Diffraction

Scanning Electron Microscopy

Thermo gravimetric Analysis

Microscopic Analysis

Almost all transparent materials are either isotropic or anisotropic when viewed under a
microscope with crossed polarizing filters. Amorphous and organic non-crystalline solids are
isotropic, with a single refractive index, and appear black under a polarized filter since no light
passes through them. Anisotropic materials, with multiple refractive indices, stand out against the
black polarized background. The interactions of colour are influenced by the thickness and
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refractive indices of the crystals. Anisotropy can be uniaxial or biaxial, and the full crystal
structure can only be understood with crystallographic axes. [!®]

Thermal Scanning Calorimetry

It is a method of thermal analysis that measures the heat flow absorbed or released by a sample
during the processes of heating or cooling. It provides information on phase changes like melting,
crystallization, and glass transitions. Differential scanning calorimetry is crucial for analyzing
material stability, composition, and purity, and is widely used in pharmaceuticals, polymers, and
other materials. In drug development, it helps assess formulation stability and detect different
polymorphic forms!*"]

Infrared Spectroscopy

Infrared (IR) spectroscopy is an analytical method used to examine and identify chemical
substances by measuring their absorption of infrared light. When infrared radiation interacts with
a sample, its molecular bonds absorb specific wavelengths that correspond to the vibrations of the
bonds. These vibrations can involve stretching (changes in bond length) and bending (changes in
bond angles).

Each molecule has a characteristic set of vibrational frequencies influenced by factors like atom
types, bond strength, and molecular symmetry. By analyzing the resulting absorption spectrum,
which shows peaks corresponding to these frequencies, IR spectroscopy reveals information
about the molecule's functional groups (such as -OH, -NH2, or C=0) and can help determine its
structure.?"!

This technique is commonly used in fields like chemistry, biochemistry, and environmental
science for tasks such as identifying unknown compounds, assessing purity, and monitoring
chemical processes. IR spectroscopy works with solids, liquids, and gases and the spectra are
often shown as a graph of absorbance or transmittance versus wavelength or frequency (in cm™).
The absorption patterns act as a molecular "fingerprint," which can be matched to reference data
for identification.?!]

X-Ray Powder Diffraction

X-ray Powder Diffraction (XRD) is an analytical technique used to investigate and determine the
crystalline structure of materials, especially solids. The process involves exposing a powdered
sample to X-rays, which then diffract, or scatter, in specific directions. The resulting diffraction
patterns provide valuable information about the arrangement of atoms in the material and its other
structural characteristics.

When X-rays interact with a crystalline sample, they are scattered by the regularly spaced planes
of atoms within the crystal. According to Bragg’s Law, diffraction occurs at certain angles (0)
when the X-ray wavelength corresponds to the distance between the planes of atoms. The
diffraction pattern generated consists of distinct peaks, which are unique to each material. These
patterns can be used to analyze the material’s crystal structure, phase composition, and crystallite
size. %!

To obtain comprehensive data, the powdered sample is rotated during the analysis, ensuring that
X-rays interact with various crystallographic planes. The resulting data is plotted as intensity
versus the diffraction angle (20). By comparing this pattern with known reference data, the
material can be identified, even in mixtures.

XRD is commonly used in fields like materials science, chemistry, geology, and solid-state
physics to identify unknown substances, determine phase composition, assess material purity, and
study crystal symmetry. It plays a crucial role in quality control and the development of new
materials such as pharmaceuticals, ceramics, and metals. XRD provides essential insights into the
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internal structure of materials, which directly affects their physical properties and performance in
different applications. %!

Scanning Electron Microscopy

Scanning Electron Microscopy (SEM) is a sophisticated imaging technique used to examine the
surface features, structure, and composition of materials at high magnification. Unlike traditional
light microscopy, which uses visible light, SEM utilizes a focused electron beam to scan the
sample's surface. The electrons interact with the sample, generating various signals that are then
used to create detailed images.

In SEM, an electron beam is directed at the surface of a sample, causing interactions that produce
secondary electrons, backscattered electrons, and X-rays. The secondary electrons are primarily
used for imaging, as they provide detailed information about the surface topography. These
electrons are captured by a detector and converted into an image with exceptional resolution,
often in the range of a few nanometres to several micrometres, depending on the settings. [>4
One of SEM's main advantages is its ability to generate high-resolution, three-dimensional images
of a sample’s surface. It can be used to analyze a variety of materials, including metals, polymers,
ceramics, and biological specimens. This versatility makes SEM a valuable tool in fields like
materials science, nanotechnology, biology, and forensic science.

Additionally, SEM can be coupled with Energy-Dispersive X-ray Spectroscopy (EDX or EDS) to
conduct elemental analysis. This allows researchers to determine the chemical makeup of a
sample by analyzing the X-ray spectra produced from electron interactions.

SEM is widely employed in research, industry, and quality control for tasks such as surface
examination, failure analysis, and material development. Its combination of high-resolution
imaging and chemical analysis makes it an indispensable tool in many scientific and industrial
applications. [*!

Thermo gravimetric Analysis

Thermo gravimetric Analysis (TGA) is an analytical method used to track changes in the weight
of a material as it is heated or cooled under controlled conditions. This technique provides crucial
insights into the thermal stability, composition, and degradation behaviours of a sample. TGA is
widely used in fields such as materials science, chemistry, and environmental research to analyze
the properties of solids, powders, and liquids.

In a TGA experiment, a small sample is placed in a highly sensitive balance inside a furnace. The
sample is heated (or cooled) at a set rate, and its weight is continuously measured. As the
temperature rises or falls, the sample may undergo physical or chemical changes such as
evaporation, decomposition, or oxidation, which cause it to lose or gain mass. The resulting data
is typically displayed as a curve showing mass loss (or gain) in relation to temperature or time.
[26]

TGA is commonly used to evaluate the thermal stability of materials. By identifying the
temperature at which significant mass loss occurs, it helps researchers determine the temperature
range at which a material may degrade or break down. The technique can also be used to analyze
the composition of complex materials, like polymers or composites, by examining different stages
of mass loss corresponding to solvent evaporation, component degradation, or combustion of
organic matter.

TGA is widely applied in quality control, material development, and environmental studies. It
helps assess material purity, identify decomposition products, measure moisture content, and
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evaluate a material's performance at high temperatures or in reactive environments. The technique
is particularly useful for understanding the behaviour of materials under thermal stress.?]
Applications of Preformulation Studies

Choosing Dosage Forms to Aid in Drug Development

helps determine the best drug delivery method, such as tablet, pill, or injectable, according on the
characteristics of the drug. Knowing the API helps to guarantee efficacy and safety by providing
information on the active pharmaceutical ingredient, such as its solubility, stability, and
compatibility.[?*!

Assessing Drug-Excipient Compatibility Interactions

identifies possible interactions between the formulation's constituents and the API to guarantee
stability and effectiveness. Suitable Packaging: evaluates how the product interacts with the
packaging to preserve quality while being stored.

Increasing Bioavailability and Solubility

directs methods to enhance solubility, dissolution, and absorption, such as salt production, particle
size optimization, or the application of solubilizes.*"!

Polymorphism Analysis

By identifying a compound's several crystalline forms, one can forecast how they will affect its
solubility, stability, and bioavailability, ensuring reliable medication results.

Moisture Sensitivity

Researchers can learn how moisture affects chemical stability, flow characteristics, and
compressibility all of which are essential for stable formulations by assessing the hygroscopicity
of compounds.!

CONCLUSION

After completing the preformulation evaluation of new drug candidates, a detailed report is
prepared, addressing the pharmacological concerns of both liquid and solid dosage forms to
anticipate potential formulation challenges and set rational standards. By analyzing the
compounds, preformulation studies help in creating appropriate formulations. These studies are
crucial for assessing the physicochemical properties of each drug candidate within a therapeutic
class, enabling preformulation scientists to assist synthetic chemists in identifying the optimal
molecule and providing biologists with suitable vehicles for pharmacological -effects.
Preformulation plays a vital role in selecting drug candidates, choosing formulation components,
determining retesting intervals for active pharmaceutical ingredients (APIs), selecting synthetic
routes, implementing toxicological strategies, optimizing production processes, and determining
the most suitable container closure systems. These studies form the scientific foundation for
regulatory guidelines, ensuring public safety, enhancing pharmaceutical quality, and maintaining
standards throughout the drug development and approval process.
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