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Introduction

The world of pharmaceuticals is an intricate realm where
science and innovation converge to create life-saving and life-
improving substances known as drugs. These substances, often
taken for granted, have played a pivotal role in improving
human health and longevity. In this exploration, we will delve
into the composition and properties of drugs, uncovering the
fascinating science behind these tiny, yet immensely impactful,
compounds.

Description

Drug composition

To understand the composition of drugs, one must first
recognize that drugs come in various forms, including small
molecules, biologics and natural products. Each type of drug has
a unique composition and structure that determines its
properties and therapeutic effects.

Small molecule drugs: Small molecule drugs are typically
composed of low molecular weight compounds. These drugs are
synthetic or semi-synthetic and can be administered orally,
intravenously or via other routes. Their composition involves
well-defined chemical structures, allowing for precise
manufacturing and quality control.

Biologics: Biologics, in contrast to small molecule drugs are
large, complex molecules derived from living organisms. These
drugs include monoclonal antibodies, gene therapies and
vaccines. The composition of biologics is primarily proteins,
nucleic acids or carbohydrates. The unique structure of biologics
necessitates a different approach to manufacturing and
formulation.

Drug properties

The properties of a drug are crucial in determining its
effectiveness, safety and route of administration. These
properties encompass a range of characteristics, from physical
and  chemical attributes to  pharmacokinetics and
pharmacodynamics.

Physico-chemical properties: Physico-chemical properties are
fundamental to understanding how a drug behaves in the body.
These properties include solubility, stability and the ability to
cross biological barriers.

Pharmacokinetic properties: Pharmacokinetics deals with
how drugs are absorbed, distributed, metabolized and excreted
in the body. These properties play a crucial role in determining
the dosing regimen and therapeutic outcomes of a drug.

Pharmacodynamic properties: Pharmacodynamics is the
study of a drug's effects on the body and the relationship
between drug concentration and therapeutic response. These
properties help determine the optimal dose and dosing schedule
for a drug.

Pharmacokinetic interactions and pharmacodynamic
interactions

Pharmacokinetic interactions involve changes in the
absorption, distribution, metabolism or excretion of a drug due
to the presence of another drug. These interactions can lead to
altered drug concentrations in the body, potentially resulting in
therapeutic failure or toxicity. Pharmacodynamic interactions
occur when two drugs with different mechanisms of action
produce additive, synergistic or antagonistic effects when taken
together. These interactions can enhance or diminish
therapeutic outcomes.

Drug-drug interaction examples

To illustrate the impact of drug-drug interactions, let's
consider a few examples:

Warfarin and antibiotics: Warfarin is an anticoagulant used to
prevent blood clot formation. Some antibiotics, such as
ciprofloxacin and erythromycin, can inhibit the metabolism of
warfarin, leading to elevated blood levels of the anticoagulant.
This increases the risk of bleeding complications and requires
close monitoring of the patient's International Normalized Ratio
(INR) to adjust warfarin dosages.

Grapefruit juice and statins: Grapefruit juice contains
compounds that inhibit the activity of the enzyme responsible
for metabolizing certain statin drugs, such as atorvastatin and
simvastatin. When consumed with grapefruit juice, the blood
levels of these statins can significantly increase, potentially
leading to an increased risk of statin-related side effects,
including muscle pain and liver toxicity.

Combining sedatives: Taking multiple sedative drugs, such as
benzodiazepines and opioids, can result in respiratory
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depression and increased sedation. This combination is
particularly dangerous and can lead to overdose or even death.

Proton pump inhibitors and clopidogrel: Proton Pump
Inhibitors (PPls) like omeprazole are often used to reduce
stomach acid. When used in combination with the antiplatelet
drug clopidogrel, PPls can reduce the effectiveness of
clopidogrel in preventing blood clots. This interaction may
increase the risk of cardiovascular events in patients with a
history of heart disease.

Dosage forms

Formulations can take various dosage forms, including tablets,
capsules, liquids, creams and injectables. The choice of dosage
form depends on the drug's properties, the intended route
of administration and patient preferences.

Excipients: Excipients are inactive substances added to a drug
formulation to improve its physical and chemical properties.
Common excipients include fillers, binders, lubricants,
preservatives and flavoring agents. Excipients can impact drug
stability, solubility and palatability.

Controlled release formulations: Controlled release
formulations are designed to release the drug gradually over an
extended period. These formulations are used to maintain
consistent drug levels in the body, reduce dosing frequency and
minimize side effects.
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Enteric coating: Enteric coating is a specialized formulation
technique used to protect a drug from stomach acid. This
coating allows the drug to pass through the stomach unharmed
and be absorbed in the intestines. It is commonly used for drugs
that are sensitive to gastric acid or cause stomach irritation.

Conclusion

The journey from drug discovery to market approval is a long
and rigorous process. Clinical trials play a vital role in evaluating
a drug's safety and efficacy. Understanding the drug
development process is essential to appreciate the science
behind medications. The drug discovery process begins with the
identification of a potential drug target, which is a molecule or
biological pathway involved in a specific disease. Researchers
then search for compounds, often through high-throughput
screening, that can interact with the target to produce a
therapeutic effect. In preclinical development, candidate
compounds undergo extensive laboratory testing and animal
studies to assess their safety and efficacy. These studies help
researchers understand a drug's potential benefits and risks
before advancing to human trials.
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