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Opinion

INTRODUCTION
Drug formulation and delivery systems lie at the core of 
transforming a pharmacologically active compound into 
an effective and patient-friendly therapeutic product [1]. 
Formulation science integrates chemistry, pharmacology, 
materials science, and engineering to create dosage forms 
that maintain drug stability, control release profiles, and 
ensure targeted delivery [2]. The delivery system determines 
not only how efficiently a drug reaches its site of action, 
but also how it is absorbed, distributed, and metabolized 
[3]. In recent decades, advancements in nanotechnology, 
biomaterials, and molecular targeting have revolutionized 
how drugs are formulated and administered [4]. With 
growing emphasis on patient adherence, safety, and 
cost-effectiveness, innovation in drug delivery systems is 
becoming more important than ever [5].

DESCRIPTION
A drug formulation refers to the combination of the 
active pharmaceutical ingredient (API) with excipients—
substances that aid in stability, solubility, and bioavailability 
[6]. Excipients may include binders, disintegrants, 
preservatives, and solubilizing agents [7]. Formulations can 
be solid (tablets, capsules), liquid (solutions, suspensions), 
semisolid (ointments, gels), or gaseous (inhalers) [8]. Each 
type requires careful selection of manufacturing methods 
and excipient compatibility to ensure therapeutic efficacy 
[9].

Drug delivery systems are designed to optimize the release 
of the API at the right concentration, at the right time, and 
in the right location [10]. Conventional systems, such as 
immediate-release tablets, provide rapid onset but may 
require frequent dosing. Modified-release systems, including 

sustained-release and controlled-release formulations, 
maintain drug levels in the therapeutic window for extended 
periods [1]. Targeted delivery systems—such as liposomes, 
nanoparticles, and antibody-drug conjugates—minimize 
systemic exposure and reduce side effects by delivering 
drugs directly to diseased tissues [2].

DISCUSSION
The choice of formulation and delivery method depends 
on the drug’s physicochemical properties, therapeutic goal, 
and patient needs [3]. For instance, poorly water-soluble 
drugs may require formulation with cyclodextrins or lipid-
based systems to improve solubility and absorption [4]. In 
oral delivery, protecting the API from gastric degradation 
may involve enteric coating, which dissolves only in the 
more alkaline environment of the intestine [5].

Parenteral drug delivery—such as intravenous, 
intramuscular, or subcutaneous injection—ensures rapid 
systemic availability but demands strict sterility and stability 
measures [6]. For chronic diseases requiring sustained 
therapy, depot injections or implantable drug reservoirs can 
release medication over weeks or months [7]. Transdermal 
patches bypass first-pass metabolism and provide steady 
drug levels, enhancing patient convenience [8].

Advanced drug delivery systems have gained momentum 
due to their potential in treating complex diseases. 
Nanoparticle carriers can penetrate cellular membranes and 
deliver drugs directly to intracellular targets [9]. Liposomal 
formulations of anticancer drugs, such as doxorubicin, 
improve therapeutic indices by reducing cardiotoxicity [10]. 
Similarly, polymer-drug conjugates can extend circulation 
time and reduce immunogenicity [1].

Inhalation drug delivery has evolved significantly for 
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treating respiratory diseases and even systemic conditions. 
Dry powder inhalers and metered-dose inhalers allow 
targeted delivery to the lungs, improving local efficacy and 
minimizing systemic effects [2]. Pulmonary delivery is also 
being explored for insulin and vaccines, leveraging the lung’s 
large absorptive surface area [3].

Ocular drug delivery presents unique challenges due 
to protective barriers such as the corneal epithelium. 
Innovations include in-situ gelling systems and drug-eluting 
contact lenses for sustained ophthalmic therapy [4]. For 
brain-targeted delivery, overcoming the blood–brain barrier 
is critical. Strategies such as intranasal delivery, receptor-
mediated transport, and nanoparticle-mediated crossing 
are actively researched [5].

Oral biologics remain a significant frontier, as proteins and 
peptides are typically degraded in the gastrointestinal tract. 
New formulations using enzyme inhibitors, permeation 
enhancers, and protective encapsulation are showing 
promise [6].

Patient-centric formulation design is another important 
trend. Pediatric and geriatric populations may require liquid 
formulations, chewable tablets, or dispersible films for 
ease of administration [7]. For diseases in resource-limited 
settings, heat-stable formulations and single-dose regimens 
are prioritized to improve accessibility [8].

Regulatory aspects play a key role in formulation 
development. Guidelines from agencies like the FDA and 
EMA ensure safety, efficacy, and quality, requiring rigorous 
stability testing and bioequivalence studies [9]. Intellectual 
property considerations, such as patents on delivery 
technologies, can influence market competitiveness and 
innovation pipelines [10].

The future of drug formulation and delivery is closely linked 
with precision medicine. Personalized dosage forms, 3D-printed 
tablets, and smart delivery devices capable of sensing patient 
biomarkers and adjusting drug release in real time are under 
development [1]. Additionally, sustainable pharmaceutical 
manufacturing and biodegradable delivery systems are gaining 
attention to minimize environmental impact [2].

CONCLUSION
Drug formulation and delivery systems form the bridge 

between drug discovery and clinical benefit. By integrating 
multidisciplinary expertise, they ensure that active 
compounds reach patients in safe, effective, and convenient 
forms. As technology continues to advance, the ability 
to tailor delivery systems to individual patient needs will 
transform therapeutic outcomes across a wide range of 
diseases
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