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Abstract: Drug delivery as a field has progressed from delivering drugs in a traditional manner to
utilizing highly engineered, customized and targeted systems. This review attempts to gather key
developments in diverse new drug delivery platforms with a focus on liposomal drug carriers,
nanoparticles, proniosomes and newer oral dosage forms. The evolution of targeted drug delivery is
first described along with the rationale for delivering drugs in a targeted manner to treat a desired
location while minimizing systematic drug availability. The review discusses liposomes in detail,
including their types, preparative techniques, and clinical applications as well as nanoparticles, and
lipid based nanocarriers on the basis of their structural diversity and ability to improve bioavailability
for use in pharmaceutics and cosmetics. Proniosomes, microencapsulation and nanocapsules are
explored for their capabilities in sustained and controlled drug release. In addition, this review
introduces and discusses fundamental issues surrounding oral drug delivery of proteins and
peptides, particularly efficient strategies for overcoming gastrointestinal degradation and enhancing
permeability. The review draws attention to recent advances in fast-dissolving films, mouth-
dissolving tablets, effervescent tablets, and chewable tablets that support formulation advances for
patient compliance and convenience. Overall, the review combines basic research with emerging
technologies to provide an all-encompassing platform for how emerging drug delivery technologies
will establish a new benchmark for drug delivery and enhance the overall patient outcome.
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1. Introduction to Targeted and Advanced Drug Delivery Systems

The evolution of drug delivery systems has changed from conventional dosage forms to more
accurate and effective methods of drug delivery to increase therapeutic effectiveness while reducing
side effects. Targeted drug delivery is an example of these efforts because targeted drug delivery
concentrates its efforts on delivering therapeutic agents only to the site of action, with the goals of
improving efficacy and reducing systemic exposure. The purpose of targeting drug delivery is to
achieve the highest concentration of drug in the desired target area while interacting with the healthy
tissues in a minimum way to optimize pharmacokinetics and pharmacodynamics [1].

The groundwork for drug delivery was laid by Bangham et al. regarding the ability of
phospholipid bilayers, which led to the idea of vesicular systems (liposomes). This finding was
important because it provided a structural basis for developing carrier-mediated delivery systems
[2]. From this, controlled drug delivery took shape as a multidisciplinary effort to keep drugs within
a therapeutic window for a prolonged period. Controlled drug delivery was an effort that combined
elements of pharmacology, materials science, and biomedical engineering to maintain site-specific
action and to provide controlled elution of therapeutic agents [3].
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2. Liposomal Drug Delivery Systems

Liposomal drug delivery systems are tiny (nanoscale), spherical vesicles containing
phospholipid bilayers able to encapsulate both hydrophobic and hydrophilic drugs. They may be
broadly classified based on their structural features: unilamellar vs multilamellar; and their
preparation methods can greatly affect their size and drug loading. Drug release from liposomes can
happen via diffusion, erosion, or pH sensitive activation depend upon the vesicle composition and
design [4]. Liposomal drug delivery systems are known to be advantageous because of their
biocompatibility, their ability to solubilize poorly water-soluble drugs, and the decreased systemic
toxicity they can cause [5].

Developments in liposome preparation aim to improve on encapsulation efficiency, stability and
scalability. Certain innovations led to techniques such as using ethanol injection, reverse-phase
evaporation and microfluidic mixing that allow researchers to formulate liposomes with more
precision and reproducibility than previously known lipid preparation methods [6]. New
formulations of liposomes like proniosomes, dry formulations that turn into liposomes after
hydration, offer use in a wider scope of lipid products and offer greater storage stability and
transportation ease [7].

When liposomal formulations are utilized, in terms of clinical translation, we see evidence it is
most evident in relation the treatment of oncology and infectious disease. Approved products like
Doxil have demonstrated the ability for liposomal formulations to enhance therapeutic indices to
drugs through prolonged circulation, and reduced off target effects by minimizing systemic reactions
[8]. Continued refinement in liposomal design, including ligand-targeted and stimuli-responsive
systems, has further expanded their role in personalized medicine and site-specific therapy [9].

3. Nanoparticles and Lipid-Based Nanocarriers

Nanoparticles are rapid and flexible delivery vehicles for drug delivery because of their
submicron size and tunable surface properties. They may improve the bioavailability, allow for
prolonged or sustained delivery, specific targeting or site-specific delivery, among a variety of other
potential advantages. All types of nanoparticles including, metallic, polymeric, and lipid-based
nanoparticles could allow to overcome biological barriers and support improved therapeutic indices
[10]. With high surface area to volume ratios, and tunability, nanoparticles are well suited for both
systemic and localized delivery platforms [11].

The lipid-based carriers, solid lipid nanoparticles (SLNs), and nanostructured lipid carriers
(NLCs), are the most widely used. SLNs consist of solid lipids which stabilize labile drugs and protect
against degradation, while NLCs are produced using solid lipids in combination with liquid lipids
to allow for greater drug loading and controlled released. Various studies have demonstrated their
efficacy when applied as a dermal or as a systemic formulations [12]. Besides lipid-based carriers,
polymer-based systems, including microcapsules and nanocapsules, have been tested as a way to
provide controlled, sustained delivery as a suitable platform to entrap the more sensitive drug
molecules and protect against degradation [13].

These nanosystems can be applied to the cosmetic and pharmaceutical fields. For example,
nanoparticle systems for nasal and pulmonary formulations may be viable alternatives for targeting
respiratory diseases based on non-invasive routes of administration with fast systemic absorption—
for drugs with poor oral bioavailability [14].
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Figure 2. Lipid & Polymer-Based Nanocarriers in Drug Delivery.

4. Proniosomes and Microencapsulation in Drug Delivery

Proniosomes are solid, free-flowing formulations that convert into niosomes upon hydration
and are built from non-ionic surfactants and cholesterol. Advantages of proniosomes that generally
lead to improved therapeutic efficacy include a more stable structure, ease of storage, storage period,
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and better control over vesicle size and entrapment efficiency, either orally and/or topically [15].
Proniosomes provide better protection and permeation of the drug molecule, thus contributing to
improved therapeutic efficacy.

Multiparticulate drug delivery systems, which include low density microspheres specifically
designed for pulsatile drug release, have been developed to respond to biological rthythms or distinct
physiological triggers. Multiparticular drug delivery systems allow for the timed or site-specific
release of their payload; this may be especially useful in treating an illness with circadian variation
or minimizing side effects [16].

Microencapsulation refers to enwrapping active agents within microscopic carriers from
polymers. Microencapsulation may be used to achieve controlled and sustained drug release, which
helps to stabilize the drug and may contribute to decreasing dosing frequency. Microencapsulation
is a basic method used for prolonging the therapeutic profile of hydrophilic and hydrophobic drugs
[17].

Table 1. Proniosomes and Microencapsulation in Drug Delivery.

Subsection Description
Dry, free-flowing formulations that convert to niosomes upon hydration.
Proniosomes Composed of non-ionic surfactants and cholesterol, they enhance stability,
storage, vesicle control, and drug entrapment [15].
Therapeutic Their vesicular structure improves drug permeation and offers protection,
Advantages of  |supporting enhanced therapeutic outcomes in both oral and topical delivery
Proniosomes applications [15].
Multiparticulate Include low-density microspheres designed for pulsatile release. They
Systems respond to biological triggers or circadian rhythms, ensuring timed or site-
specific drug administration [16].
Microencapsulation Involves enclosing drugs in microscopic polymer-based carriers. Offers
Technology controlled, sustained release, improves drug stability, and decreases dosing
frequency [17].
Applications of Suitable for both hydrophilic and hydrophobic drugs, this method extends
Microencapsulation the therapeutic profile and supports long-term and patient-compliant drug

delivery strategies [17].

5. Challenges and Strategies in Oral Delivery of Proteins and Peptides

The oral administration of proteins and peptides can present difficulty because of enzymatic
degradation and low permeability across the gastrointestinal (GI) epithelium. Since macromolecules
are broken down by proteolytic enzymes under acidic pH conditions, they can be eliminated quickly
before achieving access to systemic circulation. In addressing these factors, solutions involving
enzyme inhibitors, permeation enhancers, carrier systems (e.g., lipid based delivery systems,
nanoparticles, liposomes) and enteric coated preparations have been developed to increase
absorption while also protecting the bioactivity of proteins and peptides [18].
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6. Fast Dissolving and Patient-Centric Oral Dosage Forms

Fast-dissolving dosage forms are purposefully designed with rapid disintegration or dissolution
in the oral cavity, which can enhance compliance among patients, especially pediatric, geriatric, and
dysphagic populations. Oral dissolving films, such as those formulated for propranolol
hydrochloride, are an examples of a product that has quick onset, and allows drug administration
without using water [19]. Tablets formulated with superdisintegrants will rapidly break the dosage
form apart and release the drug in the oral cavity, improving bioavailability, and, potentially, patient
adherence [20,21]. Effervescent and chewable tablets can make patient-focused design a reality by
offering patients a palatable dosage form that is easy and convenient to swallow. Effervescent
systems, with e.g., paracetamol, will solubilize the drug and mask unpleasant tastes [22]. Chewable
tablets have a dosage form that may be chewed or broken mechanically, which is also amenable to
rapid disintegration and absorption [23]. New effervescent tablet studies began to demonstrate
formulation techniques that could control stability, effervescence and taste for the best user
experience [24]. Current formulation trends focus on fast dissociation or disintegration, taste-
masking, and facilitating ease of administration, and now are more frequently supported by the
development of new excipients and research on drug-polymer science to innovate for modern
patients [25].

Table 2. Fast Dissolving and Patient-Centric Oral Dosage Forms.

Subsection Description

Fast-Dissolving Dosage Designed to disintegrate quickly in the oral cavity, improving compliance

Forms in pediatric, geriatric, and dysphagic patients. Mouth-dissolving films

(e.g., propranolol hydrochloride) enable rapid, water-free dosing [19].
Superdisintegrant-BasedUtilize agents that promote rapid tablet disintegration and drug release in
Tablets the mouth, improving bioavailability and patient adherence [20,21].

Enhance drug solubilization and taste masking, offering improved

palatability (e.g., effervescent paracetamol formulations) [22].
Provide a mechanically breakable oral dosage that promotes rapid
Chewable Tablets disintegration and absorption, suitable for populations with swallowing
difficulties [23].

Effervescent Tablets
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Modern trends focus on taste masking, disintegration speed, and user-
friendly formats. Recent developments explore excipients and polymer
interactions to improve patient experience and compliance [24,25].

Formulation
Innovations

5. Conclusions

The changes in dosage forms used for drug delivery has fundamentally improved the efficacy
of therapeutic products by addressing physiological and pharmacokinetic challenges. In this article,
we reviewed a comprehensive suite of advanced and targeted drug delivery technology. These
included liposomal formulations, nanoparticles, proniosomes, microencapsulation and patient-
centric oral dosage forms. The original rationale for targeting drugs has been discovered over the
past few decades via ongoing scientific developments. This underlying science can support the
transport of drugs in a safe and accurate manner. Liposomes have significant advantages in drug
transport and versatility. Nanoparticle-based systems have comparable benefits however with better
control, stability and targeting.

The advances in proniosomes and microencapsulation provide clear advantages in controlling

and site being administered with respect to deliver drugs while protecting labile molecules and
enhancing bioavailability. For the outstanding barrier related to oral delivery of peptides and
proteins on stability and absorption, there are a suite of innovative strategies currently being utilized.
The advances in fast-dissolve, effervescent and chewable dosage forms can have a significant value
for improving patient adherence to medications in vulnerable populations.
In sum, the potential applications of nanotechnology integrated with both established and new
pharmaceutical routines promise to certainly revolutionize the future of therapeutic delivery. These
research developments will approach any medication purported therapeutic efficacy through an
infinite potential to improve healthcare while complementing patient-centric aspects of care while
supporting the continual connection we know exists between drug formulation sciences and clinical
efficacy.
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