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Newer Drug Delivery Systems
A drug’s efficacy can be impacted 
significantly by how it is delivered. By 
developing new drug delivery systems 
(DDS) it is possible to better control the 
pharmacokinetics, pharmacodynamics, 
toxicity, immunogenicity and efficacy of 
drugs. By finding the best suited delivery 
mechanism for a specific drug molecule 
it is possible to optimize the performance 
of that drug inside the body. DDS includes 
various routes and drug delivery vehicles. 

Some of the newer drug delivery systems 
are discussed below:

Nasal drug deliveryNasal drug delivery

It involves the delivery of a drug via the 
nasal cavity. Nasal spray medications are 
usually used for the treatment of local 
diseases affecting the upper respiratory 
tract (e.g. nasal congestion, allergic rhinitis). 
However, in some circumstances (where 
for example rapid onset is required) this 
delivery approach can be exploited for 
systemic delivery of small molecule drugs- 
e.g. the migraine medication Zolmitriptan.1 
The thin nasal mucosa is heavily 
vascularized; transfer to the systemic blood 
circulation is rapid, and similarly to buccal 
administration, first-pass metabolism can 
be avoided. Liquid and (less frequently) 
powder formulations can be used for nasal 
drug delivery. 

Polymer based delivery systemPolymer based delivery system

These are drug delivery devices made of 

polymers which have to be implanted 
subcutaneously or in various body cavities 
requiring surgical intervention. They are 
useful for chronic administration of drugs 
as the drug is released in a controlled 
manner.

a. Progestasert: It is the intrauterine device 
used for contraception which consists 
of drug saturated liquid medium 
encapsulated in a polymeric membrane. 
The internal device continuously 
delivers progesterone for 1 year to the 
uterine lumen and endometrium.  A 
T-shaped Progestasert which release 
65μg/day has been selected for wide 
scale clinical use.2 

b. Ocusert or Ocular insert: It is a novel 
means of controlled ocular drug 
delivery in which a thin elliptical device 
containing a drug is placed in the eye 
just like a contact lens. They are designed 
in such a way that they release the 
drug at predetermined and predictable 
rates thus eliminating the frequent 
administration of the drug.3 The systems 
generally include controlled, delayed 
and or sustained release bio erodible 
implantable elements having multiple 
layers of different materials and/or 
different concentrations of materials. 
The elements generally include an 
inner layer including a therapeutic 
agent, and one or more outer layers 
made of polymeric materials. In the 
area of topical ocular administration, 
important efforts concern the design 
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and the conception of new ophthalmic 
drug delivery systems able to prolong 
the residence time.3 E.g. Pilocarpine 
Ocusert.

c. Drug eluting stent: They are devices 
consisting of a metallic stent (tubular 
mesh-like device) coated with a drug on 
a polymer coating. The drug is gradually 
released over 4-6 weeks and prevents 
the proliferation of vascular smooth 
muscles and endothelial cells over the 
stent placed.4 E.g. Sirolimus or Paclitaxel. 

Transdermal drug deliveryTransdermal drug delivery

It is a method of delivering a drug 
systemically by applying a formulation 
onto intact skin.5 Initially the drug 
penetrates the stratum corneum and then 
progresses through the deeper epidermis 
and dermis where it is finally systemically 
absorbed via the dermal microcirculation.  
The protective layer should be removed 
before application to enable drug release. 
An adhesive layer in the system helps 
to maintain contact with the skin after 
application. This system increases the 
duration of action and provides constant 
plasma drug levels.6 E.g clonidine, nicotine, 
glyceryl trinitrate.

Similarly, there are various drug delivery 
vehicles. 

Drug Delivery VehiclesDrug Delivery Vehicles

Drug molecules that exhibit low 
bioavailability require protection from 
degradation (enzymatic and acid-
catalyzed) once inside the body.7 About 
40% of novel active pharmaceutical 
ingredients (APIs) are rejected by the 
pharmaceutical industry due to low 
bioavailability. To address this, carrier 
systems have been developed to increase 
bioavailability and defend drug molecules 

against degradation. Here, we look at three 
types of carrier- based delivery.   

NanoparticlesNanoparticles

Nanoparticles are typically 100-500 nm in 
size.8 By modifying their properties, it is 
possible to optimize their bioavailability, 
decrease clearance, and increase stability, 
making them ideal “carriers” for delivering a 
particular drug to its specific target-tissue. 
Nanoparticles have good solubility and 
consequently increased bioavailability due 
to their small size and larger surface area. 
Their appeal as drug carriers is enhanced 
by their ability to:8

• cross the blood-brain barrier (BBB)
• enter the pulmonary system 
• pass through the tight junctions of 

endothelial cells

Nanoparticles can enter the body via three 
main routes; injection, inhalation, or taken 
orally. To develop the “ideal” nanoparticle-
based delivery system you must first 
determine how the body will handle 
an exogenous particulate matter. If the 
body detects a nanoparticle as “foreign”, 
the body’s natural immune response will 
result in it being cleared from the body – 
this issue can be addressed by changing 
the surface properties of the particle. By 
incorporating polymer complexes into the 
surface, binding of plasma proteins (which 
typically increase clearance) is prevented.8

Nanoparticles have been explored as 
carriers for drugs to treat numerous 
conditions including cancer, neurological 
disorders and acquired immune deficiency 
syndrome (AIDS). 

LiposomesLiposomes

Liposomes are spherical vesicles consisting 
of one (or more) phospholipid bilayers.9 

These vesicles present themselves as an 
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attractive delivery system due to them 
possessing flexible biochemical and 
physiochemical properties allowing them 
to be easily manipulated.10 Liposomes 
have a unique ability to encase lipophilic 
and hydrophilic compounds, making 
them suitable carriers for a range of drugs. 
Other advantages include their capacity to 
self-assemble, ability to carry large drug-
loads, and their biocompatibility. Being 
composed of natural phospholipids makes 
them “pharmacologically inactive”, meaning 
they display minimal toxicity. 

Liposomes size can vary from very small 
(0.025 μm) to large (2.5 μm) vesicles. 
Moreover, liposomes may have one 
or bilayer membrane. Preparation of 
liposomes includes four basic steps:9

1. Drying down lipids from organic solvent
2. Dispersing the lipid in aqueous media
3. Purifying the resultant liposomes
4. Analyze the final product

Liposomes have been used in a broad range 
of pharmaceutical applications. Liposomes 
are showing particular promise as 
intracellular delivery systems for anti-sense 
molecules, ribosomes, proteins/peptides, 
and DNA. Liposomes with enhanced drug 
delivery to disease locations, by the ability 
of long circulation residence times, are 
now achieving clinical acceptance. Also, 
liposomes promote targeting of particular 
diseased cells within the disease site.9 

Finally, liposomal drugs exhibit reduced 
toxicities and retain enhanced efficacy 
compared with free complements. However, 
based on the pharmaceutical applications 
and available products, we can say that 
liposomes have definitely established their 
position in modern delivery systems.

MicrospheresMicrospheres

Microspheres are small (1-1000 μm) 
spherical particles,11 that are typically 
prepared from linear polymers and are 
described as “free flowing powdered 
drug delivery systems”.12 When it comes 
to their use as a drug delivery system, 
they possess numerous advantageous 
properties including being; biodegradable, 
biocompatible and easily administered. 
They can be used for both localized and 
targeted delivery of drugs. The drug is 
dispersed throughout the polymer matrix 
of the microsphere. Microspheres can be 
prepared using either natural polymers or 
synthetic. Synthetic polymers can be further 
classified depending on whether they 
are biodegradable or non-biodegradable. 
The persistence of non-biodegradable 
microspheres in the body can increase the 
risk of toxicity over longer time periods.12 
Biodegradable polymers, however, do not 
pose the same risk making them better 
suited to parenteral applications.

Polymeric microspheres have shown great 
promise for the delivery of therapeutic 
agents due to their biocompatibility, ease of 
administration and capability for long-term 
sustained release. In addition, microspheres 
are useful for delivering several types of 
compounds, including small molecule 
drugs, protein therapeutics, vaccines 
and gene therapy agents.11 In summary, 
microsphere-based controlled-release drug 
delivery systems have advanced rapidly in 
the past decade and several products are 
FDA-approved and commercially available.

Other carrier-based methods include 
resealed erythrocytes and monoclonal 
antibodies.
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Lamotrigine: Potential risk of 
arrhythmia
The US FDA has announced that study 
findings showed a potential risk of 
arrhythmias in patients with heart disease 
who are taking lamotrigine (Lamictal®). 
Lamotrigine is indicated to treat seizures 
and bipolar disorder.

Laboratory tests performed at 
therapeutically relevant concentrations 
have shown that lamotrigine can increase 

the risk of serious arrhythmias, which 
can be life-threatening in patients with 
important structural or functional heart 
disorders.

The risk of arrhythmias may increase 
further if used in combination with other 
medicines that block sodium channels in 
the heart. Health-care professionals should 
assess whether the potential benefits of 
lamotrigine outweigh the potential risk of 
arrhythmias for each patient.
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