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Editorial

Nanotechnology is being actively developed for many applications
in the medical field, including drug delivery, biosensors and medical
imaging. These nanomaterials are being advanced as novel and more
targeted treatments for difficult to manage diseases such as cancers.
Other materials are being developed as alternatives to conventional
antibiotics in treating infections. The use of engineered nanomaterials
(nanoparticles) offer the ability to transport therapeutics to specific
sites of a disease, thus reducing the off target toxicity of many drugs.
This is especially true in the use of chemotherapeutics where off target
reactions cause serious side effects in cancer patients. Additionally, the
field of medical imaging can be improved with the ability for the
specific targeting of diseased tissues at resolutions not capable with
current technologies.

As mentioned above, one of the primary uses of nanotechnology in
the medical field has been the area of targeted drug delivery. It is
crucial to deliver a drug to a desired target site in a controlled manner
while not causing additional adverse health effects to the patient. To
date the principle type of particle used in drug delivery systems is
composed of lipids or polymers chosen for their biocompatibility.
These systems have been used to deliver therapeutics more targeted or
efficiently. For instance, nanospheres conjugated with disease specific
antibodies or peptides can result in greatly increased local doses of
treatments to sites of disease while avoiding high systemic levels of the
therapeutic [1]. Biocompatible nanospheres have also been used to
transport therapeutics with poor bioavailability. For instance, biologic
treatments such as insulin and calcitonin, that cannot be delivered by
conventional methods as an oral treatment, have successfully been
packaged in hollow nanoparticles that protect it from degradation in
the gastrointestinal tract allowing for systemic delivery of the drug and
avoiding alternative methods of delivery such as subcutaneous
injection [2]. However, there has also been a trend to use nanoparticles
in medicine that have been produced from materials that are regarded
as less biocompatible than those discussed above.

Nanoparticles have become a significant interest as a drug delivery
system due to their small size and large surface area. The small sizes of
nanoparticles increase efficacy for accurate intracellular uptake of the
drug in the desired cellular targets and for accurate biodistribution
[3,4]. The large surface area makes it easy to manipulate the particle
into carrying high levels of drug or other compounds with ease [5].
Another important factor is the structural stability of nanoparticles to
effectively deliver the drug over a long period of time without
degradation occurring before it reaches the cellular target. In breast
cancer treatment, Sabzichi, et al. used nanostructured lipid carriers to
carry melatonin in human breast cancer cells which inhibited tumor
proliferation and induced apoptosis. The study results indicated that

the nano-carriers had effective biocompatibility and low cytotoxicity

(5].

In contrast to the beneficial outcomes, using nanoparticles for drug
delivery raises various safety concerns. The small size is beneficial, but
it could have negative effects. This is a particularly important point as
new and more durable materials are used in the production of these
nanoparticles. Some nanoparticles can cause inflammation and fibrosis
as a result of causing phagolysosomal membrane permeability,
formation of reactive oxygen species and activation of the NLRP3
inflammasome [6]. The small size, in turn, indicates a large surface
area which could be harmful by exposing more surface molecules to
cellular components. Another concern is the preparation and
stabilization processes of the nanoparticles for drug delivery since
chemical reducing agents and radiation can exacerbate cytotoxicity.
One antimicrobial testing study addressed this concern. Pradeepa, et
al. used an environmentally friendly technique by means of bacterial
exopolysaccharide to synthesize gold nanoparticles. They found that
this new technique did not interfere with the antibiotic-coated gold
nanoparticles ability to inhibit Gram negative and Gram positive
bacteria activity [7]. Many things are still uncertain when using
nanoparticles as a drug delivery system, which is why more research
needs to be performed at relevant doses.

Nanoparticles have been proposed for improved systems in medical
imaging for disease diagnosis. Much of the potential for nanomaterials
as diagnostic agents comes from their ability to enhance contrast in
spectroscopy. In particular, superparamagnetic iron oxide has been
shown to enhance magnetic resonance imaging and as a result can aid
in the detection of liver metastases [8]. Angiogenesis is a key hallmark
of cancer and thus its detection would be of importance. Nanoparticles
can be used for targeting sites of angiogenesis and enhancing
diagnostic imaging. For example, cyanoacrylate microbubbles can be
conjugated to ligands specific to biomarkers, such as vascular
endothelial growth factor receptor and avp3integrin, which are more
abundant with increased angiogenesis [9]. This conjugation allows for
ultra sound detection of tumor phenotypes and quantification of these
biomarkers, as well as, indicating responses to treatment.

Even though there are various applications for nanomaterials as
diagnostic agents, some considerations need to be made with regard to
their pharmacokinetic properties. Diagnostic agents must possess high
target site specificity, low toxicity, and rapid clearance for the fraction
unbound to the target. The size of the nanomaterial is also an
important consideration. Agents larger than 5 nm will have much
slower renal clearance than smaller agents. On the other hand,
materials larger than 1 um will not undergo renal clearance and can, as
a result, have high target specificity with a smaller unbound fraction
needing to be cleared [10].
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With the number and combination of materials used and the many
different shapes and structures in which nanoparticles are being
produced increasing each year there is a vital need to determine the
properties of nanoparticles that may produce adverse reactions in
patients receiving these materials as part of diagnosis or treatment. For
instance, quantum dots have been shown to have properties that could
improve medical imaging in the diagnosis of cancer [11]. However,
quantum dots can contain cadmium, selenium, arsenic, and lead.
While these particles have many advantages in diagnostics and
imaging due to the unique properties that make them stand out from
the biological background, these toxic metals are of concern [12].
Another example is the use of silver nanoparticles as an antibiotic to
treat infection of multiple-drug resistant bacteria. Ionized silver from
the silver nanoparticles has been found to be persistent in the organs of
animals exposed and the long term effects of this persistent silver is
poorly understood [13].

While nanotechnology, including the medical use of nanoparticles,
hold great promise to improve the diagnosis and treatment of many
diseases, we must not lose sight of the necessity to thoroughly test the
nanomaterials so that they do not create unexpected adverse effects.
This will require a balance between the safety of the materials used and
the efficacy of the treatment. Different considerations of toxicology
should be used when proposing that a given nanoparticle be used for a
treatment of stage four cancer as compared to one to be used for a
routine diagnostic medical imaging. Therefore, a situational approach
should be used when assessing the benefits and drawbacks to using
nanoparticles in medical diagnosis and treatment.
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