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Abstract

Today nanoparticles based drug delivery or imaging agents are extremely being investigated as a
very powerful tool in early diagnostics or treatment of different kinds of cancers including pros-
tate malignancies. Among the diverse developing nanomaterials, biocompatible biodegradable
dendrimers and chitosan or PLGA (Poly Lactic-co-Glycolic Acid) derivatives are more considered
due to their safer profiles. As a result, finding novel prostate imaging agents based on nano sized
structures would be of high global interest which will be further discussed in this review.
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1. Introduction

Molecular imaging is an emerging and exciting ongoing area in the field of radiological sciences including all
imaging instrumental applications such as PET, SPECT or MRI, and pharmaceutical sciences as well including
but not limited to radiopharmaceutical sciences and nano-pharmaceutics to produce novel manipulated nano
biomaterials to help physicians better understand the disease problems or follow up the treatment response. PET
or SPECT radiopharmaceuticals have costly production and imaging procedure, time dependent behavior, radia-
tions half-life which can be hazardous to medical staff and patients. However, they have much better characte-
ristics and higher imaging quality compared with the above MRI radiopharmaceuticals. Traditional MRI con-

“These two authors contributed in this study equally.
#Corresponding author.

How to cite this paper: Heidari, H., Fordoei, A.S., Saffary, M. and Ardestani, M.S. (2015) Prostate Cancer’s Molecular Imag-
ing by Targeting Based Nanoparticles: An Overview. Health, 7, 580-588. http://dx.doi.org/10.4236/health.2015.75069



http://www.scirp.org/journal/health
http://dx.doi.org/10.4236/health.2015.75069
http://dx.doi.org/10.4236/health.2015.75069
http://www.scirp.org
mailto:shafieeardestani@gmail.com
mailto:shafieeardestani@sina.tums.ac.ir
http://creativecommons.org/licenses/by/4.0/

H. Heidari et al.

trast agents like Magnevist (Gadopentate dimeglumine) and Omni scan (Gadodiamide) are classified as extra-
cellular fluid imaging contrast agents and do not able to penetrate to intracellular spaces as well. In spite, recent
efforts attempted to design and develop novel molecular contrast media imaging agents to overcome the extra-
cellular imaging defaults [1]-[11] (see Figure 1 and Figure 2) [12].

As a result, finding novel prostate imaging agents based on nano sized structures would be of high global in-
terest which will be further discussed in this review.

In engineering science, a particle is outlined as a little object that behaves as a full unit with relation to its
transport and properties. Particles are additionally classified in keeping with diameter [1]. Coarse particles have
a diameter ranging between 500 and 10,000 nanometers. Fine particles are sized between one hundred and a
couple of, 500 nanometers. Ultrafine particles, or nanoparticles, are between one and one hundred nanometers in
size. Nanoparticle characterization is important to ascertain understanding and management of nanoparticle
synthesis and applications. Characterization is completed by employing a style of totally different techniques,
primarily drawn from materials science. Common techniques are microscopy (TEM, SEM), atomic force re-
search (AFM), dynamic lightweight scattering (DLS), X-ray negatron spectroscopic analysis (XPS), powder
X-ray diffraction (XRD), Fourier rework infrared spectroscopic analysis (FTIR), matrix-assisted optical device
desorption/ionization time-of-flight mass spectroscopy (MALDI-TOF), ultraviolet-visible spectroscopic analysis,
twin polarization interferometry and nuclear resonance (NMR).

Corona

Targeting
Molecule

PEG

Image Contrast {polyethylene
Agent glycol)

Figure 1. Multifunctional nanoparticle. The nanoparticle’s “corona”
can be functionalized with hydrophilic polymers, targeting mole-
cules, therapeutic Drugs, and image contrast agents. The interior
core can be solid (e.g., quantum dots) or liquid (e.g., liposomes).
Molecules are not shown to scale. PEG, polyethylene glycol.
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Figure 2. Medical applications of nanotechnology. The size and tai-
lorability of nanoparticles may lead to their widespread use in a va-
riety of medical applications.
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While the speculation has been well known for over a century (see Henry M. Robert Brown), the technology
for nanoparticle pursuit analysis (NTA) permits direct pursuit of the Brownian motion. This methodology,
therefore, permits the filler of individual nanoparticles in answer.

2. PLGA

PLGA or poly (lactic-co-glycolic acid) could be a polymer that is employed during a host of Food and Drug
Administration (FDA) approved therapeutic devices, thanks to its biodegradability and biocompatibility. PLGA
is synthesized by means that of random ring-opening co-polymerization of 2 totally different monomers, the
cyclic dimers (1, 4-dioxane-2, 5-diones) of acid and carboxylic acid. Common catalysts utilized in the prepara-
tion of this chemical compound embrace tin (I) 2-ethylhexanoate, tin (I1) alkoxides, or aluminium isopropoxide.
Throughout polymerization, serial monomeric units (of glycolic or potable acid) are joined along in PLGA by
organic compound linkages, therefore yielding a linear, acyclic polyester as a product [1].

PLGA has been self-made as a perishable chemical compound as a result of it undergoes chemical reaction
within the body to supply the first monomers, carboxylic acid and acid. These 2 monomers beneath traditional
physiological conditions, are by-products of assorted metabolic pathways within the body. Since the body effec-
tively deals with the 2 monomers, there’s tokenish general toxicity related to mistreatment PLGA for drug deli-
very or biomaterial applications. Also, the chance to tailor the chemical compound degradation time by fixing
the quantitative relation of the monomers used throughout synthesis has created PLGA a standard selection
within the production of a spread of medical specialty devices, such as, grafts, sutures, implants, prosthetic de-
vices, surgical sealing material films, small and nanoparticles. Specific samples of use include:

e Successful within the delivery of Polymox for the treatment infectious disease (treatment of L. monocyto-
genes infection).

e A commercially obtainable drug delivery device mistreatment PLGA is Lupron Depot for the treatment of
advanced glandular carcinoma.

¢ Prophylactic delivery of the antibiotic drug into the central system nervous once applied to the surface of the
brain when brain surgery [2].

3. Chitosans

Chitosan could be a linear sugar composed of arbitrarily distributed S-(1-4)-linked D-glucosamine (deacetylated
unit) and N-acetyl-D-glucosamine (acetylated unit). It’s created by treating shrimp and alternative crustacean
shells with the alkali hydrated oxide.

Chitosan is created commercially by deacetylation of polysaccharide that is that the structural part within the
body covering of crustaceans (such as crabs and shrimp) and cell walls of fungi. The degree of deacetylation
(%DD) is determined by proton magnetic resonance spectroscopic analysis, and therefore to feature in business
chitosans ranges from sixty to 100 percent. On average, the relative molecular mass of commercially created
chitosan is between 3800 and 20,000 Daltons. A standard methodology for the synthesis of chitosan is that the
deacetylation of polysaccharide mistreatment hydrated oxide in excess as a chemical agent and water as a sol-
vent. This reaction pathway, once allowed to travel to completion (complete deacetylation) yields up to ninety
eight product [2].

Chitosan’s properties permit it to apace clot blood, and has recently gained approval within the U.S. and Eu-
rope to be used in bandages and alternative astringent agents. Chitosan astringent product are shown in testing
by the U.S. United States Marines to quickly stop hemorrhage and to cut back blood loss, and end in 100 percent
survival of otherwise deadly blood vessel wounds in artiodactyl [13]. Chitosan astringent product scale back
blood loss compared to gauze dressings and increase patient survival [14]. Chitosan astringent product are sold-
out to the U.S. Army and are presently employed by the United Kingdom military. Each the North American
country and kingdom have already used the bandages on the battlefields of Asian country and Islamic State of
Afghanistan [15]. Chitosan is hypoallergenic and has natural medication properties, that additional support its
use in field bandages [3]-[9].

Chitosan’s properties additionally permit it to be utilized in stratum drug delivery; it’s mucoadhesive in nature,
reactive (so it is created in many alternative forms), and most significantly, contains an electric charge beneath
acidic conditions. This electric charge comes from protonation of its free amino teams. Lack of an electric
charge means that chitosan is insoluble in neutral and basic environments. However, in acidic environments,
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protonation of the amino teams ends up in a rise in solubility. The implications of this are vital to medical spe-
cialty applications. This molecule can maintain its structure during a neutral atmosphere, however can solubilize
associate degreed degrade in an acidic atmosphere. This implies chitosan is accustomed transport a drug to asso-
ciate degree acidic atmosphere, wherever the chitosan packaging can then degrade, cathartic the drug to the spe-
cified atmosphere [16]. One example of this drug delivery has been the transport of internal secretion [17].

4. Dendrimers

Dendrimers are repetitively branched molecules [1] [2]. Dendritic molecules are characterized by structural per-
fection. Dendrimers and dendrons are monodisperse and frequently extremely stellate, spherical compounds.
The sphere of nerve fiber molecules is roughly divided into low-molecular weight and high-molecular weight
species. The primary class includes dendrimers and dendrons, and therefore the latter includes dendronized po-
lymers, hyper branched polymers, and therefore the chemical compound brush.

The properties of dendrimers are dominated by the useful teams on the molecular surface, however, there are
samples of dendrimers with internal practicality [1]-[10] [18]-[21]. Nerve fiber encapsulation of useful mole-
cules permits for the isolation of the site, a structure that mimics that of active sites in biomaterials [22]-[24].
Additionally, it’s potential to form dendrimers water soluble, in contrast to most polymers, by functionalizing
their outer shell with charged species or alternative deliquescent teams. Alternative governable properties of
dendrimers embrace toxicity, crystallinity, tecto-dendrimer formation, and chirality [22]-[31].

Applications of dendrimers usually involves conjugating alternative chemical species to the dendrimer surface
that may perform as sleuthing agents (such as a dye molecule), affinity ligands, targeting elements, radio ligands,
imaging agents, or pharmaceutically active compounds. Dendrimers have terribly sturdy potential for these ap-
plications as a result of their structure will cause multivalent systems. In alternative words, one dendrimer mo-
lecule has many potential sites to couple to a lively species. Researchers aimed to utilize the hydrophobic envi-
ronments of the nerve fiber media to conduct chemical science reactions that generate the product that are syn-
thetically challenged. Acid and phenol terminated water soluble dendrimers were synthesized to ascertain their
utility in drug delivery in addition as conducting chemical reactions in their interiors [32]. This may permit re-
searchers to connect each targeting molecules and drug molecules to a similar dendrimer, that may scale back
negative facet effects of medicines on healthy cells [26].

4.1. Liposomes

Liposomes are usually composed of phosphatidylcholine-enriched phospholipids and should additionally con-
tain mixed super molecule chains with wetter properties like egg phosphatidylethanolamine. A cyst style could
use surface ligands for attaching to unhealthy tissue [1]. The major styles of liposomes are the multilamellar cyst
(MLV), the tiny unilamellar cyst (SUV), the massive unilamellar cyst (LUV), and therefore the cochlea cyst [31]
[33]-[37].

Liposomes shouldn’t be confused with micelles and reverse micelles composed of monolayers further ad-
vances in cyst analysis are ready to permit liposomes to avoid detection by the body’s system, specifically, the
cells of RES (RES). These liposomes are referred to as “stealth liposomes”, and are created with PEG (Polye-
thylene Glycol) studding the skin of the membrane. The PEG coating, that is inert within the body, permits for
extended circulatory life for the drug delivery mechanism. However, analysis presently seeks to research at what
quantity of PEG coating the PEG really hinders binding of the cyst to the delivery website. Additionally to a
PEG coating, most stealing cysts even have some style of biological species hooked up as a matter to the lipo-
some so as to change binding via a selected expression on the targeted drug delivery website. These targeting
ligands might be being associate degreetibodies (making an immunoliposome), vitamins, or specific antigens.
Targeted liposomes will target nearly any cell kind within the body and deliver medication that might naturally
be systemically delivered. Naturally harmful medication is a lot of less harmful if delivered solely to pathologic
tissues. Polymersomes, morphologically associated with liposomes, can even be used this manner.

4.2. Iron Chemical Compound Nanoparticles

Iron chemical compound nanoparticles are iron chemical compound particles with diameters between regarding
one and one hundred nanometers. The 2 main types are magnetic iron-ore (FesO,) and its oxidized form mag-
hemite (y-Fe,O3). Magnetite has associate degree inverse mineral structure with element forming a face-centered
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cube like crystal system. In magnetic iron-ore, all tetrahedral sites are occupied by Fe** and octahedral sites are
occupied by each Fe** and Fe?".

Maghemite differs from magnetic iron-ore in this all or most of the iron is within the powerfulness state (Fe*")
and by the presence of ion vacancies within the octahedral sites. Maghemite contains a cube like unit within
which every cell contains thirty two O ions, 211/3 Fe*" ions and 22/3 vacancies. The cations are distributed arbi-
trarily over the eight tetrahedral and sixteen octahedral sites due to its four mismatched electrons in 3d shell, as-
sociate degree iron atom contains a sturdy torsion.

lons Fe®* have additionally four mismatched electrons in 3d shell and Fe** have five mismatched electrons in
3d shell. Therefore, once crystals are shaped from iron atoms or ions Fe?* and Fe®* they can be in magnetic force,
magnetic attraction or ferromagnetic states.

In the magnet state, the individual atomic magnetic moments are arbitrarily familiarized, and therefore the
substance contains a zero internet torsion if there’s no field of force. These materials have a relative magnetic
permeableness larger than one and are interested in magnetic fields. The torsion drops to zero once the applied
field is removed. However during a magnetic force material, all the atomic moments are aligned even while not
associate degree external field. A ferromagnetic material is comparable to a ferromagnet however has 2 differing
types of atoms with opposing magnetic moments. The fabric contains a torsion as a result of the opposing mo-
ments have totally different strengths. If they need a similar magnitude, the crystal is magnetic attraction and
possesses no internet torsion [3].

Magnetite and maghemite are most well-liked in biomedicine as a result of they’re biocompatible and doubt-
less non-toxic to humans [38]. Iron chemical compound is well degradable and thus helpful for in vivo applica-
tions [39]. Results from exposure of somebody’s epithelial tissue cell line and a murine embryonic cell line to
seven industrially necessary nanoparticles showed a nanoparticle specific cytotoxic mechanism for uncoated
iron chemical compound [7]. Solubility was found to powerfully influence the cytotoxic response. Labelling
cells (e.g. stem cells, nerve fiber cells) with iron chemical compound nanoparticles is a stimulating new tool to
observe such tagged cells in real time by resonance imaging [8] (see Table 1).

4.3. Contrast Agents

A medical medium (or distinction agent) could be a substance accustomed enhance the distinction of structures
or fluids among the body in medical imaging [1]. It’s ordinarily accustomed enhance the visibility of blood ves-
sels and therefore the digestive tract.

Several styles of distinction media are in use in medical imaging and that they will roughly be classified sup-
ported the imaging modalities wherever they’re used. Though alternative sorts exist, most typical distinction
agents work supported X-ray attenuation and resonance signal sweetening. lodine and atomic number 56 are the
foremost common styles of medium for enhancing X-ray-based imaging strategies. Varied kinds of element dis-
tinction media exist, with variations occurring between the osmolarity, consistency and absolute iodine content
of various media. Non-ionic dimers are favored for his or her low osmolarity and toxicity, however have a cor-
respondingly higher value hooked up to their use [2].

4.4. Magnetic Resonance Imaging Distinction Agent

This would embrace atomic number 64 to be used in resonance imaging as a magnetic resonance imaging dis-
tinction agent. Within the 3+ number the metal has seven mismatched electrons. This causes water round the
distinction agent to relax quickly, enhancing the standard of the magnetic resonance imaging scan.

Table 1. Example of nanoparticles used in biological research.

Nanoparticle Application Reference
Dendrimers Targeting of cancer cells, drug delivery, imaging, boron neutron capture therapy [13]-[15] [40]
Liposomes Specific targeting of cancer cells, gene therapy, drug delivery [41]-[43]
Poly lactic-co-glycolic acid (PLGA)  Targeting of cancer cells, drug delivery, cancer vaccine, treatment [16] [17] [44] [45]
Chitosan Imaging and therapy, targeting [46] [47]
Micelles Targeting, imaging, drug delivery [48]-[50]
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4.5. Nuclear Molecular Imaging Modalities

Single-photon emission computed tomography (SPECT) is a nuclear medicine tomographic imaging technique
using gamma rays. It is very similar to conventional nuclear medicine planar imaging using a gamma camera.
However, it is able to provide true 3D information. This information is typically presented as cross-sectional
slices through the patient, but can be freely reformatted or manipulated as required.

Positron emission tomography (PET) is a nuclear medicine, functional imaging technique that produces a
three-dimensional image of functional processes in the body. The system detects pairs of gamma rays emitted
indirectly by a positron-emitting radionuclide (tracer), which is introduced into the body on a biologically active
molecule. Three-dimensional images of tracer concentration within the body are then constructed by computer
analysis [51].

4.6. Prostate Cancer, Nanoparticles and Molecular Imaging

Prostate cancer is that the most typical malignancy among men, accounting for 100 percent of all cancer-related
deaths in 2008 [1].

Typical imaging, which has computed tomography (CT), magnetic resonance Imaging (MRI), and ultrasound,
is presently accustomed detect organ-confined or pathologic process unwellness for staging and decisive prog-
nosis.

However, there is substantial area for improvement within the specificity and sensitivity of imaging for de-
tecting little primary lesions and for distinctive tokenish, pathologic process unwellness [2].

At present, a spread of nanoparticle systems are being investigated to explore their potential in molecular im-
aging, with several applications aimed toward diagnosing or treatment of cancer [9].

Particle charge, size, form and hydrophilicity stay among the foremost necessary properties of nanoparticles
for effective delivery to the specified target. synthetic resin glycol (PEG) molecules are investigated extensively
as a good means that to supply deliquescent “stealth” properties, ordinarily yielding reduced nonspecific sorp-
tion of blood serum proteins in vivo, therefore manufacturing longer circulation times [32] [37] [52]-[54]. Con-
versely, charged nanoparticles are being designed for enhancing endocytosis or activity for cell labeling [18].

Varied styles of nanoparticle are currently beneath investigation, as well as solid super molecule nanoparticles,
liposomes, micelles, nanotubes, gilded nanoparticles, quantum dots, dendrimers, compound nanoparticles and
element nanoparticles. This review primarily emphasizes four representative nanomaterials (gold nanoparticles,
quantum dots, iron oxide nanoparticles and dendrimers) in medical specialty imaging applications. There’s addi-
tionally a quick discussion on alternative sundry nanoparticles.

Magnetic resonance imaging (MRI) and resonance spectroscopic analysis (MRS) are employed within the
detection and characterization of glandular carcinoma.

Despite the connexion of PSMA in glandular carcinoma, Prostascint (Cytogen, Princeton, NJ), a radiolabeled
protein targeted to the PSMA, has been found to own many important shortcomings, as well as restricted prog-
nosticative worth in imaging the prostate fossa, significantly following actinotherapy, and low sensitivity for
sleuthing osteal metastases; Prostascint is also technically tightened and needs interpretation at sites with exper-
tise and expertise [41].

Recently, investigators from Johns Hopkins University given the preparation of radiolabeled small-molecule
ligands for PSMA ([1251]DCIT, [11C]DCMC, [18F]DCFBC], in addition as seven Tc 99m- or rhenium-labeled
chelating agents attached to associate degree amino-functionalized PSMA matter with or while not a variable
length linker moiety [42]-[44]. These efforts were supported potential capitalization on PSMA as a relevant bi-
ologic target for imaging and medical care of glandular carcinoma.

Positron emission imaging (PET) with [18F]-fluorodeoxyglucose (FDG) could be a molecular imaging tech-
nique that monitors tissue aldohexose metabolism, taking advantage of the long known phenomenon that the
majority tumors are hyper metabolic with exaggerated aldohexose metabolism (Warburg effect). The up regula-
tion of aldohexose transporter (GLUT) proteins Engineered mouse models of glandular carcinoma are developed
in conjunction with imaging markers to permit in vivo observance of tumour growth at totally different stages of
the disease and to facilitate the interpretation of the mouse studies into human clinical trials.

5. Conclusions

A key challenge within the development of “smart” molecular targeted tools for medical specialty imaging is the
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capability for selective attachment and representing multiple functionalities on the nanoparticle platform.
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