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ARTICLE INFO ABSTRACT

Article history: The present review analyzes various approaches for the design and synthesis of different nanoparticles for imag-
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emission tomography (PET) and optical imaging are discussed. The influence of nanoparticle size, shape, surface
charge, composition, surface functionalization, active targeting and other factors on imaging and therapeutic ef-
ficacy is analyzed. Cyto- and genotoxicity of nanoparticles are also discussed. Special attention in the review is
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ﬁ?;‘gg;ﬁid e paid to the imaging of apoptotic tissues and cells in different diseases.
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1. Introduction metastases. They likewise can improve pharmacokinetics of the encap-

Oncologic, cardiovascular, and neurological diseases are the most
common causes of death in the developed world. It is well established,
especially for cancer that early diagnosis results in more favorable out-
comes. Although various diagnostic tests are available, imaging tests re-
main an important part of the diagnostic arsenal. Whereas blood tests
can inform of the presence of a disease, imaging procedures allow for lo-
cating and visualizing the diseased areas. In addition, these imaging pro-
cedures can allow for monitoring treatment response.

Radiographic angiography, magnetic resonance imaging (MRI), pos-
itron emission tomography (PET), and ultrasound are common proce-
dures used in the diagnosis of cardiovascular events and are mainstays
in the cancer-imaging realm as well [1]. These different imaging modal-
ities reveal different aspects of disease. Dense tissues such as bones can
be imaged using X-rays and soft tissues are visualized using MRI. The se-
lection of an appropriate imaging modality requires evaluation of fac-
tors such as spatial resolution, sensitivity, temporal resolution, and
tissue type and depth (Table 1) [1]. When these imaging modalities
are used in conjunction, a more thorough understanding of the disease
can be attained.

The different imaging modalities are not highly sensitive when used
alone for most purposes. Therefore, it may be necessary to administer a
contrast agent that increases sensitivity of the procedure. The majority
of contrast agents are small molecules or chelates [2]. However, these
small molecule contrast agents do not accumulate in optimal concentra-
tions at disease sites because they usually have short half-lives and in
most cases are not targeted to a site of the disease. They also are renally
excreted and may cause toxicity concerns in patients with renal
dysfunction [3,4]. In addition, some imaging agents can be toxic
themselves.

Nanoparticles may possess inherent contrast capabilities or encap-
sulate imaging agents. Different strategies include attaching imaging
chelates on nanoparticle surfaces, encapsulating fluorescent dyes with-
in the nanoparticle matrix, combination of encapsulation and surface
conjugation, and hybrids of multiple imaging modalities (Fig. 1).

Because of the tunable characteristic such as size, shape, surface
functionalization, and composition, nanoparticles can be designed to
fit the imaging purpose (Fig. 2) [5]. In addition, imaging nanoparticles
can be targeted to the site of a disease. In case of cancer, nanoparticle-
bound imaging dyes can detect not only primary tumors but also spread

sulated agent, limit its toxicity and allow the contrast substance to pen-
etrate into a diseased organ, tissue or cell.

Disturbance of normal apoptosis plays a central role in many dis-
eases. Apoptosis is classically known as programmed cell death
[6-10].The significance of apoptosis ranges from normal cell turnover
in homeostasis to pathogenic cell death. Proliferative tissues undergo
apoptosis to renew and maintain proper functioning. Apoptosis allows
for death of older cells in a controllable manner without causing damage
or injury to surrounding tissues. Whereas it is a driver of pathogenesis in
ischemic cardiovascular injuries and neuronal loss, the lack of apoptosis
seen in cancer. Many chemotherapeutic agents as well as radiation and
photothermal therapy are designed to induce iatrogenic apoptosis [11].

Apoptosis is one of the most well studied cellular processes and
there are numerous in vitro assays for the detection for apoptosis
using gel electrophoresis, flow cytometry, and microscopy [10]. Howev-
er, the clinical usefulness of these assays is limited not only by their
in vitro or ex vivo nature, but also by their inability for real time monitor-
ing. Because of its role in many processes and therapeutics, research in
developing an in vivo apoptosis imaging agent is gaining interest as a di-
agnostic and prognostic tool. Such in vivo apoptotic imaging agent can
help in decision-making and lead to better outcomes.

The present review summarizes recent advantages in nanoparticle-
based contrast agents including molecular probes for apoptosis detec-
tion and analyzes the influence of nanoparticle parameters on the effi-
ciency, specificity and safety of imaging procedures.

2. Nanoparticles for MRI

Unlike optical imaging, MR signal is not directly the result of contrast
agents, but rather the magnetization of water protons in the immediate
environment [12]. When exposed to an external magnetic field, the nu-
clear spins of the protons will equilibrate with a frequency determined
by the strength of the magnetic field. An applied radiofrequency pulse
will flip the proton spin from being parallel to the external field to
being transverse. Removal of the pulse will allow for the proton spin
to revert back to equilibrium. Along with the spin-lattice/longitudinal
relaxation (T1) and spin-spin/transverse (T2) relaxation, the proton
density and instrument parameters determine the contrast in a
magnetic resonance image.

Table 1

Summary of different imaging modalities (modified from [1]).
Modality Temporal resolution Spatial resolution Penetration depth Sensitivity Safety Clinical use
Computed tomography Minutes 0.5-1 mm Limitless Not known Radiation Yes
Magnetic resonance imaging Minutes-hours ~1 mm Limitless 10 3t010°M Yes
Positron emission tomography Seconds-minutes 5-7 mm Limitless 107" 01072 M Radiation Yes
Optical fluorescence Seconds-minutes 2-3 mm <lcm 107 °t0 10712 M Depends on fluorophore Emerging
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