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Abstract

One of the most imperative questions that arise is why we are indulging our-
selves in nanotechnology and medicine. The rationale is its size in nanometer
range which makes it easy to enter into cells of human body making it beneficial
for special types of cell target therapy such as efficient delivery of drugs to the
target cell and competent detection of diseases. Studies have come up with one
more beneficial factor, that is, the nanoparticles can also protect drug from deg-
radation because of the shield-like properties. The elemental proposition upon
which nanomedicine is pursued is nanoparticles, which are introduced into the
body as foreign bodies and are subjected to the full armory of the body’s defense
system labeled with antibody molecules targeting specific cells. Diverse types
and forms of nanoparticles are used in medicine. Advances in the area of nano-
medicine have come a long way since the time it was envisioned to be studied.
The objectives and goal to establish global roadmaps in nanomedicine are guided
by the need to take care of life-threatening clinical issues. Nanomedicine has a
potential to combat several human diseases including cancer as well as infec-
tious, neurological, musculoskeletal, cardiovascular diseases. In this chapter we
will be discussing the ongoing progress of nanotechnology and its application in
various fields of medicine.
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1.1 Introduction

We have entered into an era of the notion, “The smaller the better”. Nano refers to
things that are very small, smaller than the smallest. Hence, in the bare-bone version
of definition, “Nanotechnology is the investigation and utilization of structures
between 1 nanometer (nm) and 100 nanometers in size” (Logothetidis 2006). One-
billionth of a meter is defined as a nanometer which is too microscopic to be seen
by any usual optical microscope. Nanotechnology has the potential to transform the
way the medical and healthcare solutions are developed and delivered through its
application toward the diagnosis, treatments, or prevention of diseases at the cellu-
lar level, and hence, the application is termed as nanomedicine (Bayford et al.
2017). The two fundamental areas in nanomedicine are nanomedicine-based diag-
nostics and nanotechnology-based therapies. The quick development of nanosci-
ence in the last few years has given an abundance of information into the biological
performance and physicochemical properties of nanoscale materials that can be
considered while utilizing nanotechnology for medicinal applications, for example,
in atomic imaging applications (diagnostics), thermal initiated annihilation of
tumors (therapy), and, furthermore, disintegration of ineffectively soluble medica-
tions generally utilized inside the pharmaceutical businesses (Fig. 1.1) (Rizzo et al.
2013). Nanomedicine is defined as the comprehensive examination, control, devel-
opment, repair, resistance, and enhancement of all human natural frameworks,
working from the atomic dimension, utilizing designed nano-devices and nano-
structures. Nanomedicine is also known as the science and innovation of diagnosis,
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Fig. 1.1 Applications of nanotechnology in medicine. This figure depicts emerging field of
nanomedicine which involves various multidisciplinary areas of medicine such as diagnostics,
therapeutics, drug delivery system and regenerative medicine etc.
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therapeutics, and anticipating infection and awful damage, of assuaging torment,
and of safeguarding and enhancing human well-being, utilizing subatomic instru-
ments and subatomic learning of the human body (Saxena et al. 2012).

1.2  Nanotechnology in Disease Diagnosis

With the advancement in the era of clinical diagnostics, a definitive objective is to
empower physicians to detect a disease as early of schedule as could be expected
under the circumstances. Nanotechnology is required to make detection/diagnosis
conceivable at the cellular and sub-cellular level. With the assistance of nanomedi-
cine, early detection as well as prevention, precise diagnosis, effective treatment
and follow-up of infections are conceivable (Archakov 2010). Nanotechnology
guarantees efficient and incredibly precise apparatuses for in vitro and in vivo diag-
nostics. The enhanced diagnostics leads to better treatments and improved health
outcomes. Nanotechnology has been utilized broadly in the field of restorative diag-
nostics (Zhang et al. 2018a). Cancer is one field of ailment in which nanotechnology
is probably going to have the greatest effect as enhanced diagnostics and treatment.
EGFR which is an epidermal development factor receptor present outwardly of their
layers where nonmalignant growth cells have significantly less EGFR. Upon bind-
ing of gold nanoparticles (AuNps) to an antibody for EGFR (anti-EGFR), the capac-
ity to tie the nanoparticles to the malignant growth cells has been achieved. When
bound, the malignant growth cells show distinctive light dissipating and assimila-
tion spectra than favorable cells. Pathologists may utilize these findings to distin-
guish harmful cells in biopsy tests (Zitka et al. 2012). Certain nanoscale particles
are utilized as labels or tags. Point of care and imaging technologies are two specific
fields that have the advantage of nanoparticle applications. From the last few
decades, imaging has turned into a basic apparatus in the diagnosis of disease.

1.2.1 Nanoparticles for In Vivo Diagnostics

Molecular imaging is outlined as the in vivo visual images, activity, and character-
ization of biological phenomenon at the molecular and cellular level. Such imaging
helps in unfolding the possibility of early detection of underlying diseases and to
probe for the stage of disease and, therefore, helps in effective image-guided treat-
ment. This imaging technique frequently includes the employment of imaging
probes that turn out signals by means of nuclear reaction together with different
molecules to image via sound waves (ultrasound), magnetism (MRI), or light (opti-
cal techniques of luminescence and fluorescence) (Miller 2016). Advancement in
molecular imaging needs the application of refined probes that square measurable
to discover biological processes on the cellular and molecular level. That is when
the need of nanoparticles arises considering the point that probes for molecular
imaging need to possess certain features for the efficacy. Such probes need to pos-
sess the characterization properties to be able to get accumulated at the site of
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interest and furthermore and eventually be able to get imaged (Baptista 2014).
Different nanosystems, with unique physical and chemical properties, are continu-
ously being proposed with distinct functions and targets. And such nanoparticles-
based molecular imaging probes and contrast agents have been studied to be
significant over all the other single molecule-based contrast probes. Nanoparticulate-
based imaging contrast agents involve the use of appropriate contrast-generating
materials such as fluorescent, radioactive, paramagnetic, and super paramagnetic or
electron dense (Emeto et al. 2017). These significantly efficient probes have led to
the development of plethora of noble metal nanoparticles and quantum dots and also
a profusion of nanoparticulate-based contrast agents as micelles, liposomes, poly-
merosomes, dendrimers, carbon nanoparticles, and magnetic nanoparticles (iron
oxides, metal alloys) (Naseri et al. 2018).

1.2.1.1 Magnetic Resonance Imaging (MRI)

MRI is a non-invasive method of anatomic images with spatial resolution which is
based on NMR principle and is processed with the help of several NMR active
nuclei. However, sometimes these active nuclei (also, termed as inherent contrast)
are inadequate for the proper characterization of tissue, and, hence, the use of con-
trast agents is required (Tognarelli et al. 2015). MRI contrast agents are referred to
as T1 and T2, with respect to the relaxation time that they predominantly affect. T1
agents have a propensity of paramagnetic compounds (as lanthanides), and T2
agents are commonly super-paramagnetic agents, as iron oxides. Nanosystem-based
contrast agents referred as T1 agents are micelles, liposomes, polymerosomes, den-
drimers, and carbon nanoparticles, whereas T2-agents are magnetic nanoparticles
(iron oxides, metal alloys) (Sands and Levitin 2004). As MRI contrast agents, sev-
eral of the nanoparticles have been tested which are FDA approved and are of great
relevance such as super paramagnetic iron oxide nanoparticles (SPION). Research
and studies are conducted to develop nanoparticles as T1 contrast agents in order to
overcome the drawbacks of T2 contrast agents (Kim et al. 2018).

1.2.1.2 Positron Emission Tomography (PET)

PET is a quantitative imaging procedure which uses biomolecule release electrons
that interacted with radionuclides emitting positrons. PET imaging is used mostly in
early detection of tumorous cells. One of the most widely used imaging probes is
the metal oxide nanoparticles which help in the construction of PET imaging (Jones
and Townsend 2017). Liposomes have also been used in combination with positron
emitting radionuclides for contrast imaging. Furthermore, polymeric micelles and
hydrogels are also used for tumor detection and delivery (Silindir et al. 2012).

1.2.1.3 Computed Tomography (CT)

Extensive research is being carried out in the area of molecular imaging which
focuses on the development of CT contrast agents. The concentration of contrast
agents is required in millimolar for CT imaging of desired organs. Nevertheless,
nanoparticle contrast agents can amplify the contrast which reduces the
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comparatively high exposure radiation in CT (Goldman 2007). AuNPs have been
shown to enhance the visibility xenografted human breast tumors of mm-sized
where an anti-Her2 antibody was shown to be 1.6-fold efficiently targeted. There
were 22-fold higher uptakes of gold nanoparticles in the tumor fringe recorded.
Glucose AuNPs have also been found to act as a CT agent that allows differentiation
between inflammatory process and cancerous condition (Cole et al. 2015).

1.2.2 Recent Advancement of Nano-Based Molecular
Diagnostics

A number of nanoparticles are being used as diagnostic tools. The foremost tech-
nologies are quantum dots (QDs), magnetic nanoparticles (MNPs), and gold
nanoparticles (GNPs or AuNps).

1.2.2.1 Gold Nanoparticles (GNPs or AuNPs)

Gold nanoparticles have got much attention because of its physiochemical proper-
ties. Gold nanoparticles play a crucial role in the identification of genetic diseases
based on biomarkers, SNP genotyping, and detection of nucleic acids in infectious
conditions (Singh et al. 2017). Noble metal nanoparticles have been used exten-
sively as tags for nucleic acid probes, and such AuNps can bind to small pieces of
DNA of size not larger than 13 nm in diameter. Several FDA-approved products use
AuNps as probes for diagnostic purposes (Mieszawska et al. 2013).

1.2.2.2 Quantum Dots (QDs)

Quantum dots (QDs) are inorganic semiconductor nanocrystals with a typical diam-
eter of 2-10 nm. QDs are capable of emitting at very well-defined wavelength upon
excitation and have been successfully used for imaging tumor target cells in animal
models. Studies have unfolded great relevance of quantum dots in the field of early
diagnosis and, also, in the field of locating the cancer tumors in patients and for car-
rying diagnostic tests in samples (Matea et al. 2017). The recent studies in quantum
dots are on its composition of cadmium which is considered to be ounce of toxic,
the reason behind the limitations on its use in vivo, and hence, study has been pro-
posed to manufacture quantum dots of silicon as it’s considered to be less toxic.
Quantum dot is combined with microscopy to look for cells of live animals. The
carcinoma marker Her2 is immunofluorescently labeled with the particular cancer
antibodies covalently coupled with polyacrylate cap and carbohydrate detectable
Iuminescence is useful for cancer imaging purposes (Zhang et al. 2008a). Another
application of QDs is for infectious agent identification. Rapid and sensitive identi-
fication of respiratory syncytial virus (RSV) is imperative for the management and
development of antiviral. Nanoparticles conjugated with antibody rapidly have been
developed which specifically identify RSV (Bawage et al. 2013). When viral parti-
cles or infected cells come into the contact with QDs they attach to their surfaces.
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1.2.2.3 Magnetic Nanoparticles

The magnetic properties and ease of derivatization of magnetic nanoparticles
(MNPs) have been crucial for separation of analytes or to potentiate immobilization
prior to recognition step. Detection of trace levels of prostate-specific antigen (PSA)
and amyloid-beta derived diffusible ligands (ADDLS) in clinical samples by bio-
barcode assay are the prominent applications of MNPs (Cardoso et al. 2018). Within
the blood stream, the MNPs attach to form microvesicles that help to identify the
target cells. The early diagnosis can be then achieved by using NMR which discov-
ers the microvesicles/magnetic nanoparticle clusters (Zhang et al. 2018b).

1.3  Nanotechnology-Based Therapeutics
1.3.1 Antimicrobial Nanoparticles

One of the encapsulated peptide LL.37 has been made to make the nanoparticles with
enhanced antimicrobial activity. The combination of LL37 and A1 has been used to
develop the first solid lipid nanoparticle (SLN) formulation which can deliver it in
precise ratios resulting in enhancing antibacterial activity against E. coli and S.
aureus (Fumakia and Ho 2016). One of the earliest uses of nano-surfaces is nano-
crystals which can be utilized as the antimicrobials. Silver ions are released up to
7 days from the surface of nanocrystal and thereby reducing a broad range of micro-
organisms, including drug-resistant bacteria such as vancomycin-resistant
Enterococcus and methicillin-resistant Staphylococcus aureus. Similarly, zinc oxide
nanoparticles, single-wall carbon nanotubes, and antibiotics-coated nanoparticles are
also under the major listings for research and study worldwide (Biswaro et al. 2018).

1.3.2 Nanotechnology in Cancer Therapy

The enhancement in carcinogenic treatment depends on the upgraded enhancement
and retention (EPR) impact of the vasculature encompassing tumors. For the effec-
tive treatment of cancer there is a need to develop targeted drug delivery methods.
Tumor focusing with nanoparticles can be acknowledged through active and passive
way. The particles can be adjusted with different kinds of materials including bio-
molecule. The active way depends on binding of ligand-coordinated nanoparticles
to receptors expressed by tumor cells (Misra et al. 2010). These ligands include
peptides, antibodies, aptamers, nucleic acids, sugars, and tiny molecules. The
important factors for the anticancer nanoparticles are the size of the nanoparticles,
surface properties (for example hydrophobicity), and focusing on ligands.
Nanoparticles intended for tumor focused on treatments comprise of different seg-
ments, a nanocarriers and a functioning operator. Nanoparticles carrying drugs are
considered as submicroscopic colloidal structure that act as the drug vehicles, either
as nanocapsules (repositories in which the drug is kept in hydrophobic or
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hydrophilic center encompassed by a single polymeric layer) or nanospheres
(framework in which the drug is scattered) (Zhao et al. 2018a). Nanoparticle carri-
ers are typically made out of gold, iron oxides, dendrimers biodegradable polymers,
lipid based transporters, for example, liposomes and micelles, viral nanoparticles
and organometallic mixes (Zhang et al. 2008b).

1.3.3 Nanoparticles in Antidiabetic Therapy

Diabetes is a kind of chronic disorder which is characterized by high circulating
glucose. Several of the ions have been reported to be effective in the maintenance of
blood sugar levels such as vanadium, chromium, magnesium, and zinc (DiSanto and
Subramanian 2015). Zinc oxide nanoparticles have been shown to be effective via
oral administration which shows higher serum insulin (70%), improved glucose
tolerance, reduced blood glucose (29%), reduced triglycerides (48%), and reduced
nonesterified fatty acids (40%) (Woldu and Lenjisa 2015). Nanoparticles are sys-
temically absorbed resulting in elevated zinc levels in the adipose tissue, liver and
pancreas. Amplified secretion of insulin and activity of superoxide dismutase have
been observed in rat insulinoma (RIN-5F) cells (Xie and Xie 2018).

1.3.4 Nanoparticles in Regenerative Medicine

Regeneration of damaged tissue or organ has taken a turn with the development of
nanotechnology and its application in medicine. The damaged tissue can be repaired
and reproduced with the use of nanomedicine. These artificially reproduced cells
are then used in tissue engineering revolutionizing the artificial implants and trans-
plantation of organs. In vivo regeneration or, alternatively, in vitro development of
a scaffold-based complex functional organ is the aim of regenerative medicine.
Various nano-structured materials have been used to regenerate cartilage, bone,
muscle, vascular, nervous system, bladder, skin and other tissues in the past few
years (Van Rijt and Habibovic 2017). Orthovita’s Vitoss is used as bone void filler;
a primary example of nano-hydroxyapatite (component of bone) can be used in
osseointegration. Mesenchymal stem cells (MSCs) have been shown to be signifi-
cantly proliferated and differentiated into cardiac cells by AuNp-blended polycap-
rolactone (PCL) scaffolds which can be used in myocardial infarction repairmen
(Jain 2008). Magnetic nanoparticles are used for the isolation and grouping of stem
cells, and in addition, carbon nanotubes, fluorescent CNTs, and fluorescent MNPs
along with quantum dots have been used for tracing of stem cells, molecular imag-
ing, and gene or drug delivery into stem cells. Stem cells proliferation and differen-
tiation can be regulated by the combination of nanocarriers with biological
molecules. Applications of nanotechnology in stem cell biology research are open-
ing the newer path in the area of regenerative medicine (Pan et al. 2017).
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1.4  Nanoparticles as Drug Delivery System

Targeted drug delivery can be achieved via nanoparticles mostly due to its high sur-
face area and volume ratio. The specific drug dose is employed, and side effects are
considerably reduced since the drug is exclusively deposited within the morbid region.
By carrying drugs within, the local drug concentration can be modulated by using
nanoparticles and controlling its release upon binding to targets (Patra et al. 2018).
Nanoparticles interact with the target cells in variety of ways primarily depending on
whether the source materials are non-biological such as gold or cadmium or biologi-
cal components such as phospholipids. Since the drug needs to be transported and
released, the bio-degradable nanoparticle formulations are suitable. Thus various
forms of nanoparticles such as nano porous materials and dendrimers have been
designed (Castro and Kumar 2013). Micelles which are derived from co-polymers are
used for encapsulation of drug. Minute drug molecules can be transported to the spec-
ified target sites. The drug consumption as well as the treatment expenses can be
reduced to a significant level in the site specific drug delivery, creating the treatment
of patients cost effective. With the recent development in nanotechnology, various
forms of inorganic nanoparticles have been generated (gold nanoparticles, iron oxide
nanoparticles and fullerenes) as an efficient drug carrier or vehicles and few organic
nanoparticles (liposomes, micelles) as drug reservoirs (Kumar et al. 2018). Among
these liposomes and organic nanoparticles have entered the market, and micelles are
yet to be and are still in the clinical trials. Furthermore, polymeric nanoparticles have
also gained attention as drug delivery systems (Fig. 1.2).

1.4.1 Impact of Nanoparticles in Drug Delivery System

The present time shows many drugs failing the clinical trial phase because of the
poor delivery factor precisely at the targeted site without having an interacting with
the nonspecific target sites and organs (Wang et al. 2017). To overcome this prob-
lem, NDDS has been majorly studied and, hence, unfolded various remedial options
for the efficacy in specific targeting, which is cost-effective and also lowers drug
toxicity. Worldwide novel methods are being developed for effective drug delivery
methods. NDDS is now expected to be globally accepted which is now making
nearly 80% of the drug delivery market. Improvement in human health by tackling
the lack of treatment efficacy can be overcome through the utilization of nanopar-
ticles in drug delivery system up to a higher extent comparatively to where it is now
(Suri et al. 2007).

1.4.2 Journey of Nanoparticles-Based Delivery
The most consistent route to deliver NDDS (nanoparticle drug delivery system) is

usually through intravenous injection although there are various other routes such as
pulmonary or oral. Post-injection, the drugs are transported from the injected site
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Fig. 1.2 Nanoparticle drug delivery system (NDDS). This figure demonstrates the various
forms of nanotechnology-based drug delivery methods. Ligands are of various types such as pep-
tides, antibodies, aptamers, nucleic acids, sugars, and tiny molecules. Targeted drug delivery also
can be achieved by considering the size of the nanoparticles, surface properties (e.g., hydrophobic-
ity), and focusing on ligands. Physical properties of nanoparticles are also crucial to determine its
binding and absorption to the target site. Nanoparticle carriers are typically made out of gold, iron
oxides, dendrimers biodegradable polymers, lipid-based transporters, for example, liposomes and
micelles and viral nanoparticles

via the venous network to the heart (Serda et al. 2011). NDDS interacts with pro-
teins present in plasma, and the interaction is monitored by the physiochemical
properties of NDDS, and the interactions affect the time of circulation as well as the
tissues deposition. The sheathing of NDDS with PEG diminishes the deposition of
non-specific protein and complement activation of NDDS.

1.4.3 Nanoparticles-Based Drug Release

Factors to be considered while developing drug delivery system based on nanopar-
ticles are both drug release and polymer degradation. The rate of drug release
depends upon various factors such as drug diffusion through the nanoparticles
matrix, solubility, desorption of the adsorbed drug, degradation of nanoparticle
matrix and the combination of diffusion and degradation process (Rizvi and Saleh
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2018). The particle release regulates solubility, diffusion and biodegradation of the
drug. For nanoparticles, the release of drugs is displayed by erosion or matrix
spread. In case of polymer-coated nanoparticles, the release from the polymeric
membrane is controlled by the diffusion of the drug, and the covering of the mem-
brane is used to prevent drug release. Hence, the diffusion and solubility of drug in
or across the membrane are considered to be the determining factors for drug release
(Okada and Toguchi 1995). The foremost objective of delivery systems is to release
their payload at the target site. To accomplish this objective, the key approaches are
active and passive targeting. Nanoparticles-based drug delivery is a passive approach
as the drugs encapsulate in nanoparticles and drugs linked with macromolecules can
target tumors passively due to improved permeability with retention effect.
Liposomes are further useful for delivering pharmaceuticals agents (Yu et al. 2016).

1.4.4 Liposomes

Liposomes demonstrated possibility for conveyance of a wide scope of therapeu-
tics, since their payload can be encapsulated in their interior fluid compartment or
inserted inside the phospholipid bilayer (Jain 2008; Akbarzadeh et al. 2013).
Clinical utilizations of liposomes in the conveyance of anticancer specialists for the
treatment of various malignant growth signs are entrenched. Stealth liposomes can
inactively collect in strong tumors due to their inalienably broken vasculature and
faulty lymphatic seepage. Doxil, Caelyx, and Myocet are nano-meter-sized lipo-
some frameworks (exemplifying doxorubicin in their fluid center) which have been
utilized for Kaposi’s sarcoma, ovarian disease, and various myelomas (Cattel et al.
2003). DepoCyt (cytarabine-containing multivesicular liposomes) with a sustained-
discharge profile has likewise been endorsed for malignancy treatment. Reported
treatment is done by the use of Cremophor EL in case of head and neck cancer that
allows the paclitaxel to be delivered intravenously. Carbon nanoparticles have been
replaced at the place of toxic Cremophor, use less paclitaxel, and show reduced side
effects along with improved drug targeting. Similarly, an albumin-bound paclitaxel,
namely, Abraxane has been studied in case of the breast cancer and non-small cell
lung cancer (Olusanya et al. 2018). In addition, doxorubicin has been delivered by
using a bound nanoparticle chain in case of breast cancer cells. Within the tumor
post-penetration of the nano chains was performed with the help of magnetic
nanoparticles (Zhao et al. 2018b). Tumor growth has been shown to be halted sig-
nificantly by nanotechnology than the conventional treatment and is less harmful to
healthy cells.

1.4.5 Hybrid Nanoparticles in Drug Delivery System
To control a targeted delivery, some of the nanoparticles are manipulated by the

external magnetic field gradient, and such nanoparticles are termed as hybrid
nanoparticles that are reported to be highly efficient in drug delivery system. Such
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magnetite-polymer hybrid nanoparticles can be attached to fluorescence groups;
these hybrid nanoparticles are proficient tracers of drug transporters due to the
enrichment of fluorescence molecules. This allows the magnetic nanoparticles to be
more widely applied in site specific drug delivery system (Madni et al. 2017).
Multicomponent hybrid nanoparticles may possess multiple functionalities for vari-
ous applications that are complicated to attain with nanoparticles of single compo-
nent. Noble metal/iron oxide hybrid nanoparticles not only show unique optical
properties but also exhibit magnetic resonance. Hybrid nanoparticles can be of great
help in drug delivery system especially in cases of cancer and, precisely, in the treat-
ment of multidrug-resistant cancer (Date et al. 2018).

1.5 Conclusions

Considering the various biological, pharmaceutical molecules and structures that
operate in the living cells, the size scale is of 100 nanometers and less, and hence,
the application of nanotechnology in healthcare presents some stimulating potential
outcomes. Prescription nanotechnology may change the way we detect and treat
human body and illness damage in the future, and several procedures that have just
been planned a few years earlier are becoming a marvelous ground for substances.
Nanotechnology is a useful asset for making these “smart” materials. This method-
ology is challenging and is still a long way from being accomplished. Nanoplatforms
have been seen to be taking lead in the development of targeted nanomedicine for
anticancer therapy in the upcoming time. Detection, prevention and treatment of
various forms of cancers are possible using such nanoplatform techniques based
targeted anticancer therapy without toxicity and with enhanced biocompatibility of
nanoplatform. Diabetics can become totally free of dietary regulations and the strict
systemic regime if nanotechnology is at the forefront. Some devices are so adjust-
able that people with diabetes are no longer dependent on insulin injections, and at
this moment their blood glucose concentrations are adjusted to their glucose levels.
This would allow them to live a normal life, particularly young people who are
always active. It helps the patient to feel more confident and mentally safe as well
as cost-effective in other respects, because fewer resources are required to achieve a
significantly more effective result.

1.6 Future Perspectives

One of the most crucial factors which have led to the designing and advancement of
various nano-based drugs is the small size that enables the successful delivery of the
drugs in the specific site. A significant advancement in the area of nanotechnology-
based drug delivery has been achieved with the remaining question of associated
toxicity on human body. The impact of nanoparticles on biological systems depends
on the size, chemical nature and composition, solubility, shape, surface structure,
and aggregation. These factors can modulate the cellular uptake, translocation from
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entry to the target sites, target affinity and possibility of causing injury to tissues.
Pharmacodynamics of nanoparticles depends upon the route of exposure such as
skins, GI tract, systemic administration for diagnosis and therapeutic applications.
Personalized medicine can be developed based on nanotechnology by several
means. Nanotechnology-based diagnostics may improve the present restrictions of
detection limits as well as enhances the molecular imaging. Nanotechnology can be
integrated in detection of biomarkers, biochips, point of care diagnosis and biosen-
sors which are crucial for developing personalized nanomedicine. Ethical consider-
ation is crucial for all nanotechnology-based applications in medicine.
Nanotechnology has not raised new ethical issues so far; it is advisable to keep the
associated ethical considerations while developing and applying nano based thera-
peutics. Moreover, there is a need to develop unique ethical questionnaire distinct
from conventional form of medicines.
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