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Abstract

Nanotechnology is one of the newest and most interesting areas of recent years. It offers innovations in diagnosis and
treatment with the integration of limited size nanoparticles into larger living systems. It was found application in the
field of microbiology, vaccine production, wound healing, tissue regeneration, and genetic, especially in pharmacology.
It was significantly increased in the life quality of patients compared with traditional methods due to a number of
superiorities such as demonstrated tumor specificity especially in the field of oncology, pass the blood brain barrier in
neurodegenerative diseases and offer non-invasive alternatives in diabetes. However, there are also some risks of
systemic, genetic and cytotoxic. With this study, it was aimed to inform about the status of nanotechnology in the field
of pharmacology, advantages and drug carrier systems.
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1. Introduction

Nanotechnology, having a wide range of applications, is defined in various ways in the science world. The term of nano
signifies one per one billion of any expression. Nanometer means its version that is adapted to the length. For example,
a nanometer is a very short length corresponding to a billion for a meter, a million of a millimeter or a thousand of a
micrometer. Also, the word “nano” is derived from the word “nanus” in Latin and “nanos” in Greek and it means “dwarf”
[1]. Nanotechnology is a technology science related to design, formation, and usage of materials with nano-sized
components and dimensions of these components range from 1 nm to 100 nm [2]. Nanotechnology is the processes
carried out by controlling the matter at the molecular level. Medicine, devices and systems that are formed and used
due to their small dimensions have different properties/functions.

It is possible to use nanotechnology in various fields such as medicine, pharmacy, food industry, veterinary medicine,
and textile. Nanotechnology is thought to be originally designed for vaccines and cancer drugs [3]. Also, positive results
have been obtained in the treatment of brain tumors since the drugs can be transported to the target site via blood and
brain barrier [4].

All the nanosystems used provide some advantages when compared to conventional systems. If these advantages are
summarized increasing the therapeutic effect by increasing the half-life of the drugs [5-7], reducing the side effects of
the drugs [8], monitoring the release and distribution of the drugs, staying in circulation for a long term [4], monitoring
of the treatment efficiency,developing effects without harming other systems and organs [9, 10], avoiding some drug
use problems (drug application at night, forgetting to take/administer drugs, using drugs in short time intervals, etc.).
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As in any drug, nanotechnological product also has some disadvantages in addition to its advantages. These are high
cost, failure to prepare all active substance formulations [11], possibility of causing immediate drug release/failure to
withdraw the release at a desired time period [8], non-conformance with the biological system, nanoparticles may cause
inflammation in the lung tissue because they enter the body from the lungs at the fastest [12], their small size and large
surface area may cause particle aggregation, exceeding the desired volume of distribution and causing toxic effects by
degrading the protein structure [13].

Physicochemical properties of nanomedicine such as size, surface load and hydrophilicity affect mucosal absorption
[14, 15]. It provides advantages in kinetics such as specific drug distribution, high metabolic stability, high membrane
permeability, maximum bioavailability, and long-term drug release. Due to the increase in drug permeability, tight
junctions between the endothelial cells are opened by means of nanomolecules and drugs are released into the cells.
The transition especially realizes via the inhibition of P-glycoprotein systems [16]. Larger particles are rapidly removed
from the bloodstream via the macrophages of the reticuloendothelial system (RES). Nanomedicine needs to be coated
with surfactants in order to prolong their presence in circulation and to make phagocytes sensitive against foreign
antigens. Essential surfactants are polyethylene glycol (PEG), polyethylene oxide, poloxamer, poloxamine, and
polysorbate 80 [17-19].

1.1. Drug Delivery Systems in Nanotechnology

Nanotechnology focuses on the formulation of therapeutic agents within nanocarriers. These formulations provide the
delivery of the targeted drugs to the diseased structure [20]. In recent years, significant developments have been made
in the delivery systems of nanomedicine. Since nanotechnology applications in health field have become widespread
and new drugs have taken the place of traditional drugs, the process has increasingly accelerated. Thanks to the
advancement of the techniques that selectively deliver the drugs to pathological cells, tissues or organs, drug delivery
systems have become the most important research area [21]. In other words, selective delivery of the active substance
to the desired site occurs via the drug delivery systems.

Most frequently used carrier systems are nanoparticles, dendrimers, liposomes, polymer conjugates, and micelles. It
can be considered that the number of drug delivery systems may further increase in the future as they have the potential
to be used in the diagnosis and treatment of many diseases.

In the development of drug delivery applications, nanocarriers are designed in different pharmaceutical forms including
oral, parenteral, pulmonary, nasal, transdermal, or topical formulations [22]. Delivery of the drug to the structure where
it will activate is one of the main problems of pharmaceutical technology. Drug use is limited due to the situations such
as low drug solubility, overdose and formation of toxicity, non-specific transfer, short half-life period etc. Today, many
researchers participate in activities of developing new drug delivery systems in order to minimize the increasing
problems of the drugs and to turn new developments into clinics [23]. However, the use of nanocarriers in drug release
brings a number of problems such as not being suitable for low-potential drug releases, being hard to obtain and store
them, and having possibility to cause genetic damages and mutations [20].

1.1.1. Nanoparticles

Nanoparticles are present in the forms of needles, spheres, prisms, and cubic bars. They are colloidal structures with
dimensions varying between 10 and 100 nm. They are formed of natural or synthetic macro molecules [24]. These are
the systems where the active substance is dissolved, absorbed or bound in the particle. In the pharmaceutical sector,
their practical use in the applications such as direct binding to the active substance, confinement, and targeting has
brought them into a preferred position [20]. They are called as nanocapsules or nanospheres according to their
preparation techniques [25]. Nanocapsules are vesicular structures. The drug is confined in a cavity and surrounded by
a polymer membrane. Nanospheres are the matrix systems in which the drug is physically dispersed.

Nanoparticles provide advantages due to some of its characteristics. One of them is that they have small particle sizes.
Thus, they pass through the small capillary and are taken into the cell, and it is provided to accumulate the active
substance in the target site. Other one is the use of biosoluble materials in the preparation stage of nanoparticles. By
means of these biosoluble materials, controlled release of active substance is provided in the target tissue in periods
lasting for days and/or weeks.

1.1.2. Liposomes

These are biocompatible, reversible vesicular structures having double phospholipid layers and sizes ranging from
nanometers to a few micrometers [23]. They are widely used as a pharmaceutical carrier due to its biopharmaceutical
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characteristics. They have some advantages such as high encapsulation efficiency for both hydrophilic and hydrophobic
therapeutic substances, providing the encapsulated drugs protected from physical factors, targeting specific cells,
tissues and related organs, providing long-term blood circulation with the use of inert/biocompatible polymers, and
realizing a controllable size [26-29].

Various problems such as low solubility, short half-life period, low bioavailability, and strong side effects of the drugs
can be widely solved by liposomes. In general, liposomes are used to reduce the toxicity and side effects caused by the
drugs. In recent years, numerous liposome formulations are approved. First FDA-approved drug in liposomal
formulation is Doxil [30].

1.1.3. Dendrimers

Dendrimers are the molecules having a core at molecular center and recurrent branches around the core [31, 32]. Due
to its high encapsulation capability and high water solubility, they are considered as ideal delivery systems [33]. In order
to their feature of high functionality, they enable high drug delivery capacity on the surface [34]. In recent times, they
have been used in various cancer treatments [35-38].

1.1.4. Micelles

They are spherical structures having a particle size ranging from 5 nm to 100 nm and being composed of core made of
hydrophobic blocks a robust shell with hydrophilic polymer chain. The core is formed from hydrophobic polymers such
as polycaprolactone (PCL), polypropylene glycol (PPG) or poly D,L-lactide (PAL), and the shell is made of hydrophilic
PEG [34]. Phospholipid micelles are less toxic and they enable a longer blood circulation [39]. If the micelles are PEG,
they become more functional. The examples of this group of drugs can be specified as NK012 and NK105 that are used
in cancer treatment [40]. Micelles increase the bioavailability of the drugs with low-solubility by enabling them to be
soluble, and they can remain in the body for a sufficiently long time in order to allow the active substance to be
accumulated in the target tissue [23].

1.1.5. Polymer conjugates

When peptide-protein substances are taken orally, they are usually degraded in the stomach and their half life is very
short in parenteral administration. This causes problems in the delivery of the drug in the body and in its
pharmacokinetics. Thus, polymers are highlighted in order to eliminate such problems. Most commonly used polymers
for this purpose include PCL, polyethylene (PE), PEG, polyethylene oxide (PEO), polylactic acid (PLA), poly-
lacticoglycolic acid (PLGA), and polyglycolic acid (PGA) [25]. Today, the most frequently used polymer in the

formulation of peptide-protein drugs is PEG.

1.1.6. Nanogels

Nanogels are structures having sizes ranging from 20 nm to 200 nm that are in the liquid state at room temperature and
in the gel state at body temperature. They do not dissolve in water and biological liquids. Since their most important
characteristic is swelling, nanogels can bind drugs and biological substances. It also improves the solubility and stability
of the low soluble drugs [41, 42]. Additionally, it is a new drug carrier increasing the cellular uptake potentials more
than a free drug. It is preferred due to its inert structure in the blood circulation (does not produce any immunological
response), high biocompatibility and biodegradability (in order to prevent the deposition in the body), and facilitating
the crossing of the blood brain barrier [43].

1.1.7. Nanocrystals

They are defined as nano-sized crystals or the active substances in the crystal structure. They are developed to increase
the bioavailability of the drugs with low solubility. In addition, due to its high bioavailability, it has several advantages
such as being able to be used at lower doses, being able to prepare drugs with water solubility problems, and being able
to be administered easily [44, 45].

1.1.8. Solid lipid nanoparticles

This group consists of surfactants and water. Solid lipids, triglycerides, PEG-coated lipids, wax, and steroids are used in
its structure [41]. They have advantages such as being added to lipophilic and hydrophilic active substances, protecting
the encapsulated active substances from external factors, and controlling the release of active substances [44].
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1.1.9. Niosomes

They are the structures formed by non-ionic surfactants in an aqueous environment [45]. Since hydrophilic,
hydrophobic and amphiphilic structures take place in the structure of niosomes, they provide a broad spectrum for the
solubility of the active substance of the drug [41] and they are used as a carrier for the substances with low solubility
[46].

1.1.10. Nanoemulsions

They are heterogeneous structures in which two immiscible liquids are dispersed in the form of droplets. Their size
varies between 20 and 200 nm [47]. They are formed of hydrophilic and lipophilic phases. At least three components
are required to conduct the formulation of an emulsion: Fat phase, water phase and surfactant [48]. They increase the
absorption of different active substances via oral, nasal, parenteral, transdermal or ocular ways.

1.2. Drug Targeting Methods in Nanotechnology

Targeting systems have been developed to minimize the degradation or loss of the active substance, to reduce the
amount of drug required for a therapeutic effect, to increase bioavailability, to extend the half-life of the drug, to prohibit
the strong adverse effects, and to reduce the treatment costs [23]. The targeted drugs are beneficial for cancer, immune
system diseases, cardiovascular system diseases, and central nervous system diseases.

1.2.1. Passive targeting

Passive targeting is the transferring of the particles to specific sites via passive factors or natural physiological processes
[41]. Anatomical differences between normal and pathological tissues are benefited. When the tumors show loose
vascularization, it spontaneously permeates in the interstitium via the drug delivery system [49]. This characteristic is
defined as the EPR (increased permeability and retention) effect enabling the deposition of nanocarriers. It provides
the nanocarriers to be kept at the tumor site for a long time [50].

There are some factors affecting passive targeting. Particle size is a factor determining the drug stability and drug
release. Particle size should be small in order for nanocarriers not to be caught by RES. However, the diameter should
be atleast 10 nm in order to prevent vacuolation [51, 52]. An ideal nanocarrier size should have a diameter between 10
and 150 nm [53]. As the surface area-volume ratio of the small particles is larger, the drug release is faster because the
drug molecule is closer to the surface. Large particles involve more molecules and release more slowly [54]. Another
factor is surface. It is a factor that determines the hydrophobicity of nanoparticles. For a successful transport, the period
of the nanoparticle circulation should be increased. This is possible by coating them with hydrophobic polymers (PEG,
polysorbate 80, poloxamine, PEO) [55]. In addition, active substance loading capacity and release rate affect passive
targeting.

1.2.2. Active targeting

Active targeting occurs by using vectors having high site-specific affinity. They are the interactions between the carrier
system and the target cell or tissue [56]. Targeting ligands expressed in the target site are added to the nanocarrier
surface. Ligand is selected in such a way to bind to a receptor highly expressed by tumor cells and not expressed by
normal cells. Active targeting of nanocarriers can be achieved by adding the targeting ligands such as monoclonal
antibodies, transferrin, various peptides, folate, aptamers, hyaluronic acid, biotin, albumin (single chain
oligonucleotides), or certain sugars on their surface [57]. Via active targeting, the side effects of nanomedicine are
reduced by increasing their cytotoxic effect and the development of multi-drug resistance is prevented [58].

1.2.3. Direct application on the tissue and organ

The drug is directly applied on the target tissue or organ. For example, in myocardial infarction, it is the direct
administration of thrombolytic enzymes into the coronary vessels [59].

1.2.4. Physical targeting

The purpose is the temperature and pH-based targeting in different tissues and organs. Nanoparticles that perform pH-
based release accumulate more in these tissues and they release more [60].
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1.3. Usage Areas of Nanotechnology

1.3.1. Cancer treatment

The whole body is affected during the treatment due to the non-specific chemotherapy agents used, today. As the
current chemotherapy is aimed at destroying all the rapidly dividing cells, it can also damage the rapidly proliferating
cells such as hair follicles and intestinal epithelium [61]. Cancer treatment with nanoparticles is presented as a new
option [62]. In the treatment performed with nanoparticles, other tissues and organs other than the diseased area are
not affected [9, 10]. Additional, micelle and liposome have become alternative to chemotherapy since drug
concentration is increased by adding PEG. Genexol-PM (paclitaxel) that is used in the treatment of breast cancer is
clinically approved [40]. Dendrimers are multi-branch molecules having various functional groups for targeting,
imaging etc. [63]. In vitro imaging, localization (folic acid) and targeting of methotrexate that is an anti-cancer drug are
the developments associated with the dendrimer system [64]. Another promising nanoparticle form in cancer treatment
is the carbon nanotubes [3]. The water-insoluble drugs can be easily loaded accordingly [65]. Also, it is reported that
nanocrystals increase the cytotoxicity of chemotherapeutic agents [66].

1.3.2. Wound healing

In recent years, nanoparticles are topically used in wound healing. Gold nanoparticles are used as hydroxypropyl methyl
cellulose (HPMC) gels in order to reduce the side effects of systemic treatment [67]. The slower release of the
nanoparticles than the gel increases the retention time on the skin [68]. Studies are planned to use electrospin
nanofibers in diabetic ulcers, burns, and various skin infections.

1.3.3. Treatment of infectious diseases

Throughout the world, viral infections affect the health of millions of people and constitute major global health
problems. They cause negative effects both on health and socioeconomic development [69]. Abacavir et al., conducted
an in vitro examination on Anti-Hiv activity of lamivudine [70]. T-cells take place among the important components of
the immune system [71]. Thus, suppression of T-cells play an important role in the formation of infections [72].
Jaramillo-Ruiz et al. [73], showed for the first time that carboxylan dendrimers can be used in the prevention of
infections developing as a result of HIV and the suppression of T-cells.

New researches have been conducted for Hepatitis B virus (HBV) by using nanotechnology. In their study Wang et al.
[74] showed that metoxypolyethylene glycol having a polyethyleneimine (PEI) layer showed the highest Anti-HBV
effect. Chitosan, which is non-toxic, can be biologically degraded, and has a good biological profile, is used against HPV
[75]. In addition, in the study by Moon et al. [76], mice that did not respond to the treatments with traditional drugs
showed strong Anti-HCV (Hepatitis C virus) activity in the treatment performed with nanoparticles. It is reported that
Vivagel that is used against the Zika virus (ZIKV) has a strong antiviral activity against ZIKV [33].

There are some points that should be considered in the use of parenteral vaccines. These points are eliminated by the
use of nanoparticles (trained medical personnel, danger of reutilization of the needles, high dose regimens, immune
reactions, etc.) [77].

1.3.4. Diabetes treatment

Since the current treatments for the diabetic patients are painful, invasive, and requires continuous dose adjustment,
nanotechnological applications have been sought. Oral insulin use is one of the most suitable methods. However,
reductions occur in its effect by being affected by the stomach enzymes. Insulin should be protected against degradation
while passing through the gastrointestinal system. In animal studies, insulin polymer nanoparticles are used orally in
the form of pellet feeds. N-isopropylacylamide, PEI, and polymetacrylic acid are some of these polymers.

Chitosan provides the nanoparticles to be used in the form of inhalation. Chitosan with a mucoadhesive feature can
transfer the nanoparticular drug to the blood circulation without degradation [78-81]. Another method is ‘Smart
Tattoo’. Decreased glucose level in interstitial fluid is determined through polyethylene nanosensors coated with
fluorescent molecules subcutaneously placed in order to monitor glucose levels [82].

Also, artificial pancreas is considered as a permanent method for diabetic patients. Silicone box with a diameter of 20
nm is coated with nanopores [83]. It is aimed to replace the healthy beta cells taken from the animals with non-
functional cells. Increase in the size of nanopores may cause immune reactions [84]. In addition, it is reported that bio-
kil socks effectively reduce bacterial growth in diabetic patients [85].
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1.3.5. Atherosclerosis treatment

Nanotechnological drugs provide treatment alternatives for cardiovascular diseases at a cellular level. Chemoreceptors
placed in the carbon nanotechnological device can differentiate the plaques in the arterial wall. This device can clean
the plaques on the arterial wall by vacuuming [86]. Also, nanostents are developed to provide the continuity of the
circulatory system. They contribute to the healing process of cardiac patients [87].

1.3.6. Osteoporosis treatment

Osteoporosis has the highest prevalence among the bone diseases. Various drugs have been studied for osteoporosis
treatment. Among these drugs, Risedronat increases the bioactivity of osteoblasts and the bone regeneration [88]. In
another study [89], bone regeneration is provided by administering magnetic nanoparticles directly to the bone for
osteoporosis treatment.

In another study [90], it is reported that nanocalcium carbonate and nanocalcium citrate applications have increased
the bone mineral density in the rats undergoing ovariectomy. In the study by Tokudome et al. [91], tricalcium phosphate
nanoparticles containing zinc were injected to the rats with osteoporosis and positive results are obtained as a result of
the jawbone mineral density measurements.

2. Conclusion

The present study includes current pharmacologic data regarding nanotechnology and drug delivery systems. Today,
concern regarding the nanomedicine increases every passing day due to the insufficient treatments via conventional
methods and the excessive side effects of the drugs used. However, even though the drugs produced by nanotechnology
offer innovations/conveniences in the diagnosis and treatment of various diseases, their high costs and their long-
unknown history inhibit them to be used commonly. It is considered that a revolution can be done in health sector by
eliminating these two factors. The reason is that it is estimated that they will significantly improve the qualities of life
of the patients in the fighting against diseases. The use of nanotechnology will contribute to the development of new
particles and carrier systems in the future. It will be inevitable that nanomedicine will bring great innovations to the
health sector in the forthcoming years. With increasing of the studies in the future, it is thought that nanotechnology
would take a broader place in diagnosis and treatment of diseases leading to death.
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