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Abstract: Nowadays, nanotechnology impacts human life every day, and the potential benefits are many and 

various. In contrast, due to extensive human exposure to nanoparticles, there is an important concern about the 

potential health and environmental risks. These concerns led to the emergence of further scientific disciplines such 

as nanotoxicology and nanomedicine. Nanotoxicology which is interesting in the study of potential adverse health 

effects of nanoparticles.While, Nanomedicine, which includes subsectors such as tissue biomaterials, engineering, 
biosensors, and bioimaging, was developed to study the benefits and hazards of nanomaterials that are used in 

medicine and medical devices. 

In addition, a key promise of nanotechnology is for improved healthcare, including 

potentiallyrevolutionary treatments for cancer diseases (detection of cancer cells at the early stage) and improved 

drug delivery (such as reducing side effects), reduced inflammation, antibacterial coverings of medical devices, 

better surgical tissue therapeutic. However, as result to lack of reliable toxicity data, the potential to affect human 

health still to be a major concern. 

The purpose of this literature review is to contribute to a better understanding of the principles and 

processes the science concepts on which nanobiotechnology meansandits applications in biomedicine will be 

discussed as well as to their side effects. 

Keywords: Cancer therapy, nanobiotechnology, and gene therapy, Nanomedicine, Toxicity of 

nanoparticles 

_____________________________________________________________________________________ 

I. Introduction 
 Nano is known to be as a prefix meaning one-billionth. of a meter, or 10-9meters and it is abbreviated 

“nm.”.The nanometer is one-billionth of ameter which much too small in order to see with the naked eye or even 

with a traditionallight microscope. For instance, a sheet of paper is about 100,000 nano-meters thick; while a single 

gold atom is about a third of a nano-meter in diameter. Dimensions between 1 and 100 nano-meters are known as 

the nanoscale [1]. 

Nanotechnologyhas been employingmaterials at the nano scale, which considers a relatively new area for 

researchers, withrapidly increasingmarketable applications which hold the promise of providing important 

improvements in technologies for protecting the environment and humanity.These technologies are being usedin 

new and exciting applications in several different fields, such as medicine,textiles, environmental remediation and 

computer chip manufacturing [2-5]. 
Furthermore, it well to mention that nanoscience and nanotechnology not actually new things in the 

scientific world. For instance, in the past 50 years, a blooming of immunology caused to several new 

challenges.Continuous developmentsdroveresearchers to the years of molecular biology and genomics, which is a 

band of micro-science and microtechnology.Currently, nanotechnology focus on materials which have size from 1 to 

100 nm.  Where at these sizes, materials have new adventswhich assistanceresearchersto control the accuracy and 
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precision of new nano-materials usage [2, 6-8].Likewise, with nano size unique phenomena enable novel 

applications not feasible in case working with bulk materials with molecules or even single atoms. 

II. History and development of nanotechnology 
The term nanotechnology has been explained by a wide spectrum of numeroustechnologies that 

nanotechnology covers, which are based on many kinds of chemical, physical,and biological processes realised at 

Nano-level [9,10]. The accurately established time span for the beginning of nanotechnology development is 

demonstrated by the fact that nanotechnology has its backgrounds in the remote past when were used by people 

without knowledge of it.  

The name “nanotechnology” was introduced by Norio Taniguchi for the first time in Tokyo in 1974 at the 

International Conference on Industrial Production in order toexplain the super thin processing of materials with 

nanometer accuracy and the establishment of Nano-sized mechanisms. Concepts of nanotechnological approach, 
which were put forward by Richard Feynman (identified asFather of Nanotechnology) in 1959 in his lecture 

delivered at the session of the American Physical Society and were developed in 1986 by Eric Drexler. 

Nanotechnology and Nanoscience got animprovement in the early 1980s with two main developments 

including both the birth of cluster science and the invention of the Scanning Tunneling Microscope (STM) in 1981. 

These developments caused to the discovery of Fullerenes in 1985 and when Carbon Nano-tubes was advanced by 

Japanese scientist in 1991. In the medial of 1980s and beginning 1990s severalsignificant discoveries were made, 

which had an essential impact on the additional development of nanotechnology. For example, in 1991, the first 

nanotechnological program of National Scientific Fund was started to operate in USA,and then in 2001, the National 

Nanotechnological Initiative (NNI) of the USA was approved. Since then, lots of technical research developments 

and scientificdepartments have taken place all over the world particularly in some countries such asEngland, Japan, 

China, Germany, France, South Korea and recently in the CIS countries [9-11].  

Consequent, the nanotechnology pattern was formed at the turn of the 1960s, whereas the 1980s and 1990s 
are the start of growth of nanotechnology in its own right. According to the light of the toxicity testing in the 21st 

century sugusted by the US National Research Council (NRC), high-throughput screening of nanomaterials looks 

promising and may be potentialin the not too distant future. Despite of the complex nature of the nanomaterials 

which makes the development of their safety assessment challenging, the future of the nanotechnology sounds to be 

bright [12]. 

 

Nanobiotechnology 

Nanobiotechnology isbiotechnology at the nano scale and it is term that refer to the intersection of biology 

and nanotechnology, also it is a discipline in which tools from nanotechnology are developed and applied to study 

biological phenomena. For instance, nanoparticles can be serving as probes, sensors or vehicles for biomolecules 

delivery in cellular systems[11]. 
 

Nanomedicine 

Nanomedicine is known as a new branch of medical science and holds five main sub-disciplines including: 

medical diagnosis, nanoimaging,chemotherapyanalytical tools, and drug delivery systems.It can be said that the 

potential benefits of nanobiotechnologies raise great hopes in therapies for cancer diseases, antiviral and antifungal 

agents, diabetes, chronic lung diseases, and genetherapy.Besides medicine therapy, nanomedicine can be applied in 

surgery such as photodynamic therapy [11]. 

 

Nanomedicine for Diagnosis 

Nanotechnologies can assistance physicians’ diagnosis at singlecell and molecule levels[12]. Nanoparticles, 

such as silver nanoparticles, gold nanoparticles, and quantum dots are the common used.While, various other 

nanotechnological devices for manipulation at thenanoscale as nanobio-sensors are also valuable for potential 
clinical applied usages [13]. In addition, nanotechnologies will provide the limits of present molecular diagnostics 

and assist in point of care diagnostics, combination of diagnostics with therapeutics, and development of 

personalised medicine [11,13].Despite of the potential diagnostic applied usages are not limited, the most 

significant current applied usages are expected in the areas of biomarker discovery, early cancer diagnosis, and 

detection of infectious germs [13,14].  

 

Nanomedicine for Therapy 

Treatment is a significant medical activity. Although it is preferred that prevention of diseases is better than 

treatment, but therapy for an already existing disorder is wanted [15-17]. Therapy can be also specific or 
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symptomatic treatment;the main goal of treatment is to reduce of the patient’s pain. Development of treatment has 

been continuous for centuries. The advent of nanotherapy in medical treatment field has begun to be a new hope in 
medicine [10,18-20]. 

The application of nanomaterials as a new supplement in order to the improvement of the conventional 

therapeutic protocol can be very beneficial [10, 21,22]. 

 

Nano-pharmacology for nano-therapy 

With the advent on nano-pharmacology, new medicine development becomes easier in comparison with 

previous days, where the pharmaceutical process obtains a lot of worth from the new nanodelivery system.Nano-

pharmacology can be applied to nano-therapy and it is considered as the hope for treatment of presently untreatable 

diseases like cancer and human immunodeficiency virus [23, 24].  

 

Nano-surgery 

Nano-surgery is the new concept in surgical medicine [25 - 26]. As known that, a small wound is a wanted 
outcome of present surgery, where a small surgical wound means small blood loss and minimisation the 

complication of intraoperative and postoperative. A small wound also reduces the postoperative hospitalisation 

period for the patient. For example, there are some advents in eye surgery. Femtosecond laser pulses, which is 

emitted from lasers working in the near infrared, based on multiphoton effects allowing both imaging and laser 

effects to be produced which are in the sub-micron range and do not cause any collateral damage are available [27]. 

According to the literature,near-infrared femtosecond laser pulses was used for a collection of microscopy and nano-

surgery on fluorescently labelled structures inside living cells [28]. It found that nano-surgery could be performed 

with submicrometer precision and without visible  damage to the cell [25, 27, 28]. 

In addition, nanoneurosurgery is considered as another interesting emerging nano-surgery [29 – 31]. Also, 

several advents in nano-diagnosis can be applied to nano-surgery [25, 29]. Targeted nanotherapy based on 

nanopharmacology is also found to be valuable in nano-surgery [27, 30]. Furthermore, the applied usage of 
nanobiotechnology for nano-surgery can also be easily described as the development of various nano-surgical tools. 

Although bone is a very diverse tissue providing different functions within the body, recent researches have caused 

new biomaterials with promise to solve orthopedic problems [25, 32]. 

 

Nanomaterials and Chemotherapy 

Using of unique nanomaterials in drug delivery has offered many advantages, such as increase of drug 

solubility, stability, and enhancement of drug half-lives in theblood circulation with little effects to healthy cells. 

Liposomes is an important nanomaterial as a phospholipid vesicle with a bilayered membrane structure and has been 

extensively used for delivering anticancer drugs.For example, PEGylated liposome can encapsulate doxorubicin for 

chemotherapy and be surface-functionalised by fluorophores or gadolinium for imaging [32]. 

Cancer is still the leading cause of death around the world, despite the many treatments developed over the 

past 30 years. Nanotechnology has contributed to important advances in cancer treatment via targeting, detecting, 
and destroyingcancer cells with minimal effect on healthy tissues [33]. 

In addition,nanotechnology-based delivery system offers several advantages to conventional chemotherapy 

treatment, such as delivery of a higher dose of drugs to the tumourcells and improved solubility of unwell soluble 

drugs [11,34]. 

There are two important issues in developing nanomaterials used for cancer treatment: identification of the 

tumour and ability of the nanomaterials in order to reach the tumour site desired. also, established and functionalised 

nanomaterial can convey novel advantages for cancer therapy, such as enhancing the efficiency of drugs delivered to 

wanted areas via declining the toxicity and side effects of the drugs. Functionalised nanomaterials should be having 

ability to carry a high concentration of imaging agents or chemotherapeutic agents as well as to targeting moieties to 

the site of tumours, which are connected with blood vessels [11, 35, 36].Some of the chemical structure of some 

anticancer drugs, including Doxorubicin (DOX), Cisplatin, Cytarabine are showed in Figure 1, these drugs can be 
conjugated to nanomaterials to increase their bioavailability and water solubility [37,38]. 

 

Nano-dentistry  

Nanotechnology has a significant participation in dentistry materials. For instance, (Ultra Micro-

Indentation System, UMIS-2000, CSIRO, Australia) was used as a nano-based indentation system to describe the 

indentation stress-strain response of two kinds of dental ceramics, one type of dental alloy and healthy enamel. It is 

found that strong and tough materials with primarily elastic response, like toughened ceramics, were required in 
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order to enable dental crown/bridges to have long-term accuracy [10,11].Also, the recently introduced nano-filled 

composite materials can be used in order to bond orthodontic brackets to teeth if its consistency could be more 
influx to readily adhere to the bracket base [10,11, 39]. 

Another example, effects of dental bleaching was tested on micro- and nanomorphological alterations of 

the enamel surface and found that that the thickness of the enamel smear layer was significantly reduced due to the 

bleaching process when nanomaterials used [10,11]. 

According to the literature, there was study on the relative wear resistance of many kinds of denture teeth 

using an in vitro wear testing device and illustrated that, the nano-composite tooth was harder and more wear-

resistant in comparison with the acrylic teeth [10]. 

Nano-dentistry will make possible the maintenance of comprehensive oral health througth involving the use 

of nanomaterials, biotechnology (inclusive tissue engineering), and dental nanorobotics. It is another significant 

branch of medicine nowadays [39]. 

 
Figure no 1: Chemical structure of some anticancer drugs such as, Doxorubicin (DOX), Cisplatin, and 

Cytarabine[36]. 

 

Nanobiotechnology and gene therapy 

Gene therapy is the progressive therapeutic concept at present. Gene therapy describes local or systemic 

administration of a nucleic acid construct which can treat or prevent the diseases. Also, it includes cure diseases via 

changing the expression of genes that are responsible for the pathological case. This therapy is the hope for 

treatment of currently chronic diseases[10,24, 37].  

Nanobiotechnology can be functional for the complex gene therapy process. Presently, both biodegradable 

and non-biodegradable inorganic particles can be completely fabricated on the nano-scale with the attributes of 
binding DNA, internalizing across the plasma membrane and finally releasing in the cytoplasm for a protein final 

expression. In addition to the classical system (intravenous injection), development of polymer-based nanoparticle 

(NP) technologies for oral gene therapy is in continuous development [10,37]. As well as, Hatakeyama et al, are 

reported on development of a new systemic gene delivery system for cancer therapy with a tumour-specific 

cleavable PEG-lipid [11, 37]. 

 

Properties andApplications of nanoparticles in therapeutics, health and medicine 

Nanomaterials are investigated as promising tools for the development of diagnostic biosensors,and 

drug/gene delivery for their novel physicochemical and biological properties.Several properties of nanomaterials, 

including shape, size, chemical composition, surface structure,surface charge, agglomeration, aggregation, and 

solubility can greatly affect their interactions withbiomolecules and cells [10]. 

Furthermore, the development of safe and simple methods to detect and treatment seriousdiseases, (such as 
cancer), is one of the biggest challenges for researchers in the biotechnology and medical research field nowadays 

[40]. Metal nanoparticles, such as Au (gold), Ag (silver), Cu (copper) and Zn (zinc) nanoparticles (NPs), have been 

broadly investigated over the past two decades due to their unique chemical and optical properties as mentioned 

early[41]. Nanotechnology has been applied in therapeutic treatment mostly in drug delivery and in cancer therapy 

[42]. This is because functionalised NPs can recognise and integrate with a biological matrix via the protecting 

ligands on NPs surface [43, 44]. For many years, NPs have been tested in the therapeutic field to reduce side effects 

of cancer drugs via reducing dosage of cancer drugs. Some of the metal NPs have similar sizes when compared to 

some biomolecules. Forinstance, proteins have sizes (1–20 nm), cell surface receptors (~10 nm), viruses (~20 nm), 

DNA (~diameter 2 nm), cell membrane (~6–10 nm), and haemoglobin (~5 nm) [45- 47].  As well as, NPs (50 nm) 

or less in size have shown capability to interact with DNA, enzymes, proteins, and cell receptors extracellularly and 

intracellularly in human cells, which are considered to be hundred to thousand times bigger than these NPs [48] (see 
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Figure 2). For instance, NPs of ≤ 20 nm in diameter have discovered to exit blood vessels and circulate throughout 

the body [48]. During the last decade, AuNPs were seriously tested for biomedical applications, (such as gene, 
imaging, and photothermal therapies, and drug delivery) as a result to their novel chemical and optical properties, as 

well as their stability [49-52]. 

 
Figure no 2: Size comparison between biological species and different human made nanodevices. 

 

Toxicology and safety of Nanostructures and Nanoparticles  

The effects of nanomaterials to on humans or the environment is still poorly understood but data on their 

possible effects is wanted so that expanded development and application of nanotechnology can proceed.For 

example, Magic Nano was rapid pulled as a nanotechnology-based product, which used in a spray-on ceramic 

sealant to repel dirt. As well as, over 110 consumers in Europe reported respiratory symptoms after the product was 
used and the product was pulled in March 2006 [53]. There is important needed to educate the public about these 

new technologies and to discuss their toxicity as well a potential safety issues and how these are being treated. 

Risk assessment of using nanomaterials attends some unique challenges due to there is little published 

researches on which to base conclusions and suggestions[54]. It is well known that, qualified thirteen experts in a 

different of relevant fields were interviewed to organise a list of factors affecting the potential human health risks 

and environmental risks of nanoparticles. Information was sorted into an impact diagram with relationships that the 

experts hypothesised would affect safety assessment. This framework can be useful and helping prioritise 

experiments necessary to define safety of nanoparticles. [55]. Modern advances in nanotechnology are helping 

evolution of sensors that define markers of exposure, biological responses, and environmental remediation [56]. 

Some consumer products (cosmetics, sunscreen, sports equipment, textiles) containing nanomaterials have been 

examined to assess the potential human exposure of nanoparticles of these products and any potential risks they 
pose[57]. 

 

Biological clearance 

It is well to mention that the other side to remove nanoparticles before delivery of the drug is the harmful 

toxicity associated with the nanoparticles themselves. Nanoparticles as a whole, or the decomposition products of 

these nanoparticles, are known to cause symptoms such as dermal changes, neurotoxicity, sensitization, growth 

toxicity, cardiac toxicity [58]. It should also be noted that studies that monitor the long-term effects of these 

nanoparticles are still ongoing and data are still collected on the toxic effects of some nanoparticles. Biodegradable 
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Nanopolymers, such as polylactide (PLA), polyglycolic acid (PGA), and poly(lactic-co-glycolic acid) (PLGA) can 

be fully dissolved and widely used for the packaging of many anticancer drugs to minimize toxicity [58]. 
Nanoparticles in the bloodstream are alien organisms and undergo different ways of getting rid of the body, 

such as the immune system, organs such as kidneys and liver [10,11]. In order to effectively uptake the tumor, 

nanoparticles need to overcome these cleansing forces that are actively driving them out of the body. The single-

core phagocytic system contains of phagocytic cells, such as macrophages, Kupffer cells, and monocytes found in 

organs like the liver, spleen and bone marrow that can engulf nanoparticles and make degradation [11,59].  

The phagocytes recognize nanoparticles through the presence of opsonin such as immunoglobulin proteins, 

complement proteins, albumins, fibronectin, and apolipoproteins found in the serum. Once nanoparticles are 

opsonized and engulfed, they are subjected to enzymatic degradation, with non-degradable parts being sent to organs 

such as the liver and spleen. Kupffer cells and hepatocytes cells in the liver are used in the cleaning of NPs products 

[60]. NPs that are larger than 250 nm accumulate and are cleared by the spleen [58]. Various ways were used to 

reduce the clearance of NPs before delivering their drug cargo. The charged NPs are opsonized faster than the 

neutral particles [11, 59, 60]. Therefore, by neutralizing the surface charge, shading can be minimized. In addition, 
coating nanoparticles with PEG reduces opsonization, which causes increasing the plasma rotation time of 

nanoparticles. Kidney removal is a volume-based filtration process where the kidneys remove nanoparticles smaller 

than 8 nanometer[59]. 

 

III. Conclusion 

Many areas of science converge to study science at a basic or block level, namely nanoscience. Most studies focused 

on materials science with some emerging applications in the field of biomedicine. Some of basic studies have been 

conducted in the field of medicines to discuss the fundamentally different properties of nanoparticles. The 

applications of nonmaterial compoundsare clear and promising. However, the toxicity of nanomaterialsis still poorly 
understood. The review of available literature has revealed a great deal of literature on this subject, and the literature 

describes the gradual evolution of the concept of nanotechnology and its applications. Based on a review of 

available literature, the following concluding observations are made: Developers and researchers of nanotechnology 

concepts should work together with more application-based researchers to ensure that developments can lead to 

useful products and the nano science seems poised to be leading to a revolution in the world of medicine. 
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