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ABSTRACT 

Nanotechnology is a broad term that covers many areas of science, research and 

technology. It has been regarded as a science and technology based innovation and is 

recognized as a promising new growth innovator of the 21st century.  In its most basic 

form, it can be described as working with things that are small. The area of investigation is 

defined by the study, design, manipulation, manufacture, and control of materials or 

devices by physical or chemical means at resolutions on the order of one billionth of a 

meter. It offers a range of possibilities for healthcare and medical innovation, including 

targeted drug delivery systems, extended release vaccines, diagnostic and imaging 

technologies, and antimicrobial coating. These innovations have become a major focus not 

only for government policy initiatives and investment, but have also heralded for both 

nanomedicine and pharmaceutical industries. Recent research on biosystems at the 

nanoscale has created one of the most dynamic science and technology domains at the 

confluence of physical sciences, molecular engineering, biology, biotechnology, and 

medicine. This domain includes better understanding of living and thinking systems, 

revolutionary biotechnology processes, synthesis of new drugs and their targeted delivery, 

regenerative medicine, neuromorphic engineering, and developing a sustainable 

environment. Nanomedicine helps to fight diseases at the cellular and molecular level by 

utilizing unique properties of quasi-atomic particles at a size scale ranging from 1 to 100 

nm. Nanoparticles are used in therapeutic and diagnostic approaches, referred to as 

theranostics. This review explores some of the advancements in modern medicine thanks 

to nanotechnology. 
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INTRODUCTION 

Nanotechnology is a scientific approach 

that involves materials and equipments 

capable of manipulating physical as well 

as chemical properties of a substance at 

molecular levels. Nanotechnology 

involves research and technology 

development at the atomic, molecular or 

macromolecular levels in the range of 

approximately 1-100 nanometers to 

provide fundamental understanding of 

phenomena and materials at the 

nanoscale. The nanometer scale is about a 

billionth of a meter. In comparison, a 

human hair is about 10,000 nanometers 

in diameter. Basically nanotechnology is 

used to create structures, devices and 

systems that have novel properties and 

functions because of their minute size.  

Nanotechnology and nanoengineering 

stand to produce significant scientific and 

technological advances in diverse fields 

including medicine and physiology. The 

application of nanotechnology to the 

screening, diagnosis, and treatment of 

disease, known as nanomedicine is an 

emerging field that has the potential to 

revolutionize individual and collective 

health care in the 21stcentury [1]. At the 

beginning of this century, health, science 

and technology were identified as basics 

for social and economic development as 

set out in the United Nations Millennium 

Development Goals [2]. Nanotechnology is 

defined as the design, characterisation, 

production and application of structures, 

devices and systems by controlling shape 

and size at the nanometre scale. The 
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nanometre scale is usually set at 1 to 100 

nm and nanotechnology makes use of the 

new properties of materials at this scale 

that differ from those at a larger scale.  

The potential impact of nanotechnology 

stems directly from the spatial and 

temporal scales being considered: 

materials and devices engineered at the 

nanometer scale imply controlled 

manipulation of individual constituent 

molecules and atoms in how they are 

arranged to form the bulk macroscopic 

substrate. This, in turn, means that 

nanoengineered substrates can be 

designed to exhibit very specific and 

controlled bulk chemical and physical 

properties as a result of the control over 

their molecular synthesis and assembly. 

The greatest impacts of nanotechnology 

are taking place in the context of 

healthcare and medicine and this arena of 

nanotechnology is generally referred to as 

nanomedicine and sometimes broadly 

called bionanotechnology [3]. 

For applications to medicine and 

physiology, these materials and devices 

can be designed to interact with cells and 

tissues at a molecular (i.e., subcellular) 

level with a high degree of functional 

specificity, thus allowing a degree of 

integration between technology and 

biological systems not previously 

attainable. It should be appreciated that 

nanotechnology is not in itself a single 

emerging scientific discipline but rather a 

meeting of traditional sciences such as 

chemistry, physics, materials science, and 

biology to bring together the required 

collective expertise needed to develop 

these novel technologies. While 

nanotechnology is seen as the way of the 

future and is a technology that a lot of 

people think will bring a lot of benefit for 

all who will be using it, nothing is ever 

perfect as there will always be pros and 

cons to everything. Below are some of the 

applications of nanotechnology in modern 

medicine.  

Chemical Noses and Tongues Based on 

Nano-Biomaterials 

An application of nanotechnology to 

biosciences is the use of coated 

nanoparticles for the measurement of 

concentrations of intracellular ions. For 

instance, classical methods of measuring 

[Ca2+] rely on the determination of two 

rations of fluorescent indicators after a 

target cell was loaded appropriately [4]. 

This is only valid as long as other cellular 

content, such as proteins, do not interfere 

with the dye Ca2+-interaction. Published 

evidence supports the notion that non-

calcium interactions with commonly used 

dyes need to be taken into account [5], 

[6]. This has driven a considerable move 

to improve Ca2+ indicators. A recent 

report, for example, strongly argues for 

the use of a dye, based on a green 

fluorescent protein, which was originally 

isolated from the jelly fish Aequorea 

victoria [7]. The authors concede that this 

improved indicator is susceptible to pH 

changes and that a correction of pH 

effects is necessary for qualified 

statements based on the use of their dye 

[8], which is in accord with published 

evidence [9] [10].  

Cancer Nanotechnology 

Early recognition of cancerous lesions 

depends on a complete understanding of 

the collective features of genesis and 

progression of tumors. Such knowledge 

would, in turn, allow a targeted delivery 

of drugs. Here, the combination of 

diagnostics and therapeutics, in the form 

of nanomaterial-derived theranostics, 

seems to be a promising avenue to 

precisely target malignancies at the 

cellular level and deliver tailored 

treatments to the appropriate recipient, 

thus, reducing patients‟ burden caused by 

high-dosage application of 

pharmaceutical remedies. All these 

approaches, however, hinge on a full 

understanding of all aspects of cancer 

biology, such as the biology of oncogenes 

and tumor-suppressors and the role of the 

tumor environment in the genesis and the 

progression of cancers, as well as the 

influence of hypoxia exerted on the 

properties of cancers. 

From a standpoint of translational 

potential in the sense of immediate 

relevance to the applied nanotechnology 

branch, with focus on the pursuit of 

commercially viable avenues relevant and 

attractive to clinicians and small and 

medium enterprises alike, a few randomly 
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chosen examples may serve as cases in 

point. For instance, [11] synthesized 

dually, pH and temperature sensitive 

micelles, tailored to the tumor 

environment via composition of the co-

polymer used [12]. The dually sensitive 

di-block-co-polymer with Poly(N-(2-

hydroxypropyl) methacrylamide 

diacetate) being a thermosensitive 

material suitable for the intended delivery 

of the payload, paclitaxel [13]. Whilst the 

authors see a slight albeit significant 

increase in tumor size in the mouse 

model used, no significant loss of body 

weight of the animals was observed. Of 

note is that no significant levels of loaded 

carriers were found in the liver, although 

no evidence was presented to address the 

issue of particle clearance [14]. 

Another area in the field of cancer 

nanotechnology cannot be neglected: the 

mode of drug delivery. For instance, [15] 

review progress made on refinement of 

programmable nanomedicine, namely 

synergistic and sequential drug delivery 

systems. The former is designed to 

deliver payload upon recognition of two 

or more stimuli, whereas the latter is 

designed to release payload once 

individual stimuli are recognized. Both 

are not mutually exclusive from one 

another and represent promising 

platforms for the refinement of potential 

therapeutic approaches. Further effort is 

required before a translation into 

application-relevant prototypes of 

pharmaceutic formulations can be 

considered feasible. 

One area is the optimization of the 

pharmacokinetic characteristics to secure 

spatial-temporal precision of the 

recognition of the stimulus required for 

release of the payload. Another issue that 

needs addressing is the simplification of 

the structures required. This will most 

likely improve commercial viability by 

simplification of the approval process if, 

say, existing delivery systems can be 

combined to achieve a programmable 

drug delivery system [16].  

In vitro Diagnostic 

In vitro diagnosis for medical applications 

has traditionally been a laborious task; 

blood and other body fluids or tissue 

samples are sent to a laboratory for an 

analysis, which could take hours, days or 

even weeks, depending on the used 

technique, and is highly labour intensive. 

The many disadvantages include sample 

deterioration, cost, lengthy waiting times 

(even for urgent cases), inaccurate results 

for small sample quantities, difficulties in 

integrating parameters obtained by a wide 

variety of methods and poor 

standardisation of sample collection. 

Steadily, miniaturisation, parallelisation 

and integration of different functions on a 

single device, based on techniques 

derived from the electronics industry, 

have led to the development of a new 

generation of devices that are smaller, 

faster and cheaper, do not require special 

skills, and provide accurate readings. 

These analytical devices require much 

smaller samples and will deliver more 

complete (and more accurate) biological 

data from a single measurement. 

The requirement for smaller samples also 

means less invasive and less traumatic 

methods of extraction. Nanotechnology 

enables further refinement of diagnostic 

techniques, leading to high throughput 

screening (to test one sample for 

numerous diseases, or screen large 

numbers of samples for one disease) and 

ultimately point‐of‐care (POC) 

diagnostics. An in vitro diagnostic tool 

can be a single biosensor, or an integrated 

device containing many biosensors [17] 

[18]. A biosensor is a sensor that contains 

a biological element, such as an enzyme, 

capable of recognising and „signalling‟ 

(through some biochemical change) the 

presence, activity or concentration of a 

specific biological molecule in solution.  

A transducer is used to convert the 

biochemical signal into a quantifiable 

signal. Key attributes of biosensors are 

their specificity and sensitivity. 

Techniques derived from the electronics 

industry have enabled the miniaturisation 

of biosensors, allowing for smaller 

samples and highly integrated sensor 

arrays, which take different 

measurements in parallel from a single 

sample. Higher specificity reduces the 

invasiveness of the diagnostic tools and 

simultaneously increases significantly 
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their effectiveness in terms of providing 

biological information such as 

phenotypes, genotypes or proteomes.  

Several complex preparation and 

analytical steps can be incorporated into 

lab-on-a-chip devices, which can mix, 

process and separate fluids, realising 

sample analysis and identification. 

Integrated devices can measure tens to 

thousands of signals from one sample, 

thus providing the general practitioner or 

the surgeon with much more 

complementary data from his patient‟s 

sample. Some devices for diagnostics 

have been developed to measure parts of 

the genome or proteome using DNA 

fragments or antibodies as sensing 

elements and are thus called gene or 

protein chips. Cells–on-chips use cells as 

their sensing elements, employed in many 

cases for pathogen or toxicology 

screening. 

Integrated devices can be used in the 

early diagnosis of disease and for 

monitoring the progress of therapy. New 

advancements in microfluidics 

technologies show great promise towards 

the realization of a fully integrated device 

that directly delivers full data for a 

medical diagnosis from a single sample. 

Recent developments aim at developing in 

vitro diagnostic tools to be used in a 

standard clinical environment or e.g. as 

point-of-care devices. Improvements of 

specifications of in vitro diagnostic 

devices thanks to nanotechnologies can 

be envisaged in two major application 

areas: Point of care (POC) analysis and 

central analytical labs.  

On one hand, miniaturisation, integration 

and multiplexing would be key features 

for POC devices. On the other hand, 

central analytical labs in hospitals need 

highly automated system with high 

throughput. However at the moment point 

of care is not the main focus of In vitro 

diagnostic (IVD) industry which 

concentrates and earns the most money 

in central clinical labs. However, in the 

long term the capacity of central lab 

diagnostics will probably saturate, which 

will likely result in an increased need for 

POC diagnostics. The trend towards 

simple diagnostics tests in the General 

Practitioner‟s office and ultimately the 

home of the patient becomes inevitable. 

This trend however requires more robust 

systems, easy to operate without 

technical training, offering fast response 

and the delivery of easily analysable data 

to the practitioner. 

In vivo Diagnostic 

In vivo diagnostics refers in general to 

imaging techniques, but also covers 

implantable devices. Nanoimaging 

includes several approaches using 

techniques for the study of in vivo 

molecular events and molecules 

manipulation. Imaging techniques cover 

advanced optical imaging and 

spectroscopy, nuclear imaging with 

radioactive tracers, magnetic resonance 

imaging, ultrasound, optical and X‐ray 

imaging, all of which depend on 

identifying tracers or contrast agents that 

have been introduced into the body to 

mark the disease site.  

The goal of in vivo diagnostics research is 

to create highly sensitive, highly reliable 

detection agents that can also deliver and 

monitor therapy. This is the „find, fight 

and follow‟ concept of early diagnosis, 

therapy and therapy control that is 

encompassed in the concept of 

theranostics. With this strategy, the tissue 

of interest can firstly be imaged, using 

target specific contrast nanostructures. 

Then, combined with a pharmacologically 

active agent, the same targeting strategy 

can be used for applying therapy. Finally, 

monitoring of treatment effects is 

possible by sequential imaging. 

Nanoparticles in Drug and Gene 

Delivery 

Among the different application areas of 

nanoparticles, drug delivery is one of the 

most advanced. This is large part due to 

the success of polymer- and liposome-

based drug delivery systems, many of 

which are in clinical use today. Polymer-

based drug delivery systems can be 

categorized as polymeric drugs, polymer-

protein conjugates, polymer drug 

conjugates, and polymeric micelles [19]. 

Polymers can also be emulsified into 

nanometer-size particles within which 

drugs can be trapped. Polymeric drugs are 

typically natural polymers that are known 
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to have antiviral or antitumor 

characteristics. Polymer-protein 

conjugates most commonly use PEG. PEG 

is well known for its high water solubility 

and excellent biocompatibility, and its 

attachment to drugs results in increased 

solubility.  

PEG attachment is also known to reduce 

the renal clearance of drugs and enhance 

receptor-mediated uptake by cells. This 

approach can therefore be utilized to 

prolong the half life of a drug and reduce 

dosing frequency. Polymer-drug 

conjugation is aimed at improving 

solubility and specificity of low molecular 

weight drugs. Lastly, polymeric micelles 

are typically created with amphipilic 

polymers that form micelles in solution 

with a drug entrapped inside the micelles 

[20]. 

Liposomes are vesicles formed by the 

entrapment of fluid by phospholipid 

molecules which have hydrophobic and 

hydrophilic components and can form 

bilayers. A bilayer is formed when two 

layers of oriented lipid molecules come 

together such that their hydrophobic 

sides are in contact with one another. 

Under certain conditions, lipid molecules 

form vesicles, in which a volume of fluid 

is enclosed by lipid bilayers. Vesicles can 

range in size from tens of nanometers to 

thousands of nanometers [21]. Drug 

molecules can be incorporated along with 

the fluid enclosed by vesicles or within 

lipid bilayers. The structure of these 

synthetic bilayers, which are 

biocompatible and biodegradable, is 

similar to that of biological membranes in 

the body.  

Targeting can be achieved by chemical 

modification of the vesicle surface using 

ligands or polymers. As such, liposomes 

are not conventional “particles” in that 

they do not have a solid core that defines 

their identity. However, just like 

nanoscale “particles” of polymers, they 

are colloidal entities and constitute a 

significant proportion of nanoscale drug 

delivery systems. Solid lipid nanoparticles 

(SLN) are another class of nanoparticles 

that are made from lipids that are solids 

at room temperature [22]. The 

nanoparticles are synthesized by 

emulsifying a molten lipid mixed with 

drug and surfactant which is then cooled. 

The utilization of polymer- and liposome-

based nanoparticles in drug delivery is 

illustrated below with a few examples 

organized by disease type. The list of 

diseases or the number of examples 

within each disease is by no means 

exhaustive; the intent here is to illustrate 

the breath of nanoparticle drug delivery 

systems rather than cover all areas in 

depth.  

Drug Delivery 

In nanotechnology nano particles are used 

for site specific drug delivery. In this 

technique the required drug dose is used 

and side-effects are lowered significantly 

as the active agent is deposited in the 

morbid region only. This highly selective 

approach can reduce costs and pain to the 

patients. Thus variety of nano particles 

such as dendrimers, and nano porous 

materials find application. Micelles 

obtained from block co-polymers, are 

used for drug encapsulation. They 

transport small drug molecules to the 

desired location. Similarly, nano 

electromechanical systems are utilized 

for the active release of drugs. Iron nano 

particles or gold shells are finding 

important application in the cancer 

treatment. A targeted medicine reduces 

the drug consumption and treatment 

expenses, making the treatment of 

patients cost effective.  

Nano medicines used for drug delivery 

are made up of nano scale particles or 

molecules which can improve drug 

bioavailability. For maximizing 

bioavailability both at specific places in 

the body and over a period of time, 

molecular targeting is done by nano 

engineered devices such as nano robots 

[23]. The molecules are targeted and 

delivering of drugs is done with cell 

precision. In vivo imaging is another area 

where Nano tools and devises are being 

developed for in vivo imaging. Using nano 

particle images such as in ultrasound and 

MRI, nano particles are used as contrast. 

The nano engineered materials are being 

developed for effectively treating 

illnesses and diseases such as cancer. 

With the advancement of nanotechnology, 
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self-assembled biocompatible nano 

devices can be created which will detect 

the cancerous cells and automatically 

evaluate the disease, will cure and 

prepare reports.  

The pharmacological and therapeutic 

properties of drugs can be improved by 

proper designing of drug delivery 

systems, by use of lipid and polymer 

based nano particles [24]. The strength of 

drug delivery systems is their ability to 

alter the pharmacokinetics and bio-

distribution of the drug. Nano particles 

are designed to avoid the body's defense 

mechanisms [25] can be used to improve 

drug delivery. New, complex drug 

delivery mechanisms are being 

developed, which can get drugs through 

cell membranes and into cell cytoplasm, 

thereby increasing efficiency. Triggered 

response is one way for drug molecules to 

be used more efficiently. Drugs that are 

placed in the body can activate only on 

receiving a particular signal. A drug with 

poor solubility will be replaced by a drug 

delivery system, having improved 

solubility due to presence of both 

hydrophilic and hydrophobic 

environments [26]. Tissue damage by 

drug can be prevented with drug delivery, 

by regulated drug release.  

With drug delivery systems, larger 

clearance of drug from body can be 

reduced by altering the pharmacokinetics 

of the drug. Potential nano drugs will 

work by very specific and well-

understood mechanisms; one of the major 

impacts of nanotechnology and 

nanoscience will be in leading 

development of completely new drugs 

with more useful behavior and less side 

effects. Thus nano particles are promising 

tools for the advancement of drug 

delivery, as diagnostic sensors and bio 

imaging. The bio-distribution of these 

nanoparticles is still imperfect due to the 

complex host's reactions to nano- and 

micro sized materials and the difficulty in 

targeting specific organs in the body. 

Efforts are made to optimize and better 

understand the potential and limitations 

of nano particulate systems. In the 

excretory system study of mice 

dendrimers are encapsulated for drug 

delivery of positively-charged gold nano 

particles, which were found to enter the 

kidneys while negatively-charged gold 

nanoparticles remained in the important 

organs like spleen and liver. The positive 

surface charge of the nanoparticle 

decreases the rate of opsonization of 

nanoparticles in the liver, thus affecting 

the excretory pathway. Due to small size 

of 5 nm, nano particles can get stored in 

the peripheral tissues, and therefore can 

get collected in the body over time. Thus 

nano particles can be used successfully 

and efficiently for targeting and 

distribution, further research can be done 

on nano toxicity so that its medical uses 

can be increased and improved [27] [28].  

CONCLUSION 

Nano materials have increased surface 

area and nano scale effects, hence used as 

a promising tool for the advancement of 

drug and gene delivery, biomedical 

imaging and diagnostic biosensors. Nano 

materials have unique physicochemical 

and biological properties as compared to 

their larger counterparts. The properties 

of nano materials can greatly influence 

their interactions with bio molecules and 

cells, due to their peculiar size, shape, 

chemical composition, surface structure, 

charge, solubility and agglomeration. 

There is a very bright future to 

nanotechnology, by its merging with 

other technologies and the subsequent 

emergence of complex and innovative 

hybrid technologies.  
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