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The medical application of Nanotechnology is Nanomedicine [1]. It ranges 

from the medical applications of nanomaterials and biological devices, 

to nanoelectronic biosensors, and even possible future applications of molecular 

nanotechnology such as biological machines.The size of nanomaterials is similar to 

that of most biological molecules and structures; therefore,they can be useful for both 

in vivo and in vitro biomedical research and applications., Tthe integration of 

nanomaterials with biology has led to the development of diagnostic devices, contrast 

agents, analytical tools, physical therapy applications, and drug delivery vehicles. 

 

DRUG DELIVERY 

Nanotechnology has provided the possibility of delivering drugs to specific 

cells using nanoparticles. The overall drug consumption and side-effects may be 

lowered significantly by depositing the active agent in the morbid region only in very 

low doses. Targeted drug delivery is intended to reduce the side effects of drugs with 

concomitant decreases in consumption and treatment expenses. The efficacy of drug 

delivery through Nanomedicine is largely based upon: a) efficient encapsulation of 

the drugs, b) successful delivery of drug to the targeted region of the body, and c) 

successful release of the drug. Nanoparticles can be used in combination therapy for 

decreasing antibiotic resistance or for their antimicrobial properties.[2][3][4] 

Nanoparticles might also used to circumvent multidrug resistance (MDR) 

mechanisms.[5]. Two forms of nanomedicine that have already been tested in mice and 

are awaiting human trials that will be using gold nanoshells to help diagnose and treat 

cancer,[6] and using liposomes as vaccine adjuvants and as vehicles for drug 

transport.[7][8]. Targeted and/or controlled delivery of these biopharmaceuticals 

using nanomaterials like nanoparticles and Dendrimers is an emerging field called 

nanobiopharmaceutics, and these products are called Nanobiopharmaceuticals. Some 

nanotechnology-based drugs that are commercially available or in human clinical 

trials include: 

 

 Abraxane to treat breast cancer,[9] non-small- cell lung 

cancer (NSCLC)[10] and pancreatic cancer,[11] is the nanoparticle albumin 

bound paclitaxel. 

 Doxil to treat HIV-related Kaposi's sarcoma,ovarian cancer and multiple 

myeloma. The drug is encased in liposomes, which helps to extend the life of 
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the drug that is being distributed. Liposomes are self-assembling, spherical, 

closed colloidal structures that are composed of lipid bilayers that surround 

an aqueous space. The liposomes also help to increase the functionality and 

it helps to decrease the damage that the drug does to the heart muscles 

specifically.[12] 

 Onivyde, liposome encapsulated irinotecan to treat metastatic pancreatic 

cancer, was approved by FDA in October 2015.[13] 

 C-dots (Cornell dots) are the smallest silica-based nanoparticles with the size 

<10 nm. The particles are infused with organic dye which will light up 

with fluorescence. Clinical trial is underway since 2011 to use the C-dots as 

diagnostic tool to assist surgeons to identify the location of tumor cells.[14] 

 An early phase clinical trial using the platform of ‘Minicell’ nanoparticle for 

drug delivery have been tested on patients with advanced and untreatable 

cancer. Built from the membranes of mutant bacteria, the minicells were 

loaded with paclitaxel and coated with cetuximab, antibodies that bind 

the epidermal growth factor receptor (EGFR) which is often overexpressed 

in a number of cancers, as a 'homing' device to the tumor cells. The tumor 

cells recognize the bacteria from which the minicells have been derived, 

regard it as invading microorganism and engulf it. Once inside, the payload 

of anti-cancer drug kills the tumor cells. Measured at 400 nanometers, the 

minicell is bigger than synthetic particles developed for drug delivery. The 

researchers indicated that this larger size gives the minicells a better profile 

in side-effects because the minicells will preferentially leak out of the porous 

blood vessels around the tumor cells and do not reach the liver, digestive 

system and skin. This Phase 1 clinical trial demonstrated that this treatment 

is well tolerated by the patients. As a platform technology, the minicell drug 

delivery system can be used to treat a number of different cancers with 

different anti-cancer drugs with the benefit of lower dose and less side-

effects.[15][16] 

 In 2014, a Phase 3 clinical trial for treating inflammation and pain 

after cataract surgery, and a Phase 2 trial for treating dry eye disease were 

initiated using nanoparticleloteprednol etabonate.[17] In 2015, the product, 

KPI-121 was found to produce statistically significant positive results for the 

post-surgery treatment.[18] 

CANCER 

Nanoparticles have high surface area to volume ratio. This allows for many 

functional groups to be attached to a nanoparticle, which can seek out and bind to 

certain tumor cells. Additionally, the small size of nanoparticles (10 to 100 

nanometers), allows them to preferentially accumulate at tumor sites (because tumors 

lack an effective lymphatic drainage system).[19] Limitations to conventional cancer 

chemotherapy include drug resistance, lack of selectivity, and lack of solubility. 

Nanoparticles have the potential to overcome these problems.[20] 
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VISUALIZATION 
In vivo imaging is another area where tools and devices are being developed. 

Using nanoparticle contrast agents, images such as ultrasound and MRI have a 

favorable distribution and improved contrast. This might be accomplished by self 

assembled biocompatible nanodevices that will detect, evaluate, treat and report to 

the clinical doctor automatically. 

 

The small size of nanoparticles endows them with properties that can be very 

useful in oncology, particularly in imaging. Quantum dots (nanoparticles with 

quantum confinement properties, such as size-tunable light emission), when used in 

conjunction with MRI, can produce exceptional images of tumor sites. Nanoparticles 

of cadmium selenide (quantum dots) glow when exposed to ultraviolet light. When 

injected, they seep into cancer tumors. The surgeon can see the glowing tumor, and 

use it as a guide for more accurate tumor removal. These nanoparticles are much 

brighter than organic dyes and only need one light source for excitation. This means 

that the use of fluorescent quantum dots could produce a higher contrast image and 

at a lower cost than today's organic dyes used as contrast media. The downside, 

however, is that quantum dots are usually made of quite toxic elements.  

 

SENSING 

Gold nanoparticles tagged with short segments of DNA can be used for 

detection of genetic sequence in a sample. Multicolor optical coding for biological 

assays has been achieved by embedding different-sized quantum dots into polymeric 

microbeads. Nanopore technology for analysis of nucleic acids converts strings of 

nucleotides directly into electronic signatures. 

 

TISSUE ENGINEERING 

Nanotechnology may be used as part of tissue engineering to help reproduce 

or repair or reshape damaged tissue using suitable nanomaterial-based scaffolds and 

growth factors. Tissue engineering if successful may replace conventional treatments 

like organ transplants or artificial implants. Nanoparticles such as graphene, carbon 

nanotubes, molybdenum disulfide and tungsten disulfide are being used as reinforcing 

agents to fabricate mechanically strong biodegradable polymeric nanocomposites for 

bone tissue engineering applications. The addition of these nanoparticles in the 

polymer matrix at low concentrations (~0.2 weight %) leads to significant 

improvements in the compressive and flexural mechanical properties of polymeric 

nanocomposites.[21][22] Potentially, these nanocomposites may be used as a novel, 

mechanically strong, light weight composite as bone implant.. Another example 

is nanonephrology, the use of nanomedicine on the kidney. 

 

BLOOD PURIFICATION: 

In Animal models that magnetic nanoparticles can be used for the removal of 

various noxious compounds including toxins, pathogens, and proteins from whole 

blood in an extracorporeal circuit similar to dialysis.[23][24] In contrast to dialysis, 

which works on the principle of the size related diffusion of solutes 
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and ultrafiltration of fluid across a semi-permeable membrane, the purification with 

nanoparticles allows specific targeting of substances. Additionally larger compounds 

which are commonly not dialyzable can be removed. The purification process is based 

on functionalized iron oxide or carbon coated metal nanoparticles 

with ferromagnetic or superparamagnetic properties.[25] The small size (< 100 nm) 

and large surface area of functionalized nanomagnets leads to advantageous 

properties compared to hemoperfusion, which is a clinically used technique for the 

purification of blood and is based on surface adsorption. These advantages are high 

loading and accessibility of the binding agents, high selectivity towards the target 

compound, fast diffusion, small hydrodynamic resistance, and low dosage.[26] 

 

FUTURE DIRECTIONS 

As it stands now, the majority of commercial nanoparticle applications in 

medicine are geared towards drug delivery. In biosciences, nanoparticles are 

replacing organic dyes in the applications that require high photo-stability as well as 

high multiplexing capabilities. There are some developments in directing and 

remotely controlling the functions of nano-probes, for example driving magnetic 

nanoparticles to the tumour and then making them either to release the drug load or 

just heating them in order to destroy the surrounding tissue. The major trend in further 

development of nanomaterials is to make them multifunctional and controllable by 

external signals or by local environment thus essentially turning them into Nano-

devices. 
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