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나노의약품(Nanomedicine)은 나노기술이 접목된 신기능성 의약품을 의미하며 빠르게 발전하고 있는 신생 분야이다. 아직 상용화

된 나노의약품은 많지 않지만 최근 나노기술이 접목된 진단 및 치료제제가 속속 개발되면서 기존 의약품을 대체하는 추세에 있다. 

나노의약품 연구는 지난 10여년 동안 미국과 유럽을 중심으로 활발히 진행되었으며, 그 결과로 2000년대에 접어서면서 나노의약

품 관련 특허 및 논문의 수가 급속히 증가하고 있다. 본 총설에서는 탄소 나노소재, 고분자 약물전달 시스템, 진단영상 소재 등과 

같은 대표적인 나노의약품의 연구개발 동향을 소개하고 있다.

Nanomedicine is a young and rapidly emerging field, which integrates clinical medicine with nanotechnology. Although the 

commercial nanomedicine is still in a fairly embryonic state, the recent advances in the nanotechnology-based therapeutics 

and diagnosis has changed the landscape of medicine. Bibliometric analysis shows a surge in research activity over the past 

decade. In this review, we have discussed some of the promising materials and their applications to this nascent field, such 

as carbon nanomaterials, polymeric drug delivery systems, and diagnostic imaging agents.
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1. Introduction
1)

  1.1. What is Nanomedicine?

  Over the past few years, nanomedicine has been received enormous 

attention and emerged as new and exciting research field. Nanomedi- 

cine is an important new concept that combines the nanotechnology 

and medicine (i.e. utilizing nano tools for healthcare applications), and 

requires collaboration between many disciplines such as chemistry, 

physics, biology, material science, engineering and clinical medi-

cine[1]. The term nanomedicine was found in the late 1990’s; accord-

ing to the Science Citation Index (Institute for Scientific Information, 

Thompson, Philadelphia, PA, USA) the term nanomedicine was first 

cited in the research publications in the year 2000. Though the word 

Nanomedicine has been widely accepted by the world scientific com-

munity, the literal definition for the term is still in a hot debate. In the 

report by European Science Foundation (ESF), the term nanomedicine 
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was defined as “the science and technology of diagnosing, treating and 

preventing disease and traumatic injury, of relieving pain, and of pre-

serving and improving human health, using molecular tools and molec-

ular knowledge of the human body.” Similar definition has been re-

flected by US National Institutes of Health (NIH), which defines as 

“highly specific medical intervention at the molecular scale for curing 

disease or repairing damaged tissues, such as bone, muscle or nerve”. 

Despite the conflict in the literal definition of the term, today nano-

medicine has found an increasing place in various areas and applica-

tions of the health care sector including drug delivery, drug discovery 

and development, diagnostics and medical devices[2]. In this review, 

we have discussed some of the promising nanomaterials which can be 

used for therapy and diagnosis, such as carbon-based nanomaterials 

(fullerene and carbon nanotube), polymeric nanoparticles (polyplexes, 

polymer micelles, and polymer-drug conjugates), and inorganic nano-

materials (quantum dots, iron oxide nanoparticles, and nanoshell).
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  1.2. Market Prospects

  The path-breaking developments of any emerging field can be real-

ized, only when there is a huge investment and a clear long-term 

strategy. Similarly, the potential benefits of nanomedicine in the labo-

ratory bench can be taken to the people only when there is a good un-

derstanding and communication between academia and industry[3]. 

Hence, collaborative projects between these two should be highly 

encouraged. In the recent report by Cientifica, the world’s leading in-

dependent supplier of nanotechnology research and technology in-

formation, it has stated that the future growth opportunities in nano-

technology sector will lie in pharmaceutical and healthcare applica-

tions[4]. In one of the report Scientific Forward Look on Nanomedicine 

in 2005, the European Science Foundation (ESF) has highlighted the 

need of major investment in nanomedicine and recommended the gov-

ernment and major funding agencies to create new nanomedicine-tar- 

geted funding schemes[5]. As a result this field has now reached a sig-

nificant size. Among the various sub-disciplines of nanomedicine, the 

drug delivery systems head the top with high market value of more 

than 70% of the total sale, and also with 76% of the scientific papers 

and 59% of the patents. According to Wagner et al.[2], more than 207 

companies are actively involved in nanomedicine activities in the world 

wide and the market will grow to ~$12 billion in the year 2012. The 

United States leads the global market compared to Europe. In the 

NanoBiotech News 2006 Nanomedicine Device & Diagnostic report, L. 

Yoffe, an associate publisher of National Health Information LLC 

(NHI) and NanoBiotech news, has pointed out that 130 nanotech-based 

drugs and delivery systems and 125 devices or diagnostic tests have 

entered preclinical, clinical or commercial development, meaning the 

clinical pipeline has grown 68% since 2005.

  1.3. Patents and Publications

  Although the commercial nanomedicine is in the infant stage of 

development, there exist a huge competition between the research 

institutes, universities and companies in protecting their products 

and process by filing patents. The lack of precise definition of 

nanomedicine limited bibliometric analysis. The present scenario of 

the Intellectual Property resources reveals that the patents granted 

and the applications filed has shown an upward trend in the past 

5 years (see Figure 1). In the nanomedicine arena, the United State 

with 32% of the publications and 54% of patent filings leads the 

race compared to Europe with 36% of publications and 25% of 

patent filings. Next to these countries, Japan has acquired a strong 

position with a share of 9% publication and 5% of the patents. On 

comparing publications and patents of various sector of the nano-

medicine, drug delivery system has acquired the top position with 

76% publication and 59% patents[2].

2. Carbon Nanomaterials Based Therapeutics and 

Diagnosis

  2.1. Fullerenes

  Fullerenes (C60) also called buckyballs, named after architect Richard 

Figure 1. Nanomedicine publications and patents worldwide Source: 

Wagner et al, Nat. Biotechnol., 24, 1211, (2006) [2].

Buckminster Fuller, are one of the carbon allotropes discovered by 

Richard Smalley and his colleagues in 1985[6]. The interesting chem-

ical and physical properties of the fullerenes have stimulated its use in 

numerous applications such as in material and biological chemistry. 

The poor solubility of fullerene in polar solvents limited its use in bio-

logical applications. This problem has been overcome by the chemical 

modification of fullerenes[7], i.e. by linking it with functional charge-

able groups such as carboxylic acid or amines, which results in numer-

ous fullerene derivatives with better solubility. The dendrimeric full-

erene derivative having 18 carboxylic acid groups with highest water 

solubility (34 mg/mL at pH 7.4) has been developed by Hirsh and 

coworkers[8]. The solubility of the fullerene has also been increased 

by incorporation of the fullerenes into water soluble supra-molecular 

structures such as calixarenes and cyclodextrin[9] or water suspension 

preparations[10]. The water soluble form of fullerenes was found to be 

quite low toxicity[11]. Since then, there has been increasing interest in 

their possible application in biomedicine which includes application of 

the functionalized fullerene derivatives as inhibitors of the HIV-I pro-

tease[12] and as drugs for many neurodegenerative disorders (Parkinson’s, 

Alzheimer’s and Lou Gehrig’s disease)[13]. The metal atom entrapped 

fullerenes known as endohedral metallofullerenes (e.g. Gd@C82(OH)x) 

are used in nuclear medicine such as contrast agent in magnetic reso-

nance imaging (Figure 2). The most important biological achievements 

of the fullerenes are extensively covered in the reviews[14,15].

  2.2. Carbon Nanotubes

  Ever since its discovery in 1991 by Iijima, carbon nanotubes (CNTs) 

have received enormous attentions for the fabrication of new class of 

advanced materials, due to their unique structural, electronic, 

mechanical, thermal, and chemical properties. CNTs are interesting 

members of carbon derivatives built from sp
2
 carbon units with 

hexagonal honeycomb lattices, with several nanometers in diameter and 

micrometers long cylindrical shells. CNTs are classified into two types 

(Figure 3): (i) single-wall carbon nanotubes (SWNTs) consist of a 

single graphite sheet rolled seamlessly, defining cylinder of 1∼2 nm; 

and (ii) multi-walled carbon nanotubes (MWNTs) can be visualized as 

concentric and closed graphite tubules with multiple layers of graphite 
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(a) (b) (c)

Figure 2. (a) Fullerene included calixarene; (b) Fullerene included cyclodextrin, 2:1 complex; and (c) Endohedral metallofullerenes.

sheet defining a hole typically from 2∼25 nm separated by a distance 

of approximately 0.34 nm that is close to the interlayer distance of the 

graphite carbon[16]. Recently, enormous interest has been shown in the 

application of CNTs toward biomedical fields[17] such as DNA and 

protein sensors, DNA sequencing, ion channel blockers, lab on a chip, 

biocatalyst and as delivery systems for both diagnostic and therapeutic 

applications. The biomedical application of pristine CNTs was hindered 

by the solubility problems, which has recently been overcome by two 

approaches[18]: (i) non-covalent modification of the surface with 

different molecules by adsorption or electrostatic interaction; and (ii) 

covalent functionalization such as by addition reactions or by 

generating the carboxylic acid group at the surface followed by 

derivatization with different types of molecules. Recently, Kam and 

Dai[19] and Pantarotto et al.[20] have showed that the functionalized 

SWNTs are capable of penetrating mammal cells without the need of 

any external transport system, and they have assured CNTs as a 

promising drug delivery carriers to deliver drugs, peptides and nucleic 

acids. Yinghuai et al.[21] has developed an attractive and efficient 

delivery system for boron neutron capture therapy, by functionalizing 

SWNTs with substituted carboranes via nitrene cycloaddition. In one 

of the studies, Pantarotto et al.[22] has highlighted the potential use of 

peptide-CNT conjugates towards vaccine delivery. In these conjugates, 

the peptide covalently linked to the CNT was able to adopt the correct 

secondary conformation by the support of the SWNT. The chara- 

cteristic of CNT to absorb near IR (700 to 1100 nm) was exploited 

to kill the cancer cells and to provide a powerful tool for tracking their 

behavior in cells, tissues, and organisms. Kam et al.[23] has 

functionalized the pristine SWNT by various phospholipids (PL) with 

polyethylene glycol (PEG) moiety and folic acid terminal group. The 

folate receptor is a tumor marker over expressed in most of the human 

tumors. Hence selective internalization of SWNTs inside cancer cell 

was achieved using folate receptor. The cancer cells were then 

destroyed using continuous NIR radiation without affective receptor- 

free normal cells. The continuous NIR radiation produces excessive 

local heating of SWNT[23]. The biodistribution and tumor targeting 

ability of SWNTs was investigated very recently by H. Dai, X. Chen 

(a)

(b)

Figure 3. (a) Single walled Carbon Nanotube (b) Multi walled Carbon 

Nanotube.

and their colleagues from Stanford University, using Hipco Nanotubes 

noncovalently functionalized with phospholipids- PEG. The results 

were promising; f-SWNTs efficiently reached the tumor tissue without 

any apparent toxicity[24]. This technologically important result 

really surge the CNTs for therapeutic applications.
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3. Polymeric Nanomedicine

  Over the past decades intensive efforts have been made to improve 

the therapeutic index of the drugs. The term polymer therapeutics en-

compasses polymer-drug conjugates, polymer-protein conjugates, poly-

meric micelles containing covalently attached drugs, and other poly-

meric drug delivery systems[25]. Here we have discussed some of 

them. Polymeric micelles are formed in an aqueous solution from am-

philic block copolymers. The core of the micelle is formed by the hy-

drophobic segment (which can solubilize the hydrophobic drugs) of the 

block, and the water soluble corona is formed by the hydrophilic part 

such as PEG[26]. The polymeric micelle possesses a number of sig-

nificant properties compared to small molecule surfactants. For exam-

ple, micelle has good biocompatibility and stability both in vivo and 

in vitro, and can be effectively used for solubilization of various hy-

drophobic cancer drugs. These micelles can deliver the solubilized 

drugs, particularly to the tumor site using enhanced permeability and 

retention (EPR) effect. The targeting ability of the micelle can also be 

achieved by attaching the specific targeting ligand molecules or stimuli 

sensitivity species such as pH or temperature sensitive. The micellar 

anticancer drug delivery system, the PEG-block-poly(aspartic acid) 

[PEG-b-P(Asp)] copolymers chemically conjugated with doxorubicin is 

under the phase II clinical studies[27]. In the gene delivery research, 

recently Kakizawa et al.[28] has successfully synthesized a novel nano-

carrier for siRNA, based on calcium phosphate nanoparticles stabilized 

by PEG-b-P(Asp) block copolymers. Another interesting class of sys-

tem is dendrimers, which are macromolecular compounds consisting of 

an apolar core and polar shell. The unique class of dendritic structure 

has been fabricated from monomers using either convergent or di-

vergent step, and this kind of structures was first reported by 

Newkome et al.[29]. The drug molecule can be loaded either in the in-

terior core or can be simply adsorbed or attached to the surface groups 

of the dendrimers. Wendland and Zimmerman[30] has synthesized cor-

ed dendrimers, like hollow nanospheres, suitable for drug delivery 

applications. The PEGylated dendrimers with hydrophilic shell and hy-

drophobic core has been formed by conjugating PEG to the surface of 

the dendrimers. The main reason behind the PEGylated dendrimers is 

to incorporate the beneficial properties of PEG such as high water sol-

ubility, biocompatibility and ability to modify the misdistribution of 

carriers. The non viral gene therapy[31] has recently gained much in-

terest; the major approach in the non viral gene therapy is based on 

polyplexes, complexes formed by mixing DNA with synthetic poly- 

cations. The cationic polymer polyethylenimine (PEI) has been widely 

used for non viral transfection, and the ability of PEI/DNA polyplexes 

to deliver genes into lung or tumor tissue by local or systemic applica-

tion has already established. Many polymers have been proposed for 

drug and gene delivery systems but only a few has obtained good re-

sults in in vivo and clinical.

4. Inorganic Nanomaterial-Based Therapeutics and 
Diagnostics

  4.1. Quantum Dots

  Quantum dots (QDs) have semi-conducting nano-scale crystalline 

structures made from II-VI or III-V column elements of the periodic 

table. QDs show unique size-dependent optical and electrical properties 

due to quantum confinement. The confinement can be due to the pres-

ence of an interface between different semiconductor materials, the 

presence of the semiconductor surface, and/or electrostatic potentials. 

This zero dimensional materials with superior transport and optical 

properties find its application in various fields. Among them, the most 

promising is in the biomedical field[32], as potential artificial fluo-

rophore for the detection of tumors. QDs possess numerous advantages 

(such as long term photostability, high quantum efficiency, narrow 

emission and continuous absorption spectra) over conventional organic 

dyes fluorophores, which can quickly photobleached under normal 

imaging conditions. Recently, Yu et al.[33] reviewed the water soluble 

quantum dots towards biomedical applications. The toxicity of QDs 

possessing cadmium (such as CdSe) was addressed by coating the sur-

face with silica[34], and attaching the exterior surface of the silica with 

PEG.

  4.2. Superparamagnetic Iron Oxide Nanoparticles

  Increasing efforts have been devoted to the potential application of 

magnetic nanoparticles towards contrast agent for magnetic resonance 

imaging (MRI), gene targeting, drug delivery, and the hyperthermia 

treatment of cancer. Iron oxide is a powerful magnetic contrast agent 

in MRI resonance due to its strong magnetic susceptibility and 

superparamagnetism. The clinical imaging agents can be categorized 

into superparamagnetic iron oxide (SPIO) nanoparticles and ultra small 

superparamagnetic iron oxide (USPIO) nanoparticles, depending on 

their hydrodynamic diameter[34]. The biocompatibility of the material 

has been improved by coating the surface with materials such as PEG, 

starch, dextran or silica. The most commercially available and clin-

ically approved MRI agent is dextran coated SPIO particles[36]. These 

particles are mostly used for imaging liver because of its rapid uptake 

by macrophages. Gu et al.[37] has synthesized a porphyrin decorated 

iron oxide nanoparticles that can be used as a bimodal anticancer agent 

in the combinational treatment of photodynamic therapy and hyper-

thermia therapy. The currently marketed superparamagnetic iron oxide 

nanoparticles such as Feridex
Ⓡ

, Endorem
Ⓡ

 and Resovist
Ⓡ

, has satisfied 

all the current regulations to use in patients.

  4.3. Metal Nanoshells-Gold Nanoshells

  In the recent years, there is a significant need in the novel methods 

for diagnosis and treatment of cancer with improved sensitivity, specif-

icity and cost-effectiveness. Metal Nanoshells[38] are novel spherical 

nanoparticles comprising of a dielectric core covered by a thin metallic 

shell often made up of gold. The optical resonance of these nano-

particles can be precisely controlled over broad region from near UV 

to the mid IR, by just varying the relative dimensions of the core and 
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Figure 4. Schematic diagram for synthesis of Silica core gold Nanoshell.

the shell. The Nanoshells within the near infrared (NIR) regions are of-

ten designed because light penetration through tissue is optimal at this 

region. The first metal nanoshell comprised of Au2S dielectric core sur-

rounded by a gold shell was developed by Zhou et al.[39]. Later, 

Oldenburg et al.[40] developed a new nanoparticle made up of silica 

core and gold shell, which overcame the many of the limitations pos-

sessed by Au-Au2S core-shell nanoshell. Recently, Shi et al.[41] has 

synthesized polystyrene core-gold shell nanostructures starting from the 

commercially available carboxylate-terminated polystyrene microspheres. 

The synthetic procedure for obtaining silica core gold shell nano-

particles is as follows,

  ⅰ) monodisperesed silica spheres was first synthesized using Stober 

method, by reducing tetraethylorthosilicate in ethanol under ba-

sic conditions

  ⅱ) the surface of the silica spheres was then modified with amine 

group using aminopropyltriethoxysilane

  ⅲ) small gold colloids of 1-2 nm was decorated on their aminated 

surfaces, and then

  ⅳ) gold shell was grown on the decorated surface by chemical re-

duction of Au in a HAuCl4 solution.

  Some of the potential biomedical application of gold nanoshells in-

cludes immunoassays, nanoshell bioconjugates for molecular imaging, 

photothermal cancer therapy (NIR thermal therapy for tumors), and the 

use of scattering nanoshells as contrast agents for optical coherence to-

mography (OCT).

5. Conclusion

  Several areas of medical care have already benefited from this new 

exciting field of research. A number of targeted drug delivery system, 

and diagnostic agent are under development. The first nanotechnology 

based targeted delivery system are already in the market, and others 

are in the clinical trial. The bibliographical data on the patent filings 

and publications has highlighted the enormous potential of this exciting 

field. Currently, there is no generally agreed upon definition for nano-

medicine, this is also one of the issue to be addressed. In conclusion, 

nanomedicine holds great promise at their infancy, and produced many 

fruitful applications in drug delivery, diagnostics and imaging.
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