
Smart Nanoparticles for Drug Delivery: Boundaries and 
Opportunities

Byung Kook Leea, Yeon Hee Yuna, and Kinam Parka,b,*

aPurdue University, Weldon School of Biomedical Engineering, West Lafayette, IN 47907, U.S.A.

bPurdue University, Department of Industrial and Physical Pharmacy, West Lafayette, IN 47907, 
U.S.A.

Abstract

Various pharmaceutical particles have been used in developing different drug delivery systems 

ranging from traditional tablets to state-of-the-art nanoparticle formulations. Nanoparticle 

formulations are unique in that the small size with huge surface area sometimes provides unique 

properties that larger particles and bulk materials do not have. Nanoparticle formulations have 

been used in improving the bioavailability of various drugs, in particular, poorly soluble drugs. 

Nanoparticle drug delivery systems have found their unique applications in targeted drug delivery 

to tumors. While nanoparticle formulations have been successful in small animal xenograft 

models, their translation to clinical applications has been very rare. Developing nanoparticle 

systems designed for targeted drug delivery, e.g., treating tumors in humans, requires clear 

understanding of the uniqueness of nanoparticles, as well as limitations and causes of failures in 

clinical applications. It also requires designing novel smart nanoparticle delivery systems that can 

increase the drug bioavailability and at the same time reduce the drug's side effects.
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1. Introduction

Pharmaceutical particles include a variety of sizes and shapes, ranging from traditional 

tablets and granules to microparticles and nanoparticles. The relative sizes of commonly 

used pharmaceutical particles are shown in Fig. 1. Tablets are most well-known and 

accepted formulations with a long history. Powders are processed and granules are made to 

make tablet formulations. Quite frequently, however, granules are used to make 
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formulations different from traditional immediate release tablets. Drug-containing granules 

can be mixed or coated with pharmaceutical polymers to render them with delayed release 

or sustained release properties. In fact, the first sustained release drug delivery systems were 

made in 1952 by coating drug-containing cores with a polymer of varying thicknesses [1]. 

Microparticle and nanoparticle formulations are a more recent development in drug delivery. 

Microparticles are used to make long-term (i.e., weeks to months) depot formulations that 

can be injected by subcutaneous or intramuscular routes. The polymers used for long-term 

microparticle formulations are biodegradable so that the microparticles do not have to be 

removed after its lifetime is over, i.e., once all loaded drug is released. The most widely used 

biodegradable polymer is poly(lactic-co-glycolic acid) (PLGA). For more than a decade, 

nanoparticles have been used for developing formulations with special features, and the 

research on the nanoparticle-based drug delivery systems has dominated the literature. 

While significant advances have been made, the current nanoparticle-based formulations 

require drastic improvements to achieve their intended goals of developing unique delivery 

systems that others could not have achieved.

Recent review articles describe many aspects of nanoparticles, such as history, advances, 

advantages, and potentials [2–10]. All nanoparticle-based drug delivery systems were 

developed largely by trial-and-error approach in a long chain of case-by-case studies without 

a rational formulation design [11]. While promises and potentials have been the main topics 

of most review articles, the real progress requires a clear understanding of the current status, 

mainly limitations, of nanoparticle technologies. Without defining the problem, its solution 

will not be found. The objective of this article is to examine the promises, in the context of 

limitations, of nanoparticles used in the drug delivery field. In particular, the current 

misconceptions blocking faster progress are discussed. The majority of the articles in the 

literature on nanoparticles deal with targeted drug delivery to tumors, only one aspect of 

numerous drug delivery technologies. To realize breakthroughs in the targeted drug delivery 

area as well as in other equally important areas, the strength and limitations of the current 

nanoparticle technology need to be carefully evaluated for opening up new opportunities.

2. Nanoparticle: Definition

The term "nanoparticle" has become fashionable and almost all scientific literature deals 

with nanoparticles in one way or another. In the drug delivery area, the first nanoparticles of 

100 nm diameter were made of poly(methyl methacrylate) as a new adjuvant in 1976 [12]. 

Since then, literally hundreds of thousands of articles deal with nanoparticles, and yet, the 

clear definition of nanoparticles is lacking. According to the National Nanotechnology 

Initiative (www.nano.gov), nanotechnology is utilizing the unique physical, chemical, 

mechanical, and optical properties of materials that naturally occur at the nanoscale, i.e., the 

dimensions between approximately 1 and 100 nm. Both International Organization of 

Standardization (ISO) and American Society for Testing Materials (ASTM) have provided 

their definitions of nanoparticles which are practically the same [13, 14]. A nanoparticle is 

defined as a nano-object with all three dimensions in the size range from approximately 1 

nm to 100 nm. Thus, nanoparticles are those within this size range. The IUPAC also defines 

nanoparticle as a particle of any shape with dimensions in the 1~100 nm range [15], 

however, there is no specific reason to use 100 nm as the size that separates nanoparticles 
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from non-nanoparticles [16]. The only guiding principle of differentiating nanoparticles is 

that novel properties which bulk materials typically do not have can be developed, if the size 

is below 100 nm. Also, included in the IUPAC definition of nanoparticle is when the objects 

with only two dimensions are below 100 nm, e.g., tubes and fibers [15]. Thus, the definition 

of nanoparticle is not really based on the exact size of the particles, but rather depends on 

whether nanoparticles have novel properties that non-nanoparticles of the same material do 

not have.

2.1. Novel properties of nanoparticles

The fascination on the novel properties of nanoparticles mainly stems from the fact that 

nanoparticles have a huge surface area as compared with microparticles or other bulk 

materials. The assumption that goes together with this huge surface area is that the 

properties of nanoparticles are very different from larger particles. The relatively significant 

amount of atoms and molecules on the surface of nanoparticles is expected to bring 

interesting new properties. But the question is whether there have been any really interesting 

and unexpected properties that only nanoparticles have while their bigger counterparts do 

not. These novel properties should not include those which are already well known through 

traditional colloid chemistry. For example, colloidal gold particles have been made since the 

days of Michael Faraday in the middle of the 19th century [17], and it has been well known 

that the color of colloidal gold particles changes depending on the size of the gold particles. 

If such a well-known phenomenon is considered a representation of a novel property of 

nanoparticles, then current nanoparticles in general really do not provide any unique 

properties. Likewise, the nanoparticles that are supposed to have novel properties are not 

really new. Thus, the question is what novel properties do nanoparticles provide that have 

not been known. This question is important in applications of nanoparticles to the 

pharmaceutical industry, in particular, drug delivery systems where drug-loaded 

nanoparticles are usually larger than 100 nm. The current fever in nanoparticles is largely 

based on the assumed, yet unrecognized, novel properties.

2.2. Advantages of nanoparticles over small molecules

Although the nanoparticle itself may not possess any novel properties, nanoparticle 

formulations could provide new properties that may benefit drug delivery. Nanoparticles are 

distinguished from small molecules which represent free drugs that are not incorporated into 

nanoparticle systems. Nanoparticle delivery systems are designed and tested for the ultimate 

goal of developing clinically useful formulations to treat various diseases. Thus, the unique 

properties of nanoparticles need to be considered in the context of treating diseases, i.e., 

improving efficacy and safety. If nanoparticles indeed deliver more drugs to the target site as 

compared with the control, it should be able to lower the required doses of drugs, which in 

turn should result in reduced toxic side effects [18, 19]. Another beneficial property of 

nanoparticles is to improve the water solubility of poorly soluble drugs [2]. Many anticancer 

drugs, e.g., paclitaxel, are poorly water soluble. Making them into nanoparticle formulations 

can increase their water-solubility without using undesirable excipients, such as Cremophor 

EL or polysorbate which are used in Taxol® and Taxotere® formulations, respectively. 

Increase in water solubility without using harmful excipients is also expected to increase the 

safety, which in itself is a sufficient reason to use it, even if the efficacy is not improved. 
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Other potentially beneficial properties of nanoparticles include fine tuning of the size less 

than 100 nm to evade macrophages in the reticuloendothelial system, surface modification to 

prolong the blood circulation time, enhancing the interaction with binding to the target cells, 

or delivery of multiple drugs in the same formulation [3]. These properties, however, have to 

be evaluated in terms of efficacy and safety of the formulation as a whole.

3. Nanoparticles in Pharmaceutical Applications

Fig. 2 shows relative sizes of examples of nanoparticles in relation to the sizes of familiar 

examples. Various proteins, including albumin and antibodies, have been used to deliver 

drugs. Polymer micelles, liposomes, and drug nanocrystals have been used to improve drug 

delivery, i.e., deliver more drugs to the targets and/or increase the overall bioavailability. 

Incidentally, all these formulations accompany the increase in solubility of poorly soluble 

drugs, and this is one property that contributes to the increased bioavailability. Since there is 

no clear boundary that separates nanoparticles from non-nanoparticles based on the size, the 

exact upper limit of nanoparticle size cannot be determined. If the size is above 1 µm, 

however, a particle clearly becomes a microparticle, and thus, for now, any particles less 

than 1 µm possessing unique properties that larger size particles of the same material do not 

have can be called nanoparticles. As shown in Fig. 2, there is a grey area defining the upper 

limit of nanoparticles in the 100 nm ~1 µm range. Such flexibility, in fact, is required in 

utilizing the nanoparticle concept in drug delivery, because it is the unique properties of 

nanoparticles that are useful, instead of the size itself. This leads to the question as to what 

unique properties of nanoparticles can be exploited for improving drug delivery.

In the drug delivery field, the nanosized drug delivery systems have been used for more than 

six decades. The liposome was first developed in 1964 [20] and the term "nanoparticle" was 

first used in 1976 to describe 100 nm polymer particles [12]. Thus, the idea of using 

nanoparticles in drug delivery began almost four decades ago, and the unique abilities of the 

nanoparticles were already appreciated by drug delivery scientists. Almost three decades 

ago, drug delivery scientists started exploiting the unique properties of drug nanocrystals in 

improving drug bioavailability. The majority of new chemical entities and currently used 

drugs are poorly water-soluble. The bioavailability of the poorly soluble drugs is known to 

improve by making the drug in nanosizes to increase the surface area for improved drug 

dissolution [21]. The improved drug dissolution, in turn, results in a high drug concentration 

gradient for improved absorption, leading to improved bioavailability [22, 23]. The drug 

nanocrystal technology has been used to develop several clinically successful drugs, such as 

sirolimus, aprepitant, fenofibrate, megestrol, and paliperdione [24]. Only a limited number 

of nanocrystal formulations in clinical applications indicates the difficulties involved in the 

development of such formulations, and clearly more advances need to be made for wider 

applications of the nanocrystal formulation. Preparing stable nanocrystal formulations 

requires an engineering solution.

4. Nanoparticles for Targeted Drug Delivery to Tumors

Targeted drug delivery is a holy grail of drug delivery. It is especially important in treating 

tumors, and naturally, the majority of the articles published in the drug delivery field have 
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been focused on this topic. In essence, the current approach of targeted drug delivery to 

tumors has been relying on two assumptions. First, the nanoparticle drug delivery system 

will accumulate more than its control formulation at the tumor due to the widely accepted 

enhanced permeation and retention (EPR) effect. Second, increasing the blood circulation 

time of nanoparticles by coating the surface with poly(ethylene glycol) (PEG), known as 

PEGylation, will improve the nanoparticle accumulation at the target site. These 

assumptions were thought to be correct as evidenced by numerous successes observed in the 

studies using nanoparticle-based treatment of tumors in mouse xenograft models. The EPR 

effect was first described by Matsumura and Maeda in 1986 [25]. Numerous publications 

have shown that the EPR effect in mouse models increases the drug accumulation by 

nanoparticle formulations by 200~500%. This increase may be impressive, but in the big 

picture, such an increase is still not sufficient to effectively treat tumors. The amount of the 

drug that accumulates at the tumor is still only 2~5% of the total administered dose [26]. 

The 2~5 fold increase in drug concentration may be able to shrink the tumor more than the 

control formulations, but it has not been able to completely eradicate tumors.

The EPR effect simply describes accumulation of extravasated nanoparticles at the tumor 

slightly more than the control, due to the less efficient back diffusion to the blood from the 

interstitial space than the dissolved drug molecules. Since, it is the free drug molecules that 

kill tumor cells, release of the drug from the nanoparticles at the right time is critical. Thus, 

mere presence of nanoparticles around the tumor does not necessarily impact killing tumor 

cells. There may be instances where blank nanoparticles cause necrosis or apoptosis of cells. 

If the blank nanoparticles are bioactive, however, they will also have the same effects on 

normal cells, leading to undesirable results. The biodistribution of paclitaxel nanocrystals in 

tumor-bearing mice was examined using paclitaxel nanocrystals that contain both tritium-

labeled paclitaxel and fluorescent probe molecules [27]. It was discovered that only about 

1% of the total injected paclitaxel accumulated at the tumor site after intravenous injection 

through the tail vein. Both nanocrystals and Taxol®, a solution formulation, showed similar 

amounts of paclitaxel at the tumor with similar activity. This makes sense, because 

paclitaxel in Taxol® is likely to be in the micellar form of Cremophor EL [2].

The main point of all the studies done in small animal models is that most of them have 

shown efficacy in inhibiting tumor growth in small animal xenograft models, and the 

efficacy has been almost always higher than the control non-nanoparticle formulations. But 

even in the small animal xenograft models, no tumors were fully eradicated. Most small 

animal model studies show the data for the first few weeks or a month. The decrease in 

tumor size may occur in the beginning, but the small animals are dying anyway despite 

repeated injections. If the nanoparticle formulations were indeed highly effective in treating 

tumors, such formulations could have been administered repeatedly to completely destroy 

the tumor. Unfortunately, no small animal studies have shown such real success. The above 

two assumptions on the EPR effect and PEGylation of nanoparticles may not represent the 

in vivo processes, especially in the human body.
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4.1. Clarification of "passive" and "active" targeting

There has been a misunderstanding of the concepts of so-called "passive" and "active" 

targeting. These terminologies were used to describe the differences between nanoparticle 

formulations that have surface-bound targeting moieties, such as ligands or antibodies, 

against specific binding sites on the target tumor cell surface. In vitro studies using cell 

culture systems clearly showed superior uptake of nanoparticles with ligands or antibodies 

over the control nanoparticles. But when nanoparticles are introduced to the circulating 

blood, delivery of nanoparticles to the target tumor is simply based on the blood circulation 

and subsequent extravasation near the tumor [28]. This is where the EPR concept has been 

widely applied despite the fact that the increase in drug accumulation is only marginal [29]. 

Whether the nanoparticle has a targeting moiety or not, the number of nanoparticles 

reaching the target tumor remains the same [9, 30]. The presence of ligands or antibodies 

may help interaction with the target cells and consequent endocytosis. Thus, strictly 

speaking, there is no "passive" or "active" targeting. These decades-old terminologies should 

not be used anymore, as they imply the wrong impression of the ability of nanoparticles.

A recent study using liposomes with a targeting ligand has clearly demonstrated that the 

accumulation of the targeted particle was significantly reduced as compared with the non-

targeted particles over the 4 weeks of treatment [31]. The expression of the target receptor 

changes over time, and thus, the expectation of targeting tumor cells based on 

overexpression of a target receptor is naïve at best. Furthermore, almost all studies on 

"active" targeting have never produced the quantitative data on the density of expressed 

receptors. The future studies of targeted drug delivery based on "active" targeting should 

provide information on the receptor density on the target cells which changes over time. 

Furthermore, the concept of active targeting is largely based on the observation that cancer 

cells "overexpress" certain receptors to be hyper-responsive to the low levels of growth 

factors and other ligands present in their surroundings. Levels of cell surface receptors can 

increase by as much as 50-fold [32]. The hyper-responsiveness toward ligands of cancer 

cells is limited by the amount of nanoparticles reaching the target cancer cells, which is only 

2–4 folds larger than the control. On the other hand, the presence of an "active" targeting 

moiety on nanoparticles may inadvertently allow preferential interaction with normal cells 

which also express the same receptors, albeit 50-fold less. Since there are a significantly 

larger number of normal cells than cancer cells, a 50-fold increase in receptors on the cancer 

cell surface will make little difference in delivery of nanoparticles to the target cancer cells. 

If anything, the presence of an "active" targeting moiety is likely to reduce the number of 

nanoparticles reaching the target because they may be picked up by normal cells which 

express the same receptors. There have been situations where antibody-based drugs result in 

substantial benefits to certain cancer patients, but these are exceptions rather than the norm.

4.2. Smart nanoparticle systems

The key to the successful treatment of tumors is to deliver as much drug as possible to the 

target tumor. Of the many nanoparticulate systems used for tumor-targeted drug delivery, 

liposomes and polymer micelles constitute major portions. Liposomes have been widely 

used to develop tumor-targeted drug delivery systems. Many anticancer drugs are 

hydrophobic and they reside inside the liposomal lipid bilayer, and thus are prone to transfer 
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to other hydrophobic sites in the blood, such as blood proteins. A study using a rat model 

showed that liposomes with more rigid bilayers transferred the loaded drug to lipoproteins at 

higher transfer rates than liposomes with more flexible bilayers [33]. It was also shown that 

PEGylated liposomes release a hydrophobic drug at a higher rate than the control. The fast 

drug release during blood circulation is not limited to liposomes. Polymer micelles may 

release their contents even faster, presumably through interacting with blood proteins [34]. 

Liposomal drug carriers or polymer micelles lose the loaded drug by the diffusional process 

as well as interacting with blood components. Maintaining the loaded drug inside the 

delivery vehicle is important, not just for liposome formulations, but also for all other 

intravenously administered formulations. Thus, it becomes critically important to develop 

drug delivery vehicles with a very slow drug release in the blood but with fast drug release 

when activated by environmental factors, which are often referred to as smart drug delivery 

systems. Smart nanoparticles are those that are capable of releasing more drug molecules to 

the surrounding environment upon stimulation. The stimuli include physical (temperature, 

light, magnetic field, and electricity), chemical (pH, and ions), and biological (enzymes, 

antibodies, and small molecules) components.

Smart drug delivery systems have been engineered to respond to external factors, such as 

ultrasound, radiofrequency, light, and temperature. Ultrasound, a pressure wave, can be 

delivered with high spatial and temporal resolution. Ultrasound can lead to heating as well 

as non-thermal mechanical effects by the energy dissipated during interaction with the 

tissues. Ultrasound, in combination with microbubbles, has been used in drug delivery. 

Microbubbles can generate diverse mechanical forces when exposed to ultrasound. 

Sonoporation is induction of a transient permeabilization of cellular membranes by 

ultrasound. The sonoporation can be used to enhance extravasation of drugs from blood to a 

surrounding interstitial space by treating a specific area with focused ultrasound [35, 36]. A 

series of self-assembling micelles were prepared to incorporate photosensitive Pt(IV)–azide 

prodrugs derived from cisplatin [37]. The micelles released biologically active Pt(II) quickly 

upon UVA irradiation. In the H22 murine hepatocarcinoma model the UVA irradiated 

animal showed significantly improved drug efficacy over the control. Currently, most 

chemotherapy focuses on primary tumors, even though metastatic disease is responsible for 

the majority of cancer deaths. Recently, a new design of a multicomponent nanochain 

formulation was designed to take the microenvironment of micrometastasis into 

consideration for cancer treatment [38]. Three iron oxide nanospheres are chemically linked 

to one doxorubicin-loaded liposome to make a linear, chain-like assembly. The unique 

advantage of the nanochain particles is that they allow multivalent attachment on the 

vascular target, which in turn results in about 6% of the administered dose accumulated in 

micrometastases in the lungs in a mouse model. In comparison, control liposomes exhibited 

less than 1% accumulation in lung micrometastases. To release the drug from the 

congregated nanochains to the metastatic cancer cells, a “mild” radiofrequency field was 

applied outside near the body to cause the iron oxide nanospheres of the nanochain to 

vibrate, break open the liposome spheres and spread the drug to the entire volume of 

micrometastatic sites.

One of the most promising smart drug delivery systems is thermosensitive liposomes. 

Increasing the temperature at the tumor site to 41 °C for 1 hour [39] or applying ultrasound 
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for 20 min [35] is known to induce hyperpermeable tumor vessels for maximal 

extravasation. Subsequent increases to higher temperatures, e.g., 42 °C, are made to induce 

fast release of the drug from the nanoparticles [35, 39]. This two-step approach, of course, 

requires special nanoparticle formulations, such as low-temperature sensitive liposomes that 

change their release properties by a small increase in temperature. Since it is critical to keep 

the drug inside the delivery vehicles until they are near the tumor and to release the drug 

upon receiving external stimulus, developing more refined nanoparticles that respond 

reliably to the external factors is necessary.

4.3. Capabilities of nanoparticles: presumed vs. real

Improved efficacy of many nanoparticle formulations in small animal models has induced 

significant hope of targeted drug delivery in human patients. In theory, the drug delivery 

systems that work so well in small animal models should work, although not as well, in 

humans. Yet, a seemingly most promising low temperature-sensitive liposome approach has 

not produced the target response in clinical trials to date. This is despite the fact that 

treatment of tumors with mild hyperthermia was shown to be beneficial when used in 

combination with radiotherapy or chemotherapy [40]. There are a couple of reasons why this 

approach may not produce desirable effects in clinical applications. A precise sequence of 

events have to occur at the right times. First, the nanoparticle delivery systems have to 

extravasate from the blood into the surrounding tissue when the local area is activated, e.g., 

temperature of a local area is increased, and the local region is exposed to UV light, 

radiofrequency or magnetic field. Second, the nanoparticles accumulated near the tumor 

have to release their contents fast to establish a necessary drug concentration gradient when 

another signal is received. This sequence of processes is described in Fig. 3. Nanoparticle 

formulations, such as liposomes, polymer micelles, and drug nanocrystals, need to 

extravasate from the blood to the interstitial tissue near a tumor. In this process, a 

nanoparticle size smaller than 200 nm is preferred, because they are known to have low 

uptake by the reticuloendothelial system, leading to long circulation time [41], and the pore 

sizes of the endothelial cell lining near the tumor are known to be less than 380 nm [42]. In 

this process, application of mild hyperthermia (e.g., temperature of 41 °C), or ultrasound, is 

known to cause hyperpermeability to nanoparticles. The extravasated nanoparticles have to 

diffuse through the extracellular matrix near the tumor and undergo an efficient drug release 

to establish a high drug concentration gradient. Here, the second application of hyperthermia 

(e.g., temperature of 42 °C and higher) can accelerate the drug release from thermosensitive 

liposomes. In addition, nanoparticles with pH-sensitive polymers can increase the drug 

release near tumors where the pH is around 6.5.

It is rather intuitive that an accumulation of drug-containing nanoparticles per se is not 

enough to exert any anti-tumor effect. It is the concentration gradient of free drug molecules 

that is important in achieving antitumor activity. Nanoparticles cannot penetrate into the 

core of a solid tumor as effectively as free drugs. Thus, designing nanoparticle drug carriers 

possessing the fast drug release property upon activation by external or internal stimulators 

has become even more important than previously thought. Equally important is to keep the 

drug inside the nanoparticle carriers during blood circulation. There needs to be an 

assurance that the external or internal triggers can be activated in a reliable manner in 
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clinical applications. The inability to accurately control the exact temperature necessary for 

fast releasing doxorubicin in clinical studies is thought to be a major reason for the failure of 

thermo-sensitive liposomes in humans [44].

5. The Future of Nanoparticles in Drug Delivery

Treating tumors requires a lot more than simply delivering a certain amount of a drug to the 

tumor site using nanoparticles. It seems that the drug delivery scientists have become 

complacent in their design of nanoparticle formulations. The current tumor-targeted drug 

delivery is mostly based on the EPR effect of nanoparticles. Many recent publications, 

however, indicate that the impact of the EPR effect is marginal at best [27]. This explains 

the absence of any development of nanoparticle formulation in clinical applications. The 

results obtained from the mouse studies are disconnected from clinical practice. It has been 

two decades since the EPR effect was used as the reason for the success of nanoparticles in 

small animal xenograft models. The time has come to reexamine the validity of the EPR 

effect and its real contribution, if it exists, in treating tumors in human patients. The poor 

translation of nanoparticle formulations to clinical efficacy has caused questions on the 

inflamed claims based on small animal xenograft models [45]. When several nanoparticle 

formulations used in clinical applications were compared with their solution counterpart 

formulations, there were no substantial differences except Abraxane® which is a paclitaxel-

albumin conjugate formulation [46].

Studies on nanoparticle drug carriers have shown that the drug efficacy may not increase 

over the control formulation, but the side effects associated with the drug can be reduced 

[27, 31]. This may occur through adjusting the biodistribution of the same drug using 

nanoparticle formulations. The presence of nanoparticles may alter the drug release rate in 

normal cells, leading to reduced side effects. Rosiglitazone (RSG), a member of the 

thiazolidinedione class of drugs, modulates macrophage inflammation. Unfortunately, 

however, RSG has also been known to increase fatality from heart dysfunction, and this side 

effect dramatically limits its clinical use. RSG was reformulated into 200 nm nanoparticles 

to eliminate the side effect and improve drug biodistribution and bioavailability. RSG was 

incorporated into a hydrophobic PLGA core which was covered by a poly(vinyl alcohol) 

hydrophilic layer [47]. This nanoparticle formulation was shown to accumulate in 

circulating monocytes and resident macrophages, and subsequently dissolved in the acidic 

endosomes to release RSG.

Nanoparticle formulations, with proper engineering, can be used to overcome various 

difficulties in navigating the body in search of cancer cells. Typically, when a patient is 

diagnosed with cancer, the first-line treatment includes surgery to remove the primary 

tumor, followed by chemotherapy to eradicate any residual disease, including 

micrometastases at distant organs. Nanoparticle-based drug delivery may be useful in well-

vascularized tumors that are several millimeters in diameter, but it is ineffective against 

micrometastases, which presents small clusters of malignant cells dispersed within variable 

tissue types [38].
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Nanoparticle formulations are made and tested for the ultimate goal of treating, or 

preventing, diseases. There are many diseases to be treated, e.g., diabetes, heart diseases, 

Alzheimer's disease, macular degeneration, lung diseases, and cancer, to name a few. Of the 

many diseases, targeted drug delivery to tumors has been the dominant, if not the only, topic 

for nanotechnology-based drug delivery systems. If nanoparticles possess truly novel 

properties and innovational, then one wonders why nanoparticles have not been tested for 

other equally important diseases.

Regardless of the future engineering of nanoparticle drug delivery systems, one thing the 

drug delivery scientists need to be aware of is that nanoparticles will have to rely on blood 

circulation to reach target sites for efficacy. This inherently limits the percentage of the drug 

reaching the tumors. Since it is known that only a low percentage of the total administered 

dose actually reaches the target tumor by nanoparticle formulations, it is critically important 

to maximize the efficacy of the drug near the target. This requires new thinking of designing 

nanoparticle formulations. At the same time, efforts need to be made in reducing the side 

effects of the drug by altering the biodistribution and/or preventing drug release at the non-

target sites. Problems in the difficulty of treating tumors and other diseases can be overcome 

by first identifying and understanding the problems.
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Highlights

Provide correct information on nanoparticle-based targeted drug delivery to tumors.

Nanoparticles are not magic bullets and have various limitations in drug delivery.

New smart nanoparticles require overcoming physiological barriers.

Need to exploit reduced side effects by nanoparticles via altered biodistribution
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Fig. 1. 
Relative sizes of various pharmaceutical particles ranging from nanoparticles to tablets.
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Fig. 2. 
Examples of nanoparticles and their relative sizes.
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Fig. 3. 
Ideal sequence of targeted drug delivery to a tumor. (Adapted from Reference [43]).
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