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Delivery of drugs or genetic material into cells is one of the emerging areas of 

biotechnology. Nanoparticle (NP)-based drug carriers are especially interesting, due to their 

ability to deliver drugs inside target cells, thereby reducing the side-effects of non-specific 

treatments.Among the various cargoes that are transportable by NPs, genetic material allows the 

reprogramming of cells both temporarily as well as permanently Several approaches are 

available for gene delivery, such as the use of natural vectors, like modified viruses, or artificial 

vectors, in the form of liposomes or peptidic complexes. Among the key considerations for 

designing NPs to effectively overcome biological barriers are their physicochemical properties 

and effects they produce in the living organism. This chapter discusses how the properties of 

nanocarriers can affect biological responses as well as the functionality of drug and gene delivery 

systems. 

1.2 Types of Nanocarriers/Nanoparticles 

NPs can be classified following several parameters, size being one of the first established. In this 

way, NPs are defined as particles with a diameter <100 nm, but in practical applications6 it is 

common for larger particles to be used (up to 1000 nm), especially for drug4 and gene delivery. 

NPs can be differentiated based on composition, structure or properties; however, given their 

heterogeneity it is difficult to talk about pure types. Cargoes can interact with NPs either 

covalently, non-covalently via weak forces such as electrostatic or hydrophobic interactions, by 
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hydrogen bonding, or can be physically entrapped in the matrix. The various types of NPs 

described in this chapter are summarized in Figure 1.1. 

Fig. 1.1 Schematic representation of the different types of nanoparticles described in this chapter. 

1.2.1 Viral Nanoparticles (VNPs) 

Viruses are infectious nano-sized pathogens (10–200 nm) that naturally deliver their genetic 

material into a determinate cell line or organ. Viruses are mainly composed of proteinaceous 

materials (capsid) that have provided the basis for the development of drug and gene 

nanocarriers.Viral-like NPs (VLPs) differ from VNPs by the absence of endogenous genetic 

material and their inability to replicate or to alter the host genome.VLPs (Figure 1.1A) can be 

formed by self-assembly of capsid proteins over a functionalized inorganic NP core13 into well-

characterized monodisperse structures. Capsid proteins can be engineered and modified with 

different chemicals and proteins to promote specific targeting and improve penetration properties 

in VNPs/VLPs.Gene delivery is one of the most studied fields of VNPs, since viruses are natural 

agents that transfect their genetic material into cells. Although RNA and DNA viruses are 

potential candidates for gene delivery, they usually present problems of toxicity and 

immunogenicity, with limitations in the types of transportable cargo. VNP/VLPs have been used 

to improve vaccine effectiveness due to the strong immune response that is produced in the host. 

The development of artificial gene vectors such as polymeric NPs or liposomes  has attracted the 

attention of researchers as an alternative to natural viruses, which can produce harmful side-

effects when introduced into living organisms.  
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1.2.2 Micelles and Liposomes 

In general, transport of hydrophilic compounds is more favorable in biological aqueous 

conditions.23 Hydrophobic cargoes can be transported by amphipathic NPs forming the classical 

core–shell carriers. For example, in micelles (Figure 1.1B), the hydrophilic part is exposed to 

medium while forming a hydrophobic core. Amphipathic interactions can produce NPs with 

several layers, the transport of hydrophilic cargoes in liposomes being possible (Figure 1.1C). 

Liposomes can easily penetrate the cytoplasmic membrane6 and promote cellular 

uptake. Micellization of chemotherapeutic agents can reduce their cytotoxic effect and increase 

their effectiveness. Liposomes formed with cationic lipids are extensively used in gene delivery, 

being one of the most efficient strategies. Cationic lipids can spontaneously combine and 

condense negatively charged DNA molecules, thus allowing penetration of DNA into cells while 

being protected from nuclease attack. Although liposomes have high loading capacity, their low 

stability and strong interaction with cargo can produce a non-stable release In vivo employment 

of cationic lipids is limited by their high cytotoxicity and their unspecific absorption by 

phagocytic cells of the reticulo-endothelial system A drawback of liposomes is their low 

stability, which can result in fusion, aggregation, or leakage of the encapsulated drug substance 

during storage. An alternative to increase the stability of lipid NPs is the use of solid lipid NPs 

that mainly consist of solid lipid stabilized with surfactants These NPs show good physical 

stability and biocompatibility, although, similar to other hydrophobic NPs, they have a short 

half-life in vivo and are removed from the blood circulation by the reticulo-endothelial system, 

particularly in the liver and the spleen.  

1.2.3 Polymeric Nanoparticles 

Polymeric NPs consist of non-biodegradable and/or biodegradable polymers.42 Biodegradable 

polymers, which are widely used for drug delivery, can be divided into two groups, namely 

biopolymers (protein, peptide and polysaccharide) and synthetic polymers [poly(lactic acid) 

(PLA) and poly(ε-carpolactone) (PCL)]. Polymer composition and physical properties are factors 

that influence the effectiveness of these NPs. The high versatility of these NPs, produced by the 

precipitation of linear polymers into colloidal nanoparticles solution, is due to the countless 

numbers of available polymers and their combinations6 (Figure 1.1F). 
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The more commonly used non-degradable synthetic polymers are N-(2-hydroxypropyl)-

methacrylamide copolymer (HPMA), poly(vinylpirrolidone) (PVP) and polyethylene glycol 

(PEG), since they do not induce a significant cytotoxicity within biological systems. Poly(N-

isopropylacrylamide) [poly(NIPAAm)] is a thermosensitive polymer and exhibits a low critical 

solution temperature at body temperature. These characteristics allow poly(NIPAAm) to be 

employed extensively as a drug carrier for thermally controlled release. Natural polymers 

including albumin, silk, chitosan, and heparin have been employed for the delivery of 

oligonucleotides, proteins, and drugs. A substantial part of the studies on polymeric NPs focus 

on the encapsulation of larger molecules like DNA or proteins rather than drugs Nanospheres 

(Figure 1.1E) are NPs in which the cargo is dispersed through the polymeric 

matrix.25 Biodegradable nanospheres are especially suitable for the controlled release of 

drugs,4,51 because the choice of polymer for NP formation promotes a different degradation rate 

under selected conditions.Biodegradable polymeric NPscomprise PLA, poly(glycolic acid), 

poly(lactic-glycolic acid) (PLGA), poly(methyl methacrylate) (PMMA), or poly(L-glutamic acid) 

(PGA) These NPs are advantageous because they can undergo hydrolysis to form biodegradable 

metabolites in biological systems. For applications that require a long-term biocompatible stay in 

the host organism, PCL can be used for NP synthesis due to its slower degradation rate in 

comparison with other biodegradable NPs Polycationic polymers such as poly(L-lysine) (PLL) or 

linear poly(ethylenimine) (PEI) have been employed for the condensation of DNA to form poly-

ion complexes. PLL has been shown to mediate gene transfer by compacting pDNA into a tight 

toroid structure of ∼100 nm and rendering it resistant to DNase digestion. Even so, the high 

cationic nature of PLL and PEI produces cytotoxicity and triggered an immune response by the 

activation of complement. Another cationic polymer is the natural polysaccharide 

chitosan, which has shown positive attributes of biocompatibility and degradability This linear 

polymer, which is a soluble derivative of chitin (the main compound of arthropod shells), is 

composed of randomly distributed D-glucosamine and N-acetyl-D-glucosamine Chitosan NPs 

have the ability to adhere to mucosal surfaces and penetrate into cells; the presence of hydroxyl 

and amine groups allows chemical modification to increase its bioactivity. For all the above, 

chitosan derivatives have been studied as non-viral vectors, since its cationic charges allows 

complexation with DNA or RNA. Cyclodextrins are cyclic oligosaccharides with a lipophilic 

inner cavity and a hydrophilic outer surface. Their amphipathic nature allows formation of non-
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covalent inclusion complexes with drugs, although inorganic compounds are not generally 

suitable for complexation. These versatile molecules have been employed to increase the loading 

capacity of NPs, since they are able to enhance the number of hydrophobic sites in NPs 

structure. Cyclodextrins can mask drug cytotoxicity and even form the backbone of more 

complex structures for the transport of genetic materials.  

1.2.4 Dendritic Nanoparticles 

Dendrimers are radially hyperbranched polymers with regular repeat units. They are attractive 

systems for drug delivery due to their highly defined dispersity, nanometer size range, spheroid-

like shape and multi-functionality. Aside from their ease of preparation, dendrimers have 

multiple copies of functional groups on the molecular surface which enables derivatization for 

biological recognition processes. Even so, dendrimers are reported to cause hematological 

toxicity, especially in the case of non-functionalization. Examples of typical dendrimers are 

poly(propyleneimine) (PPI), poly(amido amine) (PAMAM), poly(2,2-

bis(hydroxymethyl)propionic acid (bis-MPA), poly(glycerol-succinic acid) (PGLSA-OH) or 

epsilon derivatives of PLL. Although their high charge density allows easy insertion into 

membranes, and can facilitate endosomal escape, dendrimers have low water solubility and 

exhibit elevated cytotoxicity. For example, PAMAM NPs have limited applications in medicine 

due to their original toxicity. PAMAM is known to induce nephrotoxicity as well as 

hepatotoxicity, and its cationic charge can cause platelet aggregation by disruption of membrane 

integrity. Nevertheless, it is possible to reduce the cytotoxicity by chemical modification and the 

combination of different polymeric ends. Branched PEI is one of the most studied and commonly 

used branched polycationic polymers for gene delivery, due to its cationic charges and lower 

cytotoxicity compared to PAMAM, although its cytotoxic effect is higher than other cationic 

polymers. In general, the buffering capacity of polyamines promotes endosomal escape of NPs, 

since osmotic swelling occurs by the accumulation of chloride ions in the endosome.  

1.2.5 Peptidic Nanoparticles 

Peptidic NPs are based on the use of peptide sequences that promote cellular internalization 

known as cell-penetrating peptides (CPPs) or protein transduction domains. CPPs are short 



peptides (6–30 aa) that are able to cross the cellular membrane for intracellular trafficking of 

cargoes. It has been postulated that the ability of CPPs to be internalized by cells is related to 

their strong affinity for lipid bilayers. CPP sequences are based on natural protein-transduction 

domains such as transactivator of transcription of human immunodeficiency virus (HIV-1 TAT 

peptide) or penetratin (pAnt), which is derived from the third helix of 

the Drosophila antennapedia homeodomain. Low molecular weight protamine (LMWP) is 

derived from the natural protein protamide, an arginine-rich nuclear protein that replaces 

histones during spermatogenesis. LMWP has demonstrated comparable performance to TAT 

peptide for cellular translocation while being neither as antigenic, mutagenic nor cytotoxic as 

other cationic peptides. Similar to other NPs, CPPs can be covalently linked to the cargo, 

forming a conjugate that promotes transport and internalization of the complex via cellular 

pathways, but this covalent modification may alter the biological activity of cargoes. To 

circumvent this limitation, a non-covalent strategy for the attachment of cargo without the 

necessity of chemical cross-linking or modification is preferred. The presence of cationic amino 

acids such as lysine or arginine in CPPs seems to be one of the factors that help to improve their 

transfection efficiency. Meanwhile histidine-rich regions can enhance endosomal escape through 

the pH buffering, or proton sponge effect. In general, cationic CPPs can form complexes with 

negatively charged DNA molecules based on electrostatic interactions. Besides CPPs, cationic 

peptides have been used for gene delivery, and consist of consecutive basic amino acid 

sequences, which compact DNA into spherical complexes, or chromatin-like components such as 

histones or protamine, which compact DNA in a structured manner.3 In this way, oligo-

arginine has demonstrated similar characteristics to CPP in cell translocation, being superior to 

other polycationic homopolymers. The peptide motive Arg-Gly-Asp (RGD) is able to recognize 

and bind to the ανβ3/ανβ5 integrins that are expressed in certain cell types such as endothelial 

cells, osteoclasts, macrophages, and platelets Integrins are transmembrane glycoproteins that 

interact with the cellular matrix and promote receptor-mediated endocytosis. ανβ3/ανβ5 integrins 

are overexpressed in angiogenic endothelial cells, also being suitable markers for 

neoplasms. Modifications to increase the specificity of NPs  for targeted delivery to a specific 

organelle within a cell6 include the use of signal peptides such as nuclear localization signals or 

mitochondrial-targeting peptides. NPs composed of amphipathic peptides can also be used for 

the delivery of hydrophobic drugs.  
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1.2.6 Nanocrystals and Nanosuspensions 

Nanocrystals are associations of molecules in a crystalline form, composed of pure drug with 

only a thin coating of surfactants (Figure 1.1I). Drug nanocrystals can be generated by “bottom-

up” (intermolecular association) or “top-down” (milling of crystals) technologies Nanocrystals 

NPs are composed of 100% drug without the addition of carrier materials such as polymeric 

NPs. Nanocrystals have been more studied for material science than for drug delivery, given that 

not all therapeutic compounds can be easily crystallized. However, they are the usual choice for 

the oral administration of drugs, since their nano-scale size improves drug solubility and 

dissolution rate as well as increasing adhesion to the intestinal wall and capillary 

uptake. Nanocrystals have also been successfully employed in the parenteral delivery of 

compounds such as antibiotics or insulin 

1.2.7 Metallic Nanoparticles 

Metallic NPs (Figure 1.1J) are heavily utilized in biomedical sciences because they can be 

prepared and surface-functionalized in many different ways These NPs can be used in 

diagnostics as well as for drug and gene delivery. Metallic NPs can be easily synthesized over a 

broad range of sizes and shapes, and are usually composed of gold, platinum, titanium dioxide, 

copper, iron oxides [as magnetite (MxFe3−xO4, M=Mn, Ni, Co, Fe) or maghemite (Fe2O3)] and 

can be functionalized via thiol-metal chemistry. Metallic NPs can combine properties as surface 

plasmon resonance, magnetism, or anti-oxidant capabilities. Among the most used are the 

colloidal gold NPs, given that cells can intake gold NPs without apparent cytotoxicity. Shelling 

NPs with gold will reduce their cytotoxicity while increasing their stability. Gold NPs are one of 

the most successful inorganic carriers in oncology, where they have shown applicability as drug 

carriers and in the thermal ablation of tumors. However, the gold NPs with quantum sizes 

(1.5 nm diameter) can be toxic, because of their ability to penetrate into the cellular nucleus and 

bind irreversibly to DNA. Moreover, metallic NPs have shown the production of reactive oxygen 

species (ROS) and oxidative stress, although this effect has been shown ubiquitously in several 

types of NPs. The safety of the use of metallic NPs in vivo is under debate, considering that 

divalent cations and heavy metals are toxic.  
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1.2.8 Silica Nanoparticles 

Silicon dioxide NPs (Figure 1.1K) are multifunctional structures available in micro- or 

mesoporous forms suitable for the encapsulation of various cargoes. Their low cytotoxicity and 

easy derivatization with different surface chemistries make them versatile tools for cargo 

delivery with excellent physicochemical stability. Silica NPs can be prepared as hollow or 

multichannel structures, which can be used for drug/gene cargoes. Mesoporous silica NPs 

present a high surface area and large pore volumes for functionalization For example, by using 

complexes that limit the release of the cargo (nanovalves), it is possible to induce drug release 

following an intracellular event or external stimulus. Silica NPs have shown cytotoxicity caused 

by ROS generation, which could be correlated with size (20 nm being more toxic than 100 nm) 

and surface charge. 

1.2.9 Carbon-based Nanoparticles 

Fullerenes and nanotubes are hollow, carbon-based cage-like NPs (Figure 1.1L) that have been 

employed for drug and gene delivery. These materials are constructed within a sheet of graphene 

arranged into small cylindrical or spherical structures. Carbon nanotubes can be formed using 

single or multi-walled graphene sheets and have different sizes and diameters depending on the 

synthesis conditions. Unmodified carbon NPs are insoluble, therefore requiring modification of 

their surface to improve solubility and reduce cytotoxicity. Carbon NPs can be functionalized by 

the addition of compatible functional groups for the delivery of various biomolecular 

cargoes The efficiency of their transport across cells is related to their hydrophobic nature, which 

allows penetration without damaging the cellular membranes. However, these carriers have been 

reported to cause cellular apoptosis due to ROS production in the mitochondria and, similar to 

other fullerene compounds, they reduce the systemic immune response.  

1.3 Physicochemical Factors that Affect Nanoparticle Efficiency 

NPs have a high surface area to mass ratio, which allows maximization of the functional surface 

while minimizing the biological response to the amount of exogenous compounds in the 

organism. The biological properties and interactions of nano-scale materials dramatically change 
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in comparison with bulk material. Thereby, NP design must take into account some critical 

parameters65 such as a cytotoxic effect, transport and release of NPs into cells or target 

tissues (Figures 1.2 and 1.3). With the current advances in material design it is possible to 

modify or custom-make particles; in the design of NPs attention must be paid to the 

physicochemical properties of nanomaterials such as size, shape, or surface charge, and the 

biological response they induce. In addition to the specific advantages that a type of NP may 

present (Table 1.1), it should be considered that, due to their optimal properties, the applications 

and routes of administration will depend on whether the cargo is cytotoxic and this will 

determine if they are administered via oral, intravenous, cutaneous or mucosal routes. 

 

 Nanocarriers are colloidal drug carrier systems having submicron particle size typically ,500 

nm.1 Nanocarriers have been extensively investigated in the past few decades as they showed 

great promise in the area of drug delivery. Nanocarriers, owing to their high surface area to 

volume ratio, have the ability to alter basic properties and bioactivity of drugs. Improved 

pharmacokinetics and biodistribution, decreased toxicities, improved solubility and stability, 

controlled release and site-specific delivery of therapeutic agents are some of the features that 

nanocarriers can incorporate in drug delivery systems.2,3 Moreover, the physiochemical 

properties of nanocarriers can be tuned by altering their compositions (organic, inorganic or 

hybrid), sizes (small or large), shapes (sphere, rod or cube) and surface properties (surface 

charge, functional groups, PEGylation or other coating, attachment of targeting moieties).4 The 

overall goal of utilizing nanocarriers in drug delivery is to treat a disease effectively with 

minimum side effects.2 

Anticancer chemotherapeutics when delivered via conventional drug delivery systems present a 

number of unique problems, including poor specificity, high toxicity and induction of drug 

resistance.5 These obstacles decrease the therapeutic value of many anticancer drugs. 

Nanocarrier-based platforms have enabled effective delivery of anticancer drugs into the tumors 

by exploiting the pathophysiology of tumor microenvironment, thereby significantly improving 

the therapeutic outcomes  

for oncological conditions.6 Furthermore, the overexpressed receptors on tumor cells surface 

have also been targeted with nanocarriers platforms decorated with targeting ligands. A number 
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of nanocarrier-based products have been approved for the treatment of various tumors, and many 

others are in different phases of clinical trials.4 In the current review, we first discussed features 

of different types of nanocarriers (organic, inorganic and hybrid) along with their relevance in 

cancer therapy. We then elaborated the targeting mechanisms and surface functionalization on 

nanocarriers to improve their targetability. Finally, we discussed selected tumors and application 

of nanocarriers in the respective tumor. 

Organic nanocarriers 

Solid lipid nanoparticles (SLNs) 

SLNs, developed in early 1990s, are nanosized colloidal drug carriers in the size range of 50–

1,000 nm.7 SLNs are prepared by dispersing melted solid lipid(s) in water, whereas emulsifier(s) 

are used to stabilize the dispersion. The two most commonly used methods for preparing SLNs 

are high pressure homogenization and microemulsification. SLNs provide a highly lipophilic 

lipid matrix for drugs to be dispersed or dissolved.8 A wide variety of solid lipids including 

mono-, di- and triglycerides; free fatty acids; free fatty alcohols; waxes and steroids have been 

utilized for the preparation of SLNs. SLNs are quite similar to nanoemulsions except that 

different kinds of lipids are used in both the formulations. Lipids that are solid at room 

temperature are used in SLNs instead of liquid lipids (oils) used in nanoemulsions. 

SLNs as nanocarriers offer a number of advantages over their colloidal counterparts, 

including nanoemulsions, liposomes and polymeric nanoparticles (PNPs). Some of the areas 

where SLNs score better than their counterparts include controlled drug delivery, lack of 

biotoxicity, high drug payload, improved bioavailability of poorly water-soluble drugs, better 

stability and easy as well as economical large-scale production.Various models have been 

proposed to incorporate drugs into SLNs. Depending upon the composition of SLNs (lipid, drug 

and surfactant) and production conditions (hot or cold homogenization), drug can either be 

dispersed homogeneously in lipid matrix (solid solution/homogeneous matrix model) of SLNs 

(Figure 1), incorporated into the shell surrounding the lipid core (drug-enriched shell model) or 

incorporated into the core surrounded by a lipid shell (drug-enriched core model). 

Since their development, SLNs have been extensively used as a carrier for numerous antitumor 

chemotherapeutic moieties. The versatile and favorable properties of SLNs  



  

 

make them promising nanocarriers to overcome or at least minimize the drawbacks of 

conventional chemotherapy. SLNs provide a natural platform to incorporate lipophilic anticancer 

drugs. Moreover, recent advances in the field of SLNs (eg, polymer–lipid hybrid type of SLNs, 

lipid–drug conjugate nanoparticles [NPs]) made it possible to incorporate hydrophilic and ionic 

anticancer drugs as well. However, quick elimination of SLNs from the blood flow by reticule 

endothelial system (RES), encapsulation of hydrophilic and ionic anticancer drugs and 

controlling the rate and extent of drug release from SLNs are the major obstacles faced by SLNs 

that restrain them from becoming effective nanocarriers in anticancer drug delivery. All of these 

aspects of SLNs as anticancer drug carriers have been excellently reviewed by Wong et al.5 Few 

examples where SLN systems have been utilized for the delivery of anticancer drugs are 

docetaxel, doxorubicin, paclitaxel,methotrexate and 5-fluorouracil (5-FU). 

Liposomes 

Liposomes attained a great attention during the last few decades in biomedicine, especially as a 

drug delivery system for antitumor drugs. They showed a number of advantages over 



conventional systems which are, but not limited to, enhanced delivery of drug, protection of 

active drug from environmental factors, improved performance features of the product, 

preventing early degradation of the encapsulated drug, cost-effective formulations of expensive 

drugs and efficient treatment with reduced systemic toxicity.Moreover, drugs associated with 

liposomes have markedly altered pharmacokinetic properties compared to free drugs in 

solution.They can be covered with polymers such as polyethylene glycol (PEG; PEGylated or 

stealth liposomes) to exhibit prolonged half-life in blood circulation. Liposomes are spherical 

vesicles having an aqueous core enclosed by lipid bilayers. They have single or multiple 

bilayered membrane assembly formed of natural or synthetic lipids (Figure 2). Those containing 

one bilayer membrane are termed as small unilamellar vesicles or large unilamellar vesicles 

based on their sizes. If more than one bilayer is present, then they are called as multilamellar 

vesicles. Liposomes vary with respect to composition, size, surface charge and method of 

preparation. Liposomes are commonly used as model cells or carriers for various bioactive 

agents including drugs, vaccines, cosmetics and nutraceuticals. 

The biodegradable and biocompatible composition of liposomes made them excellent therapeutic 

carriers. Moreover, their distinctive capacity to accommodate both water-soluble and lipid-

soluble agents, correspondingly in their aqueous central part and lamellae, has increased their use 

in biomedicine formulations.20 Different polymers are used to enhance their stability and half-

life, which include PEG and poly(lactic-co-glycolic acid) (PLGA).19 Drug-loaded liposome 

preparations control the drug distribution within plasma, thus leading to improved biodistribution 

and pharmacokinetics of drugs. For instance, doxorubicin-loaded PEGylated liposome decreases 

the volume of doxorubicin distribution from 1,000 to 2.8 L/m2 in plasma as compared to free 

drugs in solution.6 Moreover, it leads to a higher drug concentration inside tumor but reduces 

drug concentration in normal tissues. Liposomes can also be conjugated to antibodies or ligands 

in order to enhance target specificity. 

Enhanced permeability and Retension effect 

Nanotechnology offers several attractive design features that have prompted its exploration for 

cancer diagnosis and treatment. Nanosized drugs have a large loading capacity, the ability to 

protect the payload from degradation, a large surface on which to conjugate targeting ligands, 



and controlled or sustained release. Nanosized drugs also leak preferentially into tumor tissue 

through permeable tumor vessels and are then retained in the tumor bed due to reduced 

lymphatic drainage. This process is known as the enhanced permeability and retention (EPR) 

effect. However, while the EPR effect is widely held to improve delivery of nanodrugs to 

tumors, it in fact offers less than a 2-fold increase in nanodrug delivery compared with critical 

normal organs, resulting in drug concentrations that are not sufficient for curing most cancers. In 

this Review, we first overview various barriers for nanosized drug delivery with an emphasis on 

the capillary wall’s resistance, the main obstacle to delivering drugs. Then, we discuss current 

regulatory issues facing nanomedicine. Finally, we discuss how to make the delivery of 

nanosized drugs to tumors more effective by building on the EPR effect. 

 

Blood−Brain Barrier (BBB). The brain is the most complex and vital organ of the human 

body. For this reason, it is important to protect it against any insults that can possibly lead to 

infection, inflammation, improper activation, and even the death of cerebral cells.1 The CNS is 

composed of the brain and the spinal cord. These areas are protected by two main barriers: BBB 

and the blood−cerebrospinal fluid barrier (BCB).Using the term “barrier” to describe these 

interfaces seems misleading as these barriers of CNS act as a selectively permeable membrane 



and do not completely block all of the incoming compounds.2 The BBB is defined by a 

distinctive structure and an interaction between the acellular and cellular components in the 

brain. The primary function of the BBB is to make sure that  there exists a suitable environment 

for the interaction and functioning of the neurons, which is important for maintaining 

homeostasis, regulating efflux and influx and protecting the brain from pathogenic agents.1 The 

BBB is composed of a continuous layer of endothelial cells connected through tight junctions 

(TJs), adherent junctions (AJs), and gap junctions (GJs). Among these junctions, TJs are the 

main compositional element of the BBB and provide enhanced trans-endothelial resistance in the 

BBB. These junctions allow for the controlled passage of the drugs across the BBB by tethering the 

adjacent cells so tightly that they occlude the intercellular space between them. The specialized 

cells found in the BBB are  pericytes, astrocytes, microglia and adjacent neurons.From an 

anatomical viewpoint, pericytes are multifunctional mural cells that wrap around endothelial 

cells and regulate TJs, AJs and transcytosis across the BBB. These cells can be designated as 

member of the vascular smooth muscle cell lineage, and their  main function is to regulate flow 

of blood in brain capillaries via contraction and relaxation of the walls of blood capillaries.On 

the contrary, astrocytes are glial cells that help neurons in maintaining homeostasis by regulating 

the neurotransmitter concentration and maintaining the redox potential and the removal of debris 

from the cerebrospinal fluid (CSF).  

Passive Targeting 

In passive targeting, the drug's success is directly related to circulation time. This is achieved by 

cloaking the nanoparticle with some sort of coating. Several substances can achieve this, with 

one of them being polyethylene glycol (PEG). By adding PEG to the surface of the nanoparticle, 

it is rendered hydrophilic, thus allowing water molecules to bind to the oxygen molecules on 

PEG via hydrogen bonding. The result of this bond is a film of hydration around the nanoparticle 

which makes the substance antiphagocytic. The particles obtain this property due to the 

hydrophobic interactions that are natural to the reticuloendothelial system (RES), thus the drug-

loaded nanoparticle is able to stay in circulation for a longer period of time.To work in 

conjunction with this mechanism of passive targeting, nanoparticles that are between 10 and 100 

nanometers in size have been found to circulate systemically for longer periods of time. 

 



Active Targeting 

Active targeting of drug-loaded nanoparticles enhances the effects of passive targeting to make 

the nanoparticle more specific to a target site. There are several ways that active targeting can be 

accomplished. One way to actively target solely diseased tissue in the body is to know the nature 

of a receptor on the cell for which the drug will be targeted to. Researchers can then utilize cell-

specific ligands that will allow the nanoparticle to bind specifically to the cell that has the 

complementary receptor. This form of active targeting was found to be successful when utilizing 

transferrin as the cell-specific ligand. The transferrin was conjugated to the nanoparticle to target 

tumor cells that possess transferrin-receptor mediated endocytosis mechanisms on their 

membrane. This means of targeting was found to increase uptake, as opposed to non-conjugated 

nanoparticles. 

Active targeting can also be achieved by utilizing magnetoliposomes, which usually serves as a 

contrast agent in magnetic resonance imaging. Thus, by grafting these liposomes with a desired 

drug to deliver to a region of the body, magnetic positioning could aid with this process. 

Furthermore, a nanoparticle could possess the capability to be activated by a trigger that is 

specific to the target site, such as utilizing materials that are pH responsive.Most of the body has 

a consistent, neutral pH. However, some areas of the body are naturally more acidic than others, 

and, thus, nanoparticles can take advantage of this ability by releasing the drug when it 

encounters a specific pH. Another specific triggering mechanism is based on the redox potential. 

One of the side effects of tumors is hypoxia, which alters the redox potential in the vicinity of the 

tumor. By modifying the redox potential that triggers the payload release the vesicles can be 

selective to different types of tumors. 

By utilizing both passive and active targeting, a drug-loaded nanoparticle has a heightened 

advantage over a conventional drug. It is able to circulate throughout the body for an extended 

period of time until it is successfully attracted to its target through the use of cell-specific 

ligands, magnetic positioning, or pH responsive materials. Because of these advantages, side 

effects from conventional drugs will be largely reduced as a result of the drug-loaded 

nanoparticles affecting only diseased tissue. However, an emerging field known as 

nanotoxicology has concerns that the nanoparticles themselves could pose a threat to both the 



environment and human health with side effects of their own.Active targeting can also be 

achieved through peptide based drug targeting system. 

Delivery vehicles 

There are different types of drug delivery vehicles, such as polymeric micelles, liposomes, 

lipoprotein-based drug carriers, nano-particle drug carriers, dendrimers, etc. An ideal drug 

delivery vehicle must be non-toxic, biocompatible, non-immunogenic, biodegradable,and must 

avoid recognition by the host's defense mechanisms. 

Liposomes 

Liposomes are composite structures made of phospholipids and may contain small amounts of 

other molecules. Though liposomes can vary in size from low micrometer range to tens of 

micrometers, unilamellar liposomes, as pictured here, are typically in the lower size range, with 

various targeting ligands attached to their surface, allowing for their surface-attachment and 

accumulation in pathological areas for treatment of disease. 

The most common vehicle currently used for targeted drug delivery is the liposome.Liposomes 

are non-toxic, non-hemolytic, and non-immunogenic even upon repeated injections; they are 

biocompatible and biodegradable and can be designed to avoid clearance mechanisms 

(reticuloendothelial system (RES), renal clearance, chemical or enzymatic inactivation, 

etc.)Lipid-based, ligand-coated nanocarriers can store their payload in the hydrophobic shell or 

the hydrophilic interior depending on the nature of the drug/contrast agent being carried. 

 

The only problem to using liposomes in vivo is their immediate uptake and clearance by the RES 

system and their relatively low stability in vitro. To combat this, polyethylene glycol (PEG) can 

be added to the surface of the liposomes. Increasing the mole percent of PEG on the surface of 

the liposomes by 4-10% significantly increased circulation time in vivo from 200 to 1000 

minutes. 

 



PEGylation of the liposomal nanocarrier elongates the half-life of the construct while 

maintaining the passive targeting mechanism that is commonly conferred to lipid-based 

nanocarriers. When used as a delivery system, the ability to induce instability in the construct is 

commonly exploited allowing the selective release of the encapsulated therapeutic agent in close 

proximity to the target tissue/cell in vivo. This nanocarrier system is commonly used in anti-

cancer treatments as the acidity of the tumour mass caused by an over-reliance on glycolysis 

triggers drug release. 

Micelles and dendrimers 

Another type of drug delivery vehicle used is polymeric micelles. They are prepared from certain 

amphiphilic co-polymers consisting of both hydrophilic and hydrophobic monomer units.They 

can be used to carry drugs that have poor solubility. This method offers little in the terms of size 

control or function malleability. Techniques that utilize reactive polymers along with a 

hydrophobic additive to produce a larger micelle that create a range of sizes have been 

developed. 

Dendrimers are also polymer-based delivery vehicles. They have a core that branches out in 

regular intervals to form a small, spherical, and very dense nanocarrier. 

Biodegradable particles 

Biodegradable particles have the ability to target diseased tissue as well as deliver their payload 

as a controlled-release therapy.Biodegradable particles bearing ligands to P-selectin, endothelial 

selectin (E-selectin) and ICAM-1 have been found to adhere to inflamed endothelium.Therefore, 

the use of biodegradable particles can also be used for cardiac tissue. 

Artificial DNA nanostructures 

The success of DNA nanotechnology in constructing artificially designed nanostructures out of 

nucleic acids such as DNA, combined with the demonstration of systems for DNA computing, 

has led to speculation that artificial nucleic acid nanodevices can be used to target drug delivery 

based upon directly sensing its environment. These methods make use of DNA solely as a 

structural material and a chemical, and do not make use of its biological role as the carrier of 

genetic information. Nucleic acid logic circuits that could potentially be used as the core of a 



system that releases a drug only in response to a stimulus such as a specific mRNA have been 

demonstrated.In addition, a DNA "box" with a controllable lid has been synthesized using the 

DNA origami method. This structure could encapsulate a drug in its closed state, and open to 

release it only in response to a desired stimulus. 

Applications 

Targeted drug delivery can be used to treat many diseases, such as the cardiovascular diseases 

and diabetes. However, the most important application of targeted drug delivery is to treat 

cancerous tumors. In doing so, the passive method of targeting tumors takes advantage of the 

enhanced permeability and retention (EPR) effect. This is a situation specific to tumors that 

results from rapidly forming blood vessels and poor lymphatic drainage. When the blood vessels 

form so rapidly, large fenestrae result that are 100 to 600 nanometers in size, which allows 

enhanced nanoparticle entry. Further, the poor lymphatic drainage means that the large influx of 

nanoparticles are rarely leaving, thus, the tumor retains more nanoparticles for successful 

treatment to take place. 

The American Heart Association rates cardiovascular disease as the number one cause of death 

in the United States. Each year 1.5 million myocardial infarctions (MI), also known as heart 

attacks, occur in the United States, with 500,000 leading to deaths. The costs related to heart 

attacks exceed $60 billion per year. Therefore, there is a need to come up with an optimum 

recovery system. The key to solving this problem lies in the effective use of pharmaceutical 

drugs that can be targeted directly to the diseased tissue. This technique can help develop many 

more regenerative techniques to cure various diseases. The development of a number of 

regenerative strategies in recent years for curing heart disease represents a paradigm shift away 

from conventional approaches that aim to manage heart disease. 

Stem cell therapy can be used to help regenerate myocardium tissue and return the contractile 

function of the heart by creating/supporting a microenvironment before the MI. Developments in 

targeted drug delivery to tumors have provided the groundwork for the burgeoning field of 

targeted drug delivery to cardiac tissue. Recent developments have shown that there are different 

endothelial surfaces in tumors, which has led to the concept of endothelial cell adhesion 

molecule-mediated targeted drug delivery to tumors. 



 

Liposomes can be used as drug delivery for the treatment of tuberculosis. The traditional 

treatment for TB is skin to chemotherapy which is not overly effective, which may be due to the 

failure of chemotherapy to make a high enough concentration at the infection site. The liposome 

delivery system allows for better microphage penetration and better builds a concentration at the 

infection site.[26] The delivery of the drugs works intravenously and by inhalation. Oral intake is 

not advised because the liposomes break down in the Gastrointestinal System. 

3D printing is also used by doctors to investigate how to target cancerous tumors in a more 

efficient way. By printing a plastic 3D shape of the tumor and filling it with the drugs used in the 

treatment the flow of the liquid can be observed allowing the modification of the doses and 

targeting location of the drugs. 

Health and impact of Nanotechnology 

Therefore, by detecting pollutants by specific sensors, we can help protect the sustainability of 

human health and the environment. Thus, nanotechnology provides us with a new approach to 

cut down the waste production, reduce the emission of greenhouse gases and discharge of 

hazardous chemicals in water bodies. 

A potential solution to these problems is to use nanomaterials. Nanomaterials can be used to 

assist with cleaning the environment and even provide efficient energy solutions, such as 

nanomaterial based solar cells. In addition to this, nanomaterials help to improve the quality and 

performance of many consumer products. As a result of this, the exposure to manufactured 

nanomaterials is increasing day-by-day. However, there are both positive and negative impacts 

on the environment due to nanotechnology. 

Positive Impacts 

With the help of nanotechnology, water quality can be improved. Some of the nanomaterials that 

can be used for remediation of water are carbon nanotubes (CNTs), zeolites, nanoparticles of 

zero valent iron (ZVI), silver nanoparticles, etc. Other nanomaterials like zinc oxide (ZnO), 

titanium dioxide (TiO2), tungsten oxide, serve as a photocatalyst. These photocatalysts can 

oxidize organic pollutants into harmless materials. TiO2 is the most preferred material as it has 



high photostability, high photoconductivity, easily available, inexpensive and non-toxic. Silver 

nanoparticles have antimicrobial effect. Also, many polymeric nanoparticles are being used for 

wastewater treatment. 

Another new technology is known as nanofiltration which can be used in water treatment in 

homes, offices, and industries. Molybdenum disulphide (MoS2) nonporous membrane is used for 

energy efficient desalination of water which filters five times more than the conventional ones. 

To clean oil spills in the water bodies, a nanofabric paper towel has been developed which are 

woven from tiny wires of potassium manganese oxide that can absorb oil 20 times its weight. 

Thus, nanotechnology provides a solution to clean the contaminated water and prevent new 

pollution.    

Related Stories 

Environmental Scanning Transmission Electron Microscopy (ESTEM) Images with Atomic 

Resolution Under Controlled Environmental Conditions 

Environmental Training Center Conducts Environmental Health and Safety Workshop on Use of 

Nanotechnology 

Nanotechnology and Developing Countries   

With the help of nanotechnology, toxic gases in the air can be cleaned. But first, we have to 

detect the pollutants at the molecular level using precise sensors. A sensor called nanocontact 

sensor has been developed which can detect the heavy metal ions and radioactive elements. 

These sensors have a small size, are inexpensive and are easy to use on-site. Currently, single-

walled nanotubes (SWNTs) are being used for the detection of NO2 and NH3 gases. Also, 

SWNTs sensor can accomplish high sensing activity at room temperature when compared to the 

conventional sensors which work at 200 to 600◦C. Cantilever sensors have been developed to 

sense VOCs, heavy metals and pesticides. A mixture of CNTs with gold particles helps adsorb 

toxic gases like NOx, SO2 and CO2. Another porous nanomaterial manganese oxide has better 

adsorption of toxic gases due to its large surface area. 

 



Therefore, by detecting pollutants by specific sensors, we can help protect the sustainability of 

human health and the environment. Thus, nanotechnology provides us with a new approach to 

cut down the waste production, reduce the emission of greenhouse gases and discharge of 

hazardous chemicals in water bodies. 

Negative Impacts 

Nanomaterials can also have a negative impact. Currently there is very little information 

describing the relative environmental risk of the manufactured nanomaterials. Only a few studies 

have been conducted with the aim of discovering the direct and indirect exposure to 

nanomaterials and there are no clear guidelines to quantify the effects. 

Recently, a workshop, conducted by the National Science Foundation and the US Environmental 

Protection Agency, was undertaken to identify the critical risk issues concerning nanomaterials. 

Specifically, the workshop aimed at determining the exposure and toxicity of manufactured 

nanoparticles, ability to extrapolate manufactured nanoparticles toxicity using existing particle 

and fiber toxicology database, and recyclability and overall sustainability of the manufactured 

nanomaterials. 

Green Technology 

A remedial solution is the use of green technology or green manufacturing. This is an 

environmentally friendly technology which is developed and used to conserve natural resources. 

This technology aims at producing nanomaterials with lesser raw materials, minimum energy 

consumption, and minimum waste production. It is known that any manufacturing process is 

accompanied by a large amount of waste production. This is minimized by green manufacturing, 

which uses green chemicals which are less harmful to the environment and energy efficient 

processes. Microemulsions, which are used instead of VOCs in the cleaning industry, are an 

example of green technology. 

Thus, scientific authorities are monitoring various nanoparticles produced and used, as well as 

their subsequent impact. This is in order to balance the technology’s benefits and possible 

unintended consequences. 

 


