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The present review is designed to provide an insight on how nanoparticulate 

carriers are finding niche as promising drug vectors. In the era of controlled and 

site specific drug delivery systems, use of nanocarriers has became a revolutionary 

approach. Nanocarriers are at forefront of the rapidly developing field of 

nanotechnology with several potential applications in drug delivery, clinical 

medicines and research. The success of nanocarriers as targeted drug delivery 

platforms depends on their ability to incorporate drugs of different kinds, 

penetrate through several anatomical barriers, sustained release of incorporated 

drugs, and stability in nanoscale size. Such prototypic traits of nanocarriers offer a 

new breakthrough in drug delivery and therapeutics that holds great promise for 

achieving the goal of controlled and site-specific drug delivery. Delivery of drugs to 

the brain is a major challenge due to presence of physiological barriers that 

restricts the delivery of drugs to CNS. Thus, since last few decades, nasal route has 

been attracted a wide attention of researchers as a convenient, reliable, and safe, 

being non-invasive, route to achieve faster and higher levels of drug absorption in 

the brain. It is thought to do so through olfactory route of drug transport which 

bypass the blood-brain barrier (BBB) and allow the direct transport of drug from 

nose to brain. Herein, authors has tried to highlight over the frontline aspects 

relevant to nanoparticulate carriers and their potential as drug delivery systems 

for targeting the brain via nasal route of drug administration. The present 

discussion embodies the various nanocarriers and their utility as nose to brain 

targeted drug delivery vehicles, in the core areas of pharmaceutical sciences, 

thereby alarming the pharmaceutical industries to enhance their scale up. 
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INTRODUCTION 

The concept of designing specified delivery 

system to achieve selective targeting of drug has 

been originated from the perception of Paul 

Ehrlich, who proposed drug delivery to be as a 

‘magic bullet’. It was a very first report published 

on drug targeting. It is pertinent to discuss the 

concept and components, which are utilized in 

designing a targeted drug delivery system(s). A 

number of essential aspects that need to be 

considered while designing targeted drug 

delivery systems include carrier, target and 

targeting ligand. Carrier is a drug vector, which 

sequesters, transport and retain drug en route, 

while elute or deliver it within or in the vicinity 

of target. Targeting ligand is bounded to the 

carrier so as to negotiate its exclusive delivery to 

the specific pre-identified site [1]. 

 

 

Brain is a delicate organ, isolated from general 

circulation and characterized by the presence of 

relatively impermeable endothelial cells with 

tight junctions, enzymatic activity and the 

presence of active efflux transporter mechanism 

(P-gp efflux). Because of theses formidable 

obstacles, many neurotherapeutics failed in 

treating CNS disorders since, they cannot be 

effectively delivered to brain. Excellent 

theoretical predictions and in vitro experimental 

data sometime follow the disappointing in vivo 

results leading to therapy failure, probably 

because the molecule cannot readily permeate 

into brain parenchyma in a sufficient 

concentration through systemic circulation. The 

mere consequence will be loss of molecule from 

market [2]. Delivery of drugs to the brain is a 

major challenge due to the presence of two 

physiological dynamic barriers that restricts the 

delivery of drugs to the CNS, the blood-brain 

barrier (BBB) and the blood-cerebrospinal fluid 

barrier (BCSFB) [3]. 
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Conventionally, nasal route has been exploited 

for delivery of drugs for treatment of local 

diseases like nasal allergy, nasal infections and 

nasal congestion. But, since last few decades, the 

nasal route has been attracted a wide attention 

of researchers as a convenient, reliable, and safe, 

being non-invasive, route to achieve faster and 

higher levels of drug absorption [4].  
 

Considering the potential hurdles in brain 

targeting through systemic route, alternative 

drug delivery route is needed to improve the 

therapeutic efficacy and bioavailability of 

biomolecules delivered via nose to brain drug 

delivery systems. Existence of direct transport 

pathway through olfactory region of nasal cavity 

may fulfill this demand. Animal and human 

investigations proved that, transport of 

exogenous materials directly from nose-to-brain 

is a potential route for bypassing the BBB. Last 

two decades have witnessed an unheralded 

explosion in research on the development of 

novel colloidal drug delivery systems. Most 

attractive area of research in drug delivery, now-

a-days, is the design of nanocarriers, which are 

able to deliver drugs to the right place, at 

appropriate times, and at right dosage [5]. 
 

 

 

Figure 1: Schematic presentation of nanoparticulate 

drug carriers. 

Nanocarriers are at forefront of the rapidly 

developing field of nanotechnology with several 

potential applications in drug delivery, clinical 

medicines and research, as well as in various 

allied fields of science. The successful 

implementation of nanocarriers for targeted 

drug delivery depends on their ability to 

incorporate different kinds to drugs, penetrate 

through several anatomical barriers, sustained 

release of incorporated drugs, and stability in 

nanometric size [6]. Such characteristics of 

nanocarriers offer a new prototype in drug 

delivery that holds great promise for achieving 

the goal of controlled and site-specific drug 

delivery. Thus, if appropriately investigated, 

these nanocarriers may open new vistas in the 

research and therapy of complex CNS disorders, 

as nose-to-brain drug delivery platforms. The 

schematic presentation of nanocarriers is 

depicted in Fig. 1. 

 

Polymeric nanoparticles 

Polymeric nanoparticles based on biodegradable 

polymers have been extensively studied as they 

offer improvement in nose-to-brain drug 

delivery by protecting the encapsulated drug 

from biological and/or chemical degradation, 

and extracellular transport by P-gp efflux system. 

This increases the CNS availability of drugs. 

Polymers approved by the U. S. Food and Drug 

Administration (FDA) for fabrication of 

polymeric nanoparticles and for administration 

in human beings are poly(lactic acid) (PLA), 

poly(glycolic acid) (PGA), poly(lactide-co-glycolic 

acid) (PLGA), poly(ε-caprolactone) (PCL), 

poly(methyl methacrylate), and so on. These 

polymers are known to be biodegradable, 

biocompatible, and non-toxic and have been used 

for biomedical applications for more than two 

decades. Among these, PLGA has been widely 

explored for nanoparticulate formulations 

because of its biocompatibility, safety, ability to 

enhance mucoadhesion and enhanced drug 

stability. Seju et al., (2011) have reported the 

PLGA nanoparticles loaded with olanzapine for 

the treatment of psychotic illness, schizophrenia, 

via nose to brain drug delivery system [7, 8].  

 

Aquasomes 

Aquasomes represents a new class of solid drug 

carriers, invented since last decade. Aquasomes 

are three-layered structures (core, coat, and 

drug) which are self-assembled through non-

covalent bonds, ionic interactions and van der 

Waals forces. They consist of a ceramic core 

whose external surface is noncovalently 

engineered with carbohydrates to obtain a sugar 

ball, which is then rendered to adsorption of a 

therapeutic agent. The core provides structural 

stability to the immutable solids, while surface 

modification with carbohydrates creates a glassy 

molecular stabilization film that adsorbs 

therapeutic agent with minimum structural 

denaturation.  Aquasomes offers an exciting 

mode of delivering therapeutic agents belonging 

to the class of proteins and peptides, since they 

are able to rectify some inherent problems 

associated with these molecules. These relevant 

problems include suitable route of drug delivery, 

physical and chemical instability, poor 
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bioavailability, and potent side effects. 

Aquasomes provides complete protections of an 

aqueous nature to the adsorbed therapeutics 

against the denaturing effects, like swelling or 

porosity changes, caused by external pH and 

temperature [9].  Aquasomes are not yet explored 

for nose-to-brain drug delivery of bioactives, but 

their potential application in delivering proteins 

and peptides could be exploited for targeting 

various potent molecules to the CNS. 

 

Cubosomes 

Cubosomes (cubs) are discrete, submicron, 

nanostructured particles of bicontinuous cubic 

liquid crystalline phase, which are able to 

incorporate large amounts of drugs of varying 

physicochemical properties and can be localized 

in body cavities, on the skin or on different 

mucosal surfaces. Cubosomes consisting of 

amphiphilic lipoid materials such as glyceryl 

monooleate (GMO), have a stiff, bioadhesive, and 

gel-like appearance and is biodegradable in 

nature. Therefore, modified nanovehicles with 

both mucoadhesive property and enhanced site 

specific delivery to the brain might eliminate the 

obstacles related to the brain drug delivery via 

nasal route and offers a feasible alternative. Wu 

et al., (2012) reported the formulation of 

targeting ligand (odorranalectin) conjugated 

Cubosomes loaded with S14G-HN (humanin 

derivative) for the treatment of memory 

impairments caused by Alzheimer’s disease in 

rats, as nose-to-brain drug delivery vehicles [10]. 

If further investigated, Cubosomes could be 

viewed as an excellent alternative to 

conventional dosage forms. 

 

Polymeric micelles 

Advances in the syntheses of block copolymers 

have led to the formation of polymeric micelles 

that may serve as nanoscopic drug carriers. They 

are known as self-assemblies of block 

copolymers, and promising nanocarriers for drug 

and gene delivery. For drug delivery, polymeric 

micelles have been prepared from biodegradable 

and biocompatible block copolymers [11, 12]. 

Polymeric micelles were first proposed as drug 

carriers by Bader et al. in 1984. They have 

emerged as potential carriers for poorly water 

soluble drugs since they can solubilize those 

drugs in their inner core and offer attractive 

characteristics such as small size (< 100 nm) and 

propensity to evade scavenging by the 

mononuclear Phagocytic system (MPS) [13]. 
 

Amphiphilic diblock copolymers are generally 

used for the fabrication of polymeric micelles. 

However, triblock and graft copolymers can also 

be used. Polymeric micelles are characterized by 

core-shell structure. They consist of hydrophobic 

core and hydrophilic shell or block (Fig. 2). The 

hydrophilic shell forming copolymers includes: 

poly(ethylene oxide) (PEG), poly(N-vinyl-2-

pyrrolidone) (PVP), poly[N-(2-hydroxypropyl)-

methacrylamide] (pHPMA), poly(aspartic acid) 

(P-Asp), and so on. The lipophilic core forming 

copolymers includes: poly(propylene oxide) 

(PPO), poly(lactic acid) (PLA), poly(amino acid) 

(PAA), poly(lactide-co-glycolic acid) (PLGA), 

poly(ε-caprolactone) (PCL), poly (β-benzyl-L-

aspartate) (PBLA), poly(DL-lactic acid) (PDLLA), 

and so on. The lipophilic core is responsible for 

loading of lipophilic drugs while hydrophilic 

shell is responsible for micellar stabilization. 

Several other polymers such as poly( N-

isopropylacrylamide) (PNIPA) and poly(alky-

lacrylic acid) impart temperature and pH-

sensitivity to the micelles, and could be used to 

confer bioadhesive properties to the formulation 
[14].  
 

 

Figure 2: Structure of polymeric micelle 

Jain et al., (2010) have reported the formulation 

and evaluation of micellar nanocarriers for nose 

to brain delivery of zolmitriptan to treat 

migraine headache. Their results suggested the 

potential of micellar carrier as safe, stable and 

effective new generation vehicle for brain 

targeting [15]. 
 

Nanoemulsions 

Emulsions with droplet size in the nanometric 

scale (typically in the range of 20-200 nm) are 

often referred as miniemulsions, nanoemulsions, 

ultrafine emulsions, or multiple emulsions, etc. 

These nanoemulsions appear transparent or 

translucent to the nacked eyes, and possess 

stability against sedimentation or creaming. The 

difference between nanoemulsion and 
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macroemulsion is shown in Fig. 3 (a) and 3 (b). 

These characteristics make nanoemulsions as 

carriers of vast interest for fundamental studies 

and practical applications in varied fields like 

chemical, cosmetic and pharmaceutical, etc. 

fields [16]. Kumar et al. (2008) proposed the 

intranasal nanoemulsions loaded with 

risperidone, as drug carriers for brain targeted 

drug delivery system. Their study demonstrated 

rapid and larger extent of transport of 

risperidone into the rat brain [17].  
 

 

Figure 3: a) Nanoemulsion, b) Macroemulsion[16]. 

Nanogels 

The submicron sized hydrogel particles that are 

confined to nanoscale dimensions are known as 

Nanogels. They have high water content, 

biocompatibility, and tunable size from 

submicrons to tens of nanometers, and an 

interior for incorporation of therapeutic agents. 

These unique characteristics offer great potential 

for the utilization of nanogels for application in 

tissue engineering, biomedical implants, 

bionanotechnology, and drug delivery. 

Biopolymer-based nanogels have attracted a 

great deal of interest in drug delivery and they 

are referred to as bionanogels. The naturally 

occurring biopolymers include polysaccharides 

like chitosan (CS), hyaluronan (HA), dextran 

(Dex), cellulose (CeL), pullulan (PuL), 

chondroitin sulfate (ChS), and alginate (Alg) [18].  

Effective polysaccharide-based nanogels can be 

prepared by using various synthetic strategies, 

mainly based on chemical and physical cross-

linking methods, like heterogenenous 

polymerization, continuous extrusion, 

precipitation in water, micromolding-

microfluidic preparation, spray drying, 

supramolecular self-assembly, and self 

complexation. Various surface modification 

methods of biopolymers have also been explored 

and these includes methacrylation and covalent 

grafting by free radical polymerization (FRP), 

ring opening polymerization (ROP), and 

controlled/living radical polymerization (CLRP) 
[18]. 
 

For active drug targeting, the surface of nanogels 

could be modified with biospecific ligands. For 

this purpose, various coupling strategies can be 

used like covalent attachment of ligand moieties 

to the free surface functional groups of the 

nanogel formulations [19]. 
 

Nanogels have been utilized as potential carriers 

for oligonucleotide delivery to the brain by using 

polarized monolayers of bovine BMEC (Brain 

Microvessel Endothelial Cells), which forms the 

Blood-Brain Barrier (BBB). These studies have 

shown an increased transport of Ondansetron 

across the cell monolayers as a result of their 

incorporation into the nanogels. Further increase 

in oligonucleotide transport was observed when 

the nanogel carriers were modified with insulin 

or transferrin ligands [20, 21]. 
 

Azadi et al. (2012) have prepared surface 

modified Methotrexate-loaded nanogels for brain 

drug delivery. They observed that, Methotrexate-

loaded nanogels surface engineered with 

polysorbate-80 may be a good candidate for the 

targeted delivery of this anticancer agent [22]. 

 

Carbon nanotubes (CNTs) 

Carbon nanotubes consist exclusively of carbon 

atoms arranged in a series of condensed benzene 

rings, which are rolled up into a tubular 

structure. CNTs can be classified, on the basis of 

their structure, into two types: single-walled 

carbon nanotubes (SWCNTs) and multi-walled 

carbon nanotubes (MWCNTs). The SWCNTs 

consist of only one layer of cylinder graphene 

while MWCNTs contains several concentric 

graphene sheets (Fig. 4). CNTs have nanometric 

dimensions: SWCNTs have diameter in the range 

of 0.4-2.0 nm and lengths in the range of 20-10 

nm, while MWCNTs have diameter in the range 

of 1.4-100 nm and lengths from 1µm to several 

microns [23].  
 

CNTs have very interesting physicochemical 

properties such as: ordered structure with high 

aspect ratio, ultralight weight, high mechanical 

strength, high electrical conductivity, high 

thermal conductivity, metallic or semi-metallic 

behavior, and high surface area. These unique 

characteristics of CNTs make them ideal 

candidate for potential diverse applications 

including pharmaceutical, engineering, 

biotechnological and biomedical [24]. 
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Figure 4: Different forms of carbon nanotubes 

(CNTs). 

 

CNTs have attracted a vast attention of 

researchers around the world utilizing the 

various properties that CNT possess for 

applications ranging from sensors for detection 

of genetic abnormalities, to substrates for the 

growth of cells for tissue regeneration, and as 

drug delivery systems for a variety of diagnostic 

or therapeutic agents. To enhance the properties 

of CNTs, their surface can be functionalized with 

different molecules by adsorption, electrostatic 

interactions, or covalent bonding of molecules to 

the surface of CNTs [23].  
 

Huang et al. (2011) prepared a folate-decorated 

CNTs loaded with doxorubicin for targeted 

delivery to the cancerous cell and proved high 

potential of developed system to address the 

current challenges in cancer therapy [25]. CNTs 

can also be explored for nose to brain targeted 

drug delivery by considering surface engineering 

approach so as to enhance the bioavailability and 

therapeutic efficacy of therapeutic agents that 

otherwise finds difficulty for delivery by any 

other route. 

 

Dendrimers  

Dendrimers are one of the most researched 

macromolecules of the recent times. Since the 

last decade, Dendrimers have emerges as highly 

promising drug delivery modules because of 

their unique structure and properties. 

Dendrimers are a unique class of 

macromolecules having highly branched, three 

dimensional, nanoscale architectures with high 

surface functionality and low polydispersity. 
 

Structurally dendrimers consist of hydrophobic 

core and hydrophilic exterior functional 

moieties. The groups present in inner channels of 

dendrimers are called as endo-receptors while 

those present on the surface are called as exo-

receptors. A dendrimers is a hyperbranched 

ordered, monodisperse, high molecular weight 

polymers possessing a central core with void 

spaces, radially extending repeating units and 

terminal functional groups. Dendron is a 

segment of the dendrimers. Thus, dendrimers 

are composed of three distinct regions; as shown 

in Fig. 5: 

 

 

Figure 5: Dendrimer structure (modified from 27). 

 

i. An initial core. 

ii. A series of inner microdomains or internal 

cavities made up of repetitive molecular 

units, and  

iii. Terminal moieties from which further 

branching and surface modification can be 

performed to enhance the characteristics of 

native dendrimers [26, 27]. 
 

The therapeutic efficacy of any drug is often 

diminished due to its inability to gain access to 

the site of action. Dendrimers can be used to 

deliver drugs to the specific sites in the body. 

Tansey and co-workers (2004) have developed 

branched poly(l-glutamic acid) centered PAMAM 

dendrimers to create new biodegradable 

polymers with improved biodistribution and 

targeting abilities. These constructs were surface 

functionalized with poly(ethylene glycol) to 

enhance their biocompatibility and folic-acid 

receptors specificity to introduce cell-specific 

targeting [28]. 

 

Lipid-based nanoparticles 

In the era of nanoparticulate controlled and site 

specific drug delivery systems, use of solid lipids 

to produce lipid nanoparticles has became a 

revolutionary approach in early nineties. Based 

on the generations of lipid nanoparticles evolved, 

they are categorized in following types: 
 

i. Solid lipid nanoparticles (SLN) 
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ii. Nanostructured lipid carriers (NLC) 

iii. Polymer-lipid hybrid nanoparticles (PLN) 

iv. Lipid-drug conjugate (LDC) 

 

The most widely accepted problems associated 

with traditional drug delivery systems include: 
 

a. Poor drug solubility 

b. Poor absorption, rapid metabolism and 

excretion 

c. Drug distribution to non-targeted sites 

combined with high drug toxicity 

d. High fluctuations in drug plasma levels 
 

To troubleshoot these formidable problems, a 

novel, promising first generation solid-lipid 

based nanoscale drug delivery system was 

brought in, in early nineties, called as solid-lipid 

nanoparticles (SLN). SLNs are one generation 

next to the sub-micron sized lipid emulsions 

where the liquid lipid (oil) has been substituted 

by a solid lipid and are mainly composed of 

physiological lipid dispersed in water or in 

aqueous surfactant solution (Fig. 6). 

Replacement of liquid oil with solid lipid has 

presented a most important milestone in a 

direction to achieve controlled drug release 

because, mobility of drug in solid lipid is usually 

lower as compared to liquid oil which made them 

attractive for their potential use in improving the 

performance of pharmaceuticals, nutraceuticals 

and other such materials [29, 30]. Kaur et al., 

(2008) highlighted the potential of solid lipid 

nanoparticles in targeting the brain [2]. 

 

 

Figure 6: Solid lipid nanoparticles (SLNs) 

Nanostructured Lipid Carriers (NLCs), 

introduced at the turn of millennium, represents 

a new and improved generation of SLNs and are 

made of a solid lipid matrix entrapping liquid 

lipid nanocompartments, the blend being solid at 

body temperature [31]. This new generation of 

lipid nanocarriers was introduced to overcome 

the existing problems associated with SLNs such 

as limited drug loading capacity, drug expulsion 

during storage, long-term physical stability, etc.  
 

The NLCs have mostly been extensively 

investigated for topical and dermatological 

preparations in the delivery of clotrimazole [32], 

celecoxib [33], ascorbyl palmitate [34], fluticasone 
[35] and so on. NLCs are not yet explored for CNS 

targeting however, one can utilize this novel 

carrier as nose to brain targeted drug delivery 

vehicle. 
 

Clinical success of polymeric nanoparticles and 

liposomes leads to the hypothesis of the 

development of polymer-lipid hybrid 

nanoparticles (PLN) that takes advantage of the 

unique strengths of polymeric nanoparticles and 

liposomes. The hybrid nanoparticles can be a 

robust drug delivery platform with high drug 

encapsulation efficiency, tunable and sustained 

drug release profile, excellent serum stability, 

and potential for differential targeting of cells or 

tissues. Structurally, PLNs are composed of three 

distinct components; as presented in Fig. 7: 

 

 

Figure 7: Polymer-lipid hybrid nanoparticles (PLN) 

 

i. A hydrophobic polymeric core which can 

encapsulate the poorly water soluble 

drugs; 

ii. A hydrophilic polymeric shell which 

enhances the stability and systemic 

circulation half-life of drugs; and  

iii. A lipid monolayer at the interface of core 

and shell that acts as a molecular fence to 

promote retention of drug inside the 

polymeric core, thereby enhancing the 

drug encapsulation efficiency, increasing 

drug loading, and controlling drug release 
[36]. 

 

Wong et al., (2006) have developed polymer-

lipid hybrid nanoparticles loaded with anticancer 

drug doxorubicin hydrochloride, for the 

treatment of multidrug-resistant breast cancer 

and demonstrated an efficient approach to 

deliver a cytotoxic drug for improved treatment 

of drug-resistant breast cancer [37]. 
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Although there is no formal study underwent on 

the structure of lipid-drug conjugate 

nanoparticels (LDCs), however they are thought 

to be similar to classical SLNs. In LDCs, drug is 

evenly distributed within the lipid matrix due to 

ion-activated complex formation between 

charged drug and lipid molecules. To our 

knowledge, LDCs are not yet explored for CNS 

targeted drug delivery via nasal route. In 2006, 

Olbrich and co-workers had developed lipid-drug 

conjugate nanoparticles of diminazine 

diaceturate and stearic acid/oleic acid [38]. 

 

Liposomes 

Liposomes are lyotropic liquid crystals 

composed of relatively biocompatible and 

biodegradable materials and consist of an 

aqueous core entrapped by one or more bilayers 

of natural and/or synthetic lipids (Fig. 8). 

Liposomes have been widely investigated since 

1970s as drug carriers for improving the delivery 

of therapeutic agents to specific sites in the body. 

The success of liposomes as drug carriers has 

been reflected in a number of liposome-based 

formulations, which are commercially available 
[39]. Liposomes (In Greek, fat bodies) are mainly 

of three types: 

 

i. Small unilamellar vesicles (SUV): contain 

only one lipid layer and 20-25 nm in 

diameter; 

ii. Large unilamellar vesicles (LUV): contain 

single lipid layer and 100-300 nm in 

diameter; 

iii. Multilamellar vesicles (MLV): contain 

several (upto 14) lipid layers and several 

hundred nanometers (> 500 nm) in 

diameter [40]. 
 

 

Figure 8: Structure of liposome 

Liposomes can be used for targeting and 

introduction of therapeutic agents to specific site 

by conjugation or cross linking of targeting 

moiety to the native liposome or by surface 

modification of the fabricated liposomal 

formulation. Nishioka and Yoshino (2001) have 

highlighted over the efficiency of liposomes in 

lymphatic targeting [41]. Lymphatic uptake of 

liposomes of various sizes, lipid compositions, 

and surface characteristics has been investigated, 

which in turn suggests the feasibility of 

liposomes in brain targeting through nasal drug 

delivery platform.  

 

CONCLUSION     

Colloidal nanocarriers, in their various forms, 

have potential of providing endless opportunities 

in the field of drug delivery. They have a bright 

future in the delivery of therapeutic and 

diagnostic agents. These colloidal 

nanoparticulate carriers have potential of 

achieving broad objectives of controlled drug 

release, enhanced therapeutic efficacy, enhanced 

targeting abilities, and enhanced bioavailability.  

To explore the broad applications of 

nanoparticulate formulations, it is essential that 

the pharmaceutical industries specialized in 

development of new drug delivery systems 

should engage themselves in novel formulation 

technologies to foster their scale up and bring 

them into pharmacist’s shelf. 
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