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Abstract: CNS drugs have gained huge market potential in the recent years owing to changes in  the lifestyle and a 

dramatic increase in the life expectancy. This has increased the prevalence of diseases like Alzheimer's, brain tumors, 

HIV encephalopathy, multiple sclerosis, stroke and other infections of the brain. Despite enormous advances in brain 

research and focus on drug discovery of CNS dugs, very little attention has been paid to the drug delivery aspect.  The 

major obstacle in delivering drugs to the brain and achieving therapeutic concentration is the blood brain barrier (BBB). 

The blood brain barrier is a highly efficient barrier which maintains the microenvironment inside the brain by restricting 

entry of majority of molecules, including therapeutics. Several strategies have been developed to enhance the delivery of 

drugs to the brain like chemical modification of the drug itself, nanoparticulate drug delivery, modifying the BBB by 

osmotic disruption, coupling to a vector which enables receptor mediated or adsorption mediated transport of drugs. 

Intranasal route has also come up as a promising route for drug delivery by bypassing the BBB. This review focuses on 

various strategies for enhancing the delivery of drugs to the brain. The current challenge is to develop strategies to 

deliver drugs to the brain in a safe, effective and preferably non invasive manner. 
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INTRODUCTION 

The market for neuropharmacological drug product 

has huge potential because of the under treatment of 

various complex central nervous system (CNS) 

disorders like Alzheimer's disease, brain tumors, 

Parkinson's disease, Huntington's disease, stroke, 

HIV encephalopathy, multiple sclerosis etc due to 

lack of efficient drug delivery systems. 

Unfortunately many companies are restricting their 

drug development of CNS therapeutics because of 

more expensive and lengthy drug development 

process and higher incidence of failure as a 

potential CNS drug candidate. According to a study 

conducted by Tufts Centre for the Study of Drug 

Development only 8.2% of CNS drugs in clinical 

trials see the market compared to 15% of other 

drugs 
[1]

.  

 The major reason of failure in delivery of drugs 

to the brain is the blood brain barrier (BBB). It is a 

selective barrier surrounding the brain and spinal 

cord which allows transport of nutrients into the 

CNS but on the other hand excludes majority of 

molecules present in the blood from entering the 

brain to maintain the homeostasis necessary for 

proper neural transmission. A number of layers 

exist between the brain and blood, and each one 

plays a role in restricting the entry of molecules. 

The capillary endothelial cells of BBB have more 

mitochondria, fewer cytoplasmic vesicles and are 

held by tight junctions between overlapping cells as 

compared to capillary endothelial cells present 

anywhere else in the body. The tight junctions limit 

paracellular movement and divide the membranes 

of endothelial cells into the luminal side (blood 

side) and the abluminal side (brain side) 
[2]

. In 

addition, the endothelial cells lack fenestrations, 

which further restrict the entry of molecules. The 

characteristics of BBB are not just by virtue of 

special type of endothelium; close association with 

the glial cells specifically astrocytes, the pericytes, 

neurons, basal lamina that forms a sheath layer 

around the cerebral microvasculature together 

maintain the integrity of this barrier system.  

 The predominant mechanism of transport 

across BBB is passive diffusion. Broadly, lipophilic 

drugs with log P ≤ 5 and a molecular weight below 

400 cross the BBB effectively by passive diffusion. 

Polar molecules and compounds with a high 

potential of forming hydrogen bonds such as 

peptides are poor CNS agents unless they undergo 

active transport across the BBB 
[3]

. The BBB also 

expresses efflux transporters like P-glycoprotein (P-

gp) and members of multidrug resistance associated 

protein family which are involved in actively 

pumping substrates from cerebral capillary 

endothelium into the bloodstream before they cross 

the brain parenchyma (Figure1). This makes the 
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achievement of therapeutic concentrations of many 

drugs including vinca alkaloids, taxol, daunomycin, 

verapamil, nifedipine, progesterone and cyclosporin 

a challenge 
[4-5]

. 

 

 
   PCT, Paracellular transport; TCT, Transcellular 

transport; PT, Transporter Protein; RMT, Receptor 

mediated transport; AMT , Adsorption mediated 

transport;    ,drug;     receptor;      ,transporter 

Protein;      ,charged drug . 

Fig.1. Schematic diagram of the blood brain 

barrier (BBB) and its transport mechanisms 

 

 

STRATEGIES FOR ENHANCING CNS    

PENETRATION OF DRUGS  

 Several approaches can be used to enhance 

delivery of drugs to the brain. One approach is to 

directly administer the drugs into the brain. 

Alternatively, the BBB can be modified 

temporarily, allowing therapeutic agents to pass 

through a more permeable BBB. The third approach 

is the chemical modification of the drug and 

improvement of transcellular passage into the CNS 

utilizing the BBB biology. In the recent years 

nanoparticulate delivery system has shown great 

promise in drug delivery as has the intra nasal 

route, which bypasses the BBB. Each of these 

strategies is discussed below.  

 

DIRECT ADMINISTRATION INTO THE 

BRAIN 

 Direct delivery of drugs to the brain 

circumvents all the problems associated with the 

penetration of the BBB resulting in higher 

bioavailability at the target site and reduced 

systemic toxicity. It includes administration of 

drugs  directly into the brain via injections, 

infusions as well as convection enhanced delivery 

(CED) and implants. All types of therapeutic agents 

including  macromolecules and nanocarriers can be 

administered by this route. 

Intracerebral administration 

 Intracerebral administration involves 

craniotomy, in which a hole is drilled through the 

skull for intraventricular (IV) or intracerebral (IC) 

drug administration into the brain. All types of 

therapeutic molecules including proteins can be 

administered by this route and therapeutic 

concentrations can be achieved in magnitudes much 

higher than by other routes of administration with 

better distribution of the drug in the brain 
[6]

. It is 

most often used for treating brain tumors, where the 

chemotherapeutic agent is injected into the tumor 

resection cavity or intraneoplasticly in case the 

tumor cannot be operated upon 
[7]

.  

 Implants for slow and sustained release of drug 

as well as stem cells can be introduced into the 

brain directly 
[8]

. Implants provide controlled 

release of the chemotherapeutic agent and if 

correctly designed can provide sustained release for 

months or even years. Both biodegradable and non 

biodegradable polymers can be utilized although 

degradable polymers are clinically more acceptable 

as they do not require additional removal methods 

after the drug delivery is over. Gliadel® Wafer 

(Arbor Pharmaceuticals) loaded with carmustine, 

approved by USFDA in 1995 for recurrent gliomas, 

is a polymeric implant of polybis(p-

carboxyphenoxy)propane-sebacic acid 

(polifeprosan 20). The wafer is implanted in the 

tumor resection cavity and releases carmustine over 

a 2 to 3 week period 
[9]

. A general drawback is the 

poor penetration of therapeutics due to limited 

diffusion into the brain parenchyma and tissue 

damage at the site of the implant. 

 Various therapeutics can also be administered 

through infusions. Ommaya reservoir consists of a 

catheter and a capsule which facilitates delivery of 

chemotherapeutic agents to cerebrospinal fluid 

(CSF). Over time pumps have been used to provide 

a better delivery of therapeutic agents. Examples of 

these systems are MiniMed®, Infusaid ® and 

Medtronic® pump systems. CED uses pumps to 

provide a continuous positive pressure for delivery 

of the drug directly to the target site via a cannula, 

introduced stereotactically 
[7]

. Due to the flow under 

positive pressure, the drug can overcome the 

diffusion barrier and distribution is achieved in 
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larger areas of the brain compared to the 

conventional infusion systems and implants. It also 

prevents backflow of the drug solution as well as 

extended  exposure to the drug due to long infusion 

time 
[7,10]

.  Apart from factors like drug half life and 

tissue binding properties, the flow rate and volume 

of the drug, the size, shape and placement of the 

cannula are also very important 
[11]

. The technique 

can be used for delivery of chemotherapeutics, gene 

therapy, immune therapy and also liposomes and 

nanocarriers. 

 Despite the many advantages, this route is 

associated with higher risk of infections, edema, 

high intracranial pressure, inflammation and 

damage to brain tissue and along the track of the 

catheter, because of the highly invasive procedure 

involving the introduction of a catheter deep into 

the brain. There is also a risk of backflow from the 

catheter. 

 

Intrathecal administration 

 Intrathecal administration involves injection or 

infusion of the drug directly into the CSF that 

surrounds the spinal cord.  By bypassing the BBB, 

this route of administration allows many therapeutic 

agents into the brain which are unable to cross the 

BBB via systemic route. This route is commonly 

employed to produce local analgesia without any 

CNS effects involved with the use of analgesics and 

anesthetics. This is due to the rapid removal of the 

drug from the CSF into the bloodstream. As the 

drug is restricted within the CNS only, a smaller 

dose is usually used, which also minimizes 

systemic toxicity. Furthermore, there is minimal 

protein binding and metabolism of drugs leading to 

availability of the drug for longer periods. Like 

other direct strategies this route also faces the 

problem of poor distribution of drugs within CSF 

and an increase in intracranial pressure. It has also 

shown higher incidence of hemorrhages, CSF 

leakage, and infections and gives access to various 

pathogens. Its application is also limited by the 

presence of CSF-brain barrier which restricts the 

diffusion of therapeutics in the brain parenchyma 

especially of macromolecules. 

 

DRUG DELIVERY BY BBB DISRUPTION  

 Under normal conditions the presence of tight 

junctions restricts the paracellular diffusion of 

molecules in the BBB. Strategies which cause 

temporary alteration of the tight junctions lead to an 

increase in the permeability of the BBB and provide 

access to a wide range of compounds.  

 Osmotic disruption of the BBB has been 

extensively investigated in laboratory animals and 

successfully employed for the treatment of brain 

tumors. A hypertonic solution of an inert sugar, 

such as mannitol or arabinose, with concentrations 

ranging from 1.4 to 1.8 M, is delivered into the 

cerebral circulation via the carotid artery as an 

injection or a short term infusion. The hyperosmotic 

solution of inert sugar causes shrinkage of the 

cerebral endothelial cells and expansion of blood 

volume resulting in transient opening of the tight 

junctions and BBB disruption. During this time the 

permeability of otherwise impermeable molecules 

like water soluble drugs, monoclonal antibodies and 

viruses is enhanced. The BBB resumes its normal 

function as a barrier within a few hours 
[11]

.  

  The BBB can be disrupted following 

administration of various substances such as 

vasoactive peptides, bradykinin and its analogues 

like Cereport and RMP-7, leukotrienes, 5HT (5-

hydroxytryptamine), histamine, nitric oxide, 

surfactants  such as Tween 80 or sodium dodecyl  

sulfate 
[12-14]

. BBB disruption is also achieved using 

short ultrasound bursts preceded by microbubble 

contrast agent, without production of lesions or 

neuronal damage. For disruption, the sonications 

typically applied  are  short (~1–20 mHz) bursts 

applied at a low duty cycle (1–5%) for 0.5–1 min 
[13]

. Low-frequency, MRI-guided, focused 

ultrasound has also been shown to induce localized 

and reversible disruption of the blood-brain barrier 

in animals 
[16-18]

. 

 

DELIVERY BY MODIFICATION OF THE 

DRUG MOLECULE 

Passive diffusion is the predominant mechanism of 

delivery of molecules across the BBB which in turn 

is dependent on the lipophilicity and molecular size. 

Molecules with high lipophilicity (which form less 

than 8 hydrogen bonds) and small molecular weight 

(preferably less than 500 Da) are able to cross the 

BBB by passive diffusion 
[19]

. Enhancement in 

passive diffusion can be achieved by modification 

of molecules to increase lipophilicity or to reduce 

the molecular size. Lipophilicity is dependent on 

polarity and ionization of molecules, modification 

and/or masking functional groups on molecules or 

introduction of lipophilic groups like methyl- or 

chlorine-, esters improves diffusion across the BBB 
[20]

.  
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Prodrugs 

 One such approach to increase lipophilicity is 

the formation of a prodrug. Prodrugs are derivatives 

of drug molecules that must undergo chemical or 

enzymatic transformation to revert to the active 

form within the body. Prodrug strategies for 

increasing the blood-brain barrier transport of small 

hydrophilic molecules include chemical 

modification to more lipophilic derivatives, carrier-

mediated prodrug transport, and prodrug 

bioconversion strategies. The best known example 

of prodrugs for CNS is heroin, the more lipophilic 

deacetylated derivative of morphine, which shows 

CNS permeation almost 100 fold more than 

morphine. Once in the brain, it is hydrolyzed back 

into morphine, which is more hydrophilic and 

diffuses very slowly out of the brain, thereby 

prolonging the time of action in the brain 
[21]

. 

Prodrug L-dopa is readily transported across the 

blood-brain barrier via the large neutral amino acid 

transporter and is decarboxylated to dopamine by 

L-amino acid decarboxylase, which is localized in 

the capillary endothelium 
[22]

. The case of 

development of a nitrogen mustard (DL-2-amino-7-

bis[2-chloroethyl)-amino]-1,2,3,4-tetrahydro-2 

naphthoic acid (DL-NAM) to penetrate BBB is 

worth a mention. Melphalan was found to have 

lesser access to brain tissue as compared to its 

precursor L-phenylalanine, by aid of L-system 

transporters of BBB. To add to the woes of 

researchers melphalan was highly plasma protein 

bound as well. Thus DL-NAM was born from the 

inferences drawn out of extensive studies of 

structural transport relationships suggesting the 

favorability of a longer more lipophillic amino acid 

side chain to be transferred via the L - carrier 

system. D-NAM which was an analogue to 

melphalan was found to have 100 fold better 

penetration across the BBB 
[23]

. Similar approaches 

have been employed with some other 

therapeutically significant molecules like the 

anticancer agent chlorambucil and γ-amino butyric 

acid (GABA) 
[23]

. 

  

Chemical delivery system 

 The term CDS was coined by Bodor and 

coworkers. CDS involves introduction of two types 

of moieties to a molecule of therapeutic importance, 

both of which are removed biologically in-vivo. 

One being a targetor is responsible for site specific 

action, targeting and lock–in and the other/s are 

modifier functions which increase the lipophilicity 

of the compound. However, unlike prodrugs these 

are designed to achieve a sequential activation in 

multiple steps, of which dissociation of the targetor 

is desired to be the last 
[24]

. The principle of CDS is 

enhanced BBB permeation due to increase 

lipophilicity, utilizing the biological properties of 

BBB to lock the therapeutic inside the brain by 

preventing them from recrossing the brain. 

Estradiol CDS (Estredox) is a lipophilic drug with 

Log P of 3.3 and derivatization with bio-removable 

lipophilic targetor moiety dihydrotrogonelline, 

enabling increased permeation through the BBB. 

Oxidation of the targetor moiety results in a more 

ionic and lesser lipophilic moiety of Log P 0.14 

which is locked inside the brain resulting in 

increased concentration of estradiol in the brain 4-5 

times longer than the conventional therapy. 

Estredox is at present undergoing Phase II trials for 

treatment of post menopausal syndrome [21]. Polar 

compound p-di(hydroxyethyl)-amino-D-

phenylalanine which resembles D-melphalan  was 

found to have an increased blood/brain ratio when 

administered as L-glutamate ester intravenously 

than in pure form via the same route 
[25]

.  

Increasing lipophilicity through chemical 

modification of the drug should be weighed against 

other factors that influence the overall therapeutic 

efficacy of the drug. Creating more lipophilic 

moieties not only changes the permeability of drug 

across the BBB but also has an effect on enzymatic 

metabolism, interactions of the drug with its 

receptors and also interaction with the efflux 

transporters. Enhanced lipophilicity can also 

increase the uptake by other non target tissues, 

resulting in higher risk of toxicity 
[26]

. 

 

STRATERGIES UTILIZING ENDOGENOUS 

TRANSPORT SYSTEMS 

Inhibition of efflux transport proteins  

 Efflux transporters play an important role by 

pumping out molecules from the brain to the blood, 

thereby making it difficult to achieve therapeutic 

concentrations of many drugs in the brain. The 

transporters of interest are the P-gp, MRP and 

breast cancer resistant protein (BRCP), which 

belong to a large ATP binding cassette (ABC) 

family of proteins. The ABC transporters remove a 

variety of molecules from the cell through an ATP 

dependent active transport process. ABC 

transporters do not interact with their substrates and 
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inhibitors in the classic lock and key manner, hence 

Michaelis-Menten kinetics is not applicable 
[8]

.  

 The uptake of therapeutics which are substrates 

for efflux transporters when co administered with 

an efflux inhibitor show enhanced uptake. Various 

drug efflux transporters present in BBB and their 

inhibitors are given in Table 1 
[21,27-29]

. Schinkel et 

al. demonstrated that knockout mice lacking 

MDR1a P-gp are 100 times more sensitive to 

neurotoxic pesticide ivermectin 
[27]

. Miller et al 

examined uptake of rhodamine 123, a P-gp 

substrate in bovine brain microvessel endothelial 

cell monolayers in presence and absence of 

Pluronic P85. Higher accumulation of rhodamine 

123 was observed in presence of Pluronic P85, 

which studies have indicated to inhibit P-gp 
[30]

.  

  

Delivery via endogenous transport systems 

 The BBB expresses many selective carrier 

systems to meet the metabolic requirements of the 

brain by delivering various nutrients like various 

amino acids, glucose and assorted nucleosides. The 

major endogenous transporters are carrier mediated 

transport (CMT), responsible for transport of small 

molecules from blood to brain and receptor 

mediated transport (RMT), which involves 

transport of endogenous large molecules. 

Adsorption mediated endocytosis involving          

interaction based on charge can also be utilized for 

transport of therapeutics 
[31]

. The delivery via 

transport system has the following characteristics 
[32]

: 

 

i. The drug is modified, for instance conjugated 

to a ligand or polymer which acts as a homing 

device and masks the intrinsic properties of 

molecule. 

ii. The drug is encapsulated in a delivery system 

like nanoparticles, liposomes or niosomes the 

surface of which is modified with a homing device 

and a hydrophilic polymer like polyethylene glycol 

to prolong the circulation time. 

iii. The homing device must be target specific so 

as to avoid adverse effects and increase in 

transporter efficiency. 

iv. All systems must have a uniform and 

controlled size to control their biological fate. 

 

Table 1.  Drug efflux transporters present at the BBB, examples of their substrates as well as inhibitor 

Transporter Substrate Inhibitor 

P-gp Doxrubicin, Cyclosporine A 

Morphine,Dexamethasone, 

Loperamide, Ivermectin, 

Paclitaxel, Vincristine 

Verapamil,Quinine, Cremaphor EL 

MRP1 Doxrubicin , Etoposide, 

Colchicine 

Sulfinpyrazone, Probenecid, MK571 

MRP2 Indinavir, Cisplatin Cyclosporin A 

MRP3 Methotrexate, Etoposide Indomethacin, Probencid 

MRP4 6 mercaptopurine, 6-

thioguanine 

Probencid 
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MRP5 6 mercaptopurine, 6-

thioguanine 

Probencid 

MRP6 Etoposide Probencid 

BRCP Methotrexate, 

Doxrubicin, 

Daunorubicin, Prazosin 

GF120918 

Fumitremorgin C (FTC) 

Oatp1-3 Rosuvastatin,Enalapril Rifampicin, Probencid 

OATP-A Bile acids Rifampicin 

OAT3 Cepahalosporins Acyclovir, Probencid 

 

Carrier mediated transport 

CMT includes integral proteins in BBB that 

function as passive transporters, ion coupled 

transporters, exchangers of nutrients like glucose, 

various amino acids, nucleosides, inorganic and 

organic ions including various therapeutic 

molecules with similar structures 
[33]

. In the BBB, 

the major transporters are  a) hexose transport 

system for glucose and mannose  primarily Glucose 

transporter type 1 (GLUT 1); b) neutral amino acid 

transport system for phenylalanine and leucine; c) 

acidic amino acid transport system for glutamate 

and aspartate; d) basic amino acid transporter for 

basic amino acids like arginine and lysine; e) β 

amino acid transporter for β alanine and taurine; f) 

monocarboxylic acid transport system (MCT) for 

lactate and short chain fatty acids; g) choline 

transport system; h) amine transport system for 

mepryamine; i) nucleoside transport system for 

purine bases and j) peptide transport system for 

small proteins like vasopressin 
[34]

. 

 GLUT 1 has the highest capacity, 

approximately 10 - 50 times the other transporters, 

and therefore is a promising target for CNS 

delivery. It is also responsible for the transport of  

glycopeptide prodrugs into CNS , indicating that 

glycosylation can be utilized to improve BBB 

permeation. MCT is utilized by salicylic acid to 

enter the brain as do 3-hydroxy-3-methyl glutaryl-

CoA reductase inhibitors. 

 Utilizing the carrier mediated transport offers 

an attractive strategy for delivery to the CNS, 

however it can also result in transport of drugs in 

non target areas. As the carrier systems are highly 

specific in nature, modifying therapeutics for a 

particular transport system is highly restricted, thus 

there is a likelihood of having lesser affinity for the 

modified molecule than the endogenous one.  For 

instance, azidothymidine (AZT) is transported via 

nucleoside transporter, but still its affinity for the 

transporter is 25 fold less than the endogenous 

nucleosides. In addition to this the presence of 

endogenous substances might disrupt the delivery 

of the drug like in the case of L-dopa, where 

therapeutic efficacy is reduced when co-

administered with a high protein meal 
[35]

. 

 

Nanoparticulate drug delivery systems  

 Nanoparticulate drug delivery systems (NP) 

have at least one dimension in the nanometer scale 

and may exhibit properties different from the bulk 

materials 
[34]

. They include liposomes, micellar 

nanoparticles, magnetic nanoparticles, dendrimers, 

solid lipid nanoparticles and polymeric 

nanoparticles 
[35-38]

. Polymeric nanoparticles are 

commonly used as they are biodegradable, easy to 

prepare, require lesser excipients and show better 

stability in biological fluids as well as on storage 

compared to liposomes 
[34,35]

. Lipids are also used 

as solid lipid nanoparticles and nanoliposomes. NPs 

can be administered via different routes, for 

instance intravenous (i.v), intranasal (i.n), 

intracarotid and oral route 
[38,43-45]

. 

 For delivery across the BBB, the NPs should 

have the following characteristics. 

• biodegradable and biocompatible 

• non toxic  and non-immunogenic 

• particle diameter should be preferably less than   

100nm 
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• able to provide sustained and controlled release 

• good stability with no aggregation and minimal  

interaction with biological molecules 

• prolonged circulation time 

• amenable to small molecules, peptides, 

proteins and nucleic acids  

• scalable and inexpensive manufacturing 

process 
[7,41,46]

 

 After i.v administration, because of high 

uptake by  the reticuloendothelial system, only a 

limited proportion of the drug reaches the brain. 

Drug uptake in the brain can be enhanced by 

surface modifications of the nanoparticles. Dalargin 

was the first molecule to be transported across the 

brain. Dalargin is an enkephalin type peptide which 

cannot cross the BBB, resulting in no analgesia 

when given by i.v route. Successful delivery was 

achieved both by i.v and oral route with 

poly(butyl)cyanoacrylate (PBCA) nanoparticles 

coated with polysorbate 80 
[45,47,48]

 and PBCA 

nanoparticles conjugated with peptide vectors 
[49]

. 

Gold and magnetic nanoparticles have also shown 

enhanced delivery to the brain making diagnosis 

and treatment of brain disorders a lot easier 
[48-49]

. 

Nanoparticles majorly utilize RMT and AMT for 

enhanced delivery across the BBB 
[49,52,53]

. 

 

Receptor mediated transport 

 RMT provides active targeting of drugs, 

especially when certain receptors are over 

expressed during diseased states for example 

diphtheria toxin receptor in inflammatory disorders. 

It is also known as the Trojan horse approach as 

molecules associated with the targeting ligand are 

also transported across the BBB. Advances in 

understanding of the biology of the BBB has 

resulted in identification of various receptors which 

can be utilized for the targeted delivery of 

therapeutics. RMT involves three steps  

i) Endocytosis at the luminal side after binding of 

the ligand conjugated molecule to the receptor.  

ii) Movement through endothelial cytoplasm.  

iii) Exocytosis of the drug or ligand conjugated 

drug at abluminal side 
[32]

.  

 Transferrin, insulin and low density lipoprotein 

receptors are under investigation for RMT. An open 

label phase I dose escalation study with a peptide-

paclitaxel conjugate was carried out in patients with 

malignant glioma. The conjugate crossed the BBB 

via the low density lipoprotein receptor related 

protein and was well tolerated and showed promise 

in the treatment of glioma 
[7]

.  

 Transferrin receptor, which is majorly 

expressed on BBB than other sites has been used to 

transport drugs using the endogenous transferrin as 

targeting ligand or conjugating the drug with an 

antibody directed against the receptor (OX-26). The 

monoclonal antibody binds at a different site from 

that of transferrin, thus interference with 

endogenous transferrin is unlikely. Ulbirch reported 

significant anti-nociceptive effects with loperamide 

loaded human serum albumin (HSA) nanoparticles 

conjugated with transferrin or OX-26 or R17-217 

antibodies via i.v route unlike loperamide, which is 

unable to cross the BBB 
[54]

. 

  RMT suffers from various limitations like 

presence of receptors on other tissues limiting the 

CNS specificity, problems in dissociation of drugs 

from the receptor due to high affinity of the 

antibodies with the receptors and elicitation of 

immunological response against the targeting 

ligands or antibodies 
[55]

. 

 

Adsorption mediated transport  

 In AMT, the interaction between the anionic 

BBB and the cationic ligands determine the 

efficiency of transport across the BBB. The use of 

polycationic substances like trimethylated chitosan 

or cationization by coupling proteins with 

hexamethylenediamine covalently increase the 

isoelectric point of proteins or antibodies which can 

be used by conjugating with the drug molecule to 

enhance the permeation across the BBB [56].  

Cationic nanoparticles have been shown to provoke 

toxicity at the BBB, hence use of this strategy needs 

to be investigated further in combination with the 

drug molecules 
[7,57]

.  

 

DELIVERY STRATEGY BYPASSING THE 

BBB 

 

Intranasal delivery 

 This strategy of delivery has emerged as a 

convenient potential route for delivery to the brain 

non invasively. The drug has to cross the nasal 

olfactory epithelium and arachnoid membrane to 

reach the CSF, thereby bypassing the BBB. 

Intranasal route has been explored for delivery of 

number of molecules to the CNS successfully. They 

include drugs like methotrexate, risperidone, 

nimodipine with some now commercially available, 

for instance sumatriptan (GSK), zolmitriptan 

(AstraZeneca), estradiol (Servier), desmopressin 

(Ferring) and calcitonin (Novartis) 
[44,58,59]

. 
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Additionally, this route has shown promise in 

delivery of therapeutic proteins like insulin growth 

factor 1 (IGF 1), nerve growth factor (125I-NGF) 

and various neuropeptides, genes and vaccines 
[60,61]

. Nasal mucocilliary clearance limits the time 

of absorption as does the low permeability of nasal 

mucosa for drugs however the delivery can be 

improved by using mucoadhesives like chitosan in 

the formulations which can help in retaining the 

drug in the nasal epithelium for longer periods 

thereby giving more time for absorption of drugs 
[62]

. Many therapeutic proteins are also prone to 

enzymatic degradation in the nasal cavity. 

Nanocarriers have provided a respite as they protect 

the drug from degradation and have been shown to 

enhance delivery to the brain utilizing transocytotic 

mechanisms. Size of the particles play an important 

role in internalization at the cellular level, with 

particles below the size of  50-100 nm showing 

rapid internalization as compared to 200 nm 

particles transcellularly 
[63]

. The use of the 

nanoparticles via this route also depends on the 

surface charge of the particles. Chitosan 

nanoparticles have shown enhanced delivery of 

venlafaxine, estradiol and didanosine 
[62,64,65]

. The 

other limitations of i.n delivery are that only potent 

drugs can be delivered, limited volume can only be 

administered in the nasal cavity resulting in low 

efficiency and the quantity of drug delivered to the 

brain is less than 0.1% because of the small ratio of 

olfactory mucosa to nasal mucosa 
[66]

. 

 

  CONCLUSIONS 

 Delivery of chemotherapeutic agents 

to the brain is highly challenging due to the 

presence of the BBB. Most of the techniques used 

for enhancing delivery to the brain are not only 

invasive and painful but also expose the patient to 

numerous other problems like susceptibility to 

infections. Newer delivery systems like carrier 

mediated delivery with nanocarriers and via 

intranasal route have shown great potential for 

improved and enhanced delivery to the brain. 

However, there is a need for more research in the 

direction of  looking for newer and more specific 

targets and at the same time delve deep into the 

toxicological aspects of these systems, so that a 

more efficient, safe, specific and effective delivery 

system can be developed. 
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