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ABSTRACT: 

Brain is act as a central processing unit in human 

body as like a computer. This controls all the body 

systems under one organ. The brain is a delicate 

organ and nature has very efficiently protected it. 

The drug accessibility to the CNS in limited by the 

Blood brain barrier (BBB). Various brain disorders 

are Parkinson, Alzheimer, Meningitis, Brain 

abscess, Epilepsy, Multiple sclerosis, late – stage 

neurological trypanosomiasis (sleeping sickness). 

Drug delivery to the brain requires advances in 

drug delivery technologies, due to   presence of the 

Blood brain barrier(BBB).  Only small lipid soluble 

drug in the circulation are delivered to the brain 

cell. Therefore, practical strategies are required for 

mediating the drug transport across Blood brain 

barrier(BBB). In order to distribute the drugs in to 

the CNS via passing the Blood brain barrier (BBB), 

Drug carrier systems (Antibodies, Liposomeor 

Nanoparticles). 

 

I. INTRODUCTION: 

The brain is the most versatile and 

sophisticated organ in the body and is protected by 

a very effective barrier as Blood brain barrier 

(BBB) and Blood cerebrospinal fluid 

barrier(BCSFB). BBB is one such barrier which 

separates but not isolates brain from all other body 

components. The CNS is protected by BBB & 

BCSFB. This controls the entry of compounds in to 

the brain, there by regulating brain homeostasis. 

In the CNS targeted action can be achieved by 

direct administration of the drugs in to the CNS. 

(1) BBB can considerably impair the effect of the 

large number of drugs (Eg: Antibiotics, Anti 

neoplastic agents and neuropeptides-CNS 

stimulant drug). Because of it is obstinate 

hindrance affect. 

(2) From some recent studies, it has been 

represented that the blood brain barrier (BBB) 

is usually. Does not cross by almost 100% of 

large molecule drugs and 98% of small 

molecules drugs. 

(3) Drug discovery and drug delivery technologies 

are two main fields where Nanoparticle drug 

delivery system(NDDS) is one of the advanced 

technology that can be utilized to delivery drug 

molecules directly in to the brain. 

Advantages 

 Side effects and toxicity reduces. 

 Dose of drug reduces by targeting organ. 

 Avoids degradation of drug (1
st
 pass 

metabolism). 

 Bioavailability increases. 

 Permeability of proteins and peptides 

increases. 

Disadvantages: 

 Enhances decreases from target. 

 Difficult to target tumor cells.   

 Advanced technology requirement. 

 Sometimes it may toxicity. 

 Difficult to maintain stability of dosage form. 

(Eg; Released erythrocytes have to be stored at 

4*c). 

 

 

BRAIN TARGETED DRUG DELIVERY 

SYSTEM: 

The brain is important organ. It is protected with 

Blood brain barrier(BBB) and it is difficult to target 

it.  

 

Blood Brain Barrier: 

The BBB is a highly selective 

permeability barrier that separate the 

circulating blood from the brain 

extracellular fluid (BECF) in the CNS. 
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The blood consists of a monolayer of polarized 

endothelialcells(EC) connected by complex tight 

junctions. 

It is a continuous zipper like high junctioned 

endothelial cellular layer. 

The structure of these tight junctions was first 

determined in the 1960’s by TOM REES, 

MORRIES KROMOSKY and MILTONE 

BRITMAN. 

Therefore, only lipid soluble solutes that can freely 

diffuse through the capillary endothelial membrane 

may passively cross the BBB. 

 

Structure of BBB: 

 
Figure 1: Anatomical structure of Blood Brain Barrier (BBB). 

 

Functions of BLOOD BRAIN BARRIER: 

 The main function of Blood brain barrier is to 

protect the brain and keep it isolated from 

harmful toxins that are potentially in the Blood 

steam. 

 The Blood brain barrier allows the passage of 

water, some gases, and lipid soluble molecules 

by passive diffusion  

 The Blood brain barrier acts very effectively to 

protect the brain from many common or 

unwanted bacterial and infections. 

 Blood brain barrier works as a dynamic 

biological entity, in which active metabolism 

and carrier mediated transports occur. 

 The BBB limits both transcellular and 

paracellular passage of cells and molecules 

from the systemic circulation in to the CNS 

vice versa. 

 

Drug Delivery to the Blood Brain Barrier: 

Difficult for drugs to pass through the 

BBB. A study was conducted todeterminedthe 

factors that influence a compound’s ability to 

transverse the BBB. In this study, they examined 

several different factors to investigate diffusion 

across BBB. The study found that barrier 

permittivity is“based on the measurement of the 

surface activity and as such takes into account the 

molecular properties of both hydrophobic and 

charged residues of the molecule of interest. 

Problems faced in Drug delivery: 

The first of these is that a lot of times, 

even if a compound transverse the barrier, it does 

not do it in a way that the drug is in a 

therapeutically relevant concentration. This can 

have many causes, the most simple being that the 

way the drug was produced only allows a small 

amount to pass through the barrier. 

 Another cause of this would be the 

binding to the proteins in the body rendering the 

drug ineffective to either be therapeutically active 

or able to pass through the barrier with the adhere 

proteins.  

Another problem that must accounted for 

is the presence of enzymes in the brain tissue that 

could render the drug inactive. 
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 The drug may be able to pass through the 

membrane fine, but will be deconstructed once it is 

inside the brain tissue rendering it useless. 

All of these problems that must be 

addressed and accounted for in trying to deliver 

effective drug solutions to the brain tissue. 

 

Possible Solutions: 

 Exosomes to deliver treatments across the 

BBB. 

 Pro-drugs. 

 Peptide masking. 

 Receptor-mediated permeabilizers.  

 Loaded microbubble –enhanced focused 

ultrasound. 

 

DRUG TRGETING TO BRAIN IS A 

DIFFICULT PROCESS, WHY? 

In this above portion of the article we are 

clearly understood that small molecules readily 

cross the BBB. Howeve, in fact, <2% of small 

molecules cross the BBB easily. In the 

comprehensive Medicinal Chemistry(CMC) data 

base there are > 7000 drugs established, and only 

5% these drugs treat the CNS disorders. It has been 

investigated that 100% large molecules drugs and 

98% of small molecule drugs do not cross BBB.  

For a small molecule drug to cross BBB in 

significant amount, the molecule must have two 

important characteristics like molecular mass must 

be under 400 Da and high lipid solubility. Due to 

these reasons the brain drug targeting becomes 

more difficult for the pharmaceutical industries. 

 

Types of Nano Particles For CNS Drug 

Delivery: 

Solid lipid Nanoparticles: 

Solid lipid Nanoparticles are colloidal 

particles composed of biocompatible or 

biodegradable lipid matrix that is solid at body 

temperature exhibit size range of 100-400 nm. 

Solid lipid Nanoparticles are a stable lipid based 

nanocarrier with a solid hydrophobic lipid core, in 

which the drug can be dissolved or dispersed. They 

are made with biocompatible lipids such as 

triglycerides, fatty acids and waxes. They are 

generally of small size allowing them to cross tight 

endothelial cell of BBB and escape from the 

reticuloendothelial System (RES). The term “lipid” 

has a boarder sense here and includes triglycerides 

(Eg: tristearin), fatty acid (Eg: stearic acid), partial 

glyceride (Eg: Imwitor), steroids (Eg: cholesterol), 

and waxes (Eg: acetyl palmitate). High-pressure 

homogenization or micro emulsification can be 

used for manufacturing of Nanoparticles. SLN are 

widely used for the delivery of active 

pharmaceutical ingredients to the brain. 

 

 
Fig2:Solid lipid Nanoparticles 

 

 A newer version of SLN called 

nanostructure lipid carrier(NLC), with increased 

drug loading are also become popular recently for 

brain targeting, which are composed of solid lipid 

and certain amount of liquid lipid, maintaining the 

solid state at both body and room temperature. 

Lipid based Nano Particles: 

 

-LIPOSOMES:  

Liposomes, first described in 1965 are 

established drug and gene delivery carrier with 

clinical evidence of efficacy and several 

commercially available approved clinical 

formulations. Such as liposomes consists of bilayer 

phospholipid system in which watersoluble drugs 

could reside in the aqueous phase enveloped by the 

phospholipid bilayerand the lipophilic drugs, could 

directly integrate into the membrane. Liposomes 

are small artificial vesicles of spherical shape that 

can be created from cholesterol and natural 

nontoxic phospholipids. Due to their size and 

hydrophobic and hydrophilic character, liposomes 

are promising systems for drug delivery. 

Researchers are actively investigating on several 

advanced versions of liposomes such as long 

circulating (PEGylated) liposomes, triggered 
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release liposomes, liposomes containing nucleic 

acid polymer, ligand targeted liposomes, and 

liposomes containing combination of drugs in order 

to achieve better drug delivery. Liposomes have 

been largely utilized for brain drug delivery, for the 

treatment of cerebral ischemia, for delivery of 

opioid peptides and brain tumors. Targeted brain 

delivery using liposomal systems resulted in 

considerable increase of drug concentration in 

Brain /in vitro cell lines. 

 

 
Fig3: Liposomes drug delivery. 

 

CATIONIC LIPOSOMES: 

Cationic liposomes containing positively 

charged lipids have been developed and initially 

used as transfection vehicles, to deliver genetic 

material (DNA) in to the cell, avoiding lysosomes 

digestion. One example of cationic liposomes uses 

bola amphiphiles, which contain hydrophilic group 

surrounding a hydrophobic chain to strengthen 

boundary of the Nano-vesicle containing the drug. 

Bola amphiphiles a no vesicles can cross BBB, and 

they allow controlled release of the drug to target 

sites.  

Polymer based Nanoparticles: 

 

POLYMERIC NANO-PARTICLES: 

Nanoparticles are, colloidal particles, less 

than 1000 nm, that can be used for better drug 

delivery and prepared either by encapsulating the 

drug with in a vesicle and or by dispersing the drug 

molecule with in a matrix. Polymeric Nanoparticles 

are the nanosized carriers, made of natural or 

synthetic polymers, in which the drug can be 

loaded in the solid state or in solution, or absorbed 

or chemically linked to the surface. As a drug 

carrier, Nanoparticles have significant advantages 

like better availability, systemic stability, high drug 

loading, long blood circulating, and selective 

distribution in the organs /tissue for long half-life. 

They have outlined various mechanisms for 

Nanoparticles mediated drug uptake by the brain.  

These includes, 

(1)   Enhanced retention in the brain blood 

capillaries, with an absorption on to the capillary 

walls, resulting in a high concentration gradient 

across the BBB.   

(2)    Opening of tight junction due to the presence 

of Nanoparticles. 

(3)    Transcytosis of Nanoparticles through the 

endothelium. 
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Fig4: Targeted polymeric micelles. 

 

DENDRIMERS: 

Dendrimers are a unique class of synthetic 

polymers which has a major role in Nano 

technological advances of drug delivery. The term 

“Dendra” in “Dendrimers” is derived from the 

GREEK which means tree and therefore 

appropriately describes its architecture. A typically 

symmetric around the core, and when suffiently 

extended it often adopts a spheroidal three-

dimensional morphology in water. Novel 

Dendrimers based drug delivery systems consisting 

o G3 polyamidoamine (PAMAM) and surfactant 

conjugated dendritic nanocongugates have been 

successfully applied for targeted brain delivery. 

Some advantages of Dendrimers include their 

branching structure and the control of surface 

functionality, making them excellent carrier for 

more then one single drug to the brain; they have a 

high loading capacity and low toxicity. Limitations 

of their use include the high-cost manufacture and 

the need for assessment of long term human health 

consequence of Dendrimers exposure in Vivo. 

 

 
                                       Fig5: Schematic presentation of Dendrimers as a Nano scaffold with a core. 

 

FACTORES EFFECTING ON BRAIN 

TARGETING DRUG DELIVERY SYSTEM: 

 Cerebral blood flow. 

 Systemic enzymatic stability. 

 Clearance rate of drug/polymer. 

 Cellular enzymatic stability. 

 Lipophilicity of the drug. 

 Concentration gradient of the drug/polymer. 

 Affinity of the efflux proteins (Eg: P-gp). 

 Sequestration by other cells. 

 Molecular weight of the drug. 

 Metabolism by other tissue. 

 

 

 

II. CONCLUSION: 
Now a day, many young researchers are 

attracted toward brain targeting due to it’s immense 

application in the treatment of various CNS 

diseases, because mostly drugs unable to cross the 

BBB. This review discusses one of the novel 

technology “nanotechnology” that has been 

developed to target the brain and passes various 

clinical benefits such as reduced drug dose, less 

side effects, noninvasive route, and better patient 

compliance. The treatment of brain diseases is 

particularly challenging because the delivery of 

drug. Molecules to the brain is often precluded by a 

variety of physiological, metabolic and 

Biochemical obstacles that collectively comprise 
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the BBB, BCB and BTB.Drug delivery directly to 

the braininterstitium has recently been markedly 

enhanced through the rational design of polymer-

based drug delivery systems. In addition to 

enhanced brain transport, these systems also 

provide additional advantages as extended or 

controlled release of drugs and protection from 

degradation before reaching the targeted site 

leading to decreased dose or lesser frequency with 

decreased or no side effects. 

 

REFERENCES: 
[1]. Bummer PM, Physical Chemical 

Considerations of lipid based oral drug 

delivery, Solid lipid Nanoparticles, Critical 

review, Therapeutic drug carrier system, 

2004; 21(2): 1-20. 

[2]. DmBrahmankar, Sunil B Jaiswal. Bio 

pharmaceutics & pharmacokinetics A 

Treatise, Vallabh publications 2
nd

 Edition 

reprint 397-429, 495-501; 2004. 

[3]. N.K. Jain. Controlled and Novel drug 

delivery, CBS publication, New delhi, 1
st
 

Edition reprint 100-130, 147-170, 304-

352;2008. 

[4]. Pardridge WM.CNS drug design based on 

principles of Blood brain barrier transport. J 

Neurochem. Clinpharmacokinet, 2002; 

41:171-186. 

[5]. Schlosshauer B; The blood brain barrier; 

Morphology, molecules and neurothelin; 

Bioassay; 1993; 15(5); 341-346. 

[6]. Butte A.M. and Jones H.C; Abbot N.J.; 

Electrical resistance across the blood brain 

barrier in Anaesthetized Rats a 

Developmental study; J.Physiol; 1990; 429; 

47-62. 

[7]. Roney C. Kulkarni P., Arora V., Antich P., 

Bonte F., Wu A., Mllikarkuana N.N., 

Manohars. Zinga H.P., Kulkarni A.R., Sunga 

H.W., Mlladi S., and Aminabhavi T.M; 

Trget Nanoparticles for drug delivery 

through the blood brain barrier for 

Alzheimer’s disease; Journal of Control 

Release; 2005; 108 (2-3); 193-214. 

[8]. Bernack J., Dobrowalska A., Nierwinskak. 

And Malecki A; Physiology and 

pharmacological rate of the blood brain 

barrier; Pharmacol. Rep; 2008; 60 (5); 600-

622. 

[9]. Banks WA. From blood-brain barrier to 

blood-brain interface: new opportunities for 

CNS drug delivery. Nat Rev Drug 

Discov. 2016;15:275–92.  

[10]. Pehlivan SB. Nanotechnology-based drug 

delivery systems for targeting, imaging and 

diagnosis of neurodegenerative 

diseases. Pharm Res. 2013;30:2499–511. 

[11]. Banks WA. Characteristics of compounds 

that cross the blood-brain barrier. BMC 

Neurol. 2009;9(Suppl 1):S3. 

[12]. Ballabh P, Braun A, Nedergaard M. The 

blood-brain barrier: an overview: structure, 

regulation, and clinical 

implications. Neurobiol Dis. 2004;16:1–13 

[13]. Mager I, Meyer AH, Li J. et al. Targeting 

blood-brain-barrier transcytosis - 

perspectives for drug 

delivery. Neuropharmacology. 2017;120:4–

7.  

[14]. Fricke IB, Schelhaas S, Zinnhardt B. et al. In 

vivo bioluminescence imaging of 

neurogenesis - the role of the blood brain 

barrier in an experimental model of 

Parkinson's disease. Eur J 

Neurosci. 2017;45:975–86.  

[15]. Cook RL, Householder KT, Chung EP. et al. 

A critical evaluation of drug delivery from 

ligand modified nanoparticles: Confounding 

small molecule distribution and efficacy in 

the central nervous system. J Control 

Release. 2015;220:89–97.  

[16]. Medina DX, Householder KT, Ceton R. et 

al. Optical barcoding of PLGA for 

multispectral analysis of nanoparticle fate in 

vivo. J Control Release. 2017;253:172–82.  

[17]. Kreuter J. Mechanism of polymeric 

nanoparticle-based drug transport across the 

blood-brain barrier (BBB) J 

Microencapsul. 2013;30:49–54.  

[18]. Georgieva JV, Hoekstra D, Zuhorn IS. 

Smuggling drugs into the brain: an overview 

of ligands targeting transcytosis for drug 

delivery across the blood-brain 

barrier. Pharmaceutics. 2014;6:557–83.  

[19]. Candela P, Gosselet F, Miller F. et al. 

Physiological pathway for low-density 

lipoproteins across the blood-brain barrier: 

transcytosis through brain capillary 

endothelial cells in 

vitro. Endothelium. 2008;15:254–64.  

[20]. Kim JY, Choi WI, Kim YH. et al. Brain-

targeted delivery of protein using chitosan- 

and RVG peptide-conjugated, pluronic-

based nano-

carrier. Biomaterials. 2013;34:1170–8. 

[21]. Liu Y, Huang R, Han L. et al. Brain-

targeting gene delivery and cellular 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 5 Sep-Oct 2021, pp: 1066-1072 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-060510661072 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1072 

internalization mechanisms for modified 

rabies virus glycoprotein RVG29 

nanoparticles. Biomaterials. 2009;30:4195–

202.  

[22]. Chen H, Kim S, Li L. et al. Release of 

hydrophobic molecules from polymer 

micelles into cell membranes revealed by 

Forster resonance energy transfer 

imaging. ProcNatlAcadSci U S 

A. 2008;105:6596–601. 

[23]. Xu P, Gullotti E, Tong L. et al. Intracellular 

drug delivery by poly(lactic-co-glycolic 

acid) nanoparticles, revisited. Mol 

Pharm. 2009;6:190–201.  

[24]. Schenk GJ, de Vries HE. Altered blood-

brain barrier transport in neuro-

inflammatory disorders. Drug Discov Today 

Technol. 2016;20:5–11.  

[25]. Routhe LJ, Moos T. Handling iron in 

restorative neuroscience. Neural Regen 

Res. 2015;10:1558–9. 

[26]. Jeong SY, Crooks DR, Wilson-Ollivierre H. 

et al. Iron insufficiency compromises motor 

neurons and their mitochondrial function in 

Irp2-null mice. PLoS One. 2011;6:e25404. 

[27]. Ho L, Yemul S, Knable L. et al. Insulin 

receptor expression and activity in the brains 

of nondiabetic sporadic Alzheimer's disease 

cases. Int J Alzheimers 

Dis. 2012;2012:321280.  

[28]. Bien-Ly N, Boswell CA, Jeet S. et al. Lack 

of widespread bbb disruption in alzheimer's 

disease models: focus on therapeutic 

antibodies. Neuron. 2015;88:289–97.  

[29]. Gao W, Liu Y, Jing G. et al. Rapid and 

efficient crossing blood-brain barrier: 

Hydrophobic drug delivery system based on 

propionylated amylose helix 

nanoclusters. Biomaterials. 2017;113:133–

44.  

[30]. Song Q, Song H, Xu J. et al. Biomimetic 

ApoE-reconstituted high density lipoprotein 

nanocarrier for blood-brain barrier 

penetration and amyloid beta-targeting drug 

delivery. Mol Pharm. 2016;13:3976–87.  

 

 

 


