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DESCRIPTION 

The Blood-Brain Barrier (BBB) is an important physiological structure 

that protects the brain from harmful substances, pathogens, and 

toxins circulating in the bloodstream, while also maintaining a stable 

environment for neuronal function. However, this highly selective 

barrier also complicates the delivery of therapeutic agents to the 

brain, making the treatment of Central Nervous System (CNS) 

disorders, such as Alzheimer's disease, Parkinson's disease, and 

brain tumors, a significant challenge. Understanding the 

mechanisms that govern drug penetration across the BBB is 

important for developing effective therapies for neurological 

conditions. This article explores the various mechanisms that enable 

drug penetration across the blood-brain barrier, their limitations, and 

potential strategies to enhance drug delivery to the brain. 

 

 

Targeted therapy refers to a type of cancer treatment that 

specifically targets molecular mechanisms involved in the growth 

and spread of cancer cells. Unlike traditional chemotherapy, which 

indiscriminately kills rapidly dividing cells, targeted therapies are 

designed to interact with specific molecules or pathways that are 

involved in tumour development. These therapies can target specific 

proteins, receptors, or genetic mutations that are unique to cancer 

cells, allowing for more precise treatment with fewer side effects.  

 

 

 
 

 

 



Research & Reviews: Journal of Pharmacology and Toxicological Studies 
e-ISSN: 2322-0139 

p-ISSN: 2322-0120 
 

RRJPTS| Volume 12 | Issue 4| December, 2024                                                                                                             4 
 

The blood-brain barrier is composed of specialized endothelial cells that form tight junctions, preventing the free 

passage of most molecules from the bloodstream into the brain. These tight junctions are reinforced by astrocyte 

end-feet and pericytes, which further regulate the permeability of the barrier. The BBB selectively allows essential 

molecules, such as glucose and amino acids, to pass through, while blocking larger molecules and potentially 

harmful substances. 
 

This selective permeability is important for maintaining the brain's homeostasis but also presents a major burden 

for drug delivery. In order for a drug to effectively reach the brain, it must either pass through the endothelial cells 

of the BBB or be transported via specific transport mechanisms. One of the most straightforward mechanisms by 

which drugs penetrate the blood-brain barrier is passive diffusion. This process occurs when drug molecules move 

from an area of higher concentration (in the blood) to an area of lower concentration (in the brain tissue) across the 

endothelial cell membranes. However, this mechanism is highly dependent on the physicochemical properties of 

the drug. 

 

While passive diffusion is limited to small and lipophilic molecules, the BBB contains several transporters that 

facilitate the entry of essential nutrients, ions, and other substances into the brain. These transporters can also be 

harnessed to facilitate drug delivery. Active transport involves the movement of substances across the endothelial 

cell membranes against a concentration gradient, using energy derived from ATP. Receptor-mediated transcytosis 

is particularly promising for delivering drugs that are normally unable to cross the BBB due to their size or polarity, 

offering a pathway for the development of new biologic therapies for CNS diseases. Nanoparticles, such as 

liposomes, dendrimers, and solid lipid nanoparticles, can encapsulate drugs and facilitate their transport across 

the BBB. These nanoparticles can be engineered to interact with specific transport mechanisms or to shield drugs 

from efflux pumps. 

 

This non-invasive technique uses sound waves to temporarily open the BBB, allowing drugs to pass through more 

easily. Focused ultrasound has shown promise in preclinical models for delivering large molecules, such as 

antibodies, to the brain. Modifying drugs to increase their lipophilicity or to make them substrates for specific 

transporters is another strategy to enhance BBB penetration. For example, attaching small peptides or antibodies 

to drugs can help them cross the BBB through receptor-mediated transcytosis. Viral vectors, such as modified 

adenoviruses or lentiviruses, can be engineered to deliver genes directly into the brain. These vectors can bypass 

the BBB by infecting cells in the brain, providing a potential strategy for treating genetic CNS disorders. 

 

The blood-brain barrier is a formidable obstacle to the delivery of therapeutic agents to the brain, but 

understanding the mechanisms of drug penetration has opened up new avenues for drug development. Passive 

diffusion, active transport, receptor-mediated transcytosis, and adsorptive-mediated transcytosis are the primary 

mechanisms through which drugs can cross the BBB. Furthermore, advancements in nanotechnology, chemical 

modifications, and focused ultrasound offer promising strategies to overcome this barrier and improve drug delivery 

for the treatment of neurological diseases. As research continues, the development of more efficient and targeted 

drug delivery systems will play an  important role in advancing the treatment of CNS disorders, ultimately improving 

patient outcomes in the face of challenging brain diseases. 


