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Blood Brain Barrier: Protector of CNS
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Abstract—The Blood-Brain Barrier (BBB) acts as a
selective and dynamic boundary between the peripheral
bloodstream and the central nervous system (CNS),
playing a vital role in preserving brain homeostasis and
protecting neural tissue from harmful substances. This
review offers a detailed examination of the structural and
functional elements of the BBB, including endothelial
cells, tight junctions, astrocytes, and pericytes. We
explore the physiological functions of the BBB in
controlling molecular transport, immune monitoring,
and neuronal communication, as well as its role in
neurological conditions like multiple sclerosis,
Alzheimer’s disease, and stroke. Additionally, we delve
into recent progress in imaging methods, in vitro models,
and therapeutic approaches aimed at altering BBB
permeability to improve drug delivery to the brain. The
BBB is subject to both short-term and long-term
regulation, which can be disrupted in pathological
conditions. Any drug discovery or delivery program
targeting or avoiding the CNS must consider the unique
characteristics of the BBB. Blood Brain Barrier restricts
the toxins.

Index Terms—Blood-Brain Barrier (BBB), Central
Nervous System (CNS), Neuroprotection, Tight
Junctions, Brain Homeostasis, Pericytes, Astrocytes,
Neuroinflammation, BBB Permeability.

[. INTRODUCTION

The blood-brain barrier (BBB) is a very selective,
semipermeable barrier that separates the brain's
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extracellular fluid from the circulating blood(1). The
brain, as the body's command center, receives
protection befitting its importance. Its cells are long-
lived. The primary components of this barrier are the
tight junctions between brain capillary endothelial
cells, supported by astrocyte end-feet and pericytes(2).
BBB plays a crucial role in maintaining brain
homeostasis. This selective permeability protects the
CNS from potentially harmful substances like toxins
and pathogens while ensuring essential nutrients reach
the brain. Blood Brain Barrier maintains the ion
balance. The blood-brain barrier is not a static
structure, as it can adapt to various physiological and
pathological conditions(3,4). The BBB is composed of
five main components: brain capillary endothelial cells
(BCECs), pericytes, astrocyte end feet, the basal
membrane embedding the endothelial cells and
pericytes, and the neurons surrounding the barrier,
which closely interact with the other components. The
endothelial cells that are sealed together by tight
junctions. These junctions prevent unwanted
substances from leaking into the brain. BBB reduce
the inflammation in CNS. Surrounding the capillaries
are astrocyte end-feet and pericytes, which help
regulate blood flow, strengthen the barrier, and
support the surrounding nerve cells.

Blood Brain Barrier:
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Figure 1 : Blood brain barrier.
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Cells of the BBB(BLOOD- BRAIN- hedge)

There are two main cell types in blood vessels. ECs
form the walls of blood vessels. Tempera cells sit on
the ablumental face of the EC subcaste.

Structure and Composition of the Blood- Brain hedge(
BBB)

Fig. 2. Structure of BBB.
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The blood-brain barrier ( BBB) is a largely picky and
defensive barrier that regulates the movement of
substances between the bloodstream and the central
nervous system( CNS). It plays a pivotal part in
maintaining the brain’s medium(5).

Neuron

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 4490



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002

1. Structural factors

Endothelial Cells

These cells line the inside of blood vessels.
Endothelial cells are connected by tight junctions. In
the brain, they form an unbroken layer tightly sealed
by proteins known as tight junctions.

* Tightly joined by tight junctions, forming a nonstop
subcaste.

» Have specialized transport systems for nutrients and
waste.

Tight Junctions

* Located between the endothelial cells.

* these Made up of proteins like claudins, occludins,
and junctional adhesion mote. Tight junction are
between every endothelial cell.

If lack fenestration it leads to fewer pores.

Basement Membrane

* Thin, stringy subcaste girding the endothelial cells.

* Provides structural support and regulates cell geste

* Bedded in the basement membrane.

* Involved in regulating blood inflow, BBB
permeability, and angiogenesis.

Fig. 3. Composition of BBB.

It is composed of collagen, laminin fibronectin
Astrocyte End- bases

* Astrocytes are glial cells whose end- bases envelop
the capillaries.

+ cache growth factors that help maintain BBB
integrity.

* Regulate ion and neurotransmitter situations(6)

1. Functional Components

« It has picky permeability. That picky permeability
Allows passage of water, some feasts, and lipid-
answerable substances while confining large or
hydrophilic motes.

* Transport systems

O Carrier- intermediated transport for glucose(
GLUTI1), amino acids.

O Receptor- intermediated transcytosis for insulin,
transferrin.

O Efflux pump.

Endothelial cells( BBB)

* Endothelial cells are most important part of Blood
Brain Barrier, a defensive and picky hedge that divides
the brain’s blood vessels from the rest of the brain

Blood brain Barrier (BBB)

Foot process
of astrocyte

Endothelial cell

Image
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* This is how endothelial cells help form the BBB

* 1. Tight Junctions Endothelial cells of the BBB are bound together by tight junctions, which don’t allow utmost
substances to pass between cells. This restricts paracellular transport and compels substances to pass through the cells,

where they’re stringently controlled.

Fig. 4. Blood Brain Barrier
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* 2. Picky Transport These cells retain specific
transport proteins and receptors that permit picky
passage of nutrients( similar as glucose and amino
acids) and inhibit dangerous substances or pathogens.
* 3. Low Transcytosis BBB endothelial cells retain
extremely low quantities of vesicular transport(
transcytosis) compared to supplemental endothelial
cells, minimizing the liability of unwanted material
entering the brain.
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* 4. Interaction with Other Cells Endothelial cells are
in close commerce with astrocytes, pericytes, and
neurons, which support them in retaining their hedge
characteristics and controlling blood inflow within the
brain.

* 5. Barrier Integrity Endothelial cell damage( e.g., due
to inflammation, stroke, or neurodegenerative
complaint) can compromise the BBB, causing
increased permeability and possible damage to neural
towel(7)
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Selective Permeability of the Blood-Brain Barrier
(BBB):

The blood-brain barrier (BBB) is a highly selective
barrier between the blood and the extracellular fluid
within the brain. It facilitates the transfer of some
necessary substances but not others that are
detrimental to the brain tissue. This selectivity is
pivotal in sustaining neural homeostasis and
safeguarding the central nervous system.

Endothelial Tight Junctions:

Endothelial cells forming brain capillaries are sealed
tightly with complicated tight junction proteins (e.g.,
claudins, occludins, junctional adhesion molecules),
inhibiting paracellular (intercellular) transport.
Basement Membrane:

A continuous, dense basement membrane offers
mechanical support and another barrier to diffusion.
Astrocyte End-feet:

Fig. BBB Transport.

Astrocytes enclose the capillaries and secrete factors
that induce and preserve tight junction integrity and
barrier properties.

Pericytes:

Embedded in the basement membrane, pericytes
control endothelial cell proliferation, survival, and
permea(8).

What Can Pass Through the BBB?

Passive Diffusion:

Small, lipophilic (fat-soluble) molecules pass easily:
Gases: Oxygen (02), Carbon dioxide (CO2). Small
lipophilic drugs (e.g., some anesthetics).Some
hormones (e.g., steroid hormones).

Facilitated Transport:

Specific carrier-mediated transport systems permit the
passage of necessary nutrients: Glucose (via GLUT1
transporters).Amino acids (via large neutral amino
acid transporters — LAT1).
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Nucleosides, some vitamins (e.g., thiamine, folic
acid)(9).

Receptor-Mediated Transcytosis:

Large essential proteins are transported across by
binding to specific receptors:Transferrin (transport of
iron).Insulin, leptin, and some growth factors.
Adsorptive-Mediated Transcytosis:

Positively charged proteins can bind non-specifically
to the negatively charged endothelial membrane and
be transported across(10)

Fig. 5. Brain tissue.
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Efflux Pumps:

ATP-dependent pumps, such as P-glycoprotein (P-gp),
actively export foreign molecules, such as many drugs
(e.g., chemotherapeutic agents and antibiotics), back
into the bloodstream.

Physiological Importance:

Keeps neurons away from toxic chemicals and
pathogens.It helps maintain the ionic balance and
neurotransmitter milieu essential for synaptic
transmission.Protects the brain from systemic
variations (e.g., pH, hormone changes).Prevents
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What is Restricted or Blocked?

Large hydrophilic molecules that do not have a
transporter (most proteins, peptides).Pathogens
(bacteria, viruses), unless they devise special ways to
cross (e.g., Trojan horse mechanisms).Toxins and
drugs that are too large, too hydrophilic, or actively
expelled.

Choroidal epithelium
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immune cell invasion that would lead to
inflammation(11).

Clinical significance:

Trauma, stroke, Multiple Sclerosis, Brain tumors.
Homeostasis:

Mechanisms for Homeostasis Maintenance
Regulation of Ion Balance The BBB restricts the free
movement of ions. Specific ion transporters and
pumps, meticulously manage ionic concentrations to
prevent neuronal excitotoxicity(12). 2. Regulated
Supply of Nutrients The brain is highly metabolically
active, while amino acids are carried by amino acid
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transporters. Fatty acids, vitamins, and iron also enter
the brain in a controlled manner. 2. Metabolic waste
products : Efflux transporters like P-glycoprotein (P-
gp) remove toxins and xenobiotics. Waste metabolites,
such as lactic acid and ammonia, are efficiently
cleared(13). 3. Neurotransmitter Control Circulating
neurotransmitters, including norepinephrine and
serotonin, are unable to easily cross the BBB. This
barrier prevents unwanted systemic fluctuations from
affecting brain signaling. 4. Neurotransmitters
produced in the brain are regulated by reuptake
transporters and localized degradation. 5. Immune
System Quiescence The BBB restricts the entry of
antibodies and immune cells. This immune
sequestration prevents inflammatory damage in the
sensitive CNS environment. Controlled entry of
immune cells, such as during infections, is facilitated
by  tightly  regulated
necessary(14,15). Disruption of BBB Homeostasis
Compromise of the BBB leads to a loss of CNS
homeostasis, resulting in: Edema: Fluid leakage into
brain tissue. Neuroinflammation: Uncontrolled
immune activation. Excitotoxicity: Neurons are

mechanisms when

overstimulated due to ion imbalance.
Neurodegeneration: Seen in diseases like Alzheimer's,
Parkinson's, and multiple sclerosis. Common causes of
BBB disruption include: Trauma (traumatic brain
injury) Ischemia (stroke) Infection (meningitis)
Chronic inflammation Blood-Brain Barrier (BBB)
Disruption: The blood-brain barrier (BBB) is vital for
protecting the brain by ensuring a highly selective
exchange between the bloodstream and the central
nervous system. When the BBB's integrity is
compromised, its permeability increases, allowing
harmful substances, immune cells, and toxins to enter
the brain, potentially triggering or worsening
neurological disorders. The brain's unique cellular
structure and organization are integrated within a
vascular network and separated from the bloodstream
by the specialized blood-brain barrier, which is
essential for its normal operation. Recent research has
shown that increased permeability of blood vessels
allows toxic elements and immune cells to infiltrate
brain tissue and alters the characteristics of the
supporting astrocytes.
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II. MECHANISMS OF BBB DISRUPTION

Ischemic Events Ischemia or stroke deprives brain
tissue of oxygen and glucose. Results in endothelial
cell damage, disruption of tight junctions, and
increased permeability. 2. Inflammation Inflammatory
cytokines (e.g., TNF-o, IL-1B) break down tight
junctions. Seen in infections, multiple sclerosis, and
autoimmune diseases. 3. Trauma Traumatic brain
injury (TBI) causes mechanical damage to blood
vessels and the BBB. Leads to edema, hemorrhage,
and inflammatory responses. 4. Neurodegenerative
Diseases  Alzheimer's  disease:  Amyloid-beta
accumulation = compromises =~ BBB integrity.
Parkinson's disease: BBB disruption may facilitate
neuroinflammation and neuronal loss. 5. Chronic
Systemic Conditions Hypertension: Persistent high
blood pressure stresses the BBB. Diabetes mellitus:
High blood glucose levels damage endothelial cells.
Aging: Normal aging reduces BBB tightness and
repair capacity. 6. Infections Pathogens like HIV,
bacteria causing meningitis, and certain viruses can
breach the BBB. 7. Oxidative Stress Reactive oxygen
species (ROS) damage endothelial cells and tight
junctions(16).

[II. MECHANISMS OF BBB IMPAIRMENT

Breakdown of tight junctions: Loss of proteins such as
occludin, claudin-5, and ZO-1. Apoptosis of
endothelial cells: Cell death weakens the vascular
wall. Increased Vesicular Transport: Enhanced
transcytosis allows unwanted molecules to enter.
Basement Membrane Degradation: Structural support
is compromised by enzymes like matrix
metalloproteinases (MMPs). Consequences of BBB
Impairment Neuroinflammation: The CNS is
infiltrated by immune cells and cytokines. Cerebral
Edema: Fluid leakage leads to swelling in the brain.
Excitotoxicity: Neurons are destroyed by an excess of
glutamate in the extracellular space. Increased Risk of
Infection: A weakened barrier allows pathogens to
enter the brain. Neurodegeneration: Ongoing barrier
dysfunction leads to a gradual loss of neurons. Clinical
Conditions  Associated with BBB Deficiency
Diagnostic Procedures MRI contrast agents:Detects
BBB leakage. PET scans: Can trace inflammatory
activities to the BBB. Biomarkers: Elevated levels of
S1008, MMP-9, or tight junction proteins in
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blood/CSF suggest BBB compromise. Therapeutic
Strategies Anti-inflammatory treatments: Prevent
cytokine-induced damage to the BBB. Inhibitors of
MMP: Stop the breakdown of the basement
membrane. Stabilizers of tight junctions: Strengthen
endothelial junctions. Antioxidants: Protect against
BBB disruption caused by oxidative stress. Stem cell
therapy: Experimental approach to repair a damaged
BBB.

Clinical Implications of Selective Designing BBB:
penetrant medications (lipophilic or via carrier
systems). Nanoparticle-based delivery platforms.
Targeted ultrasound combined with microbubbles to
temporarily open the BBB. Trojan horse strategies,
attaching drugs to molecules that naturally cross the
BBB.

IV. DRUG DELIVERY CHALLENGES

Over 98% of small-molecule drugs and nearly all
large-molecule drugs (biologics) cannot naturally
cross the BBB. Disease States Associated with BBB
Dysfunction: Multiple sclerosis: Barrier disruption
allows immune cells to breach the BBB. Alzheimer’s
disease: BBB dysfunction is linked to amyloid-beta
accumulation. Brain tumors: Often cause local BBB
disruption to aid growth but remain resistant to many
treatments.

V. CONCLUSION

The blood-brain barrier this is one of the most vital and
intricate biological structures that protects the central
nervous system. It functions not just as a physical
barrier but as a interface that carefully controls the
passage of molecules, ensuring the brain's internal
environment remains in a delicate state of balance. By
shielding neural tissue from toxins, pathogens, and
changes in blood composition, the BBB is crucial for
the brain's precise and stable functioning. However, its
crucial protective role also presents considerable
challenges Current research is uncovering that the
BBB is not a static entity; it is a living, responsive
system influenced by neural activity, overall health,
and even gut microbiota. In pathological conditions
such as neurodegenerative diseases, stroke, infections,
and tumors the barrier's integrity can be compromised,
resulting in a harmful cycle of inflammation and
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neuronal damage. On the other hand, its selectivity
creates a significant hurdle for delivering therapeutic
agents to the brain, complicating treatment strategies
for many central nervous system disorders. Current
research is uncovering that the BBB is not a static
entity; it is a living, responsive system influenced by
neural activity, overall health, and even gut
microbiota. protector and a gatekeeper: crucial for
maintaining neural sanctity yet a major challenge to
overcome in the effort to treat brain diseases. The
future of neuroscience and medicine will be
significantly shaped by how well we can navigate the
complex biology of this extraordinary structure.
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