
Multiple

Brain Barriers

1. Blood-Brain 

Barrier: capillary

endothelium (between

blood and brain 

interstitial fluid)

3.  Blood-CSF Barrier: 

choroid plexus

epithelium (between

blood and and

ventricular CSF)

2. CSF-Meninges:

arachnoid epithelium

(between subarachnoid

CSF and dura 

mater/blood)

Neuwelt et al. 2011

Nature Reviews Neuroscience, 

doi:10.1038/nrn2995



The CSF is mainly secreted by choroid plexus epithelial cells



Blood–CSF barrier: choroid plexus epithelium

The choroid plexuses, found in the lateral, third and fourth ventricles of the brain, are epithelial 

tissue masses highly vascularized with fenestrated blood vessels. These structures constitute 

a transfer interface between blood and CSF in the ventricles of the brain. Approximately two 

thirds of this CSF is produced and secreted by the choroid plexus.

The choroid plexus provides:

a) a physical barrier to impede entrance of toxic metabolites to the brain

b) a “biochemical” barrier that facilitates removal of moieties that circumvent this physical

barrier

c) buoyant physical protection by CSF itself

Mechanisms involved combine structural diffusion restraint between plexus epithelial cells

(tight junctions physical barrier) and specific exchange mechanisms across the interface

(enzymatic barrier).



The capillaries in the choroid plexus differ from those of the brain in that there is free 

movement of molecules across the endothelial cell through fenestrations and 

intercellular gaps. The blood–CSF barrier is at the choroid plexus epithelial cells, 

which are joined together by tight junctions. Microvilli are present on the CSF-facing 

surface. These greatly increase the surface area of the apical membrane and may aid 

in fluid secretion. Diffusion, facilitated diffusion and active transport into CSF, as well 

as active transport of metabolites from CSF to blood, have been demonstrated in the 

choroid plexus. 

Blood–CSF barrier: choroid plexus epithelium



Already in the 19th century it 

was observed that molecules 

injected in the peripheral 

circulation do not enter the 

brain parenchima….. leading 

to the concept of the Blood 

Brain Barrier (BBB) 

CB

Discovery of the Blood

Brain Barrier (BBB)
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Neuropeptides secretion to 

blood, chemosensitivity to 

monitor blood composition  

Presence of TJ between 

specialized ependymal cells in 

CVOs and astrocytic 

processes that isolate the 

CVOs from brain parenchyma

AREAS OF BRAIN WITHOUT A 

BLOOD-BRAIN BARRIER



Circumventricular

organs have no BBB



The subarachnoid space 

contains blood vessels; small 

branches of these vessels 

penetrate the surface of the 

brain

Origin of cerebral 

capillaries



The Blood-Brain Barrier

capillary endothelium

- increased mitocondrial content

- lack of fenestrations

- minimal pinocytotic activity

- presence of Tight Junctions (TJ)

• no paracellular transport

• controlled transcellular transport

Hawkins et al., 2006

J. Nutr. 136: 218S–226S



BBB is a physical barrier: 

molecular composition of 

endothelial tight junctions

Cellular and molecular organization of the BBB

Daneman et al., 2012

ANN NEUROL 72:648–672



Pericytes

Winkler et al., 2011

Nature Neuroscience 

doi:10.1038/nn.2946



Cecchelli et al., 2007

Nature Reviews Drug Discovery 

doi:10.1038/nrd2368

BBB “in vitro”

https://www.jove.com/video/51278/setting-up-an-vitro-

model-rat-blood-brain-barrier-bbb-focus-on-bbb

https://www.jove.com/video/51278/setting-up-an-vitro-model-rat-blood-brain-barrier-bbb-focus-on-bbb


Bicker et al., 2014

European Journal of Pharmaceutics and Biopharmaceutics 87:409–432

BBB “in vitro”



Wong et al., 2013

Frontiers in Neuroengineering

doi: 10.3389/fneng.2013.00007 

BBB “in vitro”



In vitro BBB models: good or bad?
Wong et al., 2013

Frontiers in Neuroengineering

doi: 10.3389/fneng.2013.00007 





Brain uptake of blood-

circulating molecules

BBB is a selective

transport barrier
Permeability

Lipid solubility



Luminal and abluminal

membranes of 

endothelial cells

express a number of 

transporters and 

channels

METABOLIC 

BARRIER



Wong et al., 2013

Frontiers in Neuroengineering

doi: 10.3389/fneng.2013.00007 



Pathways across the BBB

Transport routes across the blood–brain barrier. Pathways “a” to “f” are common for solute 
molecules; the route “g” involves monocytes, macrophages and other immune cells and can be used 
for any drugs or drugs incorporated liposomes or nanoparticles.

almost

absent

very frequent
rare

Chen and Liu, 2012

Advanced Drug 

Delivery Reviews 

doi:10.1016/j.addr.2

011.11.010



CNS endothelial cells 

lack expression of 

leukocyte adhesion 

molecules (LAMs) such 

as E-selectin and Icam1. 

The lack of these luminal 

surface molecules 

prevents the entry of 

immune cells from the 

blood into the 

parenchyma, resulting in 

a paucity of immune cells 

in the brain microenviron-

ment. As a result, the 

healthy brain is 

‘immune privileged’, 

whereby introduced 

antigens do not elicit the 

development of adaptive 

immune responses 

The four fundamental properties of 

CNS endothelial cells that make BBB

Chow & Chenghua 2015

Trends in Neurosciences

http://dx.doi.org/10.1016/

j.tins.2015.08.003 



Normal BBB Pathological BBB

Saraiva et al, 2016

J Controlled Release 

http://dx.doi.org/10.101
6/j.jconrel.2016.05.044



BBB brakedown in Multiple Sclerosis







Non-invasive techniques to deliver drugs to the brain

Zhang et al, 2016, 

Biomater. Sci., 2016, 4, 219



Multiple structures have been proposed for 
drug delivery in recent years. In general, there 
are two large families of transporters, ie, 
reversible and irreversible nanoparticles. 
Reversible nanoparticles are supramolecular
complexes generated on the basis of 
noncovalent intermolecular interactions, ie, 
Van der Waals forces or lipophilic interactions. 
Liposomes and micelles are the most well 
known examples of these types of 
nanoparticles (Figure 2). These are molecules 
formed by noncovalent binding of their 
components which can self-assemble 
spontaneously and reversibly into organized 
structures under specific environmental 
conditions, eg, temperature, pH, and polarity 
of the medium.
Conversely, the broad family of nonreversible 
nanoparticles (including dendrimers, 
nanocapsules, nanospheres, nanocages, and 
nanotubes, Figure 2) comprises molecules with 
strong molecular interactions, eg, covalent or 
metallic bonds, which confer a high degree of 
stability, thereby facilitating their 
manufacturing for commercial purposes, but 
are more rigid in their synthesis and handling. 

Nanoparticles in drug delivery



BBB transport 

mechanisms for brain 

delivery of 

nanoparticles

(NPs)

Saraiva et al, 2016

J Controlled Release 

http://dx.doi.org/10.101
6/j.jconrel.2016.05.044



Nanoparticle features influencing BBB passage

Saraiva et al, 2016

J Controlled Release 

http://dx.doi.org/10.101
6/j.jconrel.2016.05.044



Delivering therapeutic molecules through

Cell-Penetrating Peptides (CPP)

Guidotti et al, 2017

Trends in Pharmac Sci

http://dx.doi.org/10.1016/j

.tips.2017.01.003



Proposed mechanisms for CPP Internalization

Guidotti et al, 2017

Trends in Pharmac Sci

http://dx.doi.org/10.1016/j

.tips.2017.01.003



The marriage between drug delivery and molecular imaging disciplines has resulted in a relatively 
new discipline, known as theranostics, which represents the basis of the concept of personalized 
medicine. Involves use of nanotechnology to assemble molecular platforms that simultaneously 
perform a therapeutic and diagnostic function.

it is common for theranostic agents to contain iron oxide particles for their in vivo detection using magnetic
resonance imaging, along with radioactive isotopes for detection using positron emission tomography or single 
photon emission computed tomography, and fluorescence probes, quantum dots, or bioluminescent probes for
detection using fluorescence or optical imaging techniques



Targeting of nanoparticles: new cell-surface
biomarkers are needed!


