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Goldmann 1913Ehrlich 1885



The BBB was located in brain capillaries

The lenght in Human is around 650 km
Its surface area is around 12 m2



Brain capillaries
EndothelialEndothelial  cellscells

Astrocytes



The Blood-Brain Barrier Cellular and Molecular Biology

William M. Pardridge 1993
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Endothelial Cell Biology

N. Simionescu and M. Simionescu 1988
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In vivo methods



14C/3H –sucrose/inulin
(to measure cerebro-
vascular volume

3H/14C-labelled drug
(to measure BBB 
permeability)



• 60 rats are necessery to determine the
permeability of a molecule through the BBB



In vitro methods



ECVAM

• Seeks to promote the scientific and regulatory

acceptance of alternative methods. Contribution to 3Rs

concept (Russel and Burch, 1959) by:

 Reduction

 Refinement

 Replacement



In May 2003: workshop on BBB in vitro methods and their

application in toxicology



Blood-Brain Barrier in vitro models and

their application in toxicology

The Report and Recommendations of ECVAM Workshop 49

Altern Lab Anim. 2004 Mar;32(1):37-50.



AIM OF THE WORKSHOP

Discuss the current status of BBB in vitro models,

focusing on their application in toxicology and their

possible use in integrated testing strategies to assess

neurotoxicity



TOPICS

A) Minimal criteria needed for an in vitro BBB model:

availability, transferability and ease of culture of the model

restrictive paracellular permeability and high TEER

physiological realistic cell architecture

expression of functional transporters present in vivo

possibility of studying the transport polarity

B) Discussion of available BBB in vitro models:

Primary brain endothelial cells (co-cultured with astrocytes)

Immortalised brain endothelial cells

Cell lines of non-cerebral origin



Cell lines

• All immortalized brain capillary endothelial cell
lines (RBE4, MBEC line, TR-BBB ) do not
expressed most of the tight junction proteins and
are very leaky.

• They cannot be used to study transcellular
transport.

I just want to focus my presentation on primary
and long term culture of brain capillary
endothelial cells.





Sure to Sure to obtainobtain  brainbrain  capillarycapillary  endothelialendothelial  cellcell culture non culture non

contaminatedcontaminated by  by pericytespericytes..

ProvideProvide a large  a large quantityquantity  ofof  endothelialendothelial  cellscells..

ConclusionsConclusions



WhatWhat about  about thethe  BloodBlood  BrainBrain  BarrierBarrier

marker ?marker ?



TransendothelialTransendothelial  electricalelectrical  resistanceresistance = 400 Ohms.cm = 400 Ohms.cm22

Freeze fracture examination of endothelial cells
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ConsequentlyConsequently, , endothelialendothelial  cellscells in culture in culture

alonealone  cancan not  not bebe  consideredconsidered as a relevant as a relevant

blood-brainblood-brain  barrierbarrier model model

ConclusionConclusion



The BBB localisation

Endothelial cell

Astrocytes



The in vitro BBB model

Brain

Blood

Endothelial cells

Glial cells



GFAP-positive astrocytes

ED1-positive microglial cells

O4-positive oligodendrocytes

Rat glial cell characterization



WhatWhat about  about thethe g g––GT GT activityactivity ? ?



Statistical study of 2D-PAGE area from BCECs

Co-culture

Solo-culture

Important variation : overexpressed in co-culture

No statistical significant variation

Gamma-GT









TheThe  transendothelialtransendothelial  electricalelectrical  resistanceresistance  raisesraises

fromfrom 400 Ohms.cm 400 Ohms.cm2 2 in in soloculturesoloculture

to 800 Ohms.cmto 800 Ohms.cm2 2 in in coculturecoculture



Analysis of OCTN2 and P-gp immunofluorescent staining

in apical and basolateral membrane of endothelial cells
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Inhibition study (Uptake)
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In In coculturecoculture  withwith astrocytes,  astrocytes, brainbrain  capillarycapillary

endothelialendothelial  cellscells  presentpresent  mostmost of  of thethe

characteristicscharacteristics  thatthat are  are knownknown to have to have

important important functionsfunctions  in vivoin vivo

ConclusionConclusion



How How cancan  wewe use  use thisthis  modelmodel to  to predictpredict  thethe

drugdrug  brainbrain  penetrationpenetration ? ?
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CorrelationCorrelation  betweenbetween  permeabilitypermeability values  values obtainedobtained  in vivoin vivo  withwith  thethe in vivo in vivo
techniques (techniques (BrainBrain perfusion  perfusion andand  OldendorfOldendorf) ) andand  in vitroin vitro  withwith  thethe BBB  BBB modelmodel
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RankingRanking      

Example of product Pe (x 10-3 cm/min) Brain penetration

Caffeine 59.90

Nicotine 58.76
VERY GOOD

Diazepam 19.86

Antipyrine 18.74

DiPhenylHydantoine 7.37

Urea 2.22

GOOD

Morphine 1.90

Verapamil 1.74

Warfarin 1.72

L Dopa 1.29

Vinblastine 1.19

Alanine 1.07

LOW

Leucine 0.91

Lactic acid 0.63

Sucrose 0.58

Glycerol 0.44

Cyclosporin 0.42

AZT 0.39

Cimetidine 0.26

Digoxin 0.21

Vincristine 0.15

Inulin 0.04

VERY LOW

1.101.10-3-3 cm/min cm/min

2.102.10-3-3 cm/min cm/min

30.1030.10-3-3 cm/min cm/min



This model is already used in different pharmaceutical companies ( Europe, Canada

Japon) and academic groups



- 6 last - 6 last monthsmonths

- 3 - 3 differentdifferent clones  (B1, PK, Lau1)  clones  (B1, PK, Lau1) betweenbetween P4 et P7 P4 et P7

- 4 - 4 differentdifferent  technicianstechnicians

Pe (sucrose) = 0,28 ± 0,12 (n=81)

Pe (sucrose) = 0,32± 0,18 (n=52)

AstrazenecaAstrazeneca ( (SwedenSweden))

Reproducibility



This in vitro model constitutes a

RELEVANT model to the BBB





The coculture model of BCEC and astrocytes is time and

labor intensive and cannot be used as high throughput assay.

However, it is the in vitro BBB model next to in vivo at the

moment and the models characterized show good correlation

to in vivo data



Co-cultureBCEC

Refreshing BCEC medium
 (every 2 days)

Experiments

3 weeks

Glial Cells

Refreshing glial cells medium (twice a week)

General working processGeneral working process  

Preparation of glial cells culture medium

Defrosting glial cells vial

Preparation of BCEC culture medium

60mm dishes coating

Defrosting BCEC vial

Filters coating

Trypsinisation
      Seeding

Transport experiment

Analytics

Raw data
   processing

12 days



             In order to recreate the interactions between BBCE and glial cells,

we worked on the  preparation of a medium , which will be able to indu

all the properties of the BBB without the presence of glial cells



Preparation of 
in vitro BBB model

General working processGeneral working process

Experiments

1 day : CELLIAL BBB-inducing medium

Preparation of BCEC culture medium

60mm dishes coating

Defrosting BCEC vial

Filters coating

Trypsinisation
     Seeding

Transport experiment

Analytics

Raw data
   processing

4  days



General working processGeneral working process

Preparation of 
in v itro BBB model

Experiments

1 day  : CELLIAL BBB-inducing mediu

Transport experiment
Analy tics

Raw data
   processing

4  days

Co-cultureBCEC

Refreshing BCEC medium
 (every  2 days)

Experiments

3 weeks

Glial Cells

Refreshing glial cells medium (twice a week)

Preparation of glial cells culture medium
Defrosting glial cells v ial

Preparation of BCEC culture medium
60mm dishes coating

Defrosting BCEC v ial
Filters coating

Trypsinisation
      Seeding Transport experiment

Analy tics
Raw data
   processing

12 days
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60mm-culture dish

+ 7 days (confluence)+ 5 days : BBB ready

4 days : BBB ready

Co-culture

4 day-culture

Culture Culture TimeTime
                  CT CT Bovial@ScreenBovial@Screen Pack Pack  / / 4D@Screen Pack4D@Screen Pack

3 weeks (glial cell culture)



BBB BBB characteristicscharacteristics  
              4D@Screen Pack4D@Screen Pack

Vimentin

Cell monolayer morphology:

Actin

Bar = 25 μm



BBB BBB characteristicscharacteristics  
              4D@Screen Pack4D@Screen Pack

Bar = 25 μm

ZO-1
Tight 
junctions:

Occludin

Claudin-1 Claudin-5



Control Control ofof BBB  BBB integrityintegrity
              4D@Screen Pack4D@Screen Pack

12 day-
Co-culture

4 day-
culture

Integrity threshold

Sucrose permeability



Functionality of P-gp 
(inhibition assay) 

Presence of the protein 
(Western Blot) 
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4 day-e

4 day-e
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-actin

RT-PCR from co-cultures, capillaries and 4 day-endothelial cells
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1 vial of 
endothelial cells

90 filters

12 day-system
6 well-filters

3 x 60mm-culture dishes
226 filters

4 day-system
24 well-filters

SeedingSeeding
        CT CT Bovial@ScreenBovial@Screen Pack Pack  / / 4D@Screen Pack4D@Screen Pack



Correlation between 12-w (4d) and 6-w (12d)

(% passage versus filter)

y = 2.2467x - 0.597

R
2
 = 0.8582
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Tested compounds:

Lucifer Yellow

Acetaminophen

Acetylsalicylic acid

Atropine

Caffeine

Colchicine

Cycloheximide

Phenobarbital



Correlation between in vitro BBB (24w-4d permeability)

and in vivo BU (brain perfusion) 
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Toxicity Sudies for 64 compounds
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64 Toxicity Studies - Comparaison between 6 well plate / 12 days and 24 well plate / 4 days
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Conclusions

The 4 days model is a simple ,robust and relevant model of the BBB 

Two important endpoints in toxicology could be achieved with this model:

The toxicity of the compound for the barrier

 « alerts » : high permeability can give high concentration in the brain 

               possible neurotoxicity


