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Objective

Implementation

Improve accuracy and compatibility of novel 
in vitro Blood-Brain Barrier (BBB)* 
permeability assay to discovery operations:

� Improve throughput

� Reduce Cost

� Minimize sample requirements

� Maintain predictive accuracy

• Predicting compound’s ability to passively 
penetrate the BBB is of fundamental importance 
to drug discovery and design  

• Modern discovery operations require early BBB 
permeability assessment for a large number of 
early discovery candidates

Introduction

Methodology

96.6% against in vivo dataAccuracy

< 72 hoursTurnaround Time

100 � L DMSO dissolved
compound, 10-30mM

Sample 
Requirements

96 Samples / 24 hoursThroughput

As good as the in vivo 
training set data, and the 
success of the model’s 
structural parameters in 
describing aspects of the 
structure relevant to BBB 
permeation

• Very Fast

• Inexpensive
• Automated

(4)
Structural 
Parameter 

Classification 
(BBB QSAR)

An even cruder model

– Ignores the BBB
biology altogether

• Still Faster

• Less Expensive
• Automated

(3)

Artificial 
Membrane

A cell model 

– Can a cancer cell
model actual BBB?

• Faster

• Expensive
• Complex

(2)

Cell Based 
Assays

Measures real permeability
– Difficult to interpret

• Slow
• Very Expensive

• Variable

(1)
In Vivo

Current Methodologies

A Key Observation:

Information relevant BBB permeation is entirely 
embedded in the structure itself!

• Methods 1-3 make NO use of any structural 
information – they just measure actual transport and 
are inherently limited by the model cell/membrane 
applicability and math analysis of the process

• QSAR is a time-tested technique: Works very well if

• You have good in vivo data set

• You can find a few relevant structural parameters 
that can describe these data
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Example

In vivo BBBLogK / ELogDCompound

+

+

+

+

+

+

-

-

-

-

-

18.183.51perphenazine 2HCl

7.661.28Naloxone

18.972.2imipramine HCl

14.153.68haloperdole HCl

5.080.81Ibuprofen

162.82chlorpromazine HCl

28.883.88astemizole 2HCl

9.30.16Metoprolol

6.920.35Cimetidine

20.462.85Albendazole

11.60.4acetaminiphen

Cost Comparison / Data Point 

$$$$In vivo (animal)

$BBB QSAR assay

$$
Artificial 
membrane assay

$$$Cell-based assay

Structural Parameter Classification of
Passive BBB Permeability: Model Derivation

Prepare in vivo compound data base

Determine correlation between structural 
parameters and BBB permeability to predict the 

probability of compound being CNS +

Identify structural parameters important for 
Passive BBB Permeability

Measure Structural Parameters
for Database Compounds

logD

Partitioning in 

octanol buffer two phase system

logK

Partitioning in 

aqueous two phase system

63 compounds with known BBB 
permeability

Logistic regression model using 
penalized maximum likelihood (nested 

models) or information criteria 
(non-nested models)

Predictive Accuracy = 96.6%
using cross validation procedures

(with out of model data points)

Lipophilicty - logD

Affinity for biological membranes

Relative Hydrophobicity - logK

Affinity for different aqueous media

Develop a high-throughput, 
cost effective assay compatible 

with discovery operations

EÄ
2is the free energy of transfer of a CH  group between

  the two aqueous phases, experimentally obtained

Phase 
Quantitation

Assay

On-line 
extraction of 

PEG and DEX

Injection of both 
phases into 

CLND

Free flow 
injection of both 

phases into 
CLND

50� L of 
sample

20� L Sample 
+

80� L DMSO 

Passive BBB Permeability Screening Assay

Predict Probability of CNS +
Defined as log BB > 0.3

Source PlateSource Plate

Octanol-Buffer

Calculate 
Partition 

Coefficients

6% PEG-8000 (wt.), 12% 
DEX-67 (wt) in a universal 

buffer

Octanol in equilibrium with 
a universal buffer

Add
Samples

Vortex to Partition

Centrifuge  for 
Phase 

Separation

Withdraw Aliquots
for Quantitation

Measure
Compound

Concentration

Octanol-Buffer
2-Phase System

PEG-DEX
2-Phase System
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* Gulyaeva, N., et al. European J. Medicinal Chemistry 38 (2003) 391


