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Materials and methods
TRANSIL assays were conducted for plasma protein binding using TRANSIL 

HSA and AGP Binding kits. Brain membrane affinity was determined with the 

TRANSIL Brain Absorption kit. Assay compound concentrations were 2 μM. All 

samples were quantified using LC/MS/MS. 

For PAMPA BBB filter membranes in 96-well plates were coated with porcine 

brain lipid  (4 μL/well of a 20 mg/mL solution in dodecane). Donor wells had an 

initial compound concentration of 10 μM in PBS (pH 7.4), the acceptor wells 

contained PBS, and the assay was run undisturbed over a period of 18 hours. 

The concentration in the donor and acceptor wells was determined by 

LC/MS/MS.

General linear models were used to predict the brain free fraction and the 

logBB. 

Introduction
Early assessment of compound availability in the central nervous system (CNS) 

is essential for CNS drugs and useful for optimizing the toxicity profile of non-

CNS drugs. Extent and rate are the key factors which determine how 

compounds cross the blood-brain barrier. This study compares the utility of the 

in vitro techniques PAMPA BBB and TRANSIL Brain Absorption for the 

prediction of rate and extent of brain penetration and for classification of CNS+ 

and CNS- compounds. 

2. Extent: Brain Free Fraction
With increasing lipophilicity compounds logBB increases and unspecific binding 

in brain increases, which in turn decreases the brain free fraction (fig. 2). Hence, 

to determine the extent of brain penetration in the sense of available compound, 

we predicted the brain free fraction the brain membrane affinity with the 

TRANSIL assay kit (fig. 3). 

Conclusions
Brain membrane affinity in conjunction with PSA and plasma free fraction yields 

better predictions of the extent of brain penetration than PAMPA BBB.

Brain membrane affinity alone is a good predictor of the brain free fraction.

Rate and extent based CNS classification of compounds using brain availability 

and brain membrane affinity yields 86% correctly classified compounds, while 

classification based on PAMPA BBB rates alone yields only 62% correctly 

classified compounds and 10% non-categorized. 

1. Extent: logBB
The brain-to-plasma distribution coefficient describes the extent of brain 

penetration. To predict the in vivo logBB we used (A) as a base model polar 

surface area (PSA) and plasma protein binding (logit transformed free fraction: 

logKB/F), and in an extended model (B) additionally PAMPA BBB permeability 

(Papp), as well as in a third model (C) the brain membrane affinity (MAbrain) 

instead of Papp. 

4. Classification by Rate and Extent
Rate and extent are considered critical for brain penetration. The rate can be 

estimated by PAMPA BBB (Papp) and by the log transform of the affinity to brain 

membranes (logMA). The best estimate for the extent is the free concentration 

in brain (cu). The free concentration in brain is proportional to the product of the 

B/P ratio and the brain free fraction, which we denote brain availability. 

The rate and extent estimates are used to classify the test compounds as CNS+ 

or CNS+ compounds (fig. 4). We used the rate estimated by PAMPA BBB in 

figure 4A, and the TRANSIL derived rate in figure 4B. Only the TRANSIL 

derived rate estimate results in clear separation of CNS compounds versus non 

CNS compounds. Data and compounds used are shown in Table 1.

Both the PAMPA BBB assay as well as the TRANSIL Brain Absorption assay 

only measure passive transport, so compounds for which active transport plays 

a significant role in BBB penetration might be misclassified by either method.
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3. Classification by Rate
The PAMPA BBB assay were used to assign compounds to low, intermediate, and 

highly permeable compounds indicating their ability to cross the blood brain 

barrier. See table 1 for the class assignments.

94.0

log
2 =

+⋅=

r

BMAAf brain
brain

u

sec104
sec104sec102

sec102

6

66

6

cmP
cmPcm

cmP

if
if
if

high
med
low

c

app

app

app

−

−−

−

⋅≥
⋅<>⋅

⋅≤

⎪
⎩

⎪
⎨

⎧
=

DKCPSABMAABB FBbrain +⋅+⋅+⋅= /logloglog

DKCPSABPABB FBapp +⋅+⋅+⋅= /loglog

CKBPSAABB FB +⋅+⋅= /loglogA)

B)

C) Figure 4A: Classification based on PAMPA 
rate and TRANSIL extent

Figure 4B: Classification based on 
TRANSIL rate and extent

Figure 2: Relationship between the 
brain free fraction and logBB

Figure 3: TRANSIL prediction of 
the brain free fraction

Table 1: Measured and predicted data for 29 commercially available compounds 
as well as their classification according to PAMPA BBB rates

52 10,59.0 −<= pr 92 10,81.0 −<= pr62 10,59.0 −<= prA B C

Figure 1: Comparison of logBB predictions


