
NOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNOLOGY BIOTECHNO BIOTECHNO BIO

P-P-gpgp TOOLBOX TOOLBOX

BIOTECHNOLOGY

SOLVO introduces a screening toolbox to investigate 
interactions of small molecules with ABCB1 (P-gp, 
MDR1)

ABCB1 (P-Glycoprotein – P-gp, Multidrug Resistance 
Protein 1 – MDR1) is an ABC transporter protein capable of 
extruding xenobiotics from the cells into the intercellular 
space and exerts a cytoprotective function (Ambudkar SV 
et al., 2006). Historically, it was the fi rst protein described 
to confer drug resistance to tumor cells thus rendering 
chemotherapy ineff ective (Juranka PF et al., 1989).

ABCB1 transports a wide range of structurally not related 
compounds (van Helvoort A et al., 1996). ABCB1 is densely 
expressed at a number of important pharmacokinetic 
barriers, such as intestinal epithelium, blood-brain barrier, 
hepatocytes or proximal tubules (Sugawara I, 1990). These 
properties make ABCB1 a key player in pharmacokinetics 
and its involvement in systemic distribution of drugs has 
been proved in many cases (Shitara Y et al., 2006).

As several widely used drugs are ABCB1 substrates, which 
limits their concentration in protected organs (e.g., brain), 
coadministration of other substrates or inhibitors (other 
drugs or dietary) may cause severe drug-drug or food-
drug interactions (Marchetti S et al., 2007).

Due to these factors, screening for ABCB1 interactions 
has become an industry and standard is also being 
introduced in regulatory guidance documents.

The SOLVO P-gp Toolbox: 

1.   SOLVO applies ATPase and Calcein assays for the 
identifi cation of molecules interacting with ABCB1 on a 
large set of early leads. These two assays are optimized 
for high throughput and detect both substrates and 
inhibitors of ABCB1 with high sensitivity.

2.    Based on the results in either series of  experiments, 
SOLVO designs and performs Caco-2 monolayers as 
the ultimate proof for ABCB1 interactions on a smaller 
set of test articles.

3.  For late development ABCB1 interaction studies 
based solely on Caco-2 monolayers are also available 
as a separate package in compliance with the FDA 
draft guidance (http://www.fda.gov/cber/gdlns/
interactstud.pdf, Appendix D).

For the determination whether the test article is an 
ABCB1 substrate, the following procedure and decision 
making is applied (based on the FDA’s decision trees):

For the determination whether the test article is an 
ABCB1 inhibitor, the following procedures and decision 
making are applied:

Inhibition of digoxin effl  ux 
by  TA at 5*IC50 on Caco-2 

monolayers

Inhibition of digoxin effl  ux by 
TA at 100 μM concentration on 

Caco-2 monolayers

TA signifi cantly lowers effl  ux 
ratio of digoxin

TA has no impact on effl  ux ratio 
of digoxin

TA is a P-gp inhibitor
IC50, Ki can be calculated TA is not a P-gp inhibitor

Inhibition of calceinAM effl  ux, 
IC50 value obtained

No inhibition of calceinAM 
effl  ux

Inhibition of P-gp by  TA in the Calcein assay

TA is potential P-gp  substrate TA is poor P-gp substrate

Inhibitors signifi cantly lower 
effl  ux ratio

Inhibitors have no impact on 
effl  ux ratio

TA is a P-gp substrate Transport is mediated by 
transporters other than P-gp

Effl  ux ratio ≥ 2 Effl  ux ratio < 2

Positive hits in either ATPase activation or inhibition

Determination of  effl  ux ratio of  TA at 100, 10 and 1 μM on
Caco-2 monolayers

Determination of effl  ux ratio of  TA with P-gp inhibitors on 
Caco-2 monolayers
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ATPase assay:

Test compounds are incubated with membrane vesicles 
from cells over expressing specifi c transporters. A coloring 
agent is used to measure transporter activity through 
release of inorganic phosphate, a byproduct of ATP-
Binding Cassette (ABC) transporter function. The assay 
is carried out in two modes, activation and inhibition. In 
the activation mode, the direct eff ect of the test article on 
ATPase activity is assessed whereas in the inhibition mode, 
the ability of the test compound to inhibit the ATPase 
related activity of a reference substrate is measured. Both 
types are necessary to sensitively detect compounds 
interacting with ABCB1.
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Caco-2 monolayer effl  ux assay:

The Monolayer assay applies Caco-2 cells, a human colon 
carcinoma-derived cell line, cultured on a porous fi lter.  
The cells form a tight monolayer which separates two 
solute compartments, above and below the cell layer, 
that correspond to the gut lumen (apical side) and the 
interstitium (basolateral side), respectively.  Caco-2 cells 
display transport and metabolic activity similar to that 
of enterocytes, this system is therefore an eff ective tool 
to model intestinal absorption.  Also, the contribution 
of single transporters to the active absorption/effl  ux 
processes can be determined by the application of 
selective substrates or inhibitors.

Calcein Assay:

The Calcein assay is an indirect whole cell inhibitory 
assay that assesses Pgp mediated drug-drug interaction 
potential.  The experiment is conducted with mammalian 
cell lines (HL60 or K562) chemically selected for the over-
expression of P-gp.  The permeable, non-fl uorescent form 
of the dye, calcein AM is added to the incubation media 
and permeates into the cells.  The calcein AM is effl  uxed 
from cells keeping the intracellular concentration low.  
Test drugs that interact with P-gp inhibit the effl  ux 
of the calcein AM from the cells allowing intracellular 
accumulation of calcein AM which is then cleaved by 
intracellular esterases to the fl uorescent, low permeable 
form of the dye, calcein.  An increase in fl uorescence 
with increasing concentrations of test drug indicates an 
interaction between the test drug and P-gp.


