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Morphology 
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Morphology 
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Apical membrane Insert 

Well 

Cell Monolayer 

Microporous filter 

Basolateral membrane 



© 2011 Absorption Systems 

absorption.com 
6 

3
 D

a
y
s
 p

o
s
t-s

e
e
d

in
g

 



© 2011 Absorption Systems 

absorption.com 
7 

1
6
 D

a
y
s
 P

o
s
t-s

e
e
d

in
g

 



© 2011 Absorption Systems 

absorption.com 
8 

1
5
 D

a
y
s

 P
o

s
t-s

e
e

d
in

g
 



© 2011 Absorption Systems 

absorption.com 
9 

Human Jejunal Mucosa 
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Why Caco-2? 

Caco-2 cells express the most common intestinal efflux and uptake transporters 

DM    ɓ-actin    P-gp     BCRP     MRP2      1B1      1B3       2B1     MRP1   DM 

Intestinal Enterocytes C2BBe1 Monolayer  
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Origin of Caco-2 Cells 

 

ω Heterogeneous cell line derived from a colon adenocarcinoma removed 
from a 74 years old Caucasian male and deposited at the Sloan-Kettering 
Memorial Institute in NY in 1974. 

 

ω When grown in culture they develop polarity and undergo spontaneous 
differentiation into an enterocyte-like phenotype.  

 

ω Functionally, they mimic the barrier properties of the small intestine and 
express numerous intestinal enzymes and transporter proteins in the 
correct cellular domain.  

 

ω They have become the pharmaceutical industry standard for in vitro drug 
absorption/permeability studies.  
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Permeability Coefficient (Apparent Permeability Coefficient, Papp) 

 

 

 

ωAn in vitro parameter used to assess the rate at which 
compounds traverse a barrier (e.g., the intestinal 
epithelial mucosa).  Referred to as apparent because it 
represents the combined effect of all permeation 
pathways and not the permeation across any single 
barrier such as the unstirred water layer, cell 
membrane or tight junctions. 
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Permeability Assay: Transwell Device 
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Permeability Assay: Integrity of Cell Monolayers  
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Transepithelial electrical resistance (TEER) measurement 

Transwell 

Tray 

EVOM Epithelial 

Voltohmmeter 

Endohm 
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Caco-2 Permeability Assay Work Flow 

ω Cells are  cultured in tissue culture flasks and split every 3-5 days. 

 

ω Cells seeded on collagen-coated polycarbonate filters (Transwell) 
at 60,000 cells/cm2 and cultured for 3 weeks in humidified CO2 
incubator. 

 

ω When ready, the transepithelial electrical resistance (TEER) is 
measured. 

 

ω If TEER is acceptable, determine Papp values for control 
compounds. 

 

ω Monolayers are used in permeability experiments. 
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API concentrations 

are determined in 

the apical and 

basolateral dosing 

compartments by 

sampling the 

solutions at 

various times after 

dosing. 
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Permeability Assay: Transport vs Time Profiles 
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Apparent Permeability Coefficient (Papp) 

ω An in vitro parameter used to assess the rate at which compounds 
traverse a barrier (e.g., the intestinal epithelial mucosa).  Referred to as 
apparent because it represents the combined effect of all permeation 
pathways and not the permeation across any single barrier such as the 
unstirred water layer, cell membrane or tight junctions. 

 

ωPapp = (dQr/dt)/(A x C0) 

 
 dQr/dt : Cumulative amount of compound that appears in the 

receiver compartment vs time 

  

 A: permeation surface area (e.g., cell monolayer or tissue) 

  

 C0: Initial compound concentration in the donor compartment  
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Is In Vitro Papp a predictor of  Fabs in Humans? 

0

20

40

60

80

100

1.0E-07 1.0E-06 1.0E-05 1.0E-04
Papp (cm/s)

F
a
b

s
 (

%
)

BBRC (1991) 175:880-85 



© 2011 Absorption Systems 

absorption.com 
22 

Inter-laboratory Variability:  
Caco-2 Papp vs Fabs data from 5 laboratories 
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Curr. Top. Med. Chem. 1: 385, 2001  
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ÅBiologic 

ïSeeding density 

ïPassage number  

ïAttachment factors  

ïDays in culture 

ïCell viability 

ïPermeable support 

ïTrypsinization process 

ïCulture conditions 

ïUptake Transporters 

ïEfflux Transporters 

ïMetabolizing enzymes 

ÅStudy Design 

ïStirring vs stagnant 

ïSampling schedule 

ïTransport Buffer 

ïpH  

ïDrug concentration  

ïAnalytical methods 

ïData analysis 

ï  Co-solvents  

 

 

What Factors Can Cause Variability? 
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Caco-2 cell assay: Quality Control 

Caco-2 QC Strategy 

Batch QC of randomly 

selected monolayers 

Screen each monolayer 

prior to use  

by measuring TEER 

Check each monolayer  

after use by 

 measuring marker 

dye permeability 

A Batch consists 

of about 20 

Transwell plates 

or 240 individual 

monolayers 


