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Abstract: Intestinal permeability is one of key factors determing absorption of oral drug products. It is
a big challenge to assess permeability of compounds with high accuracy and high efficacy during research and
development process. In this review, the principles, strengths, weaknesses and advances of common intestinal
permesability models are summarized, with focus on Ussing chamber and parallel artificial membrane permeability
assay. In addition, future trends of permeability models are briefly discussed. This review may provide a

reference to accessing permeability of lead compounds.
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chamber; Caco-2; parallel artificial membrane permeability assay
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Figure 1 Schematic illustration of rat intestinal perfusion. a
Single-pass intestinal perfusion (SPIP) model; b: Doluisio’s
closed loop model
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Figure2 Schematic illustration of everted intestinal sac
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Figure3 Schematic illustration of Ussing chamber. a Sample
holder; b: Chamber; c: Vent; d: Heating unit; e: Waste
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Cell model Advantage Limitation
TC-7 (Caco-2 subclone) Shorter culture time (2 weeks) Tighter junction than Caco-2
Caco-2/HT-29-H Produces mucus Looser tight junction than Caco-2; low transporter
(Caco-2/HT-29-MTX coculture) expression; longer culture time (24 days); difficult
technique due to different seeding times of cells
IEC-18 Permeability for drugs with low passive transcellluar Absence of active transport
transport is closeto in vivo
2/4/A1 Relatively fast method (only 3—4 days); permeability Absence of active transport; fewer microvilli than
for drugs with low passive transcellluar transport is Caco-2

closeto in vivo

MDCK Relatively fast method (only 3—4 days); permeability
for drugs with low passive transcellluar transport is

Low active transport; non-human, non
intestinal origin

higher than Caco-2 but still underpredicted
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Figure4 Schematic illustration of paralléd artificial membrane permeability assay (PAMPA)
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Table2 Advantagesand limitations of different permeability models
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Model Advantage

Limitation

In situ perfusion Closeto in vivo; blood flow and nerve retain

Ex vivo gut sac

be used to study transport mechanism
In vitro cell models

PAMPA
range and high cosolvent concentration

Computer models Rapid; low cost

Intestinal structure retains; permeability differsin intestinal
segments; both human and animals tissues application; can

Can be used to study transcellular and paracellular passive
diffusion, active transport; automatic in some conditions
Simple and high throughout; automatic; support various pH

Need surgery and anesthesia; low throughout; unable to screen
drugs

Limited tissue viability; membrane integrity might be volatile
among experiments, thus leading to unreliable determination

Intra-laboratory variations because of culture conditions; low
transporters expression; lack of mucous layer

No active transport; transport depends on lipid components and
pH

Accuracy improvements need training; require verification by
other models
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