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Assessment strategies for drug permeability during drug discovery
and development
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Abstract: Permeability is a key factor in the bioavailability of oral drugs. Therefore, in the early stage of drug
discovery, accurate and efficient evaluation of drug permeability is essential. The parallel artificial membrane
permeability assay (PAMPA) with Caco-2 cells model was used by the industry as early evaluation methods. At
present, the Ussing chamber rat model is also widely used. This review summarizes the human data for the in vivo
single-pass perfusion technique (Loc-1-Gut) - the gold standard, and then focuses on the basic principles, experi-
mental operation, and efficiency of the three in vitro methods, with correlation to the effective permeability coeffi-
cient (P.) and fractional absorbed (Fa) in man. We provide recommendations for the use of proper permeability
methods at different stages in drug discovery and development.

Key words: oral drug; permeability; parallel artificial membrane permeability assay; Caco-2; Ussing chamber;
effective permeability coefficient; fraction absorbed
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Table 1 Biopharmaceutical classification system (BCS) classifica-
tion of 30 drugs based on human permeability coefficient and frac-
tion absorbed (Fa)"!

Human in vivo

Drug permeability cs Fa/%
class
/10*-cm-s*
Inogatran 0.03 111 7.5 (5-10)
Fexofenadine 0.07 11 7.5 (5-10)
Enalaprilat 0.2 I 8
Lisinopril 0.33 it 35
Terbutaline 0.3 111 44
Hydrochlorothiazide 0.04 I 55
Furosemide 0.05 v 55
Ranitidine 0.27 11 55 (50-60)
Atenolol 0.2 111 56
Amoxicillin 0.3 I (60) 45-75
a-Methyldopa 0.1 I (60) 55-65
Enalapril maleate 157 1 65
Cimetidine 0.26 111 75
Valacyclovir 1.66 1 (80) > 80
Amiloride 1.6 1 (85) 80-90
Isotretinoin 0.99 I 90
Cyclosporine 1.61 11 (90) > 90
Fluvastatin sodium 24 1 95
Metoprolol 1.34 1 95
Cephalexin 1.56 I 96
Antipyrine 5.6 1 100
Carbamazepine 4.3 II 100
Desipramine HCI 4.5 1 100
Ketoprofen 8.7 1 100
L-Dopa 3.4 1 100
Losartan 1.15 I 100
Naproxen 8.5 1 100
Piroxicam 6.65 I 100
Propanolol 291 1 100
Verapamil 6.8 I 100
Perfusate
inflow

Figure 1  Schematic representation of in vivo single-pass perfu-
sion technique (Loc-1-Gut)
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Figure 2 The correlation between human in vivo jejunum effective permeability coefficient (P.) and half-life of absorption (t, ). a:
ty,.0s Calculated by formula 2 (data see Table 1); b: t,, . obtained from pharmacokinetic data (pharmacokinetic data are referenced [7])
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Monolayer
cells

Figure 4  Schematic representation of apparent permeability

coefficient (P,,,) experiment of Caco-2 cells model. AP: Apical;
BL: Basolateral
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Figure 5 Schematic representation of P, experiment of Ussing

app
chamber rat model
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Figure 6 The correlation coefficients (r’) between the permeability coefficients (effective permeability, P, or P,,)) of the three models in

vitro and P of human were summarized
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Table 2 Comparison of four absorption models. +: Good, the more "+", the better; —: Poor

Model Convenience Accuracy Precision Absprptlon Note
window
Loc-I-Gut - +++++  Unknown ++++ Technical difficulties, ethical risks
PAMPA +++++ + +++ Only predicting passively diffused drugs. Tolerate a wide pH range
Caco-2 cells model +++ ++ ++++ Bidirectional transport
Ussing chamber rat model ++ +++ +++ ++++ Similar to the human intestine
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Figure 8 In vitro permeability models at different stages of new drug discovery and development. PCC: Preclinical candidate compounds;

IND: Investigational new drug application; ADME: Absorption, distribution, metabolism, and elimination; PK: Pharmacokinetic; BE:

Bioequivalence
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