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Definition of High PermeabilityDefinition of High Permeability
…………. a drug substance is considered to be . a drug substance is considered to be highly highly 

permeable permeable when the extent of absorption in humans when the extent of absorption in humans 
(Fraction Absorbed) is determined to be 90% or more of (Fraction Absorbed) is determined to be 90% or more of 
an administered dose based on a mass balance an administered dose based on a mass balance 
determination or in comparison to an intravenous determination or in comparison to an intravenous 
reference dosereference dose11. . 

11BCS Guidance, August 2000BCS Guidance, August 2000



BCS GuidanceBCS Guidance…….. Suggested Methods for .. Suggested Methods for 
Determining Drug Substance Permeability Class Determining Drug Substance Permeability Class 

•• Clinical Clinical 
Mass balance Mass balance 
Absolute  BAAbsolute  BA

Intestinal perfusion.Intestinal perfusion.

•• Non clinicalNon clinical
Monolayers of suitable epithelial cells.Monolayers of suitable epithelial cells.
In vivo or in situ intestinal perfusion In vivo or in situ intestinal perfusion 
in a suitable animal model (e.g., rats) in a suitable animal model (e.g., rats) 
In vitro permeability methods using In vitro permeability methods using 
excised intestinal tissuesexcised intestinal tissues



Commonly Used Permeability ModelsCommonly Used Permeability Models

•• CacoCaco--2 cell cultures2 cell cultures
•• In situ perfusionIn situ perfusion
•• Excised Tissue models (Ussing)Excised Tissue models (Ussing)
•• Artificial Membrane (PAMPA)Artificial Membrane (PAMPA)



In Situ Single Pass PerfusionIn Situ Single Pass Perfusion

Cin
Cout

Q
Flow rate

R

• Intact Rat Intestine – blood flow remains intact throughout 
experiment

• Good Correlation with Human Permeability



In Situ Perfusion In Situ Perfusion -- Mass BalanceMass Balance

L

Rate of 
Mass In

Rate of 
Mass Out

Q x Cin Q x Cout
R

• (QC)z - (QC)z+dz = (2πRdz) Peff (C)z

• Peff (cm/sec) = Q ln (C’out/C’in)
2 π R L



In situ PerfusionIn situ Perfusion
•• Fasted RatsFasted Rats

•• Cannulated Jejunal Intestinal Segment (~ 10 cm)Cannulated Jejunal Intestinal Segment (~ 10 cm)

•• Range of ConcentrationsRange of Concentrations

•• 1x (highest dose strength/250 mls), 0.1X and 0.01X1x (highest dose strength/250 mls), 0.1X and 0.01X

•• Solubility limitedSolubility limited
•• CoCo--perfuse with: perfuse with: 

•• CC--14 PEG 4000 (water transport marker)14 PEG 4000 (water transport marker)
•• High Permeability Internal Standard (e.g., metoprolol) High Permeability Internal Standard (e.g., metoprolol) 

•• Low Permeability Internal Standard (e.g., atenolol, ranitidine)Low Permeability Internal Standard (e.g., atenolol, ranitidine)

•• Measure CMeasure Coutout and Cand Cin in over a 60 to 90 minute time courseover a 60 to 90 minute time course
•• Performed under GLP conditions Performed under GLP conditions 



In Situ Single Pass PerfusionIn Situ Single Pass Perfusion
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•• Water Transport (WT)Water Transport (WT)

•• Corrected CCorrected C’’outout/C/C’’inin

•• Calculation of effective Calculation of effective 
permeability (Ppermeability (Peffeff))

•• Determine T/R Determine T/R 
permeability ratiopermeability ratio
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High Permeability CompoundsHigh Permeability Compounds
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Low Permeability CompoundsLow Permeability Compounds
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Rat versus Human PermeabilityRat versus Human Permeability
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Piroxicam 
Ketoprofen 
Carbamazepine 
Naproxen 
Antipyrine 
Verapamil 
Propranolol 
Metoprolol 
Cimetidine 
Furosemide 
Amoxicillin 
Enalaprilat
Atenolol 
Ranitidine 
Methyldopa 
Hydrochlorthiazide 

Metoprolol



0.0020.0020.001 0.001 ±± 0.0010.00167670.04 0.04 ±± 0.050.055050HydrochlorothiazideHydrochlorothiazide (L)(L)

0.100.100.016 0.016 ±± 0.004 0.004 45450.10.1500500Methyldopa Methyldopa (L)(L)

0.060.060.060 0.060 ±± 0.060.0650500.2 0.2 ±± 0.2 0.2 100100Atenolol Atenolol (L)(L)

0.290.290.073 0.073 ±± 0.060.0650500.2 0.2 ±± 0.06 0.06 1010Ranitidine Ranitidine L)L)

0.390.390.121 0.121 ±± 0.050.051616ndnd--Mannitol Mannitol (L)(L)

0.410.410.057 0.057 ±± 0.060.06880.1 0.1 ±± 0.30.32020Enalaprilat Enalaprilat (L)(L)

0.440.440.105 0.105 ±± 0.060.0660600.3 0.3 ±± 0.050.05800800Cimetidine Cimetidine (L)(L)

0.500.500.10.120 20 ±± 0.110.114545--75750.30.3875875AmoxicillinAmoxicillinb, c b, c (L)(L)

0.740.740.117 0.117 ±± 0.080.0861610.3 0.3 ±± 0.3 0.3 8080Furosemide Furosemide (L)(L)

1.01.00.20 0.20 ±± 0.040.0496961.5 1.5 ±± 0.90.9100100Metoprolol Metoprolol (H)(H)

1.21.20.290.293 3 ±± 0.110.118989ndnd1010Pindolol Pindolol (H)(H)

3.23.20.49 0.49 ±± 0.070.071001002.8 2.8 ±± 1.31.38080Propranolol Propranolol (H)(H)

3.93.90.65 0.65 ±± 0.050.051001006.7 6.7 ±± 2.92.9120120VerapamilVerapamilbb (H)(H)

3.83.80.68 0.68 ±± 0.190.199696ndnd300300Theophylline Theophylline (H)(H)

4.54.50.96 0.96 ±± 0.130.131001005.6 5.6 ±± 1.61.6188188Antipyrine Antipyrine (H)(H)

5.55.51.19 1.19 ±± 0.230.23100100ndnd200200Caffeine Caffeine (H)(H)

10.110.11.19 1.19 ±± 0.120.121001008.3 8.3 ±± 4.8 4.8 500500Naproxen Naproxen (H)(H)

7.17.111.79 .79 ±± 0.110.111001004.3 4.3 ±± 2.72.7200200Carbamazepine Carbamazepine (H)(H)

7.97.91.55 1.55 ±± 0.340.341001008.4 8.4 ±± 3.3 3.3 7575Ketoprofen Ketoprofen (H)(H)

22.922.92.62 2.62 ±± 0.370.3710010010.4 10.4 ±± 5.95.92020Piroxicam Piroxicam (H)(H)

Rat PRat Peffeff
Ratio Test/ISRatio Test/IS

Rat Rat 
PermeabilityPermeability
(10(10--44 cm/sec)cm/sec)

Fraction Fraction 
AbsorbedAbsorbedaa

%%

Human PermeabilityHuman Permeabilityaa

(10(10--44 cm/sec)cm/sec)
DoseDose
(mg)(mg)

CompoundsCompounds
(Permeability Class)(Permeability Class)

Comparison of Human PComparison of Human Peffeff and %FA with Rat Pand %FA with Rat Peffeff



Borderline PermeabilityBorderline Permeability

High Permeability High Permeability –– T/R permeability ratio > 1T/R permeability ratio > 1
Workable for high permeability drugsWorkable for high permeability drugs

PiroxicamPiroxicam (22.9)(22.9)
Ketoprofen Ketoprofen (7.9)(7.9)
Naproxen  Naproxen  (7.1) (7.1) 

Borderline (T/R permeability ratio ~ or < 1) Borderline (T/R permeability ratio ~ or < 1) 
problematicproblematic

Variability Variability 
Propose Confidence Interval AnalysisPropose Confidence Interval Analysis



Current Acceptance Criteria for Current Acceptance Criteria for In VitroIn Vitro and and In VivoIn Vivo
Bioequivalence StudiesBioequivalence Studies

0.8 < 90%CI < 1.250.8 < 90%CI < 1.25CCmaxmax, AUC, AUCIn Vivo BEIn Vivo BE

0.8 < 90%CI of k0.8 < 90%CI of k22 < 1.2< 1.2
0.8 <  k0.8 <  k11 ratio < 1.2ratio < 1.2

Langmuir Isotherms, kLangmuir Isotherms, k11, k, k22
(Bile Acid Sequestrant)(Bile Acid Sequestrant)In Vitro BEIn Vitro BE

Acceptance CriteriaAcceptance CriteriaParameters Parameters Study TypeStudy Type

Proposed In situ BE.

0.8 < Lower Limit of 90% CI 0.8 < Lower Limit of 90% CI 
(suggested for (suggested for ““borderlineborderline””
permeability drugs)permeability drugs)

Permeability RatioPermeability RatioIn Situ BE In Situ BE 
(BCS Permeability) (BCS Permeability) 



Confidence Interval AnalysisConfidence Interval Analysis
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Confidence Interval AnalysisConfidence Interval Analysis……
Low Permeability DrugsLow Permeability Drugs
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Confidence Interval Confidence Interval 
AnalysisAnalysis……..estimating sample size..estimating sample size

2][
0.8)(P

Pn
mean

mean

−
××= σcz

Pmean = mean of the permeability ratio
σ = relative standard deviation (RSD) obtained from in situ 

perfusion study using four rats
zc = 1.645 - the confidence coefficient at 90% level. 



Confidence Interval Analysis........ Confidence Interval Analysis........ 
Estimate of Sample SizeEstimate of Sample Size

Permeability Ratio (Test/Metoprolol)
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In SituIn Situ Perfusion Perfusion -- BioequivalenceBioequivalence
Allows for High Permeability Classification of a Allows for High Permeability Classification of a 
drug when test Pdrug when test Peff eff <  IS P<  IS Peff eff 

Controlled VariabilityControlled Variability
Balance of Costs Balance of Costs 

The 90% Fraction Absorbed (FA) level for a Class The 90% Fraction Absorbed (FA) level for a Class 
1 drug is Conservative. 1 drug is Conservative. 

80% 80% -- 85% FA may be more appropriate. 85% FA may be more appropriate. 
Reduction in the FA level ~ Reduction in ratio of test/ref PermeReduction in the FA level ~ Reduction in ratio of test/ref Permeability ability 
ratio. ratio. 
Metoprolol FA = 96% Metoprolol FA = 96% 

0.630.630.83 (80/96)0.83 (80/96)8080
0.670.670.88 ( 85/96)0.88 ( 85/96)8585
0.710.710.94 (90/96)0.94 (90/96)9090

CI lower limitCI lower limitMean PMean Peffeff ratioratioFA, %FA, %



SummarySummary
Rat single pass perfusion method accurately Rat single pass perfusion method accurately 
categorizes the selected reference drugs determined categorizes the selected reference drugs determined 
in human experiments.in human experiments.

Suitable for classifying drugsSuitable for classifying drugs into their appropriate into their appropriate 
BCS permeability class. BCS permeability class. 

Performed under GLP conditions Performed under GLP conditions 

Proposed Proposed ““In situ bioequivalenceIn situ bioequivalence”” criteria allows for a criteria allows for a 
regulatory relevant and robust means to assess drug regulatory relevant and robust means to assess drug 
permeability.permeability.



Value of BCS AssessmentsValue of BCS Assessments
DiscoveryDiscovery

Series Characterization Series Characterization –– Oral Delivery PotentialOral Delivery Potential
Series SelectionSeries Selection

Lead SelectionLead Selection
Best candidateBest candidate
Delivery Strategy Delivery Strategy –– formulation considerationsformulation considerations

Clinical DevelopmentClinical Development
NDA NDA 

•• Complement / strengthen massComplement / strengthen mass--balance databalance data
•• SUPAC SUPAC –– BA/BE BA/BE biowaiversbiowaivers

ANDA ANDA –– BA/BE BA/BE biowaiversbiowaivers



Mechanistic Studies_ Example 1Mechanistic Studies_ Example 1

Background Background 
AntiAnti--angiogenesis series of compoundsangiogenesis series of compounds
Plasma tPlasma t1/21/2 > 130 hrs> 130 hrs
Bioavailability ~ 15%Bioavailability ~ 15%

In situ perfusion studiesIn situ perfusion studies
Concentration Concentration 
Inhibitor studiesInhibitor studies
Determined permeability rank order of seriesDetermined permeability rank order of series



Concentration DependenceConcentration Dependence
Ratio Peff test/ref. >1 Ratio Peff test/ref. >1 
at low concentration of at low concentration of 
test drugtest drug
Ratio Peff test/ref. <1 Ratio Peff test/ref. <1 
at high concentration at high concentration 
of test drugof test drug
Results suggest Results suggest 
CarrierCarrier--mediated mediated 
transport. transport. 
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Rank Order of CompoundsRank Order of Compounds
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Example 2Example 2
Background Background 

Prodrugs of antiviral compoundsProdrugs of antiviral compounds
Bioavailability of parent Bioavailability of parent –– 2%2%
Prodrug approach to enhance bioavailabilityProdrug approach to enhance bioavailability

StudiesStudies
Permeability StudiesPermeability Studies

•• CacoCaco--22
•• In situ perfusionIn situ perfusion
•• In situ perfusion with Mesenteric sampling In situ perfusion with Mesenteric sampling 

Activation of prodrugActivation of prodrug
Determine absorption potential of prodrugsDetermine absorption potential of prodrugs



Prodrugs of Cyclic Prodrugs of Cyclic CidofovirCidofovir
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Uptake, Permeability, Absorption  Uptake, Permeability, Absorption  
Studies of prodrugs Studies of prodrugs cCDVcCDV

N.D.N.D.cHPMPC

High (unstable)0.0007 Ser-Ala cHPMPC

High (unstable)0.0005Ser-Val cHPMPC

0.0000.001Cidofovir (C1)

In Situ Permeability
Peff

(cm/sec x 104)

Caco-2 
Permeability
Cm/sec x 104Antiviral Prodrugs



Mesenteric Sampling during the In Mesenteric Sampling during the In 
Situ Single Pass PerfusionSitu Single Pass Perfusion

CoutCin

R



In situ Perfusion with Mesenteric In situ Perfusion with Mesenteric 
Plasma SamplingPlasma Sampling

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0 20 40 60 80 100

time (minutes)

To
ta

l P
la

sm
a 

cH
PM

PC
 (u

g/
m

l)

HPMPC 
cHPMPC Ser Val
cHPMPC Ser Ala
cHPMPC
cHPMPC Ser Leu



Uptake, Permeability, Absorption  Uptake, Permeability, Absorption  
Studies of prodrugs Studies of prodrugs cCDVcCDV

0.003N.D.N.D.cHPMPC

0.98High (unstable)0.0007 Ser-Ala cHPMPC

1.18High (unstable)0.0005Ser-Val cHPMPC

0.0520.0000.001Cidofovir (C1)

Mesenteric 
permeability

Peff- mes
(cm/sec x 105)

In Situ Permeability
Peff

(cm/sec x 104)

Caco-2 
Permeability
Cm/sec x 104Antiviral Prodrugs



Conversion of ProdrugConversion of Prodrug
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Absorption Potential of Cyclic Absorption Potential of Cyclic 
CidofovirCidofovir ProdrugsProdrugs
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SummarySummary

Single pass perfusion methodSingle pass perfusion method
BCS classification BCS classification –– GLP conditions, BiowaiverGLP conditions, Biowaiver
Transport mechanism studiesTransport mechanism studies
Flexible systemFlexible system

Robust and Flexible Methodology Robust and Flexible Methodology 
Discovery Discovery 

•• Oral Delivery PotentialOral Delivery Potential
•• Rank order/Series SelectionRank order/Series Selection

Preclinical DevelopmentPreclinical Development
•• Candidate SelectionCandidate Selection
•• Delivery Strategy Delivery Strategy –– formulation considerationsformulation considerations

Clinical DevelopmentClinical Development
•• Complement / strengthen massComplement / strengthen mass--balance databalance data
•• Bioequivalence waiversBioequivalence waivers


