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Diffusion Diffusion –– whywhy??

Diffusion Diffusion involvedinvolved in in 
–– BloodBlood brainbrain barrierbarrier
–– Intestinal absorptionIntestinal absorption
–– Diffusion Diffusion throughthrough skinskin



MeasuringMeasuring diffusion diffusion ––
standard standard methodmethod
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Two solutions of different
concentrations, stirred at 60rpm

At time t, compartments
emptied, concentrations 
measured

β (in cm-2) is a diaphragm-cell 
constant, t is the time, and c1
is the solute concentration

D12 =



ModifiedModified HPLC HPLC systemsystem
SampleSample dissolveddissolved in in solventsolvent, , mixedmixed, , 

filteredfiltered intointo HP HP vialsvials
FlowFlow injection injection systemsystem withwith 10m PEEK 10m PEEK 
tubingtubing insteadinstead ofof columncolumn
PeakPeak widthswidths atat halfhalf heightheight measuredmeasured

MeasuringMeasuring diffusion diffusion ––
Taylor Taylor ArisAris methodmethod
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WhyWhy predictpredict diffusion?diffusion?

SystemsSystems to to studystudy drugsdrugs currentlycurrently use use 
permeability coefficients (Cacopermeability coefficients (Caco--2 or 2 or 
permeationpermeation throughthrough artificialartificial
membranes)membranes)
CouldCould use diffusion use diffusion insteadinstead

Intestinal 
absorption

Bioavailability Diffusion



PredictionPrediction ofof diffusiondiffusion

LiteratureLiterature data data includingincluding drugdrug
compoundscompounds
Diffusion in Diffusion in waterwater
Diffusion in Diffusion in ethanolethanol –– lessless ionisation ionisation 
changes for changes for acidsacids/bases, more /bases, more 
compoundscompounds soluble in soluble in ethanolethanol
Use Abraham Use Abraham methodologymethodology



Abraham Abraham EquationsEquations

EE isis excessexcess molarmolar refractionrefraction
SS isis dipolaritydipolarity//polarizabilitypolarizability ofof thethe solutesolute
AA isis thethe summationsummation hydrogenhydrogen bond bond acidityacidity
BB isis thethe summationsummation hydrogenhydrogen bond bond basicitybasicity
VV isis thethe McGowanMcGowan’’ss volumevolume

Coefficients e,s,a,b Coefficients e,s,a,b andand v v derivedderived by MLRby MLR



ExpectExpect A,B A,B andand VV

EquationsEquations in in thethe literatureliterature dependdepend on V or on V or 
MWMW
SomeSome authorsauthors suggestsuggest hydrogenhydrogen bondingbonding
alsoalso importantimportant
Chan et Chan et alal lookedlooked atat hydrogenhydrogen bond bond acidsacids
andand bases bases withwith diffusion diffusion calccalc fromfrom 1/MW 1/MW ––
HydrogenHydrogen bond bond acidsacids out out ofof lineline soso expectexpect
largerlarger termterm in Ain A



ExpectExpect A,B A,B andand VV

Chan et alChan et al, J. Chem. Phys., J. Chem. Phys., , 19971997, , 107107 (6), 1890(6), 1890--18951895



Diffusion  in Diffusion  in waterwater

log log DD1212 = 0.305 = 0.305 -- 0.0730 0.0730 EE + 0.120 + 0.120 SS --
0.0940 0.0940 AA -- 0.0637 0.0637 BB -- 0.358 0.358 VV

N = 121N = 121 SD = 0.06 SD = 0.06 rr22 = 0.80= 0.80 F = 93.01F = 93.01



NotationNotation

WeWe have have usedused DD1212 to to representrepresent thethe
diffusion coefficientdiffusion coefficient
This This avoidsavoids confusion confusion withwith log log DD –– thethe
distribution coefficientdistribution coefficient



Diffusion  in Diffusion  in waterwater

log D12 (literature values)
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Scatterplot of calculated vs observed log D12



Diffusion  in Diffusion  in EtOHEtOH

log log DD1212 = 0.287 = 0.287 -- 0.344 0.344 AA -- 0.158 0.158 BB
-- 0.114 0.114 VV

N = 59 N = 59 SD = 0.04SD = 0.04 rr22 = 0.93= 0.93 F = 229.25F = 229.25

S S andand E E notnot statisticallystatistically significantsignificant



Diffusion  in Diffusion  in EtOHEtOH

log D12 (literature values)
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ComparisonComparison withwith literatureliterature
workwork ((waterwater data)data)

nD, ρB, MB

where

Venezian
[82]

<20 (96 solutes)VBReddy and 
Doraiswamy
[81]

5.9 (87 solutes)VBOthmer and 
Thakar a [58]

6.7 (87 solutes)VBScheibel [80]

8.8 (87 solutes)VBWilke-Chang 
[79]

5.8 (87 solutes)VBHayduk and 
Laudie [58]
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ComparisonComparison withwith literatureliterature
workwork ((waterwater data)data)

AvdeefAvdeef et et alal (96 (96 compoundscompounds))
log log DD1212 = = --4.113 4.113 –– 0.4609 log MW0.4609 log MW

With our dataWith our data
log log DD1212 = = -- 4.4.1313 -- 0.40.44848 log MW  log MW  

N = 1N = 12121 SD = 0.08SD = 0.08 rr22 = 0.7= 0.744 F = F = 331.30331.30
EurEur. J. . J. PharmPharm. . SciSci., ., 20042004, 22 (5), 365, 22 (5), 365--374374



SummarySummary/conclusions/conclusions

Diffusion in Diffusion in waterwater andand ethanolethanol bothboth dependdepend
on A, B, V on A, B, V –– as as expectedexpected
In In waterwater E E andand S are S are alsoalso significantsignificant
ModelsModels betterbetter thanthan oneone--descriptordescriptor V or MW V or MW 
modelmodel
PerformsPerforms as as wellwell as as literatureliterature andand largerlarger
datasetdataset
ModelsModels ofof bioavailabilitybioavailability couldcould includeinclude
diffusion as diffusion as bioavailabiltybioavailabilty dependsdepends on on 
absorption absorption –– currentlycurrently workingworking on on thisthis
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AcidsAcids/Bases/Bases

C in moldm-3
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AcidsAcids/Bases/Bases

Diffusion Diffusion generallygenerally measuredmeasured atat highhigh
concentrations concentrations soso nono problemsproblems withwith
acidsacids andand bases as bases as notnot ionisedionised
SlopesSlopes are are thethe samesame for for chloroaceticchloroacetic
acidacid, nicotine , nicotine andand sucrosesucrose
ExtrapolatingExtrapolating backback to to zerozero shouldshould givegive
neutralneutral formform for for acidsacids andand basesbases



DifferenceDifference betweenbetween
diffusion diffusion andand permeabilitypermeability

PP = = DD1212

hh

WhereWhere h h isis UWL (UWL (AvdeefAvdeef et et alal, , EurEur. J. . J. 
PharmPharm. . SciSci.., , 20042004, , 2222 (5), 365(5), 365--374 )374 )

DD1212 unitsunits cmcm22ss--11

P P unitsunits cmscms--11


