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Potential Contribution of Pharmaceuticals in Vegetable Potential Contribution of Pharmaceuticals in Vegetable 
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What We Will Cover TodayWhat We Will Cover Today



What We Will Cover TodayWhat We Will Cover Today

Brief Review and Discussion of Current Brief Review and Discussion of Current 
Knowledge on:Knowledge on:

Routes and processes of uptake of organic Routes and processes of uptake of organic 
chemicals by plantchemicals by plant

The relationships between The relationships between physicophysico--chemical chemical 
properties of compounds and their partitioning properties of compounds and their partitioning 
and transport in plant tissuesand transport in plant tissues

Reported chemicals taken up by plantsReported chemicals taken up by plants



Take Home Lesson Take Home Lesson –– What I Want What I Want 
to Achieveto Achieve

Present a framework to predict which Present a framework to predict which 
PPCPs have the highest uptake in PPCPs have the highest uptake in 
plants and should be studied in detail plants and should be studied in detail 
for risk assessmentfor risk assessment..

Which organic chemicals may or may not Which organic chemicals may or may not 
be suited for be suited for PhytoPhyto--remediation. remediation. 



Principal Uptake Pathways of Uptake of Principal Uptake Pathways of Uptake of 
Organic Chemicals by PlantsOrganic Chemicals by Plants





Factors Affecting Chemical Uptake Factors Affecting Chemical Uptake 
and Distribution within Plant Partsand Distribution within Plant Parts
PhysicoPhysico--chemical properties of the compound chemical properties of the compound 
such as:such as:

Water solubility, vapor pressure, molecular Water solubility, vapor pressure, molecular 
weight, octanol/water partition coefficientweight, octanol/water partition coefficient

Environmental CharacteristicsEnvironmental Characteristics
Temperature, organic and mineral matter and Temperature, organic and mineral matter and 
water content of soilwater content of soil

Plant CharacteristicsPlant Characteristics
Type of roots, shape and chemical Type of roots, shape and chemical 
characteristics of leaves, and lipid contentcharacteristics of leaves, and lipid content

Paterson et al., 1990Paterson et al., 1990



Approaches to Estimate Solubility and Approaches to Estimate Solubility and 
Permeability in Drug Discovery and Permeability in Drug Discovery and 

Development SettingDevelopment Setting

Identifying a library with favorable Identifying a library with favorable physicophysico--
chemical properties that enter phase II chemical properties that enter phase II 
efficacy studiesefficacy studies

United States Adopted Names (USAN) ~ 8,000United States Adopted Names (USAN) ~ 8,000
International NonInternational Non--proprietary Name (INN)proprietary Name (INN)
World Drug Index (WDI) ~ 50,000 compoundsWorld Drug Index (WDI) ~ 50,000 compounds



Calculated Properties of the USAN Calculated Properties of the USAN 
LibraryLibrary

Lipophilicity Lipophilicity 
Molecular WeightMolecular Weight
HH--bond donorsbond donors
HH--bond acceptorsbond acceptors



Lipophilicity: Log Lipophilicity: Log KowKow

Expressed as a ratio of octanol solubility to Expressed as a ratio of octanol solubility to 
aqueous solubility appears in some form in aqueous solubility appears in some form in 
almost every analysis of almost every analysis of physicophysico--chemical chemical 
properties related to absorption.properties related to absorption.

Only ~ 10% of USAN compounds have Only ~ 10% of USAN compounds have 
Log KOW > 5Log KOW > 5



Effect of Log Effect of Log KowKow of Chemicals on of Chemicals on 
TSCF (TSCF (DettenmaierDettenmaier et al., 2008)et al., 2008)



TSCF TSCF vsvs Log Log KowKow
((DettenmaierDettenmaier et al., 2008)et al., 2008)



Variation in Prediction of TSCF with Variation in Prediction of TSCF with 
KowKow



Plant CF VS Time Plant CF VS Time 
((ToppTopp et al., 1986)et al., 1986)



Concentration in Soil and Plants with TimeConcentration in Soil and Plants with Time
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Barley Root CF Vs Soil Barley Root CF Vs Soil KocKoc
((ToppTopp et al., 1986)et al., 1986)



Effect of SOM on the Relationship between Effect of SOM on the Relationship between 
TSCF and Log TSCF and Log KowKow (Hsu et al., 1990)(Hsu et al., 1990)



Molecular Weight (MW)Molecular Weight (MW)
Obvious choice because of the literature relating Obvious choice because of the literature relating 
poorer intestinal and blood brain barrier poorer intestinal and blood brain barrier 
permeability to increasing MWpermeability to increasing MW
Rapid decline in permeation time as a function Rapid decline in permeation time as a function 
of MW in lipid biof MW in lipid bi--layers as opposed to aqueous layers as opposed to aqueous 
mediamedia

USAN Data SetUSAN Data Set
Only 11% compounds had MW > 500Only 11% compounds had MW > 500
8% compounds had MW > 6008% compounds had MW > 600



Influence of Molecular WeightInfluence of Molecular Weight
World Drug Index (WDI) reveals that most World Drug Index (WDI) reveals that most 
common drugs have a MW range 300common drugs have a MW range 300--400400

Tentatively 4 MW ranges have been defined:Tentatively 4 MW ranges have been defined:
1)1) MW < 200 Pore Diffusion (Restricted or nonMW < 200 Pore Diffusion (Restricted or non--

Restricted)Restricted)
2)2) MW ~ 200, a sieving effect becomes MW ~ 200, a sieving effect becomes 

perceptibleperceptible
3)3) MW 350+150 can readily diffuse through MW 350+150 can readily diffuse through 

membranes membranes 
4)4) MW > 500MW > 500--600 Restricted Membrane Diffusion600 Restricted Membrane Diffusion



Permeability Permeability vsvs Log Log KowKow
(Potts and Guy, 1992)(Potts and Guy, 1992)



Effect of MWT on permeability through CacoEffect of MWT on permeability through Caco--2 2 
monolayersmonolayers ((CamenischCamenisch et al., 1998)et al., 1998)

Log Kow



Highlights of 2006Highlights of 2006--2007 TNSSS2007 TNSSS

1212--3,1303,1307979AntidepressantAntidepressantFluoxetineFluoxetine
22--2252256969HypertensionHypertensionDiltiazemDiltiazem

351351--8,6508,6503232AntibioticAntibioticMinocyclineMinocycline
100100--11,90011,9005454AntiAnti--inflammatoryinflammatoryIbuprofenIbuprofen

88--9,7809,7807474AntiAnti--acidacidCimetidineCimetidine
1212--2,6502,6507676Cholesterol loweringCholesterol loweringGemfibrozilGemfibrozil

430430--133,000133,0007979AntibacterialAntibacterialTriclosanTriclosan
99--6,0306,0308080AnticonvulsantAnticonvulsantCarbamazepineCarbamazepine
1010--6,5306,5308080AntibioticAntibioticAzithromycineAzithromycine
3838--5,2705,2708181AntibioticAntibioticTetracyclineTetracycline
7474--58,10058,1008383AntibioticAntibioticOfloxacinOfloxacin
3737--5,7305,7308484AntipsychoticAntipsychoticDiphenhydramineDiphenhydramine
7575--47,50047,5008484AntibioticAntibioticCiprofloxacinCiprofloxacin

187187--441,000441,0008484AntimicrobialAntimicrobialTriclocarbanTriclocarban

ConcConc Range Range μμg/kgg/kg# Detects (out of # Detects (out of 
84)84)

UseUsePharmaceuticalPharmaceutical



Highlights of 2006Highlights of 2006--2007 TNSSS2007 TNSSS

4444--14,00014,0007272PyrenePyrene
4545--12,00012,0007777FluorantheneFluoranthene

657657--310,000310,0008484PlasticizerPlasticizerPhthalatesPhthalates
PAHsPAHs

150150--17,00017,0008383DecaDeca--BDEsBDEs
2121--1,0101,0108484HexaHexa--BDEsBDEs
2323--5,2505,2508484PentaPenta--BDEsBDEs
7777--5,1265,1268484Reduce flammabilityReduce flammabilityTri & Tetra Tri & Tetra BDEsBDEs

Flame retardantsFlame retardants

108108--1,5201,5203232TestosteroneTestosteroneAndostenedioneAndostenedione
2121--1,0301,0305050TestosteroneTestosteroneAndrosteroneAndrosterone
2727--9659656060EstrogenEstrogenEstroneEstrone

ConcConc Range Range μμg/kgg/kg# Detects (out of 84)# Detects (out of 84)UseUseSteroids/hormonesSteroids/hormones
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Effect of MWT on permeability through CacoEffect of MWT on permeability through Caco--2 2 
monolayersmonolayers ((CamenischCamenisch et al., 1998)et al., 1998)



Effect of SOM on the relationship Effect of SOM on the relationship 
between TSCF and Log between TSCF and Log KowKow (Hsu et (Hsu et 

al., 1990)al., 1990)
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HH--bond Donorsbond Donors
An excessive number of HAn excessive number of H--bond donor groups bond donor groups 
impair permeability across a membrane biimpair permeability across a membrane bi--layer, layer, 
it is the smaller number of donors that the it is the smaller number of donors that the 
literature links with better permeability. literature links with better permeability. 
Expressed as log of the ratio of octanol to Expressed as log of the ratio of octanol to 
hydrocarbon partitioninghydrocarbon partitioning
Simply adding the number of NH bonds and OH Simply adding the number of NH bonds and OH 
bonds in a good index of Hbonds in a good index of H--bond donor bond donor 
characteristic characteristic 
In USAN library there is a sharp cutoff in the In USAN library there is a sharp cutoff in the 
number of compounds containing more than 5 number of compounds containing more than 5 
OHsOHs and and NHsNHs. Only 8% have more than 5. . Only 8% have more than 5. 



HH--bond Acceptorsbond Acceptors

Too many HToo many H--bond acceptor groups also bond acceptor groups also 
hinder permeability across a membrane bihinder permeability across a membrane bi--
layer.layer.
The sum of Ns and Os is a rough measure The sum of Ns and Os is a rough measure 
of Hof H--bond acceptor ability. bond acceptor ability. 
USAN library: Sharp cutoff in profiles with USAN library: Sharp cutoff in profiles with 
only 12% of compounds having more than only 12% of compounds having more than 
10 Ns and Os. 10 Ns and Os. 



The The ‘‘rule of 5rule of 5’’

The The ‘‘rule of 5rule of 5’’ states that: Poor absorption or states that: Poor absorption or 
permeation are likely when:permeation are likely when:

There are more than 5 HThere are more than 5 H--bonds donors (expressed as bonds donors (expressed as 
the sum of the sum of OHsOHs and and NHsNHs););
THE MW is > 500THE MW is > 500
The Log KOW is > 5The Log KOW is > 5
There are more than 10 HThere are more than 10 H--bond acceptors (expressed bond acceptors (expressed 
as sums of Ns and Os);as sums of Ns and Os);

Note: Compound classes that are substrates for Note: Compound classes that are substrates for 
biological transporters are exceptions to the rule. biological transporters are exceptions to the rule. 



Desirable Range Desirable Range ExceedencesExceedences Combinations Combinations 
of 2 of 4 Parameters in USAN Libraryof 2 of 4 Parameters in USAN Library

Sum of N and O + Sum of NH and OH Sum of N and O + Sum of NH and OH –– 10%10%
Sum of N and O + MW Sum of N and O + MW –– 7%7%
Sum of NH and MW Sum of NH and MW –– 4%4%
Sum of MW + Log KOW Sum of MW + Log KOW –– 1%1%

If 2 parameters are out of range, a If 2 parameters are out of range, a ‘‘poor poor 
absorption or permeability is possibleabsorption or permeability is possible’’



New Chemical Entities (New Chemical Entities (NCEsNCEs))

DerwentDerwent World Drug Database World Drug Database –– 133 133 NCEsNCEs

Rule of 5Rule of 5
Average Log KOW Average Log KOW –– 1.801.80
Average HAverage H--bond donors bond donors –– 2.532.53
Average MW Average MW –– 408408
Average Sum of Ns and Os Average Sum of Ns and Os –– 6.536.53



Partial List of Drugs in Absorption Partial List of Drugs in Absorption 
and Permeability Studiesand Permeability Studies

YESYES1313811.00811.00332.962.96VinblastineVinblastine
NoNo22288.43288.43113.703.70TestosteroneTestosterone

YESYES1313454.45454.45771.601.60MethotrexateMethotrexate
NoNo22206.29206.29113.233.23IbuprofenIbuprofen

YESYES1414733.95733.9555--0.140.14ErythromycinErythromycin
NoNo33284.75284.75003.363.36DiazepamDiazepam

YESYES23231202.61202.655--0.320.32CyclosporineCyclosporine
NoNo77323.14323.14331.231.23ChloramphenicolChloramphenicol
NoNo33236.28236.28223.533.53CarbamazepineCarbamazepine
NoNo66194.19194.19000.200.20CaffeineCaffeine

YESYES1414749.00749.00550.140.14AzithromycinAzithromycin
NoNo44180.16180.16111.701.70AspirinAspirin

Alert Alert 
(poor absorption)(poor absorption)

N+ON+OMWMWOH+NHOH+NHLog Log 
KOWKOW

DrugDrug
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ConclusionsConclusions
‘‘Rule of 5Rule of 5’’ should be the first step in deciding should be the first step in deciding 
which compounds will not be taken up by plants. which compounds will not be taken up by plants. 
Compounds following Compounds following ‘‘KumarKumar’’s Rule of 3s Rule of 3’’ i.e i.e 

< 3 H< 3 H--bonds donors (expressed as the sum of bonds donors (expressed as the sum of OHsOHs
and and NHsNHs););
THE MW is <450THE MW is <450
The Log KOW is <3The Log KOW is <3
<6 H<6 H--bond acceptors (expressed as sums of Ns and bond acceptors (expressed as sums of Ns and 
Os);Os);

Should only be studied in field plant uptake studies for Should only be studied in field plant uptake studies for 
risk assessment.risk assessment.


