
Biomarkers for Air Pollutants:Biomarkers for Air Pollutants:
Development of Hemoglobin Adduct Methodology Development of Hemoglobin Adduct Methodology 

for Exposure Assessmentfor Exposure Assessment

Harrell E. Hurst, Ph.D.Harrell E. Hurst, Ph.D.
Dept. Pharmacology & ToxicologyDept. Pharmacology & Toxicology

University of Louisville School of MedicineUniversity of Louisville School of Medicine



Biomarker Definition:Biomarker Definition:

�� Measurable internal indicator of change at Measurable internal indicator of change at 
molecular or cellular level to detect key molecular or cellular level to detect key 
event(sevent(s) linking specific exposure to health ) linking specific exposure to health 
outcomeoutcome

Bennett and Waters, Environ. Health Perspectives 108: 907Bennett and Waters, Environ. Health Perspectives 108: 907--910 (2000)910 (2000)
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HemoglobinHemoglobin

4 Protein 
Chains:

2 α Chains 
141 AA

MW=15100 
daltons

2 β Chains 
146 AA

MW=15851 
daltons



Hemoglobin Adduct as Biomarker Hemoglobin Adduct as Biomarker 
Hb:Hb:

�� Abundant accessible protein for biomarkerAbundant accessible protein for biomarker
�� Monitors recent past exposure over red blood Monitors recent past exposure over red blood 

cell lifetime:cell lifetime:
�� 120 days in human120 days in human

�� Exposure biomarker related to mechanismExposure biomarker related to mechanism
�� Most cancerMost cancer--causing chemicals are electrophiliccausing chemicals are electrophilic

�� Traps electrophilic chemicals and reactive Traps electrophilic chemicals and reactive 
metabolitesmetabolites at at nucleophilicnucleophilic sites: sites: 
�� NN--terminal amino acids on terminal amino acids on αα and and ββ chains chains ((Valine)Valine)

�� Surrogate monitor for mutagenicSurrogate monitor for mutagenic DNA adductsDNA adducts



ChloropreneChloroprene

�� CAS 126CAS 126--9999--8 8 
�� M.W. = 88.54M.W. = 88.54
�� B.P. = 59.4B.P. = 59.4ººCC
�� Vapor pressure = Vapor pressure = 

174 mm Hg at 20174 mm Hg at 20ººCC
�� Monomer for production of:Monomer for production of:

�� PolychloroprenePolychloroprene
�� NeopreneNeoprene

�� AutopolymerizesAutopolymerizes ! ! 
�� Stored at < 0 Stored at < 0 ººC under NC under N22 with with 

polymerization inhibitorspolymerization inhibitors
�� Present in Jefferson Co. air from Present in Jefferson Co. air from 

fugitive emissionsfugitive emissions
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Chloroprene ToxicityChloroprene Toxicity

�� Inhalation Inhalation subchronicsubchronic lethal concentrations:lethal concentrations:
�� ~ 500 ppm for rats, ~ 500 ppm for rats, ≤≤ 200 ppm mice200 ppm mice

�� Toxic effects:Toxic effects:
�� Narcosis and hypoactivity, Weight lossNarcosis and hypoactivity, Weight loss
�� Nasal epithelial degeneration Nasal epithelial degeneration 
�� Hepatocellular Hepatocellular centrolobularcentrolobular necrosisnecrosis
�� ForestomachForestomach squamoussquamous epithelial hyperplasiaepithelial hyperplasia
�� ThymicThymic necrosis, Myocardial hypertrophynecrosis, Myocardial hypertrophy
�� Lung & liver nonLung & liver non--protein protein sulfhydrylsulfhydryl content content 

(glutathione) (glutathione) decreasedecrease

Valentine and Himmelstein, Chem.-Biol. Interact. 135-135: 81-100 (2001)



Chloroprene Chloroprene BioactivationBioactivation

Chloroprene is metabolized by Chloroprene is metabolized by cytochromecytochrome PP450450 oxidative oxidative 
enzymes to a reactive electrophilic epoxide, enzymes to a reactive electrophilic epoxide, chlorovinylchlorovinyl--
oxiraneoxirane, also known as , also known as chloroethenyloxiranechloroethenyloxirane..
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Chloroprene MetabolismChloroprene Metabolism

�� Toxic activation by CYP2E1 to CVOToxic activation by CYP2E1 to CVO
�� ChlorovinyloxiraneChlorovinyloxirane (CVO) is a relatively (CVO) is a relatively 

longlong--lived, reactive lived, reactive electrophileelectrophile
�� CVO reacts with CVO reacts with nucleophilicnucleophilic sites in DNA sites in DNA 

and proteinsand proteins
�� Detoxification of CVO occurs through:Detoxification of CVO occurs through:

�� Conjugation with glutathioneConjugation with glutathione
�� Hydrolysis by epoxide Hydrolysis by epoxide hydrolasehydrolase



Chloroprene Biomarker StrategiesChloroprene Biomarker Strategies

�� Use Hb NUse Hb N--terminal valine adduct as:terminal valine adduct as:
�� Biomarker of chloroprene exposure with  activation to Biomarker of chloroprene exposure with  activation to 

epoxide (CVO)epoxide (CVO)

�� Biomarker analytical approachBiomarker analytical approach
�� Isolate globin from blood exposed to CVOIsolate globin from blood exposed to CVO
�� Use Edman reaction for Hb NUse Edman reaction for Hb N--terminal valine terminal valine 

cleavage and cleavage and derivatizationderivatization for gas chromatographic for gas chromatographic 
separationseparation

�� Use mass spectrometry for detectionUse mass spectrometry for detection
�� Synthesize standards from valine peptidesSynthesize standards from valine peptides
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Edman Reaction:Edman Reaction:
1. Cleave N1. Cleave N--Terminal Amino AcidTerminal Amino Acid
2. Form Stable Cyclic Derivative2. Form Stable Cyclic Derivative

O

N

CH3

CH3

CH2

Cl

N

SOH
F

F

F

F

F

CH2

Cl OH

O

N
H

CH3

CH3

R

C
N

S

F

F

F

F

F
PFPITC

1-(3-chloro-2-hydroxybut-3-en-1-yl)-5-isopropyl-
3-(pentafluorophenyl)-2-thioxoimidazolidin-4-one

1-[2-chloro-1-(hydroxymethyl)prop-2-en-1-yl]-5-isopropyl-
3-(pentafluorophenyl)-2-thioxoimidazolidin-4-one

CH2

OH

Cl

O

N
H

CH3

CH3

R

CH2

Cl

OH
O

N

CH3

CH3

N

S
F

F

F

F

F

F

F

F

F

F



Additional Reaction Required for GC/MS:Additional Reaction Required for GC/MS:
TrimethylsilylationTrimethylsilylation of Hydroxyl for Volatilityof Hydroxyl for Volatility
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Biomarker Reaction ReviewBiomarker Reaction Review

1.1. Edman degradationEdman degradation
�� Cleaves NCleaves N--terminal adductterminal adduct--valinevaline
�� Produces stable cyclic derivativeProduces stable cyclic derivative

2.2. Hydroxyl group Hydroxyl group derivatizationderivatization
�� Converts Converts ��OH to OH to ��OTMS for volatilityOTMS for volatility

3.3. Detect and measure by GC/MSDetect and measure by GC/MS

(gas chromatography / mass spectrometry)(gas chromatography / mass spectrometry)

using selected ion monitoring (SIM)using selected ion monitoring (SIM)



Analytical Biomarker StandardsAnalytical Biomarker Standards

�� Reference standard material Reference standard material 
�� TriTri--peptide peptide �� ValineValine--TyrosineTyrosine--Valine (VYV)Valine (VYV)
�� Reacted with CVO to give VYVReacted with CVO to give VYV--CVO adduct standardCVO adduct standard
�� Purified to obtain gravimetric weight Purified to obtain gravimetric weight 

�� Internal standard (added to each sample)Internal standard (added to each sample)
�� Valine enriched with deuterium (atomic mass = 2) in Valine enriched with deuterium (atomic mass = 2) in 

place of hydrogen (mass = 1) place of hydrogen (mass = 1) 
�� Used 99% enriched dUsed 99% enriched d88--valine valine 
�� Reacted with CVO for dReacted with CVO for d88--valinevaline--CVOCVO
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Stable Isotopic StandardizationStable Isotopic Standardization
Possible only with Mass SpectrometryPossible only with Mass Spectrometry
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CVOCVO--Adduct Assay Standard ResponseAdduct Assay Standard Response
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Status of ProjectStatus of Project

�� Prototype ValPrototype Val--CVO assay successfulCVO assay successful
�� Detects 1 Detects 1 pmolepmole of Valof Val--CVO adduct reliablyCVO adduct reliably
�� Should enable detection from ~ 5 mg Hb, Should enable detection from ~ 5 mg Hb, 

depending on level of Hbdepending on level of Hb--adduct formedadduct formed
�� Refinements are necessary for practical Refinements are necessary for practical 

sample processingsample processing
�� Utility still to be demonstratedUtility still to be demonstrated

�� Have measured 25 Have measured 25 pmolespmoles ValVal--CVO adduct CVO adduct 
from in vitro treatment of mouse hemoglobinfrom in vitro treatment of mouse hemoglobin
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