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Schedule 

Thursday, May 6, 2010 
 
10:00 AM Registration, coffee, and poster setup  

 
 

11:00 AM Welcome 
 
 

11:10 AM Multiple Transport Systems in the BBB: Impact on CNS Drug Delivery. William F. 
Elmquist, Professor and Department Head, Department of Pharmaceutics, College of 
Pharmacy, University of Minnesota 
 
 

11:50 AM Probing Mechanisms of Inter-Individual Susceptibility to Toxicants with 
Population-Based Experimental Approaches. Ivan Rusyn, Associate Professor, 
Department of Environmental Sciences and Engineering, University of North Carolina at 
Chapel Hill 
 
 

12:30 PM Lunch, poster viewing, and sponsor booths 
 
 

2:00 PM Minimally and Noninvasive Clinical CYP3A Phenotyping. Evan Kharasch, Director, 
Division of Clinical and Translational, Research Professor of Anesthesiology, Washington 
University at St. Louis 
 
 

2:40 PM Drug Biotransformation in Children: Role of Ontogeny, Pharmacogenetics and 
Developmental Context. J. Steven Leeder, Professor of Pediatrics and Pharmacology, 
University of Missouri, Kansas City 
 
 

3:20 PM Break 
 
 

3:40 PM Drug and Disease Model Based Biologic Drug Development. Jenny Chien, 
Research Advisor, Lilly Research Labs, Eli Lilly & Company 
 
 

4:20 PM Quantification of Gemcitabine-DNA Adducts in Patient Blood, a Novel 
Biomarker.  Enaksha Wickremsinhe, Principle Research Scientist, Drug Disposition, Eli 
Lilly & Company 
 
 

5:00 PM Poster session (authors available), sponsor booths, and mixer 
 
 

7:30 PM Dinner 
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Schedule 

Friday, May 7, 2010 
 
 
07:00 AM GLDMDG business meeting 

 
  
09:00 AM Preclinical to Clinical Translation of Tasocitinib (CP-690,550), a JAK Inhibitor, 

in Rheumatoid Arthritis.  Martin Dowty, Senior Principal Scientist, Pharmacokinetics 
Dynamics and Metabolism (PDM), Pfizer 
 
 

09:35 AM Enabling Compound Progression with Improved Drug-Drug Interaction 
Predictions.  Mohamad Shebley, Senior Scientist, Abbott Laboratories 
 
 

10:10 AM Break 
 
 

10:40 AM Investigation of Metabolism-Mediated Toxicity in Early Development.  William 
Humphreys, Bristol-Myers Squibb 
 
 

11:15 AM Probing the Recognition Signal for Ubiquitination of Suicide-Inactivated 
Neuronal Nitric Oxide Synthase with a C331A Mutant of the Enzyme.  Kelly M. 
Clapp, Graduate Student, University of Michigan 
 
 

11:40 AM Effects of Valproic Acid on Organic Acid Metabolism in Children: A Metabolic 
Profiling Study.  Kristin E. Price, Post-Doc, Children Mercy Hospital 
 
 

12:05 PM Concluding remarks 
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Posters 
 

1. Effects of Valproic Acid on Organic Acid Metabolism in Children: A Metabolic Profiling 
Study.  Kristin E. Price, Robin E. Pearce, Uttam Garg, and J. Steven Leeder. 
 
Valproic acid, known for its idiosyncratic hepatotoxicity in children, has been linked to perturbations 
in mitochondrial metabolism.  With this in mind, variability in organic acid profiles was characterized 
in urine samples from children treated for seizure disorders with valproic acid (VPA; n=52), ranging in 
age from 1.9 to 17.3 years.  Age- and gender-matched patients with seizure disorders treated with 
carbamazepine (CBZ; n=50) and healthy children receiving no medications (No meds; n=22) served 
as controls.  Profiles of urinary organic acids (n=124) were generated using trimethylsilyl 
derivatization and GC/MS analysis.  
 
Principal component analysis (PCA) was performed on the data correlation matrix.  The scores plot 
(Figure A) showed a distinct boundary between the VPA samples and the control samples along the 
PC1 and PC2 axes.  Variable deviation from the control group (which correlated significantly with age) 
was observed in the VPA samples, signifying interindividual variability in the degree of perturbation in 
the organic acid profile.  There was no separation between the CBZ and No meds control subjects.  
As a whole, the PC1 variable correlated significantly with group (CBZ/VPA/No meds), age and weight.  
PC2 correlated significantly with group and age.  PC1 was primarily defined by 2-hydroxyglutaric, 3-
hydroxyisovaleric and glutaric acids.  PC2 was defined by acetoacetic, 2-ketoisocaproic, 2-keto-3-
methylvaleric, 2-ketoisovaleric and 2-hydroxybutyric acids.   
 
A linear discriminant model was also calculated from the same data set using the categorical group 
variables (CBZ/VPA/No meds) as classifiers (Figure B).  The model was highly significant as gauged 
by Wilks’ Lambda, with a 1.6% misclassification rate.  In this model (as compared to the PCA model), 
the CBZ and No meds samples were distinguishable both from each other and from the VPA samples, 
indicating that CBZ also causes perturbations to urinary organic acid levels but in a way that is 
distinct from VPA.  Canonical coefficient 1 (CC1) was defined by octanoic acid, isobutyrylglycine 
contrasted with 2-hydroxyadipic, phenyllactic and sebacic acids.  CC2 was defined by octanoic acid 
contrasted with 2-ketoisovaleric, 2-hydroxyadipic and sebacic acids. 
 
The data suggest that VPA induces variable changes in endogenous mitochondrial and cytosolic 
metabolism, the mechanism of which may vary with age.  Perturbation of the branched-chain amino 
acid metabolic pathways by VPA was evident as expected, but other pathways were also altered, 
demonstrating the metabolic effects of VPA are broad and more complex than previously 
characterized.  Research support was provided by grant HD044239 from NICHD. 
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2. Arylsulfanyl Pyrazolones Block Mutant SOD1 Aggregation and have Potential Application 
for the Treatment of Amyotrophic Lateral Sclerosis.  Tian Chen1, Richard B. Silverman1, 
Donald R. Kirsch2, Radhia Benmohamed2, Dianiel Amante3, Robert J. Ferrante3, and Richard I. 
Morimoto4. 1Department of Chemistry, Department of Biochemistry, Molecular Biology, and Cell 
Biology, and Center for Drug Discovery and Chemical Biology, Northwestern University, Evanston, IL 
60208, 2Cambria Pharmaceuticals, Inc., 8A Henshaw St., Woburn, MA 01801, 3Alzheimer's Disease 
Center, Department of Neurology, Pathology, and Psychiatry, School of Medicine, Boston University, 
Boston, MA 02118, 4Department of Biochemistry, Molecular Biology, and Cell Biology, Northwestern 
University, Evanston, IL 60208 
 
Key biological findings: 
Amyotrophic Lateral Sclerosis (ALS) is an orphan fatal neurodegenerative disease characterized by 
progressive motor neuron death.  ALS is estimated to afflict 87,000 people worldwide.  However, the 
disease prevalence would be much higher if it were not for the fact that ALS patients survive only 3-5 
years on average after diagnoses.  Riluzole is the sole FDA approved treatment for ALS and only 
extends the survival of ALS patients for 2-3 months.  With the hope of developing new therapies, 
many hypotheses have been proposed to explain the pathogenic basis for ALS.  Four major 
hypotheses are: glutamate extotoxitiy, impaired mitochondrial function, oxidative stress, and aberrant 
protein aggregation.  This project addresses the mechanism of aberrant protein aggregation.  
Aggregation of mutant superoxide 1 (SOD1) was found to be the cause of some familial ALS cases.  
Employing mutant familial ALS SOD1 as a disease relevant insult, our collaborators screened a 
massive chemical library for compounds that protect cells against mutant SOD1 toxicity.  The 
arylsufanyl pyrazolone (ASP) scaffold was one of the potential chemical lead series from that high 
throughput screening for further characterization, optimization, and development (Figure 1).  
 

 
Figure 1. Original screening hit compounds of the ASP scaffold. 
 
Due to the increased emphasis on pharmacokinetic properties in drug discovery, we have been 
incorporating a multidimensional lead optimization approach to improve both bioavailability and in 
vitro potency for the ASP scaffold.   
 
Key SPR (structure property relationship) advancements: 
The pharmacological assays employed in this project include: in vitro microsomal/plasma stability, 
aqueous solubility, Caco-2 permeability, and in vivo blood brain barrier permeability.  Original ASP hit 
compounds were determined to have poor metabolic/plasma stability.  The corresponding sulfoxide 
was identified to be the only direct metabolite from its parent ASP compound, and the sulfur atom 
was the only “hot spot” in the core structure responsible for this rapid metabolism problem.  
Subsequently, analogues with sulfoxide, sulfone, and ether links replacing the sulfide link in the ASP 
core structure (the -X- in Figure 1) were synthesized.  Both sulfone-linked and ether-linked ASP 
analogues showed not only improved microsomal/plasma stability, but better aqueous solubility and 
Caco-2 permeability as well.  Furthermore, the ether-linked ASP analogue also demonstrated 
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increased blood brain permeability compared with the sulfide-linked one.   
 
Key SAR advancements: 
About 50 ASP analogs were synthesized for SAR studies.  Among the various aromatic substituted 
ASP compounds, 3,5- di-substituted ones showed the best in vitro potency.  For these substitutions, 
steric effects were important, while electronic effects were not.  Substitution at different positions of 
the pyrazolone ring led to a potency decrease in general.  Ether-linked ASP analogs showed the best 
in vitro potency.  EC50 values for sulfide-linked analogs were about two fold greater compared with 
the ether-linked ones.  Sulfone-linked analogs were much less potent.  Sulfoxide-linked ASP analogs 
were not active.   
 
Conclusion: 
Both potency and bioavailability of the ASP scaffold have been extensively improved via chemical 
modification.  One of the ASP analogues with superior potency and predicted pharmacological 
properties was tested in vivo for pharmacokinetics and brain penetration and subsequently in an 
animal model of ALS.  The analog showed sustained blood and brain levels in vivo and statistically 
significant activity in the mouse model of ALS, thus validating the scaffold as a therapeutic lead.   
 

3. Acute Disruption of Bone Marrow Hematopoiesis by Benzo(a)pyrene is Selectively 
Reversed by Ah Receptor Mediated Processes. N’jai Alahji1,2, Larsen, M3, Czuprynski CJ1,2,4 and 
Jefcoate CR2,3.  1Department of Pathobiological Sciences, 2Molecular and Environmental Toxicology 
Center, 3Department of Pharmacology, 4Food Research Institute,  University of Wisconsin, Madison, 
WI 53706.   
 
We used colony forming unit (CFU) assays to demonstrate rapid suppression (within 6 h) of bone 
marrow (BM) lymphoid (CFU-preB) and myeloid (CFU-GM) progenitor cells in 7, 12-
dimethylbenz(a)anthracene (DMBA) and benzo(a)pyrene (BP) treated C57BL/6 mice. The effects of 
BP are largely reversed with time (48-168 h), whereas those of DMBA increased. The duration of 
these changes were consistent with the blood levels of DMBA or BP and their metabolites following 
either IP or oral administration.  BP and DMBA treatments both resulted in sustained BM toxicity in 
mice expressing a PAH-resistant Ah Receptor (AhRd), suggesting that AhR activation is required to 
reverse the adverse effects of BP. Peripheral blood cell numbers were also reduced following DMBA 
or BP treatment. Reduction in blood cell numbers did not occur in Cyp1b1 null mice, indicating a 
requirement for extra-hepatic PAH bioactivation by Cyp1b1. Gene expression responses to DMBA 
showed constitutive activation of AhR linked genes in the BM adherent (stromal rich) cell fraction, 
whereas AhR linked genes needed to be induced by PAH treatment in the nonadherent cell fraction.  
BM adherent cell (stromal rich) gene responses to BP were more extensive than for DMBA, however 
AhR linked genes (Cyp1a1, Cyp1b1, AhRR, Spint1) responded equally to DMBA and BP. PAH 
treatment  also altered expression of several developmental genes (Spint1, Ankra2, Egr1, Epha5, and 
Nfatc3) identified as novel AhR targets. These AhR linked responses were reversed in BP treated 
AhRd mice, consistent with a requirement for AhR activation. BP treatment selectively increased gene 
expression of inflammatory factors (Cxcl2, Tnf, Cxcl10, Cox2 and IL1β) that are typically induced by 
oxidant-sensitive transcription factors. The absence of these inflammatory markers in AhRd mice 
suggests that AhR activation by BP mediates pro-oxidant signaling, that in turn may be required for 
restoration of CFU progenitor cell functionality. 
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4. Novel Computational Methods to Model CYP2C9. Matthew Danielson and Markus Lill. Purdue 
University, West Lafayette, IN  47907 
 
CYP2C9 is an important cytochrome P450 (CYP) isoenzyme involved in phase I drug metabolism and 
we aim to derive an in silico model capable of predicting site of metabolism and binding affinities of a 
diverse set of compounds interacting with CYP2C9.  One of the major challenges facing any attempts 
to model CYPs computationally is the inherent flexibility of these proteins.  To date, many 
computational tools are capable of addressing protein flexibility on the side-chain level, but limiting 
flexibility only to this level may not be sufficient to accurately predict properties of a diverse set of 
compounds known to interact with CYPs.  To further model protein flexibility, we have developed a 
novel computational concept that is capable of concomitantly predicting two interacting loop regions.  
Applying this concept to CYP2C9, we generate an ensemble of possible loop configurations and 
introduce potentially critical backbone and side-chain flexibility into our model.  Initial tests utilizing 
our method, combined with the newly released AutoDock Vina docking software, allows us to explore 
if the additional level of loop flexibility increases the accuracy of predicting site of metabolism and 
binding affinities of compounds interacting with CYP2C9. 
 

5. Unexpected Hormonal Activity of a Catechol Equine Estrogen Metabolite Reveals 
Reversible Glutathione Conjugation.  Kuan-Wei Peng, Minsun Chang, Yue-Ting Wang, Zhican 
Wang, Zhihui Qin, Judy L. Bolton, and Gregory R. J. Thatcher. 
 
The major phase I metabolite of equine estrogens, 4-hydroxyequilenin (4-OHEN) may elicit hormonal 
carcinogenesis at estrogen receptors, and chemical carcinogenesis via its autoxidation product 4-
OHEN quinone. In cell culture, 4-OHEN quinone is anticipated to be trapped and detoxified by cellular 
GSH. However, formation of the quinone-GSH conjugate was observed to be reversible in the 
presence of NADPH. 4-OHEN was regenerated from mono-GSH quinone conjugate at a rate 
dependent on NADPH concentration. A SNAr-like addition-elimination mechanism is proposed for this 
reaction, providing a reasonable explanation for the observed inability of thiols to attenuate the 
estrogenic potency of 4-OHEN in MCF-7 cells. Thiol exchange of GSH in quinone-GSH conjugates in 
the presence of other thiols was also observed. Thiol exchange with protein thiols can be expected. 
These observations urge us to reconsider the conventional knowledge of GSH detoxification: trapping 
by cellular thiols may not terminate estrogen-dependent carcinogenesis attributed to 4-OHEN. 
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6. In Vitro Study of the Impact of the Allelic Variants of Deoxycytidine Kinase (DCK) on the 
Formation of dFdCMP from Gemcitabine (dFdC) and of dFdUMP from dFdU. Jessica A. 
Roseberry Baker, Olukayode A. Oluyedun, Barbara J. Ring, Steven A. Wrighton, and Yingying Guo. Eli 
Lilly and Company, Indianapolis, IN  46285. 
 
Gemcitabine (dFdC), a nucleoside anticancer drug, is phosphorylated by deoxycytidine kinase (DCK) 
to the monophosphate (dFdCMP), which is eventually converted to the triphosphated form which is 
incorporated into the DNA.  DCK is the rate-limiting enzyme in the metabolic activation of nucleoside 
analogs including gemcitabine.  Thus purified, recombinant DCK wild type (WT) and 3 allelic variants 
were utilized to assess whether DCK pharmacogenomics may play a role in gemcitabine response.  
Kinetically, variants DCK24Val and DCK122Ser had lower Km values, 71% and 67%, respectively, than 
that of DCK-WT, and variant DCK122Ser had a 54% lower Vmax than DCK-WT.  The Clint values for the 
DCK119Gly and DCK122Ser conversion of dFdC to dFdCMP were within 18% of DCK-WT value; 
however the Clint for DCK24Val exhibited a nearly 2-fold increase over WT.  The kinetic profile of 
dFdU to dFdUMP conversion by DCK-WT was also evaluated.  The apparent Clint value of 0.027 
mL/min/mg was significantly lower than the Clint of DCK-WT (491.9 mL/min/mg) for dFdCMP 
formation.  These data suggest that carriers of DCK I24V may have a higher Clint than WT individuals 
towards formation of dFdCMP from dFdC.  In conclusion, these results suggest I24V carriers may 
have a higher Clint than non-carriers, but the in vivo relevance may be influenced by DCK expression 
levels and drug exposure levels in tumor cells.  In addition, DCK is not suggested as a physiologically 
relevant enzyme for biotransformation of dFdU to dFdUMP. 

7. Design of a Non-Acidic Sulfaphenazole Analog demonstrating High Intrinsic Clearance by 
Canine CYP2C21.  Charles Locuson, Denis Billen, and Julie White. Pfizer, Kalamazoo, MI  49006. 
 
Unlike human CYP2C9, non-human CYP2C enzymes do not appear to preferentially bind and 
metabolize anionic drugs.  Using analogs of sulfaphenazole, the effect of an acidic sulfonamide group 
on apparent affinity and turnover rates was characterized with canine CYP2C21.  Blocking the 
sulfonamide with a methyl group increased the intrinsic clearance by CYP2C21 >100-fold and 
decreased Km.  Furthermore, CYP2C21 demonstrated selectivity for formation of the benzylic 
hydroxylation product and a high estimated fm,CYP value.  The findings suggest that canine CYP2C21, 
unlike human CYP2C9, does not derive ligand binding affinity from an anion binding interaction with 
sulfaphenazole analogs. 
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8. Prediction of Drug-Drug Interactions Caused by Inhibition of CYP3A Using Human 
Hepatocytes Suspended in Human Plasma. Jialin Mao, Michael A Mohutsky, John P Harrelson, 
Shane M Lowery, Jeffrey M Weber, Steven A Wrighton, and Stephen D Hall. Lilly Research 
Laboratories, a Division of Eli Lilly and Company, Lilly Corporate Center, Indianapolis, Indiana (J.M., 
M.A.M., S.M.L., J.M.W., S.A.W., S.D.H.); School of Pharmacy, Pacific University, Forest Grove, Oregon 
(J.P.H.). 
 
Cryopreserved human hepatocytes suspended in human plasma (HHSHP) may represent an 
integrated metabolic environment for predicting drug-drug interactions (DDIs).  In this study, 13 
CYP3A reversible and time-dependent inhibitors (TDI) were incubated with HHSHP for 20 min over a 
range of concentrations after which midazolam hydroxylation was used to measure CYP3A remaining 
activity. This single time point method yielded IC50 values for the 13 CYP3A inhibitors. For each 
CYP3A inhibitor/drug pair modeled, the IC50 value was combined with total average plasma 
concentration of the inhibitor, fraction of the affected drug cleared by CYP3A, and intestinal 
availability of the affected drug to predict the ratio of exposure of the drug in the presence and 
absence of  inhibitor. Of 52 clinical DDI studies in the literature, 83 % were predicted by this method 
within 2- fold of the observed change and all were within 3-fold. Subsequent studies to determine 
mechanism (reversible and TDI) were performed by using a range of incubation times and inhibitor 
concentrations.  This system differentiated between reversible inhibitors, TDIs and the combination 
of both.  When Ki or/and KI plus Kinact were incorporated to the models, 67 % of 52 clinical DDIs 
were predicted within 2-fold of the observed changes and 85% were within 3-fold.  These results 
indicate that HHSHP appear to be a valuable system for the prediction of CYP3A DDIs. These 
predictions may be made utilizing an IC50 determined at a single time point regardless of the 
inhibition mechanism, and if needed, mechanism can be explored. 
 

9. Investigation of Ultra-High Clearance and Elimination Mechanism in Rat for an Inhaled 
Drug Candidate. Bruce R. Heyde, Faith M. Hartsfield, Lesley A. Albin, Steve P. Wene, Anup Zutshi, 
Jenny Zheng and Yiding Hu.  Pharmacokinetics, Dynamics & Metabolism, Pfizer Global Research & 
Development, St. Louis Laboratories, St. Louis, MO 63017. 
 
The advantage of an inhaled drug to treat pulmonary diseases is the lung focused efficacy and 
minimized side effects associated with systemic exposure.  The desired drugability profiles consist of 
prolonged lung retention, high systemic clearance and low bioavailability.  Microsomal stability assay 
is used to screen and select lead compound in drug discovery for inhaled therapy.  However, a series 
of in vitro metabolically stable compounds (1 and 2) had ultra-high clearance (CL ~150 mL/min/kg) 
and large volume of distribution (Vdss ~5L/kg) in rat following i.v. bolus administration, 
demonstrating a disconnected correlation between in vivo and in vitro data.   This presentation 
investigated the clearance of this series of compounds in rat via i.v. bolus vs. i.v. infusion, plasma vs. 
PEG-based formulation and 5 min vs. 2 min initial sampling time point post dose administration.  
Based on iv infusion, the true clearance for this compound is moderate with a fast distribution phase 
at early time (<5 min) which resulted in the missing AUC and erratic high clearance from iv bolus 
with 5 min as the first sampling time.  The clearance mechanism of this series of compounds is 
transporter mediated biliary excretion. 
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10. Multiple Metabolic Pathways Mediated by CYP3A4 and CYP2C8 for A Tricyclic Series – 
Minimizing Potential Clinical DDI Risk via Rational Drug Design. Yiding Hu, Shengtian Yang, 
Barclay Shilliday, Faith Hartsfield, John Walker and Li Xing.  Pharmacokinetics, Dynamics & 
Metabolism, Pfizer Global Research & Development, St. Louis Laboratories, St. Louis, MO 63017. 
 
Drug-drug interactions (DDI) and subsequent side effects have occurred on a variety of drugs which 
are mainly due to a single clearance elimination route mediated by metabolizing enzyme such as 
CYP3A4.  The rational design of molecules with multiple clearance mechanisms in drug discovery 
could minimize the potential clinical DDI risk.  In this work, P450 phenotyping led to the discovery of 
dual clearance pathways mediated by CYP3A4 and CYP2C8 for a tricyclic series. Structure-activity-
relationship (SAR) was elucidated through the incorporation of a thiazole moiety to replace a phenyl 
group. The key structure elements for multiple clearance mechanisms have been identified via 
metabolite identification using LC/MS and NMR. It was found that CYP3A4 mainly catalyzed the 
aliphatic oxidation on the partially saturated phenanthrene region.  In contrast, CYP2C8 reacted on 
thiazole, the resulting intermediate was further broken down to a unique metabolite with the total 
loss of the thiazole moiety.  In silico predictions using substrate docking in CYP3A4 / CYP2C8 crystal 
structures combined with reactivity calculations for different metabolic sites of the substrate yield 
consistent results with the experimental data. Insights into understanding the mechanisms of multiple 
CYP metabolisms are gained from theoretical studies. This work demonstrates a rational approach to 
mitigating potential DDI risk in early discovery. 
 

11. The Determination of the Structure and Docking Confirmations of Clopidogrel in 
Cytochrome P450 2C19. Patrick Kane and Dr. Pete Tandler. Walsh University, North Canton, OH  
44720. 
 
Cytochrome P450 2C19 (CYP2C19) is a member of the cytochrome P450 family and is an involved in 
the elimination of many drugs.  Cytochrome P450 2C19 is also of importance because it is 
polymorphic and the alleles have been associated with impaired enzymatic activity toward S-
phenytoin, tolbutamide, and clopidogrel.  Much of the recent interest in CYP2C19 can be attributed to 
the wide intersubject variability of clopidogrel to inhibit ADP-induced platelet aggregation.  It is 
believed that the CYP2C19*2 genetic variant may be the reason for this variation.  Our objective in 
this study is to build homology models for common CYP2C19 variants using the crystal structure of 
CYP2C9 and examine their implication on the CYP2C19 structure and binding of clopidogrel. 
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12. Formation of Mutagenic Tricyclic Aniline Metabolite in Preclinical Species and Prediction 
for Human Safety. Yiding Hu, Faith Hartsfield, Bruce Heyde, Mollisa Elrick, Steve Wene, Lesley 
Albin, David Thompson and Jenny Zheng.  Pharmacokinetics, Dynamics & Metabolism (PDM), Pfizer 
Global Research & Development, St. Louis Laboratories, St. Louis, MO 63017. 
 
Aniline is a known structure alert which could potentially cause toxicity via metabolic bioactivation.  
One of the aniline bioactivation pathways is via nitrenium / nitroso reactive intermediates, which is 
capable of covalently binding to biological molecules, such as DNA to cause mutagenicity and 
carcinogenicity (Figure 1).  The core structure of a drug discovery lead series contains an amide 
functional group.  Cleavage of the amide bond by an esterase or amidase can lead to a potentially 
reactive tricyclic aniline metabolite.  Positive result was obtained from the Biolum Ames mutagenicity 
assay for the aniline metabolite.  This prompted the investigation if this aniline metabolite would form 
and how to assess its risk to human safety from the aniline metabolite exposure.  Compound 1, 2 and 
3 were dose to S.D. rats at 1 and / or 5 mg/kg via i.v. administration.  Aniline metabolite (4) was 
detected from all compounds in the plasma, indicating the in vivo formation of the mutagenic 
metabolite. Further in vitro metabolism studies were performed to identify the enzyme or metabolic 
pathway responsible for aniline formation using normal and diseased rat or human subcellulous 
fractions.  The aniline metabolite was generated significantly from compound 1 with rat whole blood 
and rat liver S9 fractions.  Incubation of S9 fractions of human lung did not show aniline formation 
from either compound 1 or 2.  To determine if genotoxic impurity guidelines (< 1.5 µg/day) could be 
met, PK modeling of compound 1 was used to predict the levels of aniline metabolite exposure a 
patient would experience during the course of treatment with an potential drug.  Modeling predicted 
12 ug/day aniline metabolite exposure, which exceeds the genotoxic criteria of < 1.5ug/day.  
Alternatively, modification on the aniline core structure could eliminate the mutagenicity.  These 
studies provide the tools necessary to make safety assessments for drugs potentially generating 
mutagenic metabolites, and the approach to mitigate such issues in drug discovery. 
 

13. NADPH-Dependent and NADPH-Independent Metabolic Activation Mechanism for 2,5-
Diamino Substituted Thiophene Derivatives Mediated by Microsomal Enzymes.  Yiding Hu, 
Yiqun Zhang, F Barclay Shiliday, Shengtian Yang, Fengmei Hua, Jin Xie, David C Thompson, and 
Dalvie Deepak. 
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14. Evaluation of Drug Disposition Using Transgenic Animal Models and Quantitative Whole 
Body Autoradiography.  D. Draganov1, T. Johnson1, C. Knecht1, J. Godsey1, Megan MacBride2, D. 
Sved1, and C. Chengelis1.  1WIL Research Laboratories, LLC, Ashland, OH, 2Taconic, Hudson, NY. 
 
The important role of membrane transporters in drug absorption and disposition, therapeutic efficacy 
and adverse drug reactions as well as for drug-drug interactions is well recognized.  The identification 
of the membrane transporters that influence the disposition and safety of drugs in development is a 
major challenge in preclinical drug evaluation.  In vivo animal models are important tools to 
investigate the interplay between uptake/efflux transporters and metabolizing enzymes and the 
relative importance of each transporter or enzyme considering overlapping substrate specificity.  
 
In this paper we demonstrate the utility of using transgenic mice lacking efflux transporter gene(s) 
and quantitative whole body authoradiography (QWBA) to study the role of the individual 
transporters in the disposition and elimination of a radiolabeled drug.  Wild type (wt) FVB mice and 
ABC knock-out (KO) mice on FVB background (Mdr1a/b-/-, Bcrp-/-, and Mrp2-/-) were provided by 
Taconic (Hudson, NY).  14C-Taxol was selected as a probe and the brain as a primary target organ.  
The time course of plasma and tissue distribution of 14C-taxol equivalents was determined first, and 
based on the results two time points (6 and 24 hours post dosing) were selected for comparison of 
14C taxol distribution in the wt and KO mice.  At both evaluation time points, higher than the wt 
concentrations of 14C-taxol equivalents in the brain were observed for the Mdr1a/b-/- mice (10- to 20-
fold difference at 6 hours post-dosing and 60- to 200-fold difference at 24 hours post dosing), but 
not for the Bcrp-/- and Mrp2-/- mice. This proof of concept study demonstrated the utility of using 
transgenic mice models and QWBA for elucidation of the role of individual transporters in drug 
disposition. 
 

15. Quantitation of Human UGT1A1 in Liver Microsomes Using Stable Isotope-Labeled 
Peptides and Mass Spectrometry Based Proteomic Approaches.  Chitra Sridar1, Imad Hanna2, 
Paul F. Hollenberg1. 1Department of Pharmacology, University of Michigan, Ann Arbor, Michigan 
48109. 2Novartis, East Hanover, NJ. 
 
This report describes an approach for the identification and accurate quantitation of human UGT1A1 
from liver microsomes using liquid chromatography/mass spectrometry/mass spectrometry 
(LC/MS/MS) analysis of protein digests. To achieve this, a stable isotope labeled (SIL) peptide was 
synthesized of a unique peptide spanning residues 54-69 in exon 1 of the human UGT1A1 protein. 
The peptide sequence was the same as that of the parent peptide except it was in the reverse order 
of the human peptide with the label in the amino acid arginine (13C615N4 RIYLSADPALVVIEHG) 
resulting in an increase in the mass of the SIL peptide of 10 amu i.e. 1753 to 1763. The synthesized 
peptide was then quantitated using electrospray LC-MS by injecting increasing concentrations of the 
peptide into the LC-MS to obtain a standard curve. The labeled peptide was then used as the 
standard to quantify the levels of UGT1A1 in supersomes and human liver microsomal samples 
obtained from BD Biosciences. The method involves in-solution tryptic digestion, HPLC-MS analysis on 
a LCQ-Deca XP ion trap mass spectrometer and sequence determination using the Sequest MS/MS 
application. 
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16. Structural Comparison of Human Cytochromes P450 2A13 and 2A6 with Physiologically 
Relevant Ligands Nicotine and 4-(Methylnitrosamino)-1-(3-Pyridyl)-1-Butanone (NNK).  
Natasha M. DeVore and Emily E. Scott. University of Kansas, Lawrence, KS  66047. 
 
Cytochrome P450 enzymes are responsible for the phase I metabolism of chemically diverse 
xenobiotic compounds.  Human cytochromes P450 from the CYP2A family are responsible for the 
metabolism of nicotine and the nicotine-derived procarcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK).  Although CYP2A13 and CYP2A6 can both metabolize these compounds, CYP2A13 
does so with much higher binding affinity and catalytic efficiency.  In order to better understand the 
differences in CYP2A metabolism, we determined crystal structures of both CYP2A13 (3.2 Å) and 
CYP2A6  (2.8 Å) with nicotine.  These structures of CYP2A6 and CYP2A13 with nicotine in the active 
sites provide the first direct structure comparison of CYP2A6 and CYP2A13 with the same ligand.  In 
addition, we determined the crystal structure of CYP2A13 with NNK (2.8 Å).  These three structures 
verify the importance of specific active site amino acids in ligand orientation and interaction.  In 
addition to the ligand-bound CYP2A13 molecules which adapt a closed conformation, the CYP2A13 
crystals also contained CYP2A13 molecules without ligand that adopt a novel open conformation.  
These open molecules reveal an ~2 Å movement of the F and G helices to open a channel from the 
active site to the solvent-exposed surface of the protein.  We hypothesize that this channel may be a 
means by which ligands can enter or exit from the otherwise enclosed active site.  Thus, structures of 
human cytochromes P450 2A structures provide valuable structural information about both ligand 
access/egress and substrate selectivity. 
 

17. Hsp70 and Hsp90 Chaperone Machinery Modulates the Ubiquitination of Suicide 
Inactivated Neuronal Nitric Oxide Synthase.  Hwei-Ming Peng, Yoshihiro Morishima, and Yoichi 
Osawa.  Department of Pharmacology, The University of Michigan Medical School, Ann Arbor, MI 
48109. 

Neuronal NO synthase (nNOS) is known to be ubiquitinated by Hsp70-dependent E3 ubiquitin ligase 
CHIP and proteasomally degraded. The metabolism-based inactivation of nNOS as well as the 
inhibition of Hsp90 leads to enhanced proteasomal degradation of nNOS. We have recently proposed 
a model of nNOS triage that involves opposing actions of Hsp90 and Hsp70 chaperones, with Hsp90 
inhibiting and Hsp70 promoting CHIP-mediated ubiquitination in vitro. In the current study, we found 
that the metabolism-based inactivation of nNOS by NG-amino-L-arginine in HEK293 cells stably 
expressing nNOS causes increased association of Hsp70 and CHIP with nNOS, and results in an 
increase in the ubiquitination of nNOS. The ubiquitination of nNOS and association of Hsp70 and 
CHIP decreases when the cells are treated with the slowly reversible inhibitor, NG-nitro-L-arginine, 
but not the inactive D-isomer, confirming that the active site cleft is important in regulating nNOS 
ubiquitination. Transient overexpression of Hsp90, but not Hsp70, increases nNOS protein levels in 
intact HEK293T cells. Furthermore, the co-transfection of Hsp70 with nNOS, CHIP, and ubiquitin 
greatly enhances nNOS ubiquitination whereas the co-transfection of Hsp90 suppresses nNOS 
ubiquitination. We also show that treating cells overnight with the Hsp70 inhibitor, pifithrin-μ, greatly 
diminishes the ubiquitination of nNOS, consistent with the role of Hsp70 in recognizing labilized nNOS 
and directing the selective ubiquitination of nNOS. Several other potential NOS-interacting proteins 
were identified by immunoprecipitation and LC/MS/MS analysis that may further elucidate the 
machinery regulating the ubiquitination of inactivated nNOS. Supported by NIH Grants GM077430 
and DA022354. 
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18. Lung Cancer Chemoprevention: Selective Inhibition of Cytochrome P450 2A13. Linda Blake 
and Emily Scott. Department of Medicinal Chemistry, University of Kansas, Lawrence, KS  66047. 
 
Lung cancer is the leading cause of all cancer related deaths and results in 1.4 million deaths 
annually.  One of the major contributors to lung cancer is tobacco use, which accounts for 90% of all 
lung cancer deaths.  The nicotine derivative 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is 
one of the most prevalent and pro-carcinogenic compounds in tobacco.  NNK is not carcinogenic itself 
but is selectively activated by human cytochrome P450 2A13 (CYP2A13) to form two diazonium 
metabolites that are then able to form DNA adducts.  While cytochromes P450 can be found in 
various tissues throughout the body, CYP2A13 is located in the respiratory tract where NNK-derived 
adducts can result in lung cancer.  CYP2A13 has multiple substrate overlaps with the 93.5% identical 
hepatic cytochrome P450 2A6 (CYP2A6).  CYP2A6 does not efficiently metabolize NNK but does 
metabolize other xenobiotic compounds.  Thus a selective inhibitor of CYP2A13 could be used to 
prevent CYP2A13-mediated DNA damage in tobacco users.  High throughput screening was used to 
identify the 4-benzylmorpholine scaffold that can be modified to selectively inhibit CYP2A13.  A small 
library of benzylmorpholine compounds was evaluated for differential ligand binding (Kd) and 
inhibition of human cytochrome P450 2A enzymes.  Examination of these results has not only 
revealed selective compounds but has also provided insight into the structure activity relationships of 
these compounds.  In addition, docking studies were performed, and the resulting ligand orientations 
corresponded with observed spectral ligand binding data.  Attempts to obtain a more definitive view 
of the interactions between CYP2A13 and a 4-benzylmorpholine compound with a co-crystal structure 
are ongoing but have thus far proven unsuccessful.  These results indicate that 4-benzylmorpholine 
compounds are selective CYP2A13 inhibitors that could be used as a novel chemopreventative 
method in the reduction of lung cancer resulting from NNK-related DNA damage in tobacco users. 
 

19. Reduction of N-oxides to Amines by Liver Enzymes and Hemoglobin.  Jialin Mao, Michael D. 
Serby, Thomas C. Custer, and Anthony J. Lee.  Abbott Laboratories, Abbott Park, IL   60064. 
 
Tertiary amines are known to be oxidized to their corresponding N-oxides in vitro and in vivo, some 
of which have shown toxicological responses. The in vivo reduction of N -oxides to the parent 
compounds makes the explanation of the pharmacokinetic data and in vitro/in vivo correlation more 
difficult. Therefore, better understanding of in vitro reduction of N -oxides is of interest. Twelve N -
oxides with various structural subgroups (tertiary acyclic, cyclic and heteroaromatic amines) were 
tested under aerobic or anaerobic incubation conditions with human or dog liver microsomes or 
human hemoglobin. Isoquinoline N -oxide was not reduced under any of the conditions, but all of the 
other N -oxides tested were reduced to their corresponding amine under anaerobic liver microsomal 
incubations. Under aerobic conditions, only tamoxifen N -oxide and compound 1 were reduced to 
amines following incubation with human/dog liver microsomes. After incubation with human 
hemoglobin, only tamoxifen N -oxide was reduced to its corresponding amine. Semi-quantitative 
experiments with six N -oxides indicated that human liver microsomes are likely more efficient to 
reduce the N -oxides to amines compared with dog liver microsomes. 
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20. Effects of a Commonly Occurring Genetic Polymorphism of Human CYP3A4 (Ile118Val) 
On the Metabolism of Anandamide.  Matthew Pratt-Hyatt, Haoming Zhang, Natasha T. Snider, 
and Paul F. Hollenberg.  Department of Pharmacology, University of Michigan School of Medicine, 
Ann Arbor, Michigan. 
 
The endocannabinoid system plays an important role in numerous physiological processes including 
mood, appetite, and pain-sensation.  A critical compound in maintaining cannabinoid tone is the 
endocannabinoid anandamide (AEA).  We have recently shown that AEA is metabolized by several 
different human cytochrome P450s (P450) to form a number of metabolites; one of which exhibits an 
increased biological activity. CYP3A4, one of the major P450s involved in the metabolism of AEA, 
produces four major metabolites.  One of these metabolites, 5,6 epoxyeicosatrienoic acid 
ethanolamide (5,6-EET-EA), exhibits a much higher affinity than AEA for the cannabinoid 2 receptor 
(CB-2) and leads to a marked decrease in intracellular cAMP levels in cells expressing CB-2.  There 
are multiple human alleles of CYP3A4 and the*4 allele has been shown to exhibit a significant 
decrease in activity.  Recombinant CYP3A4*4 was expressed in E.coli, and was demonstrated to 
produce 60% less 6-OH-testosterone than the wild type 3A4 (WT) in a reconstituted system.  The 
metabolism of AEA by the WT and the *4 variant were investigated.  The mutant produced 60% less 
of the four EET-EA metabolites than the WT.  The mutant also produced a new peak on LC-MS not 
seen with the WT that corresponded to 19-HETE-EA.   In addition, the mutant produces four novel 
peaks at m/z 380, which correspond to the addition of 2 oxygen atoms, possibly to form a peroxide 
bond.  These data indicate that individuals expressing the CYP3A4*4 allele may exhibit significant 
variations in the metabolism of AEA as well as any other compounds resembling AEA.    
 

21. Thr302 of Human CYP2B6 is the Site for the Covalent Modification by tert-
Butylphenylacetylene leading to Mechanism-based Inactivation.  Hsia-lien Lin, Haoming 
Zhang, Matthew J . Pratt-Hyatt, and Paul F. Hollenberg.  Department of Pharmacology, University of 
Michigan, Ann Arbor, Michigan 48109. 
 
The mechanism-based inactivation of human cytochrome CYP2B6 (2B6) by tert-butylphenylacetylene 
(BPA) in the reconstituted system was investigated. The inactivation of 2B6 by BPA is time-, 
concentration- and NADPH-dependent and exhibits a KI of 2.8 μM, a kinact of 0.7 min-1 and a t1/2 of 1 
min. The partition ratio is ~5. Incubation of 2B6 with 10 μM BPA and 2 mM GSH for 10 min resulted 
in ~80% loss of catalytic activity and the formation of an apoprotein adduct and glutathione 
conjugate. The mass increases for the BPA-adducted apoprotein and the GSH conjugate were 174 
Da, equivalent to the mass of BPA plus one oxygen atom. In order to identify the adducted residue, 
BPA-inactivated 2B6 was digested with trypsin and the digest was then analyzed by LC-MS/MS. A 
mass shift of 174 Da was used for the SEQUEST database search and the identity of modified residue 
was confirmed by MS/MS fragmentation of the modified peptide. Two residues, Lys274 and Thr302, 
were identified by LC-MS/MS analysis. Further mutagenesis studies have demonstrated that the 
inactivation by BPA was essentially abolished in the Thr302 to Val mutant, but not in the Lys274 to 
Val mutant.  Docking of BPA into 2B6 active site supports this experimental result. In conclusion, 
Thr302 is covalently modified by a reactive metabolite of BPA and this modification is responsible for 
the mechanism-based inactivation (Supported in part by NIH grant CA 16954 to PFH). 
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22. Measuring SNO-Storms in Neuronal Cells: A New Mass Spectrometry Based Method for 
Quantifying S-Nitrosylation Identifies Potential Therapeutic Targets of 
Neurodegeneration.  Vaishali Sinha, Gihani T. Wijewickrama, R. Esala P. Chandrasena, Isaac T. 
Schiefer, and Gregory R. J. Thatcher.  University of Illinois at Chicago, Chicago, IL  60612. 

Protein S-nitrosylation has been argued to rival NO/cGMP signaling in 
mediating the bioactivity of NO. This post-translational modification 
of protein thiols is the result of chemical nitrosation of cysteine 
residues. The Biotin Switch (BST) methodology introduced by Jaffrey 
et al. has been central in the detection of protein S-nitrosation. In 
concert with LC-MS/MS chromatography, the standard BST has the 
potential to identify nitrosated proteins, the number of which 
detected may run to the hundreds in cell culture studies.  However, 
the extent of cysteine modification in these proteins could be low and 
insufficient to lead to altered protein function. The objective of the 
present research was to answer the question: can we quantitate the 
percentage of a critical protein thiol that is nitrosated by NO donor 
drug? Can we differentiate between NO donor drugs (routinely used 
in chemical biology and drug discovery) which have different 
chemistry but are often treated equivalent? The d-Switch method 
developed to answer these questions is complementary to BST, does 
not use proprietary reagents and is generalizable in cell culture. Since 
glutathione-S-transferase P1-1 (GST-P1) has been proposed to be a 
biological carrier of NO, GST-P1 was used as a reporter protein in this 
study. The low limits of detection, low protein loss, and the ability to 
use established MS database searching allows facile generalization of 
the d-Switch method. Initial study with recombinant protein showed 
that d-Switch technique combines sensitivity with accuracy, as 
evidenced by the low variance and the ability to discriminate quantitatively between NO donors in 
nitrosation, which was not possible using BST analysis. To test the utility of this method in cell 
culture, SH-SY5Y neuroblastoma cell culture was treated with CysNO. After d-switch treatment, the 
gel band corresponding to GST-P1 was subjected to in-gel tryptic digestion followed by LC-LTQ-
FTICR analysis.  Approximately, 100 other proteins were identified with acceptable coverage; of 
these, 8 were unambiguously identified by d-Switch to be nitrosated after treatment with CysNO ; 3 
of which showed < 10% nitrosation.  Of the remaining 5 proteins, ubiquitin carboxyl-terminal 
esterase L1 (UCHL1) and PARK7 protein DJ-1, both nitrosated at two cysteine residues, deserve 
comment.  UCHL-1 has been identified as a major target of oxidative stress contributing to 
neurodegeneration, like Parkinson’s and Alzheimer’s diseases, at least in part by oxidation of cysteine 
residues, but nitrosation has not been previously noted. DJ-1 has also been implicated in mediating 
oxidative stress in Parkinson’s, furthermore nitrosation of key cysteine residues has been reported.  A 
combination of cysteine mutants and BST was not able to differentiate between Cys46 and Cys 53 
nitrosation, however, d-Switch quantitatively revealed the degree of nitrosation: 29% and 56%, 
respectively. The  generalization  of  d-Switch  to quantitation  of  nitrosated  and  non-nitrosated  
cysteine  residues  in  cell  culture  makes  this  method  a valuable complement to published BST 
methods and makes it an attractive tool for future therapeutics. 
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23. Probing Cytochrome P450 – Cytochrome P450 Reductase Interactions.  Cesar Kenaan, 
Haoming Zhang, Erin V. Shea and Paul F. Hollenberg.  Chemical Biology Doctoral Program and 
Department of Pharmacology, The University of Michigan, Ann Arbor, MI  48109. 
 
Cytochrome P450 (CYPs or P450) mediated drug metabolism requires the interaction of P450s with 
their redox partner cytochrome P450 reductase (CPR). We have uncovered novel roles for the 
proximal surface exposed residues V267 and L270 of P450 in mediating P450-CPR interactions and 
our study challenges the notion that charged residues alone occupy the binding interface. Using a 
unique combination of kinetic and non-kinetic methods to dissect the roles of individual amino acid 
residues in protein-protein interaction we have demonstrated the basis for these findings. To study 
P450-CPR interactions, a single reactive cysteine on CYP2B4 was introduced into each of 8 
strategically selected surface exposed positions distributed on regions proximal and distal to the 
heme. Each cysteine was modified by reaction with flourescein-5-maleimide (FM) because FM 
combines an environmentally sensitive fluorescent probe (fluorescein) with the high labeling 
specificity of the maleimide group. The P450-FM variants were each incubated with a 40-fold excess 
of CPR and the emission maximum and intensity were measured for each cysteine variant, thus 
allowing us to map the binding interface. Furthermore, the intrinsic KM values of the P450 variants 
for CPR were measured and stopped-flow spectroscopy was used to determine the intrinsic kinetics 
and extent of reduction of the ferric P450 mutants to the ferrous P450-CO adduct by CPR. A 
comparison of the results from these three approaches reveals that the sites with the greatest 
changes in fluorescence intensity are also associated with the greatest increases in the KM values of 
the P450 variants for CPR and with the greatest decreases in the rates and extents of reduced P450-
CO formation. Our study highlights the power of combining stopped-flow and fluorescence 
spectroscopy, site-specific mutagenesis and steady-state kinetics in characterizing the interactions 
between P450s and its reductase and investigating the roles of selected amino acid residues in these 
interactions.    
 
This work was supported, in whole or in part, by National Institutes of Health Grant CA16954 (to P. F. 
H.). 
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24. Mechanism-Based Inactivation of Cytochrome P450 2B6 by Clopidogrel leads to Covalent 
Modification Of Cysteinyl Residues.  Hemali Amunugama, Haoming Zhang, Nyemade Cooper*, 
and Paul F. Hollenberg. Pharmacology Department, The University of Michigan Medical School, Ann 
Arbor, MI 48109 and *Chemistry Department, Kalamazoo College, Kalamazoo, MI 49006 
 
Clopidogrel is an anti-coagulant prodrug that requires metabolic biotransformation by a number of 
cytochromes P450 (CYPs) including CYP2B6. The CYP-catalyzed bioactivation of clopidogrel involves 
two sequential steps: 1) oxidation of clopidogrel to 2-oxo clopidogrel and 2) oxidation of 2-oxo 
clopidogrel to a thiol-containing active metabolite (Dansette et al 2009) . Clopidogrel is also a potent 
mechanism-based inhibitor of CYP2B6 and it has been proposed that the labile thiol group of the 
active metabolite is responsible for the inactivation of CYP2B6 (Richter et al 2004). In this study, we 
have investigated the mechanism-based inactivation of CYP2B6 wild type (WT) and three Cys 
variants (C152S, C180S, C475S) by both clopidogrel and 2-oxo clopidogrel.  
 
Both clopidogrel and 2-oxo clopidogrel inactivate CYP2B6 WT in a time- and concentration-dependent 
manner.  Analyses of the molecular masses of the CYP2B6 WT that had been inactivated by 
clopidogrel or 2-oxo clopidogrel showed the formation of protein adduct with CYP2B6.  The mass 
increase of ~350 Da corresponds to the addition of the active metabolite to CYP2B6 via a disulfide 
bond.  This adduct can be cleaved from CYP2B6 by incubation with dithiothreitol, confirming that the 
active metabolite is linked to CYP2B6 through a disulfide bond. In contrast, incubation of the variant 
C475S with 2-oxo-clopidogrel under the same conditions as used for the WT does not lead to loss of 
the catalytic activity and the adduct formation is significantly less, indicating that C475 is the primary 
target for the adduct formation. However, the C475→S mutation has little effect on mechanism-
based inactivation by clopidogrel. Furthermore, the inactivation of CYP2B6 WT and three Cys variants 
leads to the loss of the heme, whereas the inactivation by 2-oxo clopidogrel does not. These results 
demonstrate that the mechanism-based inactivation of CYP2B6 by clopidogrel may involve more than 
one mechanism; one involves covalent modification of C475 and the other leads to loss of heme. 
(supported in part by NIH grant CA-16954) 
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25. Cytochrome P450 Oxidoreductase and Cytochrome b5 Genotypes Modulate Human Liver 
CYP Enzyme Activities.  Ranjit K. Thirumaran, Potukuchi P, Emma Jarvis and Erin Schuetz.  
Department of Pharmaceutical Sciences, St. Jude Children’s Research Hospital, Memphis, TN.  
 
The microsomal flavoprotein Cytochrome P450 oxidoreductase (POR) is the required electron donor 
to all microsomal CYP enzymes, which catalyze the biosynthesis of steroids, fatty acids, and bile 
acids, as well as metabolism of more than 80% of prescription drugs. Also, the addition of 
exogenously purified human cytochrome b5 (CYB5) to membranes containing CYPs further enhances 
CYP3A4 and CYP2Cs activities. The second electron for completing the CYP catalytic cycle can come 
from b5 and it can serve as an allosteric modulator, promoting optimal interaction between POR and 
CYP to enhance electron flow, or promote facile breakdown of the CYP-substrate intermediate in the 
catalytic cycle. However, the extent to which POR and CYB5 genetic variation contributes to 
variability in human CYP activity is unknown.  The aim of our study is to identify polymorphisms in 
POR and CYB5 affecting hepatic CYP mRNA expression and activity and the mechanistic basis for the 
effect of individual polymorphisms on CYP phenotypes. We genotyped 46 & 18 common sequence 
variations across the POR gene and CYB5 gene and determined their effect on eight human drug 
metabolizing CYP activities in 164 human liver microsomes. The human liver samples were 
phenotyped for eight drug metabolizing P450 enzyme activities using model substrates: CYP1A2 
(phenacetin), CYP2A6 (coumarin), CYP2B6 (bupropion), CYP2C8 (paclitaxel), CYP2C9 (tolbutamine), 
CYP2C19 ((S)-mephenytoin), CYP2E1 (chloroxazone) and CYP3A4 (testosterone and midazolam). 
Eight POR polymorphisms, including many intronic variants, were significantly associated with one or 
more drug oxidation activities. Seven POR variants in Caucasians significantly affected 1’-OH 
midazolam hydroxylase / testosterone 6beta-hydroxylase activities, two markers of CYP3A4 activity. 
Twelve CYB5 polymorphisms were significantly associated with one or more drug oxidation activities. 
Five CYB5 polymorphisms significantly affected 1’-OH midazolam hydroxylase and testosterone 6beta-
hydroxylase activities, two markers of CYP3A4 activity and seven CYB5 polymorphisms significantly 
affected CYP2Cs activities. Investigations into possible mechanistic explanations demonstrating how 
POR variants affect POR mRNA processing are in progress. Our results identified human POR and 
CYB5 genetic polymorphisms significantly associated with CYP-catalyzed drug metabolism. Whether 
POR and CYB5 can prove to be a predictive pharmacogenetic factor will depend on in vivo validation 
studies. Our data provide a basis for further studies towards inclusion of POR and CYB5 
polymorphisms in pharmacogenomic strategies. 
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26. Probing the Recognition Signal for Ubiquitination of Suicide-Inactivated Neuronal Nitric 
Oxide Synthase with a C331A Mutant of the Enzyme. Kelly M. Clapp, Hwei-Ming Peng, Vyvyca 
J. Walker, Yoshihiro Morishima, Miranda Lau, and Yoichi Osawa.  Department of Pharmacology, The 
University of Michigan Medical School, Ann Arbor, MI 48109. 
 
Drug-derived reactive intermediates cause the suicide inactivation and enhanced turnover of 
cytochrome P450s, often leading to drug-drug interactions.  To study this process, we have focused 
on the enzyme nitric oxide synthase (NOS), which is a cytochrome P450-like hemoprotein enzyme 
that catalyzes the synthesis of nitric oxide, a critical signaling molecule in a variety of physiological 
processes.  Our lab has discovered that certain drugs suicide-inactivate neuronal NOS (nNOS) and 
lead to the preferential ubiquitination of the inactivated nNOS.  We wish to understand how drugs 
that covalently alter the active site of nNOS labilize nNOS for ubiquitination.  A C331A mutant of 
nNOS was shown to have partially disrupted tetrahydrobiopterin and L-arginine binding, perhaps 
similar to a suicide-inactivated nNOS.  We show here that the C331A nNOS was preferentially 
ubiquitinated by DE52-retained fraction of reticulocyte lysate, which contains all ubiquitinating 
enzymes.  Moreover, we found that the slowly reversible inhibitor, NG-nitro-L-arginine, but not the 
inactive D-isomer, stabilizes and protects both the wild-type and mutant nNOS from ubiquitination 
with an IC50 of 0.2 M and 7.7 M, respectively.  Highly similar results to the in vitro studies were ・ ・

obtained in HEK293T cells after transient transfection of C331A nNOS.  The in vitro ubiquitination of 
nNOS was found to depend on CHIP, an E3 ligase, and hsp70.  Thus, it appears that hsp70•CHIP can 
sense structural changes that occur after suicide inactivation, most likely small perturbations around 
the active site, and directs the selective ubiquitination of nNOS.  Supported in part by NIH grants 
GM077430 and DA022354. 
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27. Generation of Human Cytochrome P450 2A13 Suitable for High-resolution Solution NMR 
Analysis of Ligand Binding and Substrate Selectivity.  Andria L. Skinner1, Jennifer S. Laurence2 
& Emily E. Scott1.  1Department of Medicinal Chemistry, The University of Kansas, Lawrence, KS 
66045, 2Department of Pharmaceutical Chemistry, The University of Kansas, Lawrence, KS 66045. 
 
The cytochrome P450 enzymes (CYP450s) are essential enzymes that catalyze the oxidative 
metabolism of drugs, toxins and xenobiotic compounds. Predicting which CYP450 a given small 
molecule will bind to is difficult because these enzymes are promiscuous and can each recognize a 
wide variety of chemically diverse substrates. Unfortunately the molecular details of this promiscuity 
have remained elusive. Identifying the structural features that control ligand selectivity among 
CYP450s will greatly facilitate predicting which type of xenobiotic compounds will bind to which 
CYP450 and aid in the design of more potent drugs with lower toxicity. The current methods used to 
determine ligand binding to CYP450s rely on the use of indirect shifts in the visible spectrum or 
crystallization of the protein-ligand complex. Some ligands, however, do not yield a visible spectral 
shift and X-ray structure determination provides only a static picture of binding. Furthermore, neither 
approach can be used to study many ligands.  
 
The goals of this project are to apply high-resolution solution NMR to the study of human CYP450 
ligand binding. Solution NMR methods are advantageous because they can detect ligands whose 
binding does not yield a visible spectral shift, those that bind on the surface, those that are not 
amenable to crystallization and those that bind in multiple conformations within the active site, all 
while simultaneously determining the effect of binding on the overall structure of the protein. 
Solution NMR has not been extensively applied to membrane cytochrome P450 enzymes because of 
their large size, limited solubility and low expression levels. This work describes the recombinant 
expression and purification of isotopically-labeled CYP2A13 with increased solubility and stability that 
is suitable for study by NMR. 2A13 is a well-studied P450 found in the human respiratory tract and 
plays an important role in the activation of procarcinogens found in tobacco smoke. Elucidating the 
structural mechanisms that control procarcinogen binding and activation in this enzyme may provide 
a route to prevention of this process in smokers. Additionally, the development of NMR approaches to 
ligand binding will be applicable to other human cytochrome P450 enzymes, greatly enhancing our 
understanding of how selectivity is achieved and facilitating the design of new drugs with improved 
metabolic and safety characteristics. 
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28. Pilocarpine Inhibition of Human Cytochrome P450 Enzymes: A Functional and Structural 
Study. Aaron G. Bart, Natasha M. DeVore, and Emily E. Scott.  Department of Medicinal Chemistry, 
University of Kansas, Lawrence, KS 66045. 
 
The xenobiotic-metabolizing cytochrome P450 (P450) enzymes can each bind and oxidize a diverse 
set of substrates with both overlapping substrate selectivity and substrate specificity.  In addition 
each can often produce several different metabolites from a single substrate, suggesting multiple 
orientations of substrate in the active site.  Structures of the P450 enzyme family show a highly 
canonical global protein fold, with large variations in the active site size, topology, and 
conformational flexibility between enzymes, and sometimes within a single enzyme depending on the 
ligand.  How the structural characteristics of cytochrome P450 enzymes dictate varied ligand 
interactions is of great interest in predicting and understanding drug metabolism.  
 
The goal of the current work is to determine how a related set of human cytochrome P450 enzymes 
bind and interact with the common inhibitor and clinical muscarinic receptor agonist pilocarpine.  
Pilocarpine inhibition of CYP2A6, CYP2A13, and CYP2E1-mediated metabolism of the marker 
substrate p-nitrophenol revealed significant differential inhibition, with pilocarpine inhibiting CYP2A13 
much more efficiently than CYP2E1.  In order to elucidate key amino acids involved in pilocarpine 
binding, a 2.8 Å X-ray structure of CYP2A13 has been determined with pilocarpine in the active site. 
The CYP2A13/pilocarpine co-crystal structure shows pilocarpine forming a coordinate covalent bond 
to the heme iron. 
 
Comparison of this structure with other structures currently being generated of pilocarpine bound to 
CYP2A6 and CYP2E1 is providing an understanding of how these closely related enzymes each 
interact with the inhibitor pilocarpine. 
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29. Selectivity of Cytochrome P450 2A6 Inhibitors versus Cytochrome P450 2A13.  Eva S. 
Stephens, Agnes A. Walsh, and Emily E. Scott. Department of Medicinal Chemistry, The University of 
Kansas, Lawrence, KS 66045. 
 
Cytochrome P450 (P450) enzymes are a family of mixed function oxidase enzymes that catalyze the 
metabolism of xenobiotics and endogenous biochemicals. In addition to their function in xenobiotic 
clearance, P450 enzymes can also play a role in the tissue specific activation of toxins and 
procarcinogens. This provides an opportunity to limit the metabolism of specific P450 enzymes to 
prevent and treat cancer. The functional cytochrome P450 enzymes in the human 2A subfamily 
include 2A13 and 2A6, which are 94% identical and have both common and selective substrates. For 
example, while 2A6 has a 10-fold higher enzymatic efficiency for coumarin compared to 2A13, 2A13 
much more efficiently metabolizes nicotine and activates the tobacco-related procarcinogen 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in vitro. 
 
In order to accurately distinguish between 2A6 and 2A13 activity in the activation of procarcinogens 
in human tissues, selective inhibitors are needed. Several inhibitors were proposed to be selective for 
2A6 before 2A13 enzyme activity was recognized. The goal of this project is to determine which of 
these inhibitors are actually able to discriminate between 2A6 and 2A13. The relative impact of these 
inhibitors on 2A6 and 2A13 function is being evaluated by determining IC50 and Ki values for 
inhibition of the 7-hydroxylation of the common substrate coumarin. This information can be used to 
determine which CYP2A isoform is responsible for the in vivo activation of compounds that give rise 
to tissue-specific carcinogenesis, such as tobacco-derived NNK in the human respiratory tract. 
 

30. In Vitro Comparison of Drug Metabolism in Dog Skin and Liver Microsomes.  Steven Hu. 
Pfizer Animal Health, Veterinary Medicine Research & Development, Kalamazoo, MI 49006. 
 
Skin metabolism is an important factor to understand disposition and efficacy of topical ectoparasitic 
drugs.  In this work, cytochrome P450-mediated metabolic activities were compared in dog skin and 
liver microsomes.  CYP1A1/1A2, 2B11, 2C21/2C41, 2D15, 2E1 and 3A12/3A26 were evaluated 
through their selective substrates.   Although metabolic activities of each cytochrome P450 isoform in 
dog skin microsomes were significantly lower than those in its liver microsomes, the relative 
abundances of those isoforms were quite different between skin and liver microsomes.  These 
differences resulted in selectivity difference of metabolism in skin and liver microsomes.  Therefore 
predictions of skin metabolism of topical drug directly using liver microsomes may not be appropriate. 
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31. Third Generation Selective Estrogen Receptor Modulator (SERM), Lasofoxifene, forms 
Reactive Intermediates Similar to Estrogen In Vitro.  Teshome B. Gherezghiher, R. Esala P. 
Chandrasena, Gregory R.J. Thatcher, and Judy L. Bolton.  Department of Medicinal Chemistry and 
Pharmacognosy, College of Pharmacy, University of Illinois at Chicago, 833 S. Wood Street, M/C 781, 
Chicago, IL 60612-7231, USA  
 
Lasofoxifene is a third generation SERM, in development for the prevention and treatment of 
osteoporosis.  Previously, Prakash et al. (Drug Metab Dispos. 2008, 36, 1218-26) reported that two 
regioisomers of catechol metabolites, similar to estrogens, were formed as the primary phase I 
metabolites of lasofoxifene.  However, the formation of the potentially toxic o-quinones that could be 
formed from this SERM has not been reported.  In our study, lasofoxifene was synthesized and its 
oxidative metabolism was investigated using various oxidative enzymes.  Incubation of lasofoxifene 
with tyrosinase or rat liver microsomes in the presence of GSH gave two mono-GSH and two di-GSH 
conjugates, formed from trapping of the o-quinones, which were characterized by liquid 
chromatography and electrospray tandem mass spectrometr (LC-MS/MS).  These data show that, like 
endogenous estrogens, lasofoxifene is oxidized to catechols and o-quinones which could potentially 
cause toxicity in vivo. 
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32. Expression, Purification, and Crystallization of Cytochrome P450 1A1. Agnes A. Walsh and 
Emily E. Scott.  Department of Medicinal Chemistry, The University of Kansas, 1251 Wescoe Hall 
Drive, Lawrence, KS 66045 
 
Cytochrome P450 1A1 (CYP1A1) is a mixed function oxidase widely known for its metabolism of 
environmental pollutants including polycyclic aromatic hydrocarbons.  Located primarily in the lung, 
CYP1A1 is readily induced by xenobiotics such as those in tobacco smoke via the aryl hydrocarbon 
receptor.  CYP1A1 activity is often associated with the activation of compounds such as 
benzo[a]pyrene to reactive intermediates that cause cellular damage.  Polymorphisms of this enzyme 
have been related to lung and colon cancer risk in humans.  Alpha-naphthoflavone (ANF), quinidine, 
and resveratrol have been found to inhibit the metabolic activity of CYP1A1 in vitro and proposed to 
reduce CYP1A1 activation of procarcinogens.   
 
Though a crystal structure has been reported for the closely related hepatic CYP1A2 enzyme, little is 
known about the active site of CYP1A1 and how it binds substrates such as benzo[a]pyrene or 
inhibitors such as ANF or resveratrol.  Here, we report the expression, purification, and crystallization 
of human CYP1A1 toward a crystal structure of this human enzyme.  The full length CYP1A1 cDNA 
was truncated to remove the single transmembrane segment at the N-terminus and to add a histidine 
tag at the C-terminus.  These modifications allowed us to express CYP1A1 at high levels in E. coli 
cotransformed with the pGro7 plasmid expressing the chaperone GroEL.  The detergent CHAPS and 
the ligand ANF were used throughout the purification to stabilize the CYP1A1 protein.  Purification 
using metal-affinity, ion exchange, and size exclusion chromatography yielded significant quantities 
(~3 mg/L E. coli) of highly purified CYP1A1 protein.  Concentrated CYP1A1 protein was used to 
screen and identify crystallization conditions that yield diffraction-quality rod-shaped crystals.  These 
crystals are currently being optimized and used to collect diffraction data that will result in an 
experimental structure of CYP1A1.  The structure of the active site of this protein is expected to yield 
insights into the selectivity of CYP1A1 compared to CYP1A2. 
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33. Expression of NFAT5 in Human Fetal Liver: Correlation with CYP3A Expression.  Carrie A. 
Vyhlidal and Amanda K. Riffel.  Division of Pediatric Clinical Pharmacology and Medical Toxicology, 
Children’s Mercy Hospital, Kansas City, MO 64108, USA. 
 
Members of the human cytochrome P450 (CYP) 3A subfamily, the most abundant Phase I drug 
metabolizing enzymes in human liver and intestine, exhibit extensive interindividual variability and 
developmental changes in gene expression.  However, the mechanisms underlying variability and 
ontogeny of CYP3A expression and activity are not fully understood.  Recently, the osmoregulatory 
transcription factor, NFAT5, has been implicated in the transcriptional regulation of members of the 
CYP3A family.  Quantitative RT-PCR methods were used to determine if variation in the expression of 
NFAT5 mRNA is correlated with variability and/or developmental changes in expression of CYP3A 
family members in prenatal liver.  Quantitative RT-PCR was conducted on RNA extracted from 
prenatal (n=150, 54 to 224 d EGA) human liver tissues to detect NFAT5, CYP3A7, and CYP3A5 
mRNA.  NFAT5 expression was detected in all prenatal liver samples tested, averaging 1500 ± 900 
molecules/5 ng total RNA, and varied approximately 20-fold.  A weak, but statistically significant 
(r2=0.21, p<0.001) correlation was observed between NFAT5 and CYP3A7 mRNA levels.  In contrast 
to CYP3A7, CYP3A5 mRNA expression levels were not statistically correlated to the expression of 
NFAT5 (r2=0.01) when all samples were considered.  However, NFAT5 was statistically significantly 
correlated with CYP3A5 expression in liver samples from individuals that were homozygous for the 
CYP3A5*1*1 genotype (r2=0.31, p=0.04).  These data suggest that NFAT5 plays a modest role in the 
regulation of variable gene expression of CYP3A family members in fetal liver.  Current studies are 
underway investigating the relationship between NFAT5 and members of the CYP3A family of drug 
metabolizing enzymes in postnatal liver. 
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34. Mechanistic Studies On Drug Metabolism By Six Genetic Polymorphic Variants Of 
Cytochrome P450 2B6.  Haoming Zhang, Chitra Sridar, Cesar Kenaan, David P. Ballou*, and Paul 
F. Hollenberg.  Department of Pharmacology and *Department of Biological Chemistry, The 
University of Michigan Medical School, Ann Arbor, Michigan  48109. 
 
Cytochrome P450 2B6 (CYP2B6) metabolizes a number of important clinically used drugs such as 
bupropion (anti-depressant), cyclophosphamide (anti-cancer), efavirenz (anti-viral), and propofol 
(anesthetic) among many others.  CYP2B6 is also highly polymorphic, which often leads to large 
variations in pharmacokinetics of clinically used drugs among individuals and ethnic groups.  In this 
study, the metabolism of testosterone, bupropion, and efavirenz by the CYP2B6 wild type (WT) 
enzyme and six common polymorphic variants (CYP2B6.4 to CYP2B6.9) were investigated in a 
reconstituted system to gain a better understanding of the catalytic properties of these naturally 
occurring variants. All six variants were successfully over-expressed in Escherichia coli,  including 
CYP2B6.8 (K139E variant) which had not been able to be over-expressed in COS-1 cells previously 
(Lang et al., J. Pharmacol. Exp. Ther. 311:34-43, 2004). Measurements of the steady-state turnover 
rates for the hydroxylation of testosterone, bupropion and efavirenz demonstrate that these 
mutations significantly alter the catalytic activities of CYP2B6 even though they occur in the periphery 
of CYP2B6. Most strikingly, CYP2B6.8 completely loses its ability to hydroxylate substrates under 
steady-state conditions.  However, CYP2B6.8 retains 77% of its activity for O-deethylation of 7-
ethoxy-4-trifluoromethylcoumarin in the presence of tert-butyl hydroperoxide as an alternative 
oxidant, indicating that the heme is catalytically competent. Pre-steady-state measurements of the 
rate of the electron transfer from cytochrome P450 reductase (CPR) to CYP2B6.8 by stopped-flow 
spectrophotometry reveal that CYP2B6.8 is no longer able to accept electrons from CPR. These 
results indicate that the charge reversal mutation in the K139E variant has abolished its ability to 
interact with CPR leading to loss of activity. The molecular mechanism by which these genetic 
polymorphic variants affect drug metabolism is discussed in the context of the three-dimensional 
structure of CYP2B6. This work is supported in part by a National Institute of Health grant (CA16945) 
to P.F.H. 
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35. Accelerating Lead Optimization Chemistry with In-depth Structure-Druggability (Drug-
like property) Relationship (SDR) Studies.  Meiling Lu1, M.Q. Sun1, John Zhou1, Li Peng2, Hui 
Xie2, Wenhui Hu2, Yaoqiu Zhu1*.  1MetabQuest Beijing Laboratory, MetabQuest Research and 
Consulting, LLC., 202 Chengfu Road, A-113, Beijing, 100871. 2Institute of Chemical Biology, 
Guangzhou Institute of Biomedicine and Health, Chinese Academy of Sciences, 190 Kaiyuan Road, 
Guangzhou Science Park, Luogang District, Guangzhou  510530. 
 
ADME-Tox study has become an essential part of drug discovery research, aiming to build the 
necessary druggabilities ("drug-like" properties) into drug candidates with higher successful 
probabilities in preclinical and clinical studies. In-depth structure-druggability (drug-like property) 
relationship (SDR) studies using metabolite identification (MetID) research can accelerate lead 
optimization chemistry programs in many ways: 1. Dial out soft spot quickly for lead modification; 2. 
Detect reactive/toxic metabolite and provide chemical strategy to minimize tox risk of the lead series; 
3. Provide me-better approaches for follow-on program; 4. Identify animal species for tox studies of 
lead series; 5. Identify the correct in vitro system that predicts in vivo behaviors of lead compound; 
6.Track druggability behind structural progression of lead series; 7. Address PK-PD discrepancies in 
animal studies; 8. Design and evaluate prodrug approaches for lead series; etc. This presentation is 
based on case studies from different lead optimization programs at different stages demonstrating 
the assisting role of SDR studies and how to do in-depth SDR studies to accelerate lead optimization 
chemistry programs. 
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36. Chemoprevention of Colorectal Cancer with Nitric Oxide-Donating Aspirin and Its 
Analogs .  Tareisha Dunlap, Sujeewa C. Piyankarage, R. Esala P. Chandrasena, Zhiqiang Wang and 
Gregory R. J. Thatcher*  Department of Medicinal Chemistry & Pharmacognosy, College of Pharmacy, 
University of Illinois at Chicago, 833 S Wood St, Chicago, IL 60612. 
 
Nitric oxide-donating aspirin (NO-ASA) is a hybrid drug containing a benzyl nitrate linked to aspirin 
via an ester linkage.  Since aspirin is identified as a potential colorectal cancer chemopreventive 
agent, NO-ASA was developed to reduce the side effects of aspirin, particularly gastrointestinal 
toxicity.  Three isomers of NO-ASA have been studied, and it is reported that the para- and ortho- 
isomers inhibit cell proliferation more than the meta- isomer.  We proposed that, upon esterase 
activation, a short-lived quinone methide is formed from the ortho- and para- benzyl nitrate, thereby 
increasing their potency when compared to the meta- isomer.  Analogs of NO-ASA, containing 
bromide and mesylate substituted for the nitrate, have been synthesized and evaluated metabolically 
and in vitro.  In the LC-MS study, the isomers of Br-ASA and OMs-ASA were incubated with pig liver 
esterase and glutathione.  The metabolism of the para- isomers gives salicylic acid and glutathione 
adducts of hydromethyl phenol (HMP).  Metabolism of the meta- mesylate isomer and meta- NO-ASA 
did not generate glutathione adducts, and the meta- bromide isomer yielded less glutathione adducts 
than the para- bromide.  The formation of glutathione adducts from the more reactive meta- Br-ASA 
is due to a slower SN2 reaction.  In vitro, all para- isomers induced NQO1 and ARE-luciferase to a 
greater extent than the meta- isomers.  Within ten minutes, glutathione depletion in HepG2 cells 
occurred with the para- compounds depleting glutathione more than 25%, with the exception of the 
slower reacting para- OMs-ASA.  There was no observed glutathione depletion with the meta- 
isomers.  The results indicate that the quinone methide was exclusively formed from para- and ortho- 
NO-ASA, OMs-ASA, and Br-ASA.  The observed chemopreventive activity, inhibition of TNFα 
expression, inhibition of NFκB-luciferase, induction of NQO1, and ARE-luciferase induction, is 
purportedly the result of protein modification.  Since quinone methides are known to alkylate protein 
cysteine residues, we incubated recombinant proteins with para- and meta- NO-ASA to observe 
cysteine modification.  In vitro, we employed LC-MS/MS analysis of tryptic digests to identify protein 
modification.  These data suggest that the anti-inflammatory activity and upregulation of 
cytoprotective enzymes through alkylation of proteins may contribute to the chemopreventive effect 
of NO-ASA. 
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37. Effect of Botanical Extracts and Selective Estrogen Receptor Modulators (SERMs) on 
Estrogen Metabolism in MCF-10A Cells.  L.P. Madhubhani P. Hemachandra, Pei-Yi Lu, R. Esala  
P. Chandrasena, Birgit M. Dietz, Shao- Nong Chen, Guido F. Pauli, Norman R. Farnsworth, Gregory R. 
Thatcher, Judy L. Bolton*.  Department of Medicinal Chemistry and Pharmacognosy, College of 
Pharmacy, University of Illinois at Chicago. 
 
Long-term exposure to estrogen increases the risk of hormone dependent cancers in women.  
Estrogen induced cell proliferation in estrogen receptor positive cells (hormonal pathway) and the 
formation of reactive estrogen quinoids mediated by cytochrome P450s (chemical pathway) are 
believed to contribute to the estrogen carcinogenesis mechanism.  Estrogens are oxidized by P450 
1A1/1A2 to the catechol metabolites, 2-hydroxyestradiol, and by P450 1B1 to 4- hydroxyestradiol.  
Both catechols are further oxidized to form electrophilic o-quinones that can react with DNA and 
proteins.  For years, plant extracts have been used worldwide, as dietary supplements for women 
health particularly for menopausal symptom relief, without strong scientific basis for efficacy.  In 
contrast to questionable efficacy data, mounting evidence suggests that botanical dietary 
supplements have chemopreventive properties which could specifically protect women from the 
carcinogenic effects of endogenous estrogens through modulation of both hormonal and chemical 
mechanisms.  In addition, selective estrogen receptor modulators (SERMs) have been reported to 
have chemopreventive effects.  The current study focuses on elucidating the influence of these 
extensively utilized botanicals and SERMs on estrogen metabolism in normal breast epithelial cells 
(MCF-10A).  MCF-10A cells are estrogen receptor negative non-tumorigenic human breast epithelial 
cells which can be transformed into a malignant phenotype with estradiol.  After treatment of MCF-
10A cells with estradiol and botanical extracts or SERMs, estrogen metabolites were analyzed using a 
sensitive LC-MS/MS method.   Among the botanical extracts tested, hops (Humulus lupulus) showed 
a significant reduction in catechol estrogen formation whereas black cohosh (Actaea racemosa) had 
little effect.  Among the SERMs tested DMA (desmethyl arzoxifene) showed a significant reduction in 
catechol estrogen formation.  These data suggest that the hop extract and DMA might posses’ 
chemopreventive activity through inhibition of genotoxic estrogen quinone formation. 
 
 Support for this work way provided by NIH CA130037 and P50 AT00155. 
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