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Schedule 

Thursday, May 9, 2013 

10:00 AM Registration, Continental Breakfast, Poster Setup, and Sponsor Setup 

11:00 Welcome 

11:10 Predicting Drug Disposition and Drug Dosing Parameters for New Molecular 
Entities.  Les Benet, Ph.D., Professor, Dept. of Pharmaceutical Chemistry, School 
of Pharmacy, UCSF. 

11:50 What Is the Purpose of Human ADME Studies?  Ron White, Ph.D, President, 
White Global Pharma Consultants, LLC. 

12:30 PM Lunch, Poster Viewing, and Sponsor Booths 

2:00 Bile Acid Therapy for Liver Diseases and Diabetes.  John Chiang, Ph.D., 
Professor, Dept. of Integrative Medical Sciences, College of Medicine, Northeast 
Ohio Medical University. 

2:40 Glucuronidation: Beyond Drug Metabolism, An Unexploited Pharmacological 
Target for Endocrine and Metabolic Diseases.  Olivier Barbier, Ph.D., Assistant 
Professor, Laboratory of Molecular Pharmacology, Université Laval. 

3:20 Break 

3:40 Biological Consequences of Reactive Metabolites and the Role of 
Hsp90/Hsp70 Chaperones.  Yoichi Osawa, Ph.D., Professor, Dept. of 
Pharmacology, University of Michigan. 

4:20 Gamma-hydroxybutyric acid (GHB) Toxicokinetics and Toxicodynamics: 
Role of Monocarboxylate Transporters.  Marilyn Morris, Ph.D., Professor, 
School of Pharmacy and Pharmaceutical Sciences, University at Buffalo. 

5:00 Poster Session (Author Available), Sponsor Booths, and Mixer 

7:00 Dinner 
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Schedule 

Friday, May 10, 2013 

7:30 AM GLDMDG Business Meeting 

8:00 Continental Breakfast and Poster Viewing 

9:00 Virtues of Virtual ADME Models in Drug Discovery: Reality or Delusion?  
Prashant Desai, Ph.D., Senior Research Scientist Computational ADME-
Toxicology Group, Eli Lilly and Company. 

9:35 Saving a Drug Candidate: A Case Study of Cyclic Tertiary Amine Metabolism 
and its Association with Adverse Events.  Anthony Lee, Ph.D., Group Leader, 
AbbVie. 

10:10 Break 

10:30 Parasiticide Discovery and Development and the Role of Drug Delivery and 
Metabolism (from the Parasitologist’s Perspective).  Douglas Rugg, Ph.D., 
Director, Antiparasitics Development, Zoetis. 

11:05 Hydroxylation versus N-dechloroethylation of Cyclophosphamide by Human 
Cytochrome P450s.  Diane Calinski, Graduate Student, University of Michigan. 

11:25 Application of Hydration Sites in Pharmacophore-Based Virtual Screening.  
Bingjie Hu, Graduate Student, Purdue University. 

11:45 Closing Remarks 
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Posters 

1. Abiraterone and Implications for Breast Cancer Endocrine Therapy. 

Cameron P. Capper and James M. Rae 

Department of Pharmacology, University of Michigan 

 

Androgens and estrogens are potent stimuli that drive prostate and breast cancer growth, 

respectively, by activating several downstream signaling pathways via their cognate 

receptors.  Because of its required role in the synthesis of these sex steroids, Cytochrome 

P450 17A1 (CYP17A1), a P450 monooxygenase enzyme, has become an established 

therapeutic target for prostate cancers that have become refractory to other forms of anti-

androgen therapy, otherwise known as castrate resistance prostate cancer (CRPC).  

Abiraterone acetate is a potent, irreversible inhibitor of CYP17A1 and received FDA 

approval in 2011 for the treatment of CRPC because of its ability to suppress androgen 

synthesis.  In prostate cancer, the anti-proliferative effects of abiraterone are mediated by 

inhibiting CYP17A1 activity which results in a significant reduction in circulating serum 

concentrations of the sex steroids dehydroepiandrostenedione (DHEA), androstenedione, 

dihydrotestosterone (DHT), and testosterone. Recently, it has been proposed that the 

reduction in aromatizable androgens by abiraterone may make this drug potentially useful 

in the management of hormone-dependent breast cancer.  However, data from our lab 

suggests that abiraterone has estrogenic properties and can induce growth in breast 

cancer cells expressing the estrogen receptor (ER).  Growth assays in MCF-7 and T47D 

cells, both ER-positive, estrogen-dependent breast cancer cell lines, show abiraterone 

induces dose dependent cellular proliferation.   Induced expression of ER responsive 

genes and ER luciferase reporter assays further support abiraterone’s ER agonist effects.  

Additional studies are underway to determine the clinical implications of these findings. 
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2. The effect of ritonavir on human CYP2B6 catalytic activity:  Heme modification 

contributes to the mechanism-based inactivation of CYP2B6 and CYP3A4 by 

ritonavir. 

Hsia-lien Lin, Jaime D'Agostino, Cesar Kenaan, Diane Calinski, and Paul F. Hollenberg 

Department of Pharmacology, University of Michigan 

 

The mechanism-based inactivation of human CYP2B6 by ritonavir (RTV) in the 

reconstituted system was investigated. The inactivation of CYP2B6 by RTV is time-, 

concentration- and NADPH-dependent and exhibits a KI of 0.9 µM, a kinact of 0.05 min-1 

and a partition ratio of ~3. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) 

analysis showed that the protonated molecular ion of RTV exhibits an m/z at 721 and its 

two major metabolites are an oxidation product with MH+ at m/z 737 and a 

decarbamoylated product with MH+ at m/z 580. Inactivation of CYP2B6 by incubation with 

10 µM RTV for 10 min resulted in ~50% loss of catalytic activity and native heme, but no 

modification of the apoprotein was observed. RTV was found to be a potent mixed-type 

reversible inhibitor (Ki = 0.3 µM) and a type II ligand (Ks = 1.6 µM) of CYP2B6. Although 

previous studies have demonstrated that RTV is a potent mechanism-based inactivator of 

CYP3A4, the molecular mechanism responsible for the inactivation has not been 

determined. Here, we provide evidence that RTV-inactivation of CYP3A4 is due to heme 

destruction with the formation of a heme-protein adduct in CYP3A4. Similar to CYP2B6, 

there is no significant modification of the apoprotein. Furthermore, LC-MS/MS analysis 

revealed that both CYP3A4 and human liver microsomes form an RTV-GSH conjugate 

having a MH+ at m/z 858 during metabolism of RTV, suggesting the formation of an 

isocyanate intermediate leading to formation of the conjugate. 
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3. Investigation of Route-Dependent Exposure and Metabolism of Bisphenol A (BPA) 

in Neonatal Mice Following Oral and Subcutaneous Administration of 3H-BPA. 

Dragomir Draganov1, Dan Markam2, Dieter Beyer3, John Moore1, Timothy Riehl1, John 

Waechter2, Stephen Dimond4, Ronald Shiotsuka5, Kimberly Ehman6, Steven Hentges7 

1WIL Research, 2The Dow Chemical Co, 3Bayer Healthcare AG, 4Saudi Basic Industries 

Corporation, 5Bayer Material Science, 6Toxicology Regulatory Services, 7American 

Chemistry Council 

 

Orally administered bisphenol A (BPA) undergoes efficient first-pass metabolism in the 

liver to produce inactive metabolites, including BPA-glucuronide (BPA-G) and BPA-sulfate 

(BPA-S).  The current study was conducted to evaluate the pharmacokinetics of BPA and 

its conjugated metabolites, specifically BPA-G and BPA-S, in juvenile mice following a 

single oral or subcutaneous (SC) administration.  This study had 3 phases: 1) Mass-

balance phase in which effective dose delivery procedures for oral or SC administration of 
3H-BPA to post natal day (PND) 3 mouse pups were developed; 2) Pharmacokinetic 

phase during which systemic exposure to total 3H-BPA-derived radioactivity in female PND 

3 mices was established; and 3) Metabolite profiling phase in which two groups of 50 

female PND 3 pups received either a single oral or SC dose of 3H-BPA at 400 µg/kg bw 

with ≈ 4.4 mCi/kg bw of radioactivity.  Blood was collected from 5 pups/route/time point at 

5, 10, 20, and 30 minutes, and 1, 2, 3, 4, 6, and 24 hours post-dosing and processed to 

plasma.  The plasma samples were pooled by group and time point and profiled by HPLC 

with fraction collection.  Fractions were analyzed for total radioactivity and data used to 

reconstruct radiochromatograms and integrate individual peaks. The identity of the BPA, 

BPA-G and BPA-S peaks was confirmed using authenticated standards and LC-MS/MS 

analysis.  Metabolic profiles and key parameter as AUC0-24hr and Cmax were derived for 

free-BPA, BPA-G and BPA-S. The result of this study revealed that female PND 3 mice 

have metabolic capacity to metabolize BPA to BPA-G, BPA-S and other metabolites after 

both routes of administration and systemic exposure to free-BPA is route-dependent as 

the plasma concentrations were lower following oral administration compared to SC 

injection. 
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4. Placental Transfer of 125Iodinated Humanized Immunoglobulin G2Δa in the Sprague 

Dawley Rat. 

Pragati S. Coder1, Jennifer A. Thomas1; Donald B. Stedman2; Christopher J. Bowman2 
1WIL Research, 1407 George Road, Ashland, OH; 2Pfizer Worldwide Research and 

Development, Eastern Point Road, Groton, CT 

 

Biopharmaceuticals are a growing segment of the health care therapeutic arsenal and 

indications for these agents are rapidly expanding into patient populations that include 

women of child bearing potential. The fetus is typically not a target of these drug therapies, 

and thus effects on the developing conceptus are generally undesirable. While small 

molecules generally cross the placenta via passive diffusion throughout gestation, transfer 

of large molecules is limited and may be species dependent. Antibody-like 

biopharmaceuticals (Abs), that contain an Fc region, are unique and cross the placenta 

using active transport pathways normally reserved for maternal immunoglobulin G (IgG). 

Embryo/fetal, placental and maternal tissue concentrations of a humanized IgG (hIgG) in 

Sprague Dawley rats were evaluated by 2 different biodistribution techniques following 

maternal injection of 125Iodinated hIgG2Δa on different gestation days. Blood and tissue 

samples were collected for gamma counting or whole maternal carcasses were processed 

for quantitative whole body autoradiography. The results indicate the presence of 

maternally injected IgG in the conceptus as early as Gestation Day (GD) 11 and a >1000 

fold increase in that amount by GD 21, with the overall tissue concentration generally 

remaining unchanged from Gestation Day 11–17 with a slight increase from Day 17–21. In 

addition, fetal-maternal tissue concentration ratios remain stable during organogenesis 

with only a slight increase at the end of gestation. These data indicate that Abs with a 

target present in the developing conceptus have the potential to elicit an unintended 

biological response depending on the Ab affinity and potency. These data also 

demonstrate that maternally-administered Abs may be present during organogenesis and 

have the potential for adverse developmental outcomes in the rat based on direct 

embryo/fetal exposure. 
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5. A Novel Formation of Hippuric Acid from 4-Phenyl-5-amino-1,2,3-thiadiazole When 

Performing Mass Balance Studies with GDC-0152 in Rats. 

Teresa Mulder, Qin Yue, Patrick J. Rudewicz, Peter Fan, Eric Solon, Nageshwar Budha, 

Joseph A. Ware, John Flagyre, Joseph Lyssikatos, Cornelis E.C.A. Hop, Harvey Wong, 

and S. Cyrus Khojasteh 

Genentech Inc., 1 DNA Way, South San Francisco, CA  94080 

 

GDC-0152 is a peptidomimetic small molecule antagonist of inhibitor of apoptosis (IAP) 

proteins with antitumor activity.  Its metabolism was investigated in rats following 

intravenous administration of 15 mg/kg of [14C]GDC-0152 using two different labeled 

molecules (Yue et al. DMD 2013 41:508-517).  The majority of the radioactivity was 

recovered (>92%) within 72 h post-dose.  Amide hydrolysis was the main pathway for the 

extensive metabolism of GDC-0152.  One of the interesting metabolites was M24 found in 

urine, which was characterized as hippuric acid.  Here we describe the methodologies to 

characterize this metabolite and the challenges to separate it from endogenous sources of 

this analyte.  Various analytical techniques were used to identify this metabolite, which 

include purification, orthogonal HPLC separation, high resolution mass spectrometry and 

derivatization.  An amide hydrolysis metabolite of GDC-0152, 4-phenyl-5-amino-1,2,3-

thiadiazole (M28), was identified as the precursor of hippuric acid by incubating para-

substituted M28 analogs in rat hepatocytes.  1-Aminobenzotriazole inhibited hippuric acid 

formation, indicating the enzymatic involvement of P450s in this biotransformation. 
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6. Metabolism and Disposition of ABT-263 in Humans. 

Michael Serby, Tanveer Ahmed, Jianning Yang, Hao Xiong, Mack Mabry, Rod 

Humerickhouse, Anthony Lee, and Jianwei Shen 

AbbVie, Inc., Waukegan, IL  60064 

 

ABT 263 is an orally bioavailable Bcl-2 family protein inhibitor that binds with high affinity 

(Ki ≤ 1 nM) to multiple anti-apoptotic Bcl-2 family proteins including Bcl-XL, Bcl-2 and Bcl-

w.  Anti-apoptotic Bcl-2 family members are associated with tumor initiation, disease 

progression and drug resistance, and thus are compelling targets for oncology drug 

development.  ABT-263 is being developed as a novel therapy for the treatment of various 

forms of cancer. The study of radiolabeled [14C]ABT-263 in human subjects is discussed. 
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7. Application of QWBA and Short-lived Isotopes in the Drug Development Paradigm. 

Brian Knapp, Andrea Knapp, William Cherup, Erik Laroco, Dustin Kentala, Jacob 

Hesterman and Kate Sokolnicki 

MPI Research, Mattawan, MI  49071 

 

Quantitative Whole-Body Autoradiography (QWBA) is a high resolution tissue distribution 

assessment commonly used in preclinical drug development.  Standard QWBA isotopes 

include 14C, 3H, and 125I due to their long half-lives and relative ease of incorporation into 

target compounds.  However, short-lived isotopes provide a solution to contemporize 

QWBA with multiple imaging platforms, such as PET and SPECT within a single study 

design, maximizing data generation, and reducing animal usage in preclinical research.  

MPI Research has explored and expanded its QWBA capabilities to optimize these 

isotopes for use. 
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8. Heterologous expression, purification and preliminary characterization of human 

cytochrome P450 2D6. 

Koyu Fujita, Naw May Pearl, Sang-Choul Im, and Lucy Waskell 

Department of Anesthesiology, University of Michigan Medical School and Veterans 

Affairs Medical Center, 206 VAMC Building #31, 2215 Fuller Road, Ann Arbor, MI 48109-

1124 USA 

 

Human cytochrome P450 2D6 (CYP2D6) is one of the most important members in the 

superfamily of cytochromes P450 (P450), because it is responsible for the central role in 

the biotransformation of about one third of drugs/pro-drugs in clinical use today [1], even 

though it only accounts for 4-8% of the P450s in human liver.  In addition the CYP2D6 

gene shows significant genetic polymorphisms with over 100 allelic variants [2].  Individual 

and ethnic differences have been reported [3, 4], implying that the polymorphism is a key 

factor in determining the dose of a drug and preventing undesired side-effects.  Due to its 

clinical significance it will be important to understand the molecular-basis of the catalytic 

mechanism of CYP2D6.  This knowledge can be employed to further drug discovery and 

development. 

 

CYP2D6 metabolizes a diversity of compounds, which share a common motif, a basic 

nitrogen atom located 5-7 Å away from the site of metabolism and a planar moiety such as 

an aromatic group coplanar to the site of metabolism [5].  The basic nitrogen atom on the 

substrate binds to a conserved acidic residue, Asp301, in the substrate binding site of 

CYP2D6 [6].  CYP2D6 oxidizes its substrate by utilizing O2, 2H+ and 2e- provided from 

cytochrome P450 reductase (CPR) via reducing equivalent NADPH.  Whereas the activity 

of many microsomal P450s is stimulated by cytochrome b5 (cytb5), CYP2D6 shows no 

stimulatory effect by cytb5 [7].  Although the correlation between the function and the 

molecular structure of CYP2D6 has been studied using spectroscopic [8], structural [9, 

10], computational [11] and kinetic analyses coupled with site-directed mutagenesis [12], 

insight into lack of a stimulatory effect of CYP2D6 by cytb5 has not been elucidated to 

date.  Thus, our ultimate goal is to clarify why cytb5 does not stimulate the activity of 

CYP2D6 and how this observation is relevant to the mechanism of action of CYP2D6. 

 

Here, we will present the development of the heterologous expression of full-length wild-

type CYP2D6 and its purification.  Further, some preliminary kinetic data and 

spectroscopic titrations will be shown to confirm that our purified CYP2D6 behaves similar 

to those reported by the other research groups.  We believe that understanding the 

function of cytb5 towards CYP2D6 will shed light on the molecular mechanism of P450s, 

particularly regulation of catalytic efficiency. 
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9. NMR studies of interaction between Cytochrome P450 2B4 and the FMN binding 

domain of Cytochrome P450 Reductase. 

Rui Huang†, Nataliya Popovych†, Meng Zhang†, Sang-Choul Im‡, Lucy Waskell‡ and 

Ayyalusamy Ramamoorthy† 
† Biophysics and Department of Chemistry, University of Michigan, Ann Arbor, Michigan 

48109-1055, USA 
‡Department of Anesthesiology, University of Michigan, and VA Medical Center, Ann 

Arbor, Michigan 48105, USA 

 

Electron transfer from cytochrome P450 reductase (CPR) to cytochrome P450s is an 

essential step in the catalytic cycle of mammalian cytochrome P450s. The FMN binding 

domain (FBD) of CPR plays the role of direct electron donor for P450s.  In our study, the 

FMN binding domain of CPR attached to the transmembrane anchor (residues 1-239, 

denoted as FBD) was expressed from E. coli, purified, and characterized.  The interaction 

between the full-length rabbit CYP2B4 and FBD was studied by UV-Vis spectroscopy and 

Isothermal Titration Calorimetry, and the electron transfer rate between the two proteins 

was measured by stopped-flow spectroscopy. Comparing with the complex of full-length 

CYP2B4 and full-length CPR, the FBD-CYP2B4 complex presents a faster electron 

transfer rate while the dissociation constant of the complex is similar to that of the wild-

type proteins. A combination of high-resolution solution NMR and magic angle spinning 

(MAS) solid-state NMR spectroscopy were applied to investigate the interface of the FBD-

CYP2B4 complex at high-resolution. More than one binding site on FBD was revealed by 

our NMR results. Titration of CYP2B4 by monitoring 2D TROSY-HSQC NMR spectra of 

FBD provided the patterns of differential line broadening, the analysis of which reveals the 

residues potentially located on the binding interface.  
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10. Effect of membrane on the structure and function of a membrane-bound rabbit 

Cytochrome P450 2B4. 

Meng Zhang†, Stéphanie V Le Clair†, Sang-Choul Im‡, Lucy Waskell‡ and Ayyalusamy 

Ramamoorthy† 
† Biophysics and Department of Chemistry, University of Michigan, Ann Arbor, Michigan 

48109-1055, USA 
‡Department of Anesthesiology, University of Michigan, and VA Medical Center, Ann 

Arbor, Michigan 48105, USA 

 

The Cytochrome P450 (CYP) monooxygenases are a superfamily of enzymes found in all 

eukaryotes and most prokaryotes. Together with its redox partners, Cytochrome P450 

Reductase and Cytochrome b5, CYPs catalyze the metabolism of a broad range of 

endogenous and exogenous substrates including sterols, vitamins, fatty acids, drugs, 

carcinogens and environmental pollutants. Mammalian CYPs are mostly found to be 

bound to the Endoplasmic Reticulum (ER) membranes in liver cells. The role that 

membrane plays in the conformation and function of CYPs is of great interest. It has been 

proposed that membrane assists the process in which hydrophobic substrates enter the 

active site of P450, and also holds P450 in an orientation that allows optimal contact with 

its redox partners for efficient electron transfer. Here we applied different types of model 

lipid membranes to explore the effect of membrane on CYP 2B4 secondary structure and 

its interaction with its substrate butylated hydroxytoluene. We found that negatively 

charged lipids with chain length over 14 carbons are more favorable for CYP 2B4, and 

membrane systems containing these lipids could have possibly opened a substrate access 

channel connecting the hydrophobic core of the membrane and the catalytic active site of 

the protein. Further studies are in progress to gain more insights on the interaction 

between membrane and CYP enzyme at atomic-level resolution by NMR techniques.  
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11. Hydroxylation versus N-dechloroethylation of Cyclophosphamide by Human 

Cytochrome P450s. 

Diane Calinski, Haoming Zhang, Paul Hollenberg 

Department of Pharmacology, University of Michigan 

 

Cyclophosphamide (CPA) is one of the most commonly used cancer chemotherapeutics.  

CPA treatment is associated with large interpatient variability with regards to both efficacy 

and toxicity.  A potential contributing factor to these discrepancies is the metabolism of the 

drug.  In order to more thoroughly characterize CPA metabolism by the human 

cytochrome P450s (P450s), we have investigated the two primary metabolic pathways, 

hydroxylation and N-dechloroethylation of CPA in vitro.  Hydroxylation of CPA leads to the 

therapeutically active form of the drug, whereas N-dechloroethylation results in inactivation 

of the drug and formation of toxic metabolites.  Understanding the balance between these 

two pathways will enhance our overall knowledge of CPA metabolism and potentially 

illuminate the cause of interpatient variability.  Using a reconstituted system, the Michaelis 

Menten kinetic values for both pathways have been determined for those P450s which are 

primarily implicated in CPA metabolism in human patients: CYP2B6, CYP2C9, CYP2C19, 

CYP3A4, and CYP3A5.  CYP2B6 and CYP2C19 were the most efficient at CPA activation 

and only CYP3A4 catalyzed the inactivation of CPA and formation of toxic metabolites.  

Further complicating CPA metabolism is the highly polymorphic nature of the primary 

P450s involved in its metabolism.  We assessed CPA metabolism by the variants at two 

clinically relevant concentrations.  We found that the common polymorphisms CYP2B6*4, 

CYP2B6*5, and CYP2B6*6 produced significantly less activated metabolite while the less 

common polymorphisms CYP2B6*7 and CYP2B6*9 produced more activated metabolite 

(as compared to wild type CYP2B6).  None of the polymorphic variants exhibited changes 

in the inactivation of CPA.   

 

The interpatient discrepancies associated with CPA treatment may be controlled with 

stricter regulation of CPA metabolism.  We investigated the ability to control CPA 

metabolism in two separate ways.  Using human liver microsomes (HLM) we examined 

the possibility of favoring therapeutic activation versus inactivation of CPA by inhibition of 

specific P450s.  We found that inhibition of CYP3A4 reduced metabolism via both 

pathways, whereas CYP2B6 inhibition reduced the therapeutic activation of CPA and 

increased CPA inactivation.  We also examined the ability to favor therapeutic activation 

using deuterated CPA (d4CPA)1.  CPA was synthesized with deuterium at the alpha and 

alphaꞌ carbons of the chloroethyl chains.  It is expected that N-dechloroethylation of 

d4CPA would be impeded by the presence of deuterium and therefore hydroxylation of 

d4CPA would be enhanced.  The metabolism of d4CPA was assessed using CYP3A4 and 

CYP2B6.  Activation of d4CPA by CYP3A4 was less efficient than activation of non-

labeled CPA, and the inactivation of the drugs by CYP3A4 did not differ.  No differences 

were found for the activation or inactivation of d4CPA as compared with non-labeled CPA 

by CYP2B6.  Therefore, our results indicate that attempts to modulate metabolism of CPA 

may be best accomplished at the level of the P450s and not at the level of the drug 

structure.  Further studies will focus on enhancing CPA activation by manipulating 
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CYP2B6 and CYP2C19 mediated metabolism.  

 
1The authors would like to acknowledge Susan Ludemen (Albany College of Pharmacy 

and Health Sciences) and Eileen Dolan (University of Chicago) for the contribution of 

d4CPA.  

 

(Supported in part by CA-16954)   
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12. IterTunnel: A Novel Method for Including Protein Flexibility and Ligand Migration in 

Protein Tunnel Prediction. 

Laura Kingsley and Markus Lill 

Purdue University, West Lafayette, IN  47907 

 

In proteins with buried active sites, understanding how ligands migrate through the tunnels 

that connect the exterior of the protein to the active site can shed light on substrate 

specificity and enzyme function.  A growing body of evidence highlights the impact of 

protein flexibility on the thermodynamic state of the protein-ligand complex, however, its 

influence on ligand entry and egress is much less characterized. To investigate the role of 

protein flexibility on ligand migration through tunnels, we have developed a novel tunnel 

prediction methodology, IterTunnel, which iteratively combines geometric tunnel prediction 

with steered molecular dynamics. Applying this new method to cytochrome P450 2B6 

(CYP2B6), we demonstrate the influence of protein flexibility on the shape and 

accessibility of tunnels. More importantly, we demonstrate that the ligand itself, while 

traversing through a tunnel, can reshape the tunnel due to its interaction with the protein. 

This process results in the exposure of new tunnels or the closure of pre-existing tunnels 

as the ligand migrates from the active site. Furthermore, many of the tunnels that become 

exposed due to ligand-induced conformational changes were found to be amongst the 

most energetically favorable tunnels for ligand egress in CYP2B6. 
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13. Cardiovascular Drug Metabolism:  Cytochrome P450 2J2 Metabolism of 

Anandamide. 

Vyvyca J. Walker and Paul F. Hollenberg 

Department of Pharmacology, University of Michigan 

 

Atherosclerosis contributes significantly to cardiovascular disease, the major cause of 

death in the United States. Anandamide (AEA) administration inhibits factors, such as 

adhesion molecule expression, that contribute to the formation of atherosclerotic plaques. 

These effects are partially reversed by cannabinoid 2 (CB2) receptor antagonists. Since 

AEA has low efficacy at this receptor, it was suggested that a metabolite of AEA may be 

responsible for the anti-atherosclerotic effects of AEA administration. Although the primary 

pathway for AEA metabolism is hydrolysis by fatty acid amide hydrolase (FAAH), it can 

also be oxidized by COX-2, LOX, and the cytochrome P450 enzymes, including CYP3A4, 

CYP2D6, and CYP2B6.  CYP2J2 is the major P450 expressed in the human 

cardiovascular system and it metabolizes arachidonic acid (AA) to four 

epoxyeicosatrienoic acids (EETs) which are mostly known for their actions on the 

regulation of cardiovascular tone. It is possible that a metabolite of AEA formed by 

CYP2J2 in the cardiovascular system activates the CB2 receptor to mediate the AEA-

induced inhibition of atherosclerotic activity. It is known that the 5,6-epoxyeicosatrienoic 

acid ethanolamide (EET-EA), a P450-mediated AEA metabolite, can bind to and activate 

the CB2 receptor at nanomolar concentrations. The objective of this study is to investigate 

the ability of CYP2J2 to metabolize AEA in the cardiovascular system. LC/MS was used to 

identify the metabolites formed during the metabolism of AEA by CYP2J2. Studies using 

purified protein in the reconstituted system showed that CYP2J2 formed the 20-

hydroxyeicosatetraenoic acid ethanolamide (HETE-EA) and several epoxygenated 

products, including 5,6-, 8,9-, 11,12-, and 14,15-EET-EAs. To determine if whole cells 

expressing CYP2J2 could metabolize AEA, the leukemia cell line K562 was used. The 

K562 cells metabolized AEA to 5,6-, 8,9-, 11,12-, and 14,15-EET-EA, in addition to 19-

HETE-EA. Pharmacological inhibitors and monoclonal antibodies  specific for CYP2J2 

were used to determine its role in AEA metabolism by K562 cells. It was determined that 

CYP2J2 did play a role, but was not the primary P450 responsible for catalyzing this 

reaction. Future studies are needed to determine the effects AEA metabolites on adhesion 

molecule expression, such as ICAM-1 and VCAM-1, which contribute to the development 

of atherosclerosis.   
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14. Population specific regulatory polymorphisms acting on CYP2C19 in human liver. 

Jonathan C Sanford1, Yingying Guo2, Wolfgang Sadee1, Danxin Wang1 

1. Program in Pharmacogenomics, Department of Pharmacology, College of Medicine, 

The Ohio State University, Columbus, OH, USA; 2. Department of Drug Disposition, Lilly 

Research Laboratories, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN, 

USA 

 

The drug metabolizing enzyme cytochrome P450 2C19 plays a role in activation of 

clopidogrel. Ultra-rapid metabolizer phenotype status has been associated with enhanced 

transcription caused by promoter allele CYP2C19*17. This study characterizes the effect 

of CYP2C19*17 on gene expression in human liver and screens for additional regulatory 

variants. SNaPshot was used to measure allelic expression imbalance (AEI), an indicator 

of cis- acting regulatory single nucleotide polymorphisms (SNPs), and to measure *17’s 

effect size. The effect of CYP2C19*17 was further characterized through measurements of 

CYP2C19 mRNA (quantitative real-time PCR) and enzyme activity (metabolic velocity of 

S-mephenytoin).  Potential regulatory SNPs were identified through sequencing of 

CYP2C19 exons and a 4kb promoter region, and then tested for association to relevant 

phenotypes.  CYP2C19*17 heterozygotes and homozygotes showed an increase in total 

CYP2C19 mRNA homozygous reference allele livers of 1.8-fold (p=0.028) and 2.9-fold 

(p=0.006), respectively.  CYP2C19*17 heterozygotes also associated with instances of 

AEI (allelic ratio ~1.8-fold, SD±0.6, p<0.005).  CYP2C19 enzyme activity was elevated 2.3-

fold, with borderline significance (p=0.06) in CYP2C19*17 carriers. A single liver sample of 

African descent exhibited a 2-fold allelic mRNA ratio, while another sample showed a ~12-

fold increase in metabolic velocity. Neither case was accounted for by *17.  Four unique 

SNPs (rs7919698, rs7101258, rs11568730 and rs56043006) were identified in the African 

individual. Of these, rs7101258 and rs11568730 are attractive candidate regulatory SNPs.  

Specifically, the rs11568730 minor allele (~2%) is predicted (in silico) to abolish an E4BP4 

transcriptional repressor binding site.  Further, this SNP is in complete linkage with 37 

SNPs over ~600kb, illuminating potential enhancer SNPs.  This indicates that regulatory 

SNPs in addition to CYP2C19*17 may affect CYP2C19 expression, particularly in some 

ethnic populations.  Further studies are required to identify regulatory SNPs that may be 

relatively uncommon or be at considerable distance from the CYP2C19 gene locus. 

 

Supported by U01 GM092655. 
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15. Prediction of CYP3A Mediated Drug-Drug Interactions: Estimation of Gut Wall and 

Hepatic Contributions. 

Bing Han, Gemma L Dickinson, Patricia K Turner, and Stephen D Hall 

Department of Drug Disposition, Lilly Research Laboratories, Eli Lilly and Co., 

Indianapolis, IN, 46285 

 

BACKGROUND: To assess drug-drug interaction (DDI) liability for CYP substrates, 

regulators expect a study with a strong inhibitor (e.g. ketoconazole for CYP3A) and if 

significant, data on moderate/weak inhibitors should be provided. Guidances from FDA 

and EMA have recommended the use of PBPK models for this purpose. Estimates of the 

contribution of CYP3A enzymes to drug metabolism at both gut wall (fraction available, FG) 

and hepatic site (fraction metabolized by CYP3A, fm) are essential for predicting AUC 

ratios. Here, we describe methods to estimate FG and fm from clinical data.  

 

METHODS: FG and fm of “sensitive” oral CYP3A substrates were estimated, by two 

methods: 1) oral victim data and multiple inhibitors (e.g. simvastatin); 2) oral victim data 

with a single inhibitor (e.g. ketoconazole) and i.v. victim data (e.g. LY). Both a static 

mathematical model and a dynamic sensitivity analyses within Simcyp were applied. 

Additional DDIs were predicted using the dynamic models in Simcyp and mechanistic 

static model.  

 

RESULTS: For method 1, a static DDI model and derived inhibition constants for 

midazolam and prototypical inhibitors were used to iteratively estimate FG and fm for other 

CYP3A substrates and the same inhibitors. In the case of simvastatin the estimated FG 

and fm are 0.35 and 0.9, respectively. Similar values were estimated using sensitivity 

analyses with Simcyp. With the updated fm and FG, there was higher prediction accuracy. 

For LY DDI data from a ketoconazole study and known inhibitory effects by ketoconazole 

at gut and liver (derived from an in-house ketoconazole model) were used in a static 

model along with the i.v. clearance. FG and fm of LY were estimated to be 0.24 and 0.74, 

respectively. Additional DDIs were predicted with moderate and weak CYP3A inhibitors in 

Simcyp. 

 

CONCLUSION: The common overprediction of DDIs with simvastatin was remedied by 

using improved estimates of FG and fm. Estimation of FG and fm of LY from strong inhibitor 

and i.v. data resulted in appropriate predictions of AUC ratio by moderate and weak 

inhibitors of interest. 
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16. Integrating Structure-Based and Ligand-Based Methods for the Prediction of Site of 

Metabolism for CYP 2C9. 

Gregory Wilson, Laura Kingsley, Binjie Hu and Markus Lill 

Purdue University, West Lafayette, IN  47907 

 

Cytochrome P450 (CYP) enzymes are a large, diverse class of enzymes responsible for 

the majority of metabolic reactions in humans, including the metabolism of drug molecules.  

The active sites of CYP enzymes are large and flexible which allows for the metabolization 

of a large variety of molecules but also makes the prediction of the Site of Metabolism 

(SOM) of a given molecule difficult.  A number of methods have been developed which 

attempt to predict the SOM in CYP enzymes, including reactivity models such as NAT and 

later SmartCyp.  These models analyze the hydrogen abstraction energies for the heavy 

atoms of CYP ligands and use this information to predict the SOM.  However, these 

methods do not account for the spatial orientation of the ligand in the CYP binding pocket, 

which is critical in accurately predicting the SOM.  To address this, previous work from our 

lab integrated the NAT model and docking methods, which resulted in an improvement 

over docking alone and NAT alone in predicting the SOM.  A drawback to this method, 

however, is the large number of docking poses, and the difficulty in discriminating between 

poses with the true SOM in the correct orientation and those were the SOM is orientated 

away from the enzymatic site.  This problem is due to the inability of the docking scoring 

function to rank the “active” poses better than the “decoy” poses.  To address this 

difficulty, we are integrating QSAR with our previous approach.  Using a small number of 

active and decoy poses of CYP ligands with known SOM's, we train a QSAR model to 

separate these categories and we also include the SmartCyp scores as part of the QSAR 

model.  The end result is a QSAR model which favors docking poses with the known SOM 

in the correct orientation, which can then be used to screen new molecules. 
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17. Hops and Licorice Reduce Carcinogenic Estrogen Metabolites. 

Courtney S. Snelten, Shuai Wang, Rene Ramos, Shao-Nong Chen, Birgit M. Dietz, Guido 

F. Pauli, Judy L. Bolton* 

UIC/NIH Center for Botanical Dietary Supplements Research, Department of Medicinal 

Chemistry and Pharmacognosy, College of Pharmacy, University of Illinois at Chicago, 

Chicago, IL 

 

Hormone therapy and long-term estrogen exposure is known to increase the risk of 

hormone dependent cancers. The oxidative metabolism of estrogens into estrogen 

quinones that damage DNA contributes to the carcinogenicity of estrogens. In order to 

circumvent using hormone replacement therapy, many women in the United States use 

botanical dietary supplements as a means to alleviate menopausal symptoms and avoid 

associated cancer risks. Little is known about the ability of these botanicals to alter 

estrogen metabolism leading to breast cancer. Our previous studies have shown that hops 

(Humulus lupulus), a component of popular European botanical dietary supplements used 

for relief of menopausal symptoms, inhibits estradiol metabolism to the 2- and 4-

methoxyestrone (MeOE1) metabolites.  

 

We currently assessed three different botanicals (Glycyrrhiza glabra, 

Glycyrrhiza uralensis, and Humulus lupulus) for their ability to modulate estrogen 

metabolism in non-tumorigenic breast cells (MCF-10A) cells using LC-MS/MS analysis of 

the 2- and 4- MeOE1 metabolites which are surrogate markers for the known benign 

metabolite 2-hydroxestrone and carcinogenic metabolite 4-hydroxyestrone. G. uralensis 

had no effect on estrogen metabolism. G. glabra and H. lupulus extracts reduced the 

production of the 4- MeOE1 metabolite. The two most investigated constituents of hops, 

the estrogenic 8-prenylnaringenin (8PN) and chemopreventive Xanthohumol, could not 

reduce metabolites observed with the hops extract. Interestingly, 8-PN appears to 

increase 2-MeOE1 which is most likely mediated through CYP1A1. Seven optimized 

extracts of H. lupulus were then tested to assess which compounds/ or ratio of compounds 

in the hops extracts may play a role in the activity observed. Further experiments are 

underway to identify what constituents in H. lupulus and G. glabra are reducing estrogen 

metabolism and mechanistic studies investigating protein level, mRNA expression, and 

enzyme activity are underway. 

 

Support for this work was provided by NIH and NCCAM P50 AT00155 and CA130037. 
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18. Modulation of CYP3A4 by BEZ235, a dual inhibitor of PI3K and mTOR. 

Ganesh Moorthy, Bilal Abuasal, Hari Krishna Ananthula, and Pankaj B. Desai 

University of Cincinnati, Cincinnati, OH  45267 

 

Purpose:  BEZ235 is a potent dual inhibitor of phosphatidylinositol-3-kinase (PI3K) and 

mammalian target of rapamycin (mTOR) kinases. BEZ235 effectively inhibits growth of 

tumors in various mouse xenograft models, including models of glioblastoma multiforme, 

breast cancer and prostate cancer. In particular, combination of BEZ235 with other 

cytotoxic agents has shown synergistic inhibition of cancer cells. BEZ235 is currently 

under evaluation in phase I/II clinical trials as a single agent and also in combination with 

mTOR inhibitors like Everolimus and also with chemotherapeutic agents like paclitaxel. 

Objective of the current study is to evaluate the modulation of cytochrome P450 enzyme 

activities, inhibition or induction, by BEZ235.  

 

Methods:  To examine the effects of BEZ235 on both the expression and activity of 

CYP3A4 expression, we employed primary human hepatocytes, obtained through the 

Liver Tissue Cell Distribution System (Pittsburgh, PA).  Primary hepatocytes were 

treated with varying BEZ235 concentrations (0.01-10 μM) for 72 hours.  CYP3A activity 

was determined as testosterone 6β hydroxylase; CYP3A4-specific mRNA levels were 

measured using RT-PCR and CYP3A4 protein levels by western blot analysis.  To 

assess if BEZ upregulates CYP3A4, the effect of BEZ235 on the activity of the human 

Pregnane X Receptor (hPXR) was examined in cell-based assays (transiently 

transfected HepG2 cells).  The effect of BEZ235 on CYP3A4 activity is also being 

assessed employing pooled human liver microsomes (HLMs).  Here the emphasis is to 

discern potential competitive vs. mechanism based inhibition of testosterone and/or 

RAD001 metabolism by BEZ235. 

 

Results:  In primary human hepatocytes BEZ235 markedly enhanced CYP3A4 mRNA 

levels and activated PXR in cell based assays.  Relative to the solvent-treated controls, 

mRNA levels increased by 1.54 and 2.46 folds at 1 and 10 µM, respectively. At 10 µM 

concentration, the CYP3A4 induction by BEZ235 relative to rifampicin was 60%.  

Further, in PXR-activation assay, BEZ235 caused a 5-6 fold increase in luciferase 

activity compared to the control cells.  However, in contrast to that observed with 

rifampicin, BEZ235 markedly inhibited the activity of CYP3A4. 

 

Conclusions:  BEZ235 appears to have dual contrasting effects on CYP3A4.  While it 

activates PXR and induces CYP3A4 expression, it potently inhibits CYP3A4 activity. 

Prospective clinical trials with assessing drug drug interactions as one of the primary 

aims are required to discern the net impact of BEZ235.  
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19. Validation of an in-vitro canine primary hepatocyte based co-culture system for use 

in extended DMPK/Tox studies. 

Eric I. Novik,† Franck A. Atienzar,*, 1  Amit Parekh,† Helga H. Gerets,* Claude Delatour,* 

Alvaro Cardenas,* Stéphane Dhalluin* and Martin L. Yarmush§ 

† Hurel Corporation, 675 U.S. Highway 1, North Brunswick, NJ 08902 
* UCB Pharma SA, Non-Clinical Development, Chemin du Foriest, 1420 Braine-l’Alleud, 

Belgium 
§ Department of Biomedical Engineering, Rutgers University, Piscataway, NJ 08854, USA 

 

Accurately predicting the pharmacokinetic and toxicological properties of drugs as early as 

possible in the development process can materially reduce the number of failures, and 

hence the total cost of developing a drug. As such, there is an accelerating drive to identify 

systems that offer greater utility in predicting human physiological responses. These 

predictive systems include in vivo preclinical data obtained using whole animals or in vitro 

data from microsomes, isolated hepatocytes and cell lines such as HepG2. The objective 

of the present study was to develop and validate a canine co-culture model for conducting 

long term, in vitro, DMPK and toxicity studies. After rigorous optimization, the dog co-

culture model displayed metabolic capacities that were maintained up to 2 weeks.  This 

model was then used to compare metabolite profiles for 9 reference low clearing 

compounds. In other studies, toxicity of 51 compounds was evaluated in the canine co-

culture model and compared with primary human hepatocytes and HepG2 cells. Distinct 

clearances rate were measured in 7 out of 9 compounds tested. While all three toxicity 

platforms resulted in a sensitivity level of approximately 80% (n=40), the specificity 

observed was quite low for the HepG2 cells and primary human hepatocytes (~40%) 

compared to dog co-culture model (72.7%) with a set of 11 non-human hepatotoxic drugs. 

Furthermore, the dog co-culture model showed superiority for classifying 5 pairs of closely 

related structural analogs with different DILI concerns in comparison to the HepG2 cells 

and primary human hepatocytes. These results indicate that this canine co-culture system 

outperforms two other widely used cellular systems, and represents a novel and effective 

platform for predicting pharmacokinetics and toxicity profiles of drugs under development. 
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20. Application of hydration sites in pharmacophore-based virtual screening. 

Bingjie Hu, Markus A. Lill 

Department of Medicinal Chemistry and Molecular Pharmacology, College of Pharmacy, 

Purdue University, 575 Stadium Mall Drive, West Lafayette, IN 47906, USA 

 

Pharmacophore-based virtual screening has evolved to an important method in the early 

stage of drug discovery. In the presence of an experimental protein structure, an 

interaction map between probes characterizing potential ligand features and binding site 

residues can be translated into locations of pharmacophore elements without the inclusion 

of ligand information. However, the size of the resulting pharmacophore model is typically 

too large for efficient screening of large compound libraries. On the other hand, it is well 

recognized that the consideration of active site water molecules, also known as hydration 

sites, can be critical in predicting the protein-ligand interactions. In this study, we 

hypothesize that the hydration site information can be used to construct pharmacophore 

models with increased efficiency and enrichment quality compared to models containing 

all binding site pharmacophore elements. To test this hypothesis, we estimated the 

desolvation energy of hydration sites in the binding site and used this information to select 

the pharmacophore elements. The underlying idea is that binding of ligand functional 

groups to pharmacophore elements co-localized with the hydration sites will release the 

binding site water molecules. This desolvation energy upon ligand binding contributes 

significantly to the free energy of binding. We tested the enrichment quality of the 

hydration-site-restricted pharmacophore (HSRP) models in virtual screening on three 

protein systems. The results indicated that, while maintaining enrichment quality 

comparable to the models containing all binding site pharmacophore elements, using the 

HSRP model was at least 200 times more efficient. Finally, we proposed a training 

process to use a small set of active ligands to reliably select the optimal pharmacophore 

models for virtual screening. In summary, our study illustrates the usefulness of the 

desolvation information for pharmacophore-based virtual screening in the early stage of 

drug discovery. Our methods can be applied to protein systems, such as cytochromes 

P450, where the presence of active site water molecules can have a large impact on the 

virtual screening results. 

 

Acknowledgement: This work has in part been supported by the National Institutes of 

Health (Grants GM085604 and GM092855). 
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21. Ginkgo biloba prevents transient global ischemia-induced delayed hippocampal 

neuronal death through antioxidant and anti-inflammatory mechanism. 

Jatin Tulsulkar; Zahoor A. Shah 

Department of Medicinal and Biological Chemistry, University of Toledo College of 

Pharmacy and Pharmaceutical Sciences, Toledo, OH 

 

We have previously reported neuroprotective properties of Ginkgo biloba/EGb 761® (EGb 

761) in transient and permanent mouse models of brain ischemia. In a quest to extend our 

studies on EGB 761 and its constituents further, we used a model of transient global 

ischemia induced delayed hippocampal neuronal death. Mice pretreated with different test 

drugs for 7 days were subjected to 8-min bilateral common carotid artery occlusion 

(tBCCAO) at day 8. After 7 days of reperfusion, mice brains were dissected out for TUNEL 

assay and immunohistochemistry.. In-situ detection of fragmented DNA (TUNEL staining) 

showed that out of all test drugs, only EGb 761 pretreatment protected neurons in the 

hippocampus against global ischemia. Immunofluorescence-based studies demonstrated 

that the vehicle group had comparatively lower expression levels of heme oxygenase 1 

(HO1), nuclear factor erythroid 2-related factor 2 (Nrf2), and vascular endothelial growth 

factor (VEGF) which was attenuated in EGb 761 pretreated groups. In addition, increased 

number and expression of activated astrocytes and microglia in the vehicle group was 

observed to be comparatively lower in EGb 761 pretreated group. These results suggest 

that the neuroprotective effect of  EGb 761 is associated with activation and upregulation 

of HO1/Nrf2 pathway and VEGF, and by downregulation of inflammatory mediators such 

as astrocytes and microglia.  

 

Key words: global ischemia, heme oxygenase 1, Nrf2, VEGF 

 

Support: NCCAM-NIH (R00AT004197) 
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22. Neuritogenic Properties of Ginko biloba EGb761. 

Shadia Nada and Zahoor Shah 

Department of Medicinal and Biological Chemistry, University of Toledo College of 

Pharmacy and Pharmaceutical Sciences, Toledo, OH 

 

Ginkgo biloba/EGb 761® (EGb 761) is a popular and standardized natural extract used 

worldwide for the treatment of many ailments. Although EGb 761 is purported to have a 

plethora of benefits, here, we were interested to study the neuroprotective properties of 

EGb 761 and its components and determine whether nuclear factor E2 (Nrf2)/heme 

oxygenase 1 (HO1) induction of the collapsin response mediator protein 2 (CRMP2) 

pathway contributes to neuroprotection. We examined the antioxidant and neuritogenic 

properties of EGb 761 in primary neurons. Compared with vehicle-treated cells, 

pretreatment with EGb 761 significantly enhanced the survival of neurons exposed to 

tertiary butylhydroperoxide (t-BuOOH), hydrogen peroxide (H2O2), and N-methyl-D-

aspartate (NMDA). Bilobalide and ginkgolide A also protected cells against NMDA-induced 

excitotoxicity. Immunofluorescence and Western blot analysis showed that EGb 761 

pretreatment significantly increased the protein expression levels of Nrf2, HO1, GAPDH, 

-actin, CRMP2, and histone H3 during t-BuOOH-induced oxidative stress. These findings 

suggest that EGb 761 not only has antioxidant activity but also neuritogenic potential. 

Demonstrating such effects for possible drug discovery may prove beneficial in stroke and 

ischemic brain injury. 

 

 

 

23. Withania Somnifera is neuroprotective in both pre-treatment and post-treatment 

paradigms in a mouse model of cerebral ischemia. 

Aparna Raghavan, Zahoor Shah 

Department of Medicinal and Biological Chemistry, University of Toledo College of 

Pharmacy and Pharmaceutical Sciences, Toledo, OH 

 

Withania somnifera (WS), popularly known as ‘Ashwagandha’ has been used for centuries 

as a nerve tonic. Its protective effect has been elucidated in many neurodegenerative 

pathologies, although there is a paucity of data regarding its effects in cerebral ischemia. 

We examined the neuroprotective properties of an aqueous extract of WS in both pre-

treatment and post-treatment regimens of a mouse model of permanent middle cerebral 

artery occlusion (pMCAO). WS (200mg/kg) significantly reduced the infarct volume in 

mice, when compared to those treated with vehicle, in both paradigms. We investigated 

the protective mechanism using mice brain cortices by its ability to modulate the 

expression of key proteins in the ischemic-apoptotic cascade. The Western blots and 

immunofluorescence analyses revealed that WS attenuates the expression of the pro-

apoptotic protein PARP1 via the PARP1-AIF pathway, thus preventing the nuclear 

translocation of AIF, and subsequent apoptosis. Our results suggest that WS could be a 

potential prophylactic as well as a therapeutic agent in combating stroke, and that part of 

its mechanism could be attributed to its anti-apoptotic properties. 
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