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Schedule 

Thursday, April 30, 2009 

10:00 AM Registration, coffee and poster setup 
11:00 AM Welcome 
11:10 AM Chemically reactive metabolites in drug discovery and development – Should 

we care? 
Thomas Baillie, University of Washington. 

11:50 AM Metabolism and DNA binding of carcinogenic tobacco-specific nitrosamines. 
Stephen Hecht, University of Minnesota. 

12:30 PM Lunch, poster viewing, and sponsor booths 
2:00 PM Structure/function analysis of human CYP2A enzymes and the relationship to 

lung cancer.   
Emily Scott, University of Kansas. 

2:40 PM Using a drug metabolism approach to predict response in breast cancer 
patients. 
James Rae, University of Michigan. 

3:20 PM Break, poster viewing, and sponsor booths 

4:00 PM Investigation of the metabolism of natural product chemoprevention agents 
using ultrafiltration mass spectrometry. 
Richard van Breemen, University of Illinois at Chicago. 

4:40 PM Improving warfarin dosing through genetic testing. 
James Burmester, Marshfield Clinic. 

5:20 PM Poster session (author available), sponsor booths, and mixer 
7:30 PM Dinner 
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Schedule 

Friday , May 1, 2009 

7:30 AM Business meeting for organizing committee members 
8:00 AM Coffee 
9:00 AM PK and PK/PD modeling and simulation in drug discovery. 

Robert Carr, Abbott Laboratories. 

9:35 AM Models for incorporating glucuronidation into human pharmacokinetic 
predictions. 
Hongliang Cai, Pfizer. 

10:10 AM Break 
10:40 AM The effect of losing multiple clearance pathways on drug safety and viability. 

Shelby Anderson, Lilly Research Labs. 

11:15 AM Facile hepatic uptake assays to support drug discovery and development. 
Daniel Bow, Abbott Laboratories. 

11:50 AM Closing remarks 
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Poster Presentations 
 

1. Spinosad is a P-Glycoprotein Substrate: A Possible Explanation for Ivermectin-Associated 
Toxicity in Dogs.   Chuck Locuson; Pfizer Animal Health, Kalamazoo, MI  49007. 
 
The Food and Drug Administration’s Center for Veterinary Medicine issued an interaction safety 
warning notification for spinosad in June 2008 for dogs receiving high, extra-label doses of 
ivermectin.  Since ivermectin is a well known P-glycoprotein (Pgp) substrate that has a higher risk of 
causing neurotoxicity in dog breeds with Pgp mutations, spinosad was tested in a transfected MDCK-
MDR1 trans-well efflux assay.  Spinosad was confirmed to be Pgp substrate in vitro and was also 
screened for its affinity for dog (beagle) Pgp in an insect membrane system.  The findings suggest 
spinosad may interact with other Pgp substrates in dogs. 
 
 

2. Midazolam Interactions with Ketoconazole in Dogs can be Attributed to CYP2B11, Not 
CYP3A12.  Matt Zaya1, Chuck Locuson2, Ken Feenstra, Rod Walters, Beth Miskimins and Julie 
White; Pfizer Animal Health, Kalamazoo, MI  49007; 1presenter, 2corresponding author. 
 
Current recombinant cytochrome P450 (P450) phenotyping methods were applied to midazolam-
ketoconazole drug interaction studies in dogs.  Published midazolam-ketoconazole studies in dogs 
have led to appreciable increases in plasma midazolam AUC values and the results have been 
attributed to an interaction with the CYP3A12/26 pathway. However, enzyme phenotyping studies 
demonstrated higher intrinsic clearances (CLint,app) of midazolam with canine CYP2B11 and 
CYP2C21.  Application of microsome activity correction factors and isoform hepatic abundance 
further implicated CYP2B11 (fm=0.88 - 0.99) as the primary dog enzyme responsible for midazolam-
ketoconazole interactions in vivo.  Mean AUCi/AUC ratios from intravenous and oral interaction 
studies were also predicted well with unbound Ki, and estimates of unbound Chep,inlet and Fg,i/Fg. 
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3. Hormone Metabolism in Breast Cancer: Pharmacogenomic Implications for Endocrine 
Therapy.  Matthew J. Sikora, Michael D. Johnson, and James M. Rae; Department of Pharmacology, 
The University of Michigan Medical School, Ann Arbor, MI 48109. 
 
Breast cancer is the most common malignancy in women in the Western world with nearly 180,000 
new cases expected this year in the United States alone.  Approximately 60-70% of all newly 
diagnosed breast cancers are estrogen receptor (ER)-positive, and nearly all of these patients will 
receive some form of endocrine therapy. Recently, the use of aromatase inhibitors (AIs) was 
established as the primary front-line endocrine therapy for post-menopausal women with ER-positive 
breast cancer.  The aromatase inhibitors function by blocking the conversion of precursor androgens 
such as testosterone to estrogen by aromatase (CYP19A1) in target tissues.  Despite the 
effectiveness of these therapies in reducing disease recurrence and increasing overall survival, 15-
20% of women treated with AIs will relapse within 5 years of treatment initiation.  Currently, there is 
no way to determine which patients will benefit from AI therapy.  We hypothesize that cytochrome 
P450 (CYP450) enzymes expressed within tumor cells are responsible for the generation and 
elimination of alternative androgen metabolites with estrogen-like properties.  Therefore, the 
production of these steroids may represent a potential mechanism of resistance to aromatase 
inhibitors.  Furthermore, genetic polymorphisms in these CYP450 enzymes that have been shown to 
affect their enzymatic activity may influence the levels of these estrogen-like steroids and predict 
resistance to AIs. 
 
We have identified and begun to characterize two alternative pathways of testosterone metabolism 
that generate estrogen-like steroids independent of aromatase, and hypothesize that increased levels 
of these steroids may play a role in de novo resistance to AI therapy.  We observed that CYP450 2B6 
(CYP2B6) is highly expressed in ER+ breast cancers.  Studies of CYP2B6 activity have demonstrated 
that this enzyme produces hydroxylated testosterone metabolites (16α- and 16β-
hydroxytestosterone) with unknown steroidal activity.  We hypothesized that these testosterone 
metabolites are estrogenic, and can induce ER+ breast cancer growth through direct effects on ER. 
Indeed, we show using 3 separate ER+, estrogen-dependent breast cancer cell lines that these 
metabolites can induce cell growth similar to that seen with estradiol, and that their effects are 
reversible with an ER antagonist. Our results suggest that CYP2B6 expressed in tumor cells can 
generate steroids that activate the estrogen receptor and therefore bypass the aromatase pathway.  
In the second alternative steroid pathway, the testosterone metabolite 5α-androstane-3β,17β-diol 
(3βAdiol) is generated from the potent androgen dihydrotestosterone (DHT) by 3β-hydroxysteroid 
dehydrogenase (HSD).  Though considered primarily a prostatic endocrine steroid, we demonstrate 
that 3βAdiol can induce the growth of breast cancer cells via an ERα-dependent pathway consistent 
with partial agonist activity.  Interestingly, CYP450 7B1 (CYP7B1), the rate limiting enzyme 
responsible for the elimination of 3βAdiol, is significantly down-regulated in ER+ breast cancers. 
 
Characterization of alternative steroid hormone metabolism pathways may lead to a better 
understanding of AI resistance. While the steroids we have investigated are ~1000-fold less potent 
than estradiol at inducing breast cancer cell growth in vitro, their effective concentrations are within 
their anticipated physiological concentrations. Therefore, we propose that in the complete absence of 
estrogen (such as in patients in AIs), these steroids are the primary estrogenic steroids in the 
circulation and tissues. In the future we will study the effects of genetic variants CYP2B6 and 
CYP7B1 on steroid metabolism activity using models of hormone metabolism in vitro and in cell 
culture.  Additionally, we will examine correlations between levels of these androgen metabolites in 
patients with clinical response to AI therapy. 
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4. A Study of Differential Effect of No Donors on Protein Thiol Modifications.  Vaishali Sinha, R. 
Esala P. Chandrasena, Gihani T. Wijewickrama and Gregory R. J.  Thatcher;  Department of 
Medicinal Chemistry and Pharmacognosy, University of Illinois at Chicago, 833 South Wood St, 
Chicago, IL, 60612. 
 
Cysteine residues in proteins represent a target for electrophilic modification and oxidation. Such post 
translational modification of critical cysteine residues may lead to the regulation of protein function. 
Studies have suggested that chemical modification of cysteine residues by NO is an important 
mechanism by which both physiological NO signaling and nitrosative stress can be transduced into a 
cellular response; nitrosylation is considered as an important mechanism in NO signaling. Recent 
studies suggest that nitrosylation may not be the only functional modification in the reaction of protein 
thiols with NO. NO donors and endogenously produced NO could induce a variety of other 
modifications such as disulfide bond formation, sulfenic, sulfinic, sulfonic acids etc. Moreover NO 
donors, of which there are several different major chemical classes, greatly differ in the pathways and 
rates of NOx species they produce. Some are not spontaneous NO donors but release NO on 
reaction with thiol. This may result in substantial difference in the chemical reactivity and biological 
outcome of these compounds. In this study we explored the various thiol modifications (oxidation & 
nitrosation) by several families of NO donors (nitrosothiol, nitrates, nitrites, oxadiazole, NONOates 
etc). Using GSTP1-1 as a model protein, we used an adapted biotin switch method (coupled with 
immunoblotting and mass spectrometry) and SDS PAGE analysis for studying the nitrosation and 
oxidation of cysteine residues. Our results indicate that NO donors with different NO release 
mechanism behave differently and may induce multiple simultaneous modifications in its interaction 
with protein thiols. Such studies on differential effect of NO donors may be important for orienting 
their future therapeutic applications. 
 
 

5. The Naphthol Selective Estrogen Receptor Modulator (SERM), LY2066948 is oxidized to an o-
Quinone Analogous to the Naphthol Equine Estrogen, Equilenin.  Teshome B. Gherezghiher, 
Johann Sohn, R. Esala P. Chandrasena, Zhihui Qin, Gregory R.J. Thatcher, and Judy L. Bolton;  
Department of Medicinal Chemistry and Pharmacognosy, University of Illinois at Chicago, 833 South 
Wood St, Chicago, IL, 60612. 
 
LY2066948 is a novel selective estrogen receptor modulator (SERM) which is in development by Eli 
Lilly for the potential treatment of uterine fibroids and myomas.  LY2066948, similar to the equine 
estrogen equilenin, contains a naphthol group expected to undergo oxidative metabolism to a 
naphthalene-3,4-diol. The 3,4-diol metabolite of equilenin, 4-OHEN, is a genotoxin that autoxidizes to 
a redox-cycling o-quinone.  LY2066948 was synthesized and assayed for antiestrogenic activity and 
was confirmed to be a more potent antiestrogen than 4-hydroxytamoxifen, as measured by induction 
of alkaline phosphatase activity in Ishikawa endometrial cancer cells and ERE-luciferase expression 
in MCF-7 breast cancer cells.  The naphthalene-3,4-diol metabolite of LY2066948 was identified as 
an oxidative product in the model reaction with tyrosinase (phenol monooxygenase); interestingly, in 
the presence of ascorbate to prevent autoxidation, the 3,4-diol was formed quantitatively.  Incubation 
of LY2066948 with tyrosinase in the presence of GSH gave the expected GSH conjugates formed 
from trapping of the o-quinone, which were characterized by LC-MS-MS.  In incubations with 
dexamethasone-induced rat liver microsomes, GSH conjugates were also observed, although in 
lesser amounts.  In accordance, incubation with P450 3A4 supersomes gave only a minor amount of 
naphthalene-3,4-diol metabolite.  Similar to equilenin, LY2066948 is oxidized to a naphthalene-3,4-
diol metabolite, that readily autoxidizes to an o-quinone that is a potentially a cytotoxic electrophile, 
and redox-cycling genotoxin.  Further studies are warranted to evaluate this metabolite and validate 
its formation in vivo. 
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6. Analysis of Pyridyloxobutyl DNA Adducts in Nasal and Oral Mucosa of Rats Treated 
Chronically with Enantiomers of N'-nitrosonornicotine.  Siyi Zhang, Mingyao Wang, Peter W. 
Villalta, Bruce R. Lindgren, Yanbin Lao, and Stephen S. Hecht;  Department of Medicinal Chemistry 
and Masonic Cancer Center, University of Minnesota, Minneapolis, MN. 
 
N'-nitrosonornicotine (NNN) is one of the most important strong carcinogens in tobacco products. 
Cytochrome P450-catalyzed 2'-hydroxylation of NNN produces a reactive intermediate, which 
alkylates DNA to form pyridyloxobutyl (POB)-DNA adducts. In the present study, we used LC-ESI-
MS/MS to analyze four specific POB-DNA adducts in the nasal olfactory, nasal respiratory, and oral 
mucosa of rats treated chronically with (R)-NNN or (S)-NNN in the drinking water. Adduct levels in the 
nasal respiratory mucosa exceeded those in the other tissues. In the nasal olfactory and respiratory 
mucosa, (R)-NNN treatment generated 2 – 4 times more adducts than did (S)-NNN, and O2-POB-
dThd predominated. In the oral mucosa, the opposite stereoselectivity was observed. O2-POB-dThd 
and 7-POB-Gua were the two major adducts. These results indicate different mechanisms involved in 
NNN metabolism and tumorigenesis in rat nasal and oral tissues, and support the potential 
importance of NNN as an oral carcinogen in people who use smokeless tobacco products.  
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7. Studies of the Cytochrome b5 – Cytochrome P450 Complex by Solid-State NMR 
Spectroscopy.. Kazutoshi Yamamoto1, Sangchoul Im2, Jiadi Xu1,  Ayyalusamy Ramamoorthy1, and 
Lucy Waskell2.  1Biophysics Research Division and Department of Chemistry, University of Michigan, 
Ann Arbor, MI 48109;  2Department of Anesthesiology, University of Michigan Medical School and 
Veterans Affairs Medical Center, Ann Arbor, MI 48105. 
 
The cytochromes P450 (cyts P450) are a superfamily of  heme proteins that require two electrons 
and two protons to insert a single oxygen atom into both endogenous and xenobiotic compounds.  
The two electrons in mammalian cyts p450 (Mw ~55 kDa) are from cytochrome P450 reductase 
(CPR) and cytochrome b5 (cyt b5).  The CPR (Mw ~76 kDa) consists two flavin domains,  FMN and 
FAD.  The microsomal cyt b5 (Mw ~16kDa) is a heme protein.   The CPR received two electrons from 
NADPH  and then gives one electron at a time to cyt P450.  After the substrate binds to cyt P450, the 
heme of cyt P450 is reduced by CPR and then the ferrous heme binds oxygen to form the oxyferrous 
complex (FeIII-O-O- ).   A second electron from CPR or cyt b5 is transferred to form peroxo 
intermediate (FeIII-O-O2-), and the intermediate is protonated (FeIII-O-OH) by first hydrogen.  The 
second  hydrogen is delivered to the distal oxygen, resulting in cleavage of the oxygen molecule to 
form water and oxyferryl intermediate (FeIV=O).  The oxygen of the oxyferryl form is inserted to the 
substrate and then oxidized substrate is released. 
 
The cyt b5 is a second electron donor to P450 and affect (stimulation or inhibition) the catalytic 
activity of more than twenty cyts P450.  It is known that the CPR and cyt b5 form a 1:1 complex with 
P450 2B4.  Site-directed mutagenesis studies demonstrate that CPR and cyt b5 have non identical 
but nevertheless overlapping binding sites on the proximal surface (C-helix) of cyt P450 2B4.  We 
reported that cyt b5 and CPR compete with each other for this binding site on P4501,2 ( Zhang et al. 
J.Biol.Chem. 2007 & 2008). 
 
In order to understand the effect of the catalytic activity of P450 by cyt b5 in vivo, it is important to 
understand structural details of cyt b5-cyt P450 complex.  Both cyt P450 and cyt b5 have 
transmembrane and linker domains that are important for biological activity3.  However the domains 
have been inaccessible for structural studies.  In this study, we are showing solid-state NMR results 
of the full length cyt b5 and cyt P450 2B4-cyt b5 complex in Dimyrisoyl phosphatidyl 
choline/dihexanoyl phophatidyl choline (DMPC/DHPC)4 bicelles.  Various 1D cross-polarization 
spectra of 15N-labeled cyt b5  and 15N-labeled cyt b5-unlabeled cyt P450 complex in bicelles were 
investigated with different cross-polarization contact times.   
 
The difference in the 15N  chemical shift spectra of aligned bicelles containing cyt b5 with and without 
cyt P450 indicates an interaction between these proteins, which reduces the mobility of cyt b5 in the 
presence of cyt P450.   In addition, two dimensional HIMSELF (heteronuclear isotropic mixing leading 
to spin exchange via the local field) spectra of cyt b5 with and without cyt P450 suggests that the 
interaction between trans-membrane regions is stronger than that between the soluble domains in the 
bicelles.  
 
1. Zhang H, Hamdane D, Im SC , Waskell L. Cytochrome b5 inhibits electron transfer from NADPH-cytochrome P450 
reductase to ferric cytochrome P450 2B4. J Biol Chem, 283(9): 5217-5225. Feb, 29, 2008.  
 
2. Zhang H, Im S-C, Waskell L. Cytochrome b5 increases the rate of product formation by cytochrome P450 2B4 and competes 
with cytochrome P450 reductase for a binding site on cytochrome P450 2B4. J Biol Chem 282(41): 29766-76, Oct. 12, 2007. 
 
3. Clarke T.A, Im S-C, Bidwai A, and Waskell L., The Role of the Length and Sequence of the Linker Domain of Cytochrome b5 
in Stimulating Cytochrome P450 2B4 Catalysis. J. Biol. Chem., Vol. 279, Issue 35, 36809-36818, August 27, 2004. 
 
4. Durr UHN, Yamamoto K, Im SC, Waskell L, Ramamoorthy A.  Solid-state NMR reveals structural and dynamical properties 
of a membrane-anchored electron-carrier protein, cytochrome b(5).  Journal of the American Chemical Society, 129 (21): 6670-
1 May 30 2007. 
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8. Catalysis by Microsomal Cytochrome P450 2B4 Proceeds via a “Stable Hydroperoxo” 
Intermediate Identified by Freeze Quench EPR.  M. Pearl, S-C Im, H. Zhang, R. Kunz, S. 
Ragsdale, and L. Waskell;  Department of Anesthesiology and Department of Biochemistry, 
University of Michigan, Ann Arbor, MI  48109. 
 
Abstract: 
Cytochrome P450 2B4 is a microsomal mixed function oxidase, whose catalysis can be stimulated, 
inhibited, or apparently not altered by cytochrome b5 in a purified reconstituted system.  In an effort to 
understand the molecular basis of these intriguing properties of the interaction between cytochrome 
P450 and cytochrome b5, it has been possible to demonstrate that cytochrome b5 enhances substrate 
metabolism under single turnover conditions by increasing the rate of catalysis by cytochrome P450  
10 to 100-fold.  That is, catalysis mediated by cytochrome b5  is 10 to 100-fold faster than catalysis 
mediated by cytochrome P450 reductase, the other redox partner of cytochrome P450.  Both redox 
partners reduce oxyferrous cytochrome P450 at the same rate, indicating that a step downstream of 
reduction accounts for the faster rate by cytochrome b5.  We hypothesized that catalysis is faster in 
the presence of cytochrome b5 because it causes an allosteric change in the distal heme pocket that 
facilitates delivery of the “second proton” to the distal non-iron-binding oxygen atom.   Protonation of 
the distal oxygen leads to heterolytic oxygen bond cleavage and formation of the active oxidizing 
species.  Conversely, we postulated that catalysis in the presence of reductase is slower because the 
second proton is delivered more slowly to the hydroperoxo intermediate, which is the immediate 
precursor of the active oxidizing oxyferryl species.  This hypothesis leads to the prediction that the 
hydroperoxo intermediate should accumulate in cytochrome P450 when the oxyferrous enzyme is 
reduced by cytochrome P450 reductase.  To test this hypothesis, a prereduced cytochrome P450-
reductase complex (200 µM) was rapidly mixed with buffer saturated with 100% oxygen at 15 °C. in a 
rapid Freeze Quench apparatus.  The reaction was quenched with isopentane at -136 °C. at specified 
times.  The EPR spectra of the samples demonstrated an end-on ferric hydroperoxo intermediate, 
with g values of 2.32, 2.20, and 1.948, which is consistent with g values observed with cytochrome 
P450 camphor and those we reported from cryoreduction studies with cytochrome P450 2B4.  It is 
noteworthy that the hydroperoxo intermediate was formed and stabilized under ambient conditions, 
15 °C.  In conclusion, catalysis by microsomal cytochrome P450 2B4 in the presence of cytochrome 
P450 reductase but not cytochrome b5 proceeds via a stable (t ½ ≅ 7s) hydroperoxo intermediate 
under ambient conditions.    
 
 

9. Strategy and SAR to Eliminate Reactive Metabolite (Protein Adduct) and Mutagenicity (DNA 
Adduct) for Tricyclic Anilines.  Yiding Hu, Barclay Shilliday, Shengtian Yang, Tom Chiang, Bruce 
Heyde, Michelle Kenyon, Shaun Selness, and David Thompson;  Pfizer Global Research & 
Development, St. Louis Laboratories, Pfizer, Inc., Chesterfield, MO 63017. 
 
Covalent binding of reactive metabolite to biological macromolecules, such as proteins and DNA, is a 
known mechanism of toxicity.  Aniline is a structure-alert which could potentially cause toxicity via 
metabolic activation.  A tricyclic aniline-containing compound, 8-amino-1-(4-fluorophenyl)-4,5-dihydro-
1H-benzo[g]indazole-3-carboxamide, and its analogs were tested positive in Biolum Ames assay 
(bacteria strains TA98/TA100 with rat S9) and reactive metabolite assay (cysteine-containing trapping 
agents with human liver microsomes).  These results indicate tricyclic aniline undergoes P-450 
enzyme catalyzed oxidative bioactivation.  In order to understand, further, to eliminate reactive 
metabolite, bioactivation mechanism has been elucidated via identification of glutathione-conjugates 
and key metabolites.  SAR demonstrated that P450 mediated oxidation on aniline ring and nitrogen is 
critical to bioactivation. Strategies have been developed to eliminate bioactivation via blocking 
metabolic spot, reducing oxidation potential with electron withdrawing substitution, or alternating 
physicochemical properties to reduce substrate affinity.  This practice has provided a rational 
approach to solve bioactivation related issues in drug discovery, and eliminate potential safety risk 
later in drug development.  
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10. Use of a Single Calculated Physicochemical Property (cLogP) to Predict Renal Elimination of 
Pharmaceutical Compounds in Humans.  Lance Heinle and Anup Zutshi; Department of 
Pharmacokinetics, Dynamics & Metabolism, Pfizer Global Research & Development, St. Louis 
Laboratories, Creve Coeur, MO 63141. 
 
A data set of 117 diverse drug compounds obtained from the literature were used to generate a 
simple guideline in predicting the extent of unchanged drug excreted in urine for humans.  For each 
drug, a set of 15 basic physicochemical and structural descriptors were calculated.  The data was 
examined to determine which descriptor(s) could be used to predict renal excretion.  Analysis of the 
data showed that a single descriptor, cLogP, binned a majority of the training set into one of two 
categories: high renal clearance (>20% excreted of total dose) and low renal clearance 
(<20%).  Using a test set of 29 compounds, we were able to successfully bin 90% of the compounds 
(26 of 29).  The binning system categorized compounds using a cLogP cutoff of 2.  Compounds with 
a cLogP >2 had low renal clearance (≤20% of total dose) while compounds with a cLogP <2 had high 
renal clearance (>20% of total dose).  In the end, a simple one parameter rule was proposed for 
guidance in predicting extent of urinary excretion in drug candidates. 
 
 

11. Evaluation of Antiestrogenic Potential and Selectivity of Desmethylarzoxifene (DMA)-Bombs 
Towards Estrogen Receptor Positive Breast Cancer Cells.  Kuan-wei Peng, Zhihui Qin, Gihani T. 
Wijewickrama, Huali Wang, Zhican Wang, Ping Yao, Judy L. Bolton*, and Gregory R. Thatcher*; 
Department of Medicinal Chemistry and Pharmacognosy, University of Illinois at Chicago, Chicago, IL 
60612. 
 
Our strategy is to design chemotherapeutic agents with selective toxicity towards estrogen receptor 
positive ER (+) cells compared to ER (-) cells.  In this study, desmethylarzoxifene (DMA)-bombs were 
designed, using the selective estrogen receptor modulator (SERM), DMA as the ER ligand tethered to 
a catechol or naphthol as the warhead.  These warheads, catechol and naphthol, can be oxidized to 
o-quinones, which can covalently bind to biomoleculars through Michael addition and generate ROS 
through redox-cycling.  In order to prevent oxidation of DMA-bombs during treatment, DMA-bombs 
were esterfied.  To confirm antiestrogenic potential of DMA-bombs, inhibition of E2- induced estrogen 
response element (ERE) reporter expression in MCF-7 ER (+) cells and inhibition of E2-induced 
alkaline phosphatase activity in Ishikawa cells were examined.  Our results demonstrate that DMA-
bombs showed antiestrogenic activity in ERE-luciferase assay and alkaline phosphatase assay with 
nanomolar potency.  To evaluation of selective toxicity of DMA-bombs towards ER (+) cells, sulfo-
rhodamine B (SRB) assay was performed.  DMA-catechol and DMA-naphthol increased cytotoxicity 
with 5-fold and 2.5-fold respectively in S30 ER (+) cells compared to MDA-MB-231 ER (-) cells.  To 
detect reactive oxygen species (ROS) formation in both ERα (+) and ER (-) cell lines, 
dichlorodihydrofluorescein diacetate (H2DCFDA) was applied and examined by confocal microscope.  
ROS induced by DMA-catechol and DMA-naphthol were more accumulated in nucleus in ERα (+) 
cells, but no difference was observed between nucleus and cytosol in ER (-) cells.  Finally, both DMA-
catechol and DMA-naphthol induced caspase 3/7 activity and apoptosis.  In conclusion, DMA-
naphthol and DMA-catechol showed selective toxicity in ER (+) cells compared to ER (-) cells.  These 
results supports our “Trojan horse” theory in which ER carries DMA-bombs to the nucleus causing 
accumulation of ROS in nucleus through redox cycling of the o-quinones resulting induction of 
apoptosis.  These data provide a rational design for anti-cancer agents targeting ER (+) breast cancer 
cells. 
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12. Utilization of Renal Functional Change/Injury Biomarkers As Tools for Lead Optimization of 
New Chemical Entities.  Constance Wagner, Joe Palandra, and Josef Ozer;  Department of 
Pharmacokinetics, Dynamics & Metabolism, Pfizer Global Research & Development, St. Louis 
Laboratories, Creve Coeur, MO 63141. 
 
Utilization of lead optimization strategies for detection of renal events earlier in the drug discovery 
pipeline would enhance chemistry support for a drug development program.  Renal injury biomarkers 
are being investigated as anchors for novel prodromal metabolic biomarkers in the absence of 
resource intensive histopathology approaches.  Cyclosporine A (CSA) can induce renal 
hemodynamic changes which are accompanied by significant reductions in glomerular filtration rate 
(GFR).  Novel therapies require close scrutiny for indications of renal injury early in discovery.  Lead 
optimization assessment in a routine pharmacokinetic study (PK) paradigm provides multiple blood 
samplings from a surgically cannulated rat over a 24 period.  PK compound determination in parallel 
with individual leukotriene and bile acid biomarker measurements are assessed in a multiplexed 
LC/MS/MS platform.  Traditional serum clinical chemistry and antibody-based urinary biomarker 
endpoints (Luminex) are evaluated as anchors (FDA approved biomarkers).  Lead optimization 
utilizing the 24 hr study paradigm (PK in tandem with biomarker evaluation) is recommended as a 
timely application for use early in drug development. 
 
 

13. Elucidation of Metabolic Pathway of Tricyclic Aniline and Species Difference in Bioactivation.  
Barclay Shilliday, Shengtian Yang, Bruce Heyde, David Thompson, Shaun Selness, and Yiding Hu;  
Department of Pharmacokinetics, Dynamics & Metabolism, Pfizer Global Research & Development, 
St. Louis Laboratories, Creve Coeur, MO 63141. 
 
Reactive metabolite is one of the major causes for organ toxicity and idiosyncratic reaction.  To 
understand bioactivation mechanism, accordingly, structure modification to eliminate reactive 
metabolite is the rational approach to mitigate potential risk in drug R&D.  In this study, a tricyclic 
aniline-containing compound, 8-amino- 1-(4’-fluorophenyl)- 4,5-dihydro- 1H-benzo[g]-indazole-3-
carboxamide (ADBI, Figure 1), was found to form protein-like conjugates with liver microsomes, in the 
presence of glutathione (GSH).  The bioactivation pathway has been elucidated via isolation and 
identification of glutathione-conjugates and other key metabolites by NMR and LC/UV/MS.  P450 
enzymes involved in bioactivation have been identified using recombinant CYPs.  It has been found 
that this tricyclic aniline structure undergoes aromatic oxidation to form otho-hydroxy aniline followed 
by further oxidation to 1,2-iminoquinone reactive metabolites.  Species differences and regioselective 
metabolism via individual P450 enzymes have been observed between rat and human.  Human P450 
enzymes (CYP3A4, 1A2 and 2D6) exclusively oxidize at C-7 followed by addition of GSH at C-6. 
Whereas rat P450 enzymes oxidize at either the C-7 or C-9 positions, furthermore to form GSH 
conjugates at C-6 or C-7.  Rat CYP2C (2C6, 2C11 and 2C12) appears to favor the C-7 oxidation, 
while rat CYP3A (3A1 and 3A2) appears to prefer the C-9 oxidation.  These data may provide some 
guidance on the appropriate risk assessment and interpretation of metabolism and toxicity translated 
from experimental animals to human in drug development. 
 
 

14. In Silico Tools and Discovery.  Charles J. Stankovic;  Department of Pharmacokinetics, Dynamics 
& Metabolism, Pfizer Global Research & Development, St. Louis Laboratories, Creve Coeur, MO 
63141. 
 
In silico ADME models and tools are beginning to play an integral part in the drug discovery process.  
These tools include the modeling of ADME endpoints which can be used for simple trend analysis, 
and increasingly for compound prioritization and in compound design.  They also include novel 
methods for visualization and interpretation of these multiple endpoints.  The use of these models and 
tools has to potential to dramatically reduce the number of compounds needed to go from initial lead 
to development candidate.  Realizing this potential requires a paradigm shift in the drug design and 
screen paradigm, and remains an aspirational goal.  A summary of the efforts to reach this goal will 
be described. 
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15. Human Fibrinopeptides A & B as Possible Markers of Pulmonary Fibrotic Injury.  Joe Palandra 
and Josef Ozer;  Pharmacokinetics, Dynamics & Metabolism (PDM), Pfizer Global Research & 
Development, St. Louis Laboratories, Creve Coeur, MO 63141. 
 
Pulmonary fibrosis involves scarring of the lung where gradually through progression the air sacs of 
the lungs become replaced with fibrotic tissue (fibrinogen).  As the disease progresses causing 
irreversible loss of the one’s ability to breath normally and transfer oxygen into the bloodstream.  Over 
5 million people worldwide are affected by this disease with about 200,000 patients in the United 
States alone  The main causes include inhaled environmental pollutants, cigarette smoking, diseases 
such as scleroderma, RA, lupus, sarcoidosis and certain medications.  Thrombin (Factor IIa), a serine 
protease, specifically cleaves fibrinopeptides A and B from the N-terminal segments of the alpha 
chains of fibrinogen to initiate blood clotting.  We propose the monitoring of fibrinopeptides A & B in 
human plasma as a possible marker of pulmonary fibrosis.  Sample preparation was carried out using 
a 15% trichloroacetic acid (TCA) solution using 50 uL aliquots of sample and 50 uL murine 
fibrinopeptide A as an internal standard. Human fibrinopeptides A & B and the internal standard 
(mouse fibrinopeptide A) were separated on a Phenomenex Hydro-RP column (2.1 x 150mm, 5um) 
by gradient elution using an ammonium formate and acetonitrile mobile phase.  The mass 
spectrometer was operated in positive ion mode on an API 4000 triple quadrupole. 
 
 

16. Paraben Inhibition of Estradiol Glucuronidation.  Natalie A. Freiberger, Joe Palandra, Jeffery J. 
Prusakiewicz;  Pharmacokinetics, Dynamics & Metabolism (PDM), Pfizer Global Research & 
Development, St. Louis Laboratories, Creve Coeur, MO 63141. 
 
Parabens (p-hydroxybenzoate esters) are commonly used as preservatives in the cosmetic, food, and 
pharmaceutical industries.  In effect, parabens are non-toxic and have a long history of safe use 
(scientific studies have yet to prove they are harmful).  However, it may be possible for parabens to 
collect in the body from long-term, low-dose levels.  In fact, esters of parabens have been identified in 
tissues from human breast tumors.  It is our hypothesis that parabens produce an estrogenic effect by 
indirectly elevating estrogens through inhibition of the estrogen metabolism pathways.  We have 
previously shown parabens inhibit estrogen sulfotransferases, and we have investigated paraben 
effects on estradiol glucuronidation. We report here the effects of methyl, ethyl, propyl, and butyl-
paraben on estradiol glucuronidation activity in rat liver microsomes (RLM), human liver microsomes 
(HLM), and recombinant human UGT1A1. 
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17. Humanized UGT1A1*28/ugt1-/- Mouse Model for Assessing Human UGT1A1 Related 
Clearance.  Hongliang Cai1*, Vincent Peterkin1, Young-Sun Yang1, Kathy Hotz1, Deirdre Beaton2, 
Robert H. Tukey2, and Jeffrey C. Stevens1;  1Department of Pharmacokinetics, Dynamics, and 
Metabolism, St Louis Laboratories, PGRD, Chesterfield, MO 63017; 2Laboratory of Environmental 
Toxicology, Departments of Chemistry and Biochemistry and Pharmacology, University of California, 
San Diego, CA 92093. 
 
A humanized mouse has been developed as a model to improve predictions of human uridine 
glucuronosyltransferase (UGT)–dependent drug clearance.  In order to probe this hypothesis and 
validate this approach, both the enzyme kinetic parameters (Km and Vmax) and the in vivo 
pharmacokinetic properties (exposure and clearance) of three probe drugs were compared between 
male wild type C57BL/6 mice and male mice humanized for a defective form of the UGT1A1 enzyme 
(UGT1A1*28/ugt1-/- mice).  In addition, phenobarbital treatment was used to induce expression of 
UGT1A levels for both in vivo and in vitro studies.  The well-characterized substrate of UGT1A1, 7-
ethyl-10-hydroxy-camptothecin (SN-38) showed the greatest differences in parent drug exposure and 
clearance (≥ 3-fold for each parameter) in UGT1A1*28/ugt1-/- mice following intravenous 
administration when compared to wild type and phenobarbital-treated UGT1A1*28/ugt1-/- mice.  In 
contrast, the clearance of the UGT2B7 substrate (-)-17-allyl-4, 5α-epoxy-3,14-dihydroxymorphinan-6-
one (Naloxone) was not altered in the humanized mice. Moderate changes in pharmacokinetic 
parameters were observed with 1-(4-fluorophenyl)3(R)-[3-(4-fluorophenyl)-3(S)-hydroxypropyl]-4(S)-
(4-hydroxyphenyl)-2-azetidinone (Ezetimibe (Zetia)) following administration of a 5 mg/kg intravenous 
dose, consistent with the drug displaying partial dependence on UGT1A1 for clearance.  Enzyme 
kinetic parameters assessed for SN-38, Ezetimibe, and Naloxone using liver microsomes prepared 
from male wild type and humanized UGT1A1*28/ugt1-/- mice showed patterns consistent with the in 
vivo pharmacokinetic data.  Specifically, for SN-38, the Vmax decreased 5- and 10-fold in humanized 
UGT1A1*28/ugt1-/- mouse liver microsomes compared to microsomes prepared from wild-type 
C57BL/6 mice and Phenobarbital treated humanized mice, respectively.  This difference in maximal 
velocity is consistent with SN-38 glucuronidation activities with human liver microsomes expressing 
either UGT1A1 or the *28 variant.  For Ezetimibe and Naloxone the differences in Vmax were minimal.  
Thus, the humanized UGT1A1*28/ugt1-/- mouse model can serve as a pharmacokinetic model to 
further investigate the effects of UGT1A1 genotype and expression level on drug clearance. 
 
 

18. Differential Regulation of MRP2/Mrp2 and BSEP/Bsep Expressions in Human and Rat 
Sandwich Cultured Hepatocytes Exposed To Pro-inflammatory Cytokines.  Lei Diao, Na Li, 
Timothy G Brayman, Steve P. Wene, Kathy J. Hotz and Yurong Lai;  Pfizer Global Research & 
Development, St. Louis Laboratories, Pfizer Inc, St. Louis, MO 63017 
 
It is well addressed that inflammation could alter the pharmacokinetics of numerous drugs via 
regulating transporter expressions. However, the regulation mechanism by inflammatory factors 
remains less characterized. The present study was designed to investigate the influence of 
inflammatory cytokines on the expression of MRP2/Mrp2 and BESP/Bsep transporters by monitoring 
the mRNA level and absolute protein amount in sandwich cultured hepatocytes exposed to pro-
inflammatory cytokines. In human hepatocytes, both absolute protein amount and mRNA of MRP2 
was significantly down-regulated by TNF-α, IL-6 and IL-1β. The human BSEP proteins were up-
regulated when exposing to IL-6 and IL-1β, while mRNA was down-regulated. In rat hepatocytes, 
both mRNA and protein of Mrp2 was down-regulated by the cytokines. Both mRNA and protein of 
Bsep was also significant down-regulated by TNF-α and IL-1β. The down regulation was further 
reproduced in LPS treated SD rats at 24 hrs post treatment. In addition, the transcriptional regulator 
had no effect on the regulations. The results indicated that pro-inflammatory cytokines regulate 
hepatobiliary transporters expression likely via post transcriptional mechanism. The differential 
regulation between human and rat might participate in species difference in modification of 
hepatobiliary secretion.   
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19. Extrapolation of Biliary Excretion from in vitro SCRH to in vivo Based on Absolute Protein 
Quantification.  Na Li, Pratap Singh, Kathy M Mandrell and Yurong Lai;  Department of 
Pharmacokinetics, Dynamics & Metabolism, Pfizer Global Research & Development, St. Louis 
Laboratories, St. Louis, MO 63017 
 
As sandwich-cultured hepatocytes (SCH) re-polarize over time in culture, form bile canalicular 
network, allowing compounds secreted across the cells in a vectorial manner, the model has been 
widely used for assessing the complexity of ADME/tox issues. However, the critiques on the model 
are that the integration of modification of protein expression during SC is missed when the biliary 
clearance is extrapolated from in in vitro to in vivo. In the present studies, the in vitro/in vivo 
correlations of 11 compounds that predominantly secreted from bile were investigated by integrating 
the absolute amounts of hepatobiliary transporters in a well-stirred hepatic model. In the present 
studies, freshly isolated rat hepatocytes were cultured in matrigel-collagen I formed sandwich 
configuration. At day 5 post culture, hepatocytes were harvested and subjected to membrane protein 
preparation, followed by transporter absolute quantification by LC-MS/MS (Li et al., 2008). At the 
mean while, biliary secretion assays in rat SCH was conducted as described previously (Liu et al., 
1999). The linearity of in vitro/in vivo correlation was obtained when a well-stirred hepatic model was 
utilized to estimate the corresponding bile clearance based upon the total plasma concentration or 
plasma unbound fraction. However, the correlation underestimated the biliary clearance about 10-100 
fold of in vivo observations. The modification of hepatobiliary transporters during SC might cause the 
failure of prediction. To overcome the obstacle, a “g-factor” was simulated based on the presence of 
multiple transports involved in the biliary excretion and the modification of transporter protein during 
cell culture. In addition, the intercellular concentrations were applied to the model for the compounds 
that hepatic uptake was identified as rate-limited processes. The improved prediction of hepatobiliary 
secretion from in vitro model was achieved when the absolute difference of hepatobiliary transporter 
proteins were applied in the well-stirred hepatic mathematical model. The results demonstrated that 
absolute amount of transporter proteins represents key determinant factors in the prediction of in vivo 
bile clearance.  
 
 

20. Improving the Pharmacokinetic Profile of Discovery Compounds; SAR of Efflux Transporter 
Mediated Biliary Excretion Through Use of Cassette Dosed Bile-duct Cannulated Rats.  
Kathleen E. Sampson, Kathy Mandrell, Ryan Morrison, Bruce Heyde, Scott Woodard, Mark Schnute, 
Leo Kirkovsky, and Yiding Hu;  Pfizer Global Research & Development, St. Louis Laboratories, Pfizer 
Inc, St. Louis, MO 63017. 
 
A discovery research project team was challenged with high systemic clearance for the lead 
chemistry and a lack of correlation for clearance prediction between the in vitro assays and in vivo PK 
in rats.  In vitro metabolic stability in microsomes and hepatocytes did not predict the high clearance 
seen in vivo.  Further investigation with drug transporter assays revealed that the lead series were 
substrates of multiple efflux transporters, implicating transporter-mediated biliary excretion as the 
major clearance route.  In a novel approach to confirm the biliary clearance mechanism and 
overcome the high clearance issue, a series of cassette IV doses in the bile-duct cannulated (BDC) 
rat model was performed.  Blood, urine, and bile samples were collected and drug concentrations 
were measured by LC/MS/MS.  It was demonstrated that the high clearance lead trimethoxy tricyclic 
Compound Z was substantially excreted  into bile.  The modification of the trimethoxy moiety to less 
polar substitutes resulted in reduced biliary excretion and lower systemic clearance.  Good 
correlations have been observed between in vivo clearance and biliary excretion, polar surface area 
(PSA) or Caco-2 efflux ratio, suggesting transporter mediated biliary excretion is the major clearance 
mechanism and providing SAR of transporter interaction.  The BDC cassette rat model enables quick 
evaluation and identification of compounds with satisfactory PK profiles, and also provides key data 
for in-depth mechanistic investigation, compound ranking and decision making.  In conjunction with 
the BDC cassette model and in silico modeling (PSA, calculated biliary secretion), the project team 
has a path forward in mitigating PK issues with high biliary clearance. 
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21. Covalent Modification of Thr302 in CYP2B1 Leads to the Mechanism-Based Inactivation by 4-
tert-Butylphenylacetylene.  Hsia-lien Lin, Haoming Zhang, and Paul F. Hollenberg;  Department of 
Pharmacology, The University of Michigan Medical School, Ann Arbor, MI 48109. 
 
4-tert-Butylphenylacetylene (BPA) is a mechanism-based inactivator of CYP2B1 with KI = 0.7 mM 
and kinact = 1.64 min-1. The mechanism of inactivation involves covalent binding of BPA to the 
apoprotein rather than  heme destruction. The identification of a BPA-GSH conjugate and the BPA-
adducted apoprotein have indicated that the mass of the reactive intermediate is 174 Da, equivalent 
to the mass of BPA plus one oxygen atom. In order to identify the adducted residue, BPA-inactivated 
CYP2B1 was digested with trypsin and then applied to a Waters capillary liquid chromatography unit 
interfaced to a ThermoFinnigan LTQ linear ion trap mass spectrometer. The mass shift of 174 Da was 
used for the SEQUEST database search. The MS/MS fragmentation of the modified peptide and the 
identity of the modified residue were analyzed and confirmed. The results reveal a mass increase of 
174 Da for the peptide sequence 296FFAGTSSTTLR308 in the I-helix and that the site of adduction 
is Thr302. 16b-hydroxylation of testosterone, a marker of CYP2B1 activity, is decreased ~95% in 
BPA-modified CYP2B1. Homology modeling and docking studies show that BPA binds in the 
proximity of the heme iron and Thr302 with the distances of 2.96 Å and 3.42 Å, respectively. The 
identification of Thr302 in CYP2B1 as the covalent modification site leading to inactivation by BPA 
supports previous hypotheses that this conserved Thr residue may play a crucial role for various 
functions in P450s (Supported by NIH Grant CA-169540). 
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22. Formation of the Isomers of the Active Metabolite of Prasugrel by Allelic Varients of the 
Human Cytochrome P450 Isozymes.  Jessica A. Roseberry Baker1, Olukayode A. Oluyedun1, Nagy 
A. Farid1, Barbara J. Ring1, Steven A. Wrighton1, Atsushi Kurihara2, and Yingying Guo1;  1Division of 
Drug Disposition, Eli Lilly and Company, Indianapolis, IN, 46285, USA, and 2Drug Metabolism and 
Pharmacokinetic Research Labs., Daiichi Sankyo Co. Ltd., Tokyo, Japan. 
 
Prasugrel, a novel thienopyridine antiplatelet prodrug, is rapidly hydrolyzed in vivo to R-95913 
followed by formation of the active metabolite R-138727 by any of several CYPs1 (Fig.). R-138727 is 
composed of 4 stereoisomers, (R, S)-, (R, R)-, (S, S)-, and (S, R) (the first letter is for the 
configuration of the sulfur-bearing carbon and the second for that at the benzylic carbon). The RS/RR 
isomers are the more potent inhibitors of the ADP-activated platelet aggregation than the SR/SS 
isomer set2. In the present study, the role of different CYP variants in production of the 2 sets (RS/RR 
and SR/SS) of isomers was investigated with R-95913 as substrate. Enzyme kinetic studies with 5 
expressed wild-type CYPs indicated that CYP3A4 and CYP3A5 are primarily responsible for the 
conversion of R-95913 to both isomer sets of R-138727, with RS/RR being preferentially formed over 
SR/SS isomers at the ratio of 1.6. In addition, CYP2B6, 2C9 and 2C19 are capable of forming both 
isomer sets. Expressed CYP allelic variants 2B6*6, 2C9*2, 3A5*8 and 3A5*9 had comparable kinetic 
profiles to their respective wild-type CYP, except for 2C9*3 which had significantly lower intrinsic 
clearance. R-138727 isomer formation was further examined in 12 human liver microsomal samples 
homozygous for one of the major CYP variants (CYP2B6*6, 2C9*2, 2C9*3, 2C19*2, 2C19*17 and 
3A5*1). The rank order of the 12 microsomal samples by RS/RR formation was highly similar to that 
of CYP3A activity measured with midazolam 1’-hydroxylation. The samples carrying CYP3A5*1 allele 
were ranked among the highest in producing RS/RR isomers. Furthermore, the ratio of RS/RR to 
SR/SS formed in most livers was approximately 1.6, except the two livers with CYP2C19*17/*17 
which also have the lowest CYP3A activities which have ratios near 1. This suggests that CYPs other 
than CYP3A are capable of forming R-138727 isomers when CYP3A activity is low. These results 
demonstrated that the impact of altered activity of any CYP (e.g. due to genetic variation or inhibition) 
involved in R-138727 isomers’ formation in vivo would be compensated for by the abilities of multiple 
other CYPs to form the active metabolite. 
 
References 
1.  Rehmel et al. Interaction of two major metabolites of prasugrel, a thienopyridine antiplatelet agent, 
with the cytochromes P450. Drug Metab Dispos 34:600-607, 2006 
2.  Hasegawa et al. Stereoselective inhibition of human platelet aggregation by R-138727, the active 
metabolite of CS-747 (Prasugrel, LY640315), a novel P2Y12 receptor inhibitor. Thromb Haemost 
94:593-598, 2005 
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23. Clinical Pharmacokinetics and Pharmacogenetics of Flavopiridol.  Wenjun Ni1, Katie A. 
Albanese1, Katherine L. Farley2, Amy J. Johnson3, David M. Lucas3, Zunyan Dai4, John C. Byrd 3,6, 
Michael R. Grever3, James T. Dalton1, Wolfgang Sadee5, Mitch A. Phelps1;  Division of 
Pharmaceutics, College of Pharmacy1, Comprehensive Cancer Center2, Division of Hematology-
Oncology, Department of Internal Medicine, College of Medicine3, Department of Pathology, College 
of Medicine4, Department of Pharmacology, College of Medicine5, Division of Medicinal Chemistry, 
College of Pharmacy6, The Ohio State University, Columbus, Ohio. 
 
Background: Flavopiridol is a synthetic flavone in clinical trials for the treatment of various cancers, 
and was recently shown to be highly active in patients with refractory chronic lymphocytic leukemia 
(CLL). Hyper-acute severe tumor lysis syndrome (TLS) occurred in a subset of patients and was the 
dose-limiting toxicity. We have identified significant inter-patient variability in flavopiridol 
pharmacokinetics and clinical outcomes in several phase 1 and 2 trials. Elimination of flavopiridol 
occurs through glucuronidation and both hepatic and renal excretion of parent and glucuronide 
metabolites (flavo-G). While direct interaction of flavopiridol with some wild-type enzymes and 
transporters (UGT1A, MRP2, and BCRP) has been partially characterized, the effects of 
polymorphisms have not been directly evaluated. A full understanding of flavopiridol disposition and 
its relationship to clinical outcomes is necessary for the safe and effective use of flavopiridol in the 
broader clinical community. 
 
Methods: Population PK modeling was conducted with nonlinear mixed effects modeling in 
NONMEM VI using data from phase 1 and 2 studies of single agent flavopiridol in patients with CLL. 
To determine if the observed variability was related to genetic factors, we evaluated more than 160 
single nucleotide polymorphisms (SNPs) in drug metabolizing enzyme and transporter genes and 
included these as covariates in the models. Genes from transporters known to interact with 
flavopiridol, ABCC2 (MRP2) and ABCG2 (BCRP), were cloned for in vitro evaluation of flavopiridol 
transport through wild-type and polymorphic transporters. 
 
Results: We identified significant relationships between flavopiridol PK, response and toxicity. In 
addition, several covariates reduced model variability and predication error, including SNPs in 
UGT1A1, ABCC2 and ABCG2 which are known pathways for flavopiridol elimination, and SNPs in 
SLC21A6, a gene coding for an organic anion transporter not previously shown to interact with 
flavopiridol. In vitro work is ongoing to determine if OATP2 interacts with flavopiridol and if ABCC2 
and ABCG2 polymorphisms leading to non-synonymous substitutions in MRP2 and BCRP affected 
flavopiridol transport. 
 
Conclusions: Population PK modeling and covariate analysis identified several SNPs that 
significantly reduced model variability. While a portion of the observed inter-patient variability in 
clinical outcomes may be due to differences in tumor sensitivity to flavopiridol treatment, a thorough 
characterization of PK and PG contributions to this variability is necessary for the eventual safe and 
effective use of this agent. 
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24. Detection of Multiple Globin Mon-Adducts and Cross-Links after Exposure of Rat Erythrocytes 
to S(1,2-Dichlorovinyl)-L-cysteine Sulfoxide both In Vitro and In Vivo. Nella Barshteyn and 
Adnan A. Elfarra*;  Pharmaceutical Sciences, University of Wisconsin, Madison, WI.  
 
S-(1,2-Dichlorovinyl)-L-cysteine sulfoxide (DCVCS), produced by an FMO3-mediated oxidation of the 
trichloroethylene (TCE) metabolite S-(1,2-dichlorovinyl)-L-cysteine (DCVC), is a more potent 
nephrotoxicant than DCVC.  DCVCS incubations with N-acetyl-L-cysteine at pH 7.4, 37°C resulted in 
formation of three mono-adducts and one di-adduct [Chem. Res. Toxicol. (2007) (Epub)].  Because 
these results suggest that DCVCS could form mono-adducts and cross-links with proteins, globin 
from Sprague-Dawley rat erythrocytes incubated for 2 h with 0.9-450 µM DCVCS at pH 7.4, 37°C and 
from rats dosed with 230 µmol/kg DCVCS was subjected to 1D SDS-PAGE and a variety of mass 
spectrometric analyses to investigate formation of DCVCS-hemoglobin (Hb) adducts.  ESI/MS of 
intact globin chains revealed adduction of 1 and 2 DCVCS moieties on the β1 chain and 3 DCVCS 
moieties on the α2 chain at the lowest concentrations of DCVCS.  Globin dimers were detectable by 
1D SDS-PAGE and by ESI/MS at all DCVCS concentrations in vitro and in vivo.  LC/MS and 
MALDI/FTICR of trypsin digested peptides revealed formation of DCVCS mono-adducts preferentially 
with Cys13 of α chains.  LC/MS and MALDI-TOF/TOF also revealed the presence of several peptide 
cross-links with DCVCS acting as a cross-linker in vivo and in vitro.  Although data suggested that 
Cys125 is the preferential reactive site for cross-link formation between Hb chains in vitro, the in vivo 
results indicate that other cysteine sites may also be alkylated.  Analysis of high accuracy MS data 
also led to detection of cross-links containing DCVCS-GSH and DCVCS-Cys providing evidence for 
reactivity of DCVCS with Hb, GSH, Cys, and potentially other biological nucleophiles.  Detection of 
the Hb mono-adducts and cross-links at low DCVCS concentrations may help develop biomarker 
assays for DCVCS formation in vivo.  Furthermore, these results may help elucidate the mechanism 
behind TCE-induced nephrotoxicity and carcinogenicity.  (Supported by NIH Grant DK44295 and 
NIEHS T32-ES-007015.) 
 
 

25. Flavopiridol and Flavopiridol Glucuronide Pharmacokinetics in Patients with Hematologic 
Malignancies.  Katie Albanese, Wenjun Ni, Sunjoo Ahn, Kate Farley, Chelsea Raymond, Amy 
Johnson, John Byrd, Michael Grever, and Mitch Phelps;  College of Pharmacy, Division of 
Pharmaceutics, The Ohio State University, 500 W. 12th Ave, Columbus, OH 43210. 
 
Background: Flavopiridol is a novel semi-synthetic flavone cyclin-dependent kinase inhibitor in 
phase 1 and 2 clinical trials in various malignancies. Flavopiridol has substantial activity with an 
approximate 50% objective response rate in patients with refractory chronic lymphocytic leukemia 
(CLL) when administered via a 30-minute bolus infusion followed by a 4-hour infusion to maintain 1.5 
�M plasma concentrations, in contrast to no activity in previous trials in CLL and other cancers when 
administered via 72-hour, 24-hour or 1-hour infusions. Additionally, hyper-acute severe tumor lysis 
syndrome was observed in several patients with the new schedule of administration. In this study, we 
aim to determine the contributions of flavopiridol pharmacokinetics on observed inter-patient 
variability in toxicity and response to flavopiridol treatment. Methods: The flavopiridol glucuronide 
metabolite (flavo-G) was extracted and purified from urine using liquid/liquid and solid-phase 
extraction. Cytotoxicity of flavo-G was evaluated in patient CLL cells using Anexin-PI staining. 
Concentrations of Flavopiridol and flavo-G in patient plasma samples were quantified using 
LC/MS/MS. Protein binding for flavopiridol and flavo-G was determined using a 96-well dialysis 
apparatus followed by LC/MS/MS quantitation.  Results: Flavopiridol PK was associated with 
response and toxicity, and both flavopiridol and flavo-G concentrations were associated with toxicity. 
Integration of protein binding and additional flavo-G data is underway to help further define these 
associations. Conclusions: Flavopiridol and flavo-G disposition appears related to clinical outcomes. 
Further characterization of PK, as well as other factors such as genetics, will help to optimize the 
activity and clinical utility of this promising new agent. 
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26. Effect of Limiting Cytochrome P450 2B1 Conformational Dynamics by Incorporating a 
Rationally Designed de Novo Disulfide Bond.  Haoming Zhang; Department of Pharmacology, The 
University of Michigan Medical School, Ann Arbor, MI 48109. 
 
The conformational dynamics of cytochrome P450 2B1 (CYP2B1) were investigated through the 
introduction of a disulfide bond based on rational design and the consequences of the disulfide 
bonding were examined both experimentally and in silico by Molecular Dynamics (MD) simulations.  
The disulfide bond was engineered into CYP2B1 by site-directed mutagenesis of Y309→C and 
S360→C to link the I- and K-helices.  Both the single cys variants (Y309C, S360C) and the double 
variant Y309CS360C were characterized under identical conditions with respect to steady-state 
turnover, stereo- and regio-specificity, electron transfer, ligand binding, and compressibility under 
high hydrostatic pressure.  The results show that S360C behaves much like the wild type (WT), while 
Y309C retains 39% of its activity for the metabolism of benzphetamine and 66% of its activity for the 
metabolism of 7-EFC compared with CYP2B1 WT. Interestingly, the double variant Y309CS360C 
retains 98% of the benzphetamine activity but only 19% of the 7-EFC O-deethylation activity. The 
double variant has a partial inactivation volume of -24 cm3mol-1, which is more than twice as much as 
that of CYP2B1 WT (-51  cm3mol-1), indicating that disulfide bonding has substantially decreased the 
protein plasticity.  Results from ligand binding studies and MD simulations provide evidence that the 
disulfide bonding alters the substrate access channel. Furthermore, the double variant Y309CS360C 
shows increased substrate specificity for testosterone over androstenedione.  Taken together, our 
results suggest that protein dynamics play an important role in regulating substrate entry/product 
egress channels and substrate recognition. The differential effect of disulfide bonding on the 
metabolism of benzphetamine and 7-EFC may provide experimental evidence for the existence of 
multiple access channels in P450s.  In addition, it can be concluded that Y309 is not essential for 
P450 catalysis but its bulky side chain is important for maintaining the I-helix in an optimal 
conformation for catalysis.  
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27. Metabolism-Based Inactivation Alters NO-Synthase Active Site Structure and Targets the 
Enzyme for Ubiquitination and Degradation.  Kelly Clapp, Hwei-Ming Peng, Vyvyca Walker, 
Yoshihiro Morishima, Miranda Lau, and Yoichi Osawa;  Department of Pharmacology, The University 
of Michigan Medical School, Ann Arbor, MI 48109. 
 
Nitric oxide synthase (NOS), a cytochrome P450-like hemoprotein enzyme, catalyzes the synthesis of 
nitric oxide, which is involved in many important physiological processes, including 
neurotransmission, regulation of blood pressure and clotting, as well as defense against invading 
parasites and microbes.  The levels of nitric oxide in the body are dependent on the activity and 
protein levels of NOS, and dysregulation of NOS can result in several disease states.  Because of 
this, it is important to understand the regulated degradation of NOS, which occurs by the ubiquitin-
proteasome system.  The exact mechanism by which certain forms of NOS are preferentially targeted 
for degradation is currently unknown.  Our lab has studied how metabolism-based inactivators 
covalently alter neuronal NOS (nNOS), and we have shown that the covalent alteration of the heme 
or the active site can lead to enhanced degradation.  One such drug, guanabenz, inactivates nNOS 
through the depletion of tetrahydrobiopterin (BH4), a cofactor required for nNOS activity, and we have 
shown that this drug enhances the ubiquitination of nNOS in an in vitro model of ubiquitination.  As 
another approach to study how perturbations of the active site target nNOS for ubiquitination and 
degradation, we have investigated the C331 mutants of nNOS.  The C331A mutant is known to have 
altered substrate (L-arginine) and cofactor (BH4) binding, yet the activity of the mutant enzymes is 
maintained.  Using in vitro models of ubiquitination and degradation, we have shown that the C331A 
and C331S mutants have enhanced ubiqutination and degradation compared to wild-type nNOS.  We 
also found that L-arginine and BH4 do not protect the mutants from ubiquitination, unlike the wild-type 
enzyme.  Interestingly, we found that the slowly reversible inhibitor, NG-nitro-L-arginine, stabilizes and 
protects both the mutants and wild-type nNOS.  A crystal structure of the analogous mutation in the 
inducible NOS isoform shows altered active site interactions occurring with the mutation.  Thus, while 
the mutation does not alter the activity of the enzyme, it changes the structure of the enzyme so that it 
is targeted for enhanced ubiquitination and degradation. Supported in part by NIH Grant GM077430 
and DA022354. 
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28. Dual-survey scan approach to GSH-detection and characterization using LC/MS/MS.  Hesham 
Ghobarah1, Claire Bramwell-German1, Elliott Jones1, and Tanya Gamble2;  1Applied Biosystems, 
Foster City, CA, 2MDS Analytical Technologies, Concord, ON. 
 
Introduction 
During the drug discovery process, it is desirable to rapidly screen for and characterize potential 
reactive metabolites.  Liquid chromatography coupled to mass spectrometry has been an effective 
tool in the detection of glutathione conjugates.  A triple quadrupole mass spectrometer has the unique 
capabilities of performing selective neutral loss and precursor ion scan modes to detect reactive 
metabolites.  Historically, the neutral loss of 129 in positive mode has been used to screen for GSH, 
corresponding to the loss of the pyroglutamic acid moiety following collision induced dissociation.  
This methodology has been criticized for its poor selectivity resulting in too many false positives 
during in vitro screens.  As well, the NL of 129 is not observed for all GSH conjugates which can lead 
to a false negative.  An alternative to the NL of 129, is to perform a negative precursor ion scan of m/z 
272.  Although this methodology has shown clear improvements in selectivity, false positives can still 
be encountered.  This paper explores the use of both a NL 129 and Prec 272 in a single information 
dependent acquisition (IDA) experiment to screen for GSH conjugates.  A novel predictive MRM 
approach was also investigated as a toll to screen for low-abundant GSH metabolites. 
 
Experimental Conditions 
Diclofenac (10 µM incubation concentration) was incubated at 37°C for 30 minutes in Human Liver 
Microsomes (HLM, 1 mg/mL) with GSH (1 mM) and NADPH (1 mM) to give a total incubation volume 
of 2 mL.  Reactions were quenched by the addition of 300 µL, and centrifuged for 10 minutes at 
13,000 rpm. The samples were then dried down and reconstituted with 200 µL of 95:5 
Water:Acetonitrile. 
 
GSH-metabolites were separated under UPLC-like conditions with a total run time of 12 minutes.  
Mass spectrometric detection was performed using a QTRAP® 5500 system. 
 
Results 
Method A combined a positive neutral loss of 129 survey scan with a negative precursor ion scan of 
m/z 272 to trigger the acquisition of up to 4 dependent MS2 scans per cycle.  All dependent scans 
were acquired in positive mode.  One complete cycle (4 dependent scans) was accomplished in 2.2 
sec. 
 
Method B examined an approach that is complimentary to the dual NL/Prec survey scan mode.  
Multiple reaction monitoring (MRM) transitions in positive were created based on a positive neutral 
loss of 129 from a predicted drug + phase 1 biotransformation + GSH conjugation (Q1 m/z) to 
calculate the Q3 m/z.  Negative mode transitions were formed based on the predicted metabolite Q1 
m/z (drug + phase 1 biotransformation + GSH) to Q3 m/z 272.  In total, 128 MRM transitions were 
created.  The two MRM scans (positive and negative mode) were used to trigger up to 4 dependent 
MS2 scans.  
 
The dual MRM approach found six potential metabolites, where the NL/Prec approach found four.  In 
both approaches, information-rich product ion spectra were automatically acquired using the trap 
functionality. 
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29. Automating Cell Culture Processes with Integrated Biomek® Workstations. Marc Cotton and 
Yong Song;  Beckman Coulter, Fullerton, CA. 
 
Cell cultivation is an essential process in the production of many therapeutic proteins, cell therapy, 
stem cell research, tissue engineering and high throughput, high content cell-based screening. Cell 
culture is a complex process consisting of multiple tasks, including cell seeding, growing, harvesting, 
counting and passaging. Many cell-based applications also require very time consuming processes 
for formulation development, clone selection and evaluation to ensure reproducibility. Because of the 
complexities of structures and physicochemical properties of antibodies and other therapeutic 
proteins, production cell lines and their culture media and processes must be optimized to ensure 
product quality and quantity. Processes may run for weeks or months under the demands of 
maintaining sterility and managing all relevant data information. Beckman Coulter has integrated 
various cellular analysis devices such as the Vi-CELL™ viability analyzer, Quanta™ SC MPL flow 
cytometer and PARADIGM™ multimode plate reader and incubators on our Biomek® NXP or FXP 
liquid handling systems. Together with powerful yet intuitive software, these modular integrated 
automation systems provide flexible and expandable platforms, when incorporated into cultivation 
processes, that will streamline automated cell handling including sample tracking and data 
management. 
 
 

30. Metabolism of Anandamide by Cytochrome P450 2B6 and its Polymorphic Mutants and 2D6 
R296C.  Chitra Sridar, Natasha Snider, Haoming Zhang and Paul F. Hollenberg; Department of 
Pharmacology, The University of Michigan Medical School, Ann Arbor, MI 48109. 
 
The endocannabinoid anandamide is a fatty acid amide composed of arachidonic acid coupled to 
ethanolamine through an amide linkage.  The aim of this work was to investigate if anandamide can 
be metabolized by baterially expressed P450 2B6 and some of its naturally occurring polymorphic 
mutants in a reconstituted system.  The mutants used for the study were the 2B6 K262R (*4), 2B6 
Q172H K262R (*6), and 2B6 Q172H (*9).  P450 2B6 and all of the mutants used in the study 
metabolized anandamide to give 20-hydroxyeicosatetraenoic acid ethanolamide (20-HETE-EA) and 
5,6-, 8,9-, 11,12-, and 14,15-epoxyeicosatrienoic acids (EET-EA).  The ratios of the products varied 
from 5-20% among the mutants compared to the wild-type 2B6.  However, the metabolic profile of 
anandamide metabolism by 2B6 was very different from P450 2D6.  While 20-HETE-EA was the 
major product formed by P450 2D6, it was a minor product of 2B6 and 11,12-EET-EA was the major 
product.  We also checked to see if P450 2D6*34 (R296C) metabolized anandamide similar to wild-
type.  The P450 2D6 R296C mutant showed greater than 95% decrease in the formation of 20-HETE-
EA as compared to wild-type, whereas the decreases for the formation of the EET-EA metabolites 
were much less.  (Supported by NIH Grant 169540) 
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31. Inhibition Model Influences Ki Estimate for Ketoconazole.  Sara K. Quinney, Stephen D. Hall, 
Lang Li;  Indiana University, Indianapolis, IN 46202. 
 
Background:  Ketoconazole (KTZ) is a preferred CYP3A inhibitor for drug-drug interaction studies.  
The FDA lists the Ki of KTZ as 3.7-180 nM.  This large range in Ki complicates use of in vitro data for 
in vivo predictive models.  We conducted a review of KTZ-midazolam (MDZ) in vitro interaction 
studies to provide insight to the wide range of Ki’s. 
 
Methods:  In vitro studies of the MDZ-KTZ interaction were obtained from Pubmed, the Metabolism 
and Transport Drug Interaction Database and relevant references. In vitro experiments in human liver 
microsomes (HLM’s), human intestinal microsomes (HIM), and recombinant enzyme (rCYP3A4 and 
rCYP3A5) were included.  Ki values were compared based on enzyme source, inhibition 
mechanisms, and other experimental factors.   
 
Results:   

Enzyme 
Source 

Inhibition  
Model 

Number of 
Studies  

Number of 
Subjects 

 Weighted Mean Ki 
(95% CI),  nM 

Ki range, 
nM 

HLM Competitive  
(+/- substrate inhibition) 

3 14 4.8 (4.4-5.2) 3.7-5.2 

HLM Noncompetitive 7 89 49.8  (43.9-55.7) 14.2-180 
rCYP3A4 Competitive 1 -- 28 28 
rCYP3A4 Noncompetitive 3 -- 22.6 (17.3-27.9) 13.3-27.8 
rCYP3A5 Noncompetitive 3 -- 157 (120-194) 109-219 
HIM Noncompetitive 2 14 38.2 (32.4-44.0) 17-44 

 
Conclusions:  Ki value is sensitive to inhibition mechanism.  Noncompetitive inhibition in HLM’s has 
a 10-fold greater Ki than competitive inhibition.  The Ki for competitive and noncompetitive inhibition 
have different interpretations, and thus are not interchangeable. The mean non-competitive Ki is 
comparable between HLM and HIM. 
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