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Schedule 
 

Thursday, May 15, 2013 

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

11:00 Welcome: Stephen Hall, Ph.D., Eli Lilly & Co. 

11:10 Keynote Speaker 
Drug transporters at the blood-arachnoid-CSF barrier.  Erin Schuetz, Ph.D., 
Pharmaceutical Sciences Dept., St. Jude Children’s Research Hospital. 

11:50 Membrane transporters, drug interactions and regulatory review of dolutegravir: A 
case study and lessons learned.  Joe Polli, Ph.D., Mechanism and Extrapolations 
Technology Section, Drug Metabolism and Pharmacokinetics, GlaxoSmithKline, Inc. 

12:30 PM Lunch 
 
Students and Postdocs Network with Industry Scientists (AbbVie, Eli Lilly, Genentech, 
GSK, Pfizer) 
 
Poster Viewing and Visit Sponsor Booths 

2:00 Moderator:  Anthony Lee, Ph.D., AbbVie 
 
Understanding the contribution of transporters to drug disposition.  Wenqing Gao, 
Ph.D., Translational PKPD, AbbVie. 

2:40 Advances in human in vitro-in vivo extrapolation (IVIVE) of CYP and non-CYP 
elimination pathways to predict pharmacokinetics.  Theunis Goosen, Ph.D., Dept. of 
Pharmacokinetics, Dynamics and Metabolism, Pfizer. 

3:20 Break 

3:40 Moderator:  Yoichi Osawa, Ph.D., University of Michigan 
  
Activation of JNK-BimEL signaling by anti-HIV drug metabolites.  Namandje N. 
Bumpus, Ph.D., Dept. of Pharmacology and Molecular Sciences, School of Medicine, 
Johns Hopkins University. 

4:20 Drug disposition development strategies for antibody-drug conjugates.  Sandhya 
Girish, Ph.D., Genentech. 

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

7:00 Dinner 
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Schedule 
 

Friday, May 16, 2013 

7:30 AM GLDMDG Open Business Meeting 
 
Continental Breakfast, Poster Viewing and Visit Sponsor Booths 

8:30 Moderator:  Richard Voorman, Ph.D., Covance  
 
Keynote Speaker 
The added value of metabolic phenotype in combination with genotype to 
individualize drug treatment.  Richard Kim, M.D., Professor of Medicine, Physiology & 
Pharmacology, and Oncology Wolfe Medical Research, Chair in Pharmacogenomics Dept. 
of Medicine Schulich School of Medicine & Dentistry, Western Ontario University. 

09:10 Endogenous biomarkers for the assessment of CYP3A activity.  Yvonne Lin, Ph.D., 
Dept. of Pharmaceutics, School of Pharmacy, University of Washington. 

9:50 Break 

10:00 Moderator:  Steven Wrighton, Ph.D.  
 
Development of BACE inhibitors for Alzheimer’s disease: Evaluation of central and 
peripheral PK/PD relationships. Scott Monk, Ph.D., Eli Lilly and Co. 

10:40 Loss of Mrp1 in transgenic mice potentiates doxorubicin-induced cardiotoxicity.  
Wei Zhang, Graduate Student, University of Kentucky. 

10:55 Novel product identification with human cytochrome P450 19A1 aromatase. Francis 
Yoshimoto, Ph.D., Postdoctoral Fellow, Vanderbilt University. 

11:10 Moderator:  Tom Raub, Ph.D., Eli Lilly & Co. 
 
How do we improve the prediction of clearance for drugs that undergo transport and 
/or non-CYP metabolism (tentative). Round Table with Relevant Speakers. 

11:50 Closing Remarks:  Yoichi Osawa, Ph.D., University of Michigan 
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Posters 
 

1. Reversible epigenetic regulation of 14-3-3 sigma expression in gemcitabine resistance. 
 
Li Qin, Zizheng Dong, Jian-Ting Zhang.  
IUPUI, 980 W Walnut Street, Walther Hall, Rm R3-c570, Indianapolis, IN 46202 
 
Pancreatic cancer is one of the most deadly diseases worldwide. Its lethality comes from its 
undetectability in its early stages and rapid development of drug resistance. Gemcitabine, as the 
most frequently used and the first-line therapeutic drug for treating pancreatic cancer, significantly 
prolonged patients’ survival by inhibiting tumor cell growth. However, most patients who initially 
respond well to gemcitabine treatment will be followed by rapid development of gemcitabine 
resistance, which is the essential character of this fatal disease. In order to overcome this deadly 
disease, we need to better understand the mechanisms that contribute to gemcitabine resistance. 
In this study, we present our recent finding that 14-3-3σ is up-regulated in a gemcitabine-selected 
pancreatic cancer cell line and it is an important contributor to acquired gemcitabine resistance. 
Stably overexpressing 14-3-3σ increased gemcitabine resistance by 2 fold. Knocking down 14-3-3σ 
lead to sensitization to gemcitabine by 3-4 fold. We also found that up-regulating 14-3-3σ 
expression in the gemcitabine-selected cell line is due to demethylation of its gene and that both 
the epigenetic regulation by demethylation and the acquired gemcitabine resistance by 14-3-3σ 
overexpression is partially reversible. More importantly, our ChIP study demonstrated for the first 
time that both Uhrf1 and DNMT1 protein could bind to methylated region of 14-3-3σ gene and 
together function to suppress 14-3-3σ gene transcription and expression. 

 

 

 

 

 

2. Integrating Datasets from Drug Metabolism and Bioanalytical Studies and Fixing the Missing 
Link for Quan/Qual Analysis. 
 
Waters Corporation, Milford, MA  01757 
   
Software is becoming the limiting factor in many DMPK experiments involving high throughput and 
high data volume experiments. Today's requirements for systems involve generating useful 
bioanalytical information while simultaneously collecting data for use in qualitative Tof screening. In 
this poster, the development of new software that can analyze quantitative data quickly and with 
high precision, while retaining the ability to easily screen the data for information about metabolism 
and mechanisms of clearance is presented. 
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3. Acrolein, a lipid-derived aldehyde metabolite, is a critical mediator of alcohol-induced 
endoplasmic reticulum stress and liver injury. 
 
Wei-Yang Chen2,3, Jingwen Zhang1,3, Craig McClain1,2,3,4, Shirish Barve1,2,3,  and Swati Joshi-
Barve1,2,3 
Departments of 1Medicine and 2Pharmacology & Toxicology, 3University of Louisville Alcohol 
Research Center, and 4Robley Rex VAMC, Louisville, KY. 
 
Alcohol is the most socially accepted addictive drug, and it can cause alcoholic liver disease, which 
is a major cause of morbidity and mortality in the United States. Chronic alcohol consumption 
causes a pro-oxidant environment in the liver and increases hepatic lipid peroxidation. Acrolein is 
the most reactive and toxic aldehyde generated through lipid peroxidation. Acrolein is also found in 
fried fatty foods and is a major component of cigarette smoke, which negatively impacts chronic 
liver diseases. Acrolein is known to form protein adducts, and we have demonstrated that acrolein 
triggers endoplasmic reticulum (ER) stress leading to cytotoxicity in hepatocytes. Notably, alcohol-
induced ER stress is thought to be an etiologic factor in alcoholic liver disease. This study 
investigates the hypothesis that acrolein is a major mediator of hepatic ER stress and injury during 
alcohol consumption.  
 
Acrolein accumulation, activation of pro-apoptotic stress kinase-JNK, ER stress, and apoptotic cell 
death was examined in vitro in alcohol-exposed rat hepatic cells (H4IIEC), and in vivo in a mouse 
model of alcohol consumption. Exposure to alcohol led to substantial accumulation of acrolein 
adducts both in vitro and in vivo. This was accompanied by phospho-activation of JNK and 
upregulation of ER stress transcription factors ATF3 and ATF4, and the pro-apoptotic protein, 
GADD153/CHOP. Cellomics analysis revealed that accumulation of acrolein adducts correlated 
with (i) disruption of mitochondrial membrane potential; (ii) release of free calcium; and (iii) cell 
death in hepatocytes. This study demonstrates that acrolein is likely to be a major culprit in the ER 
stress and hepatotoxicity associated with alcohol consumption. Acrolein scavengers may have 
therapeutic potential in alleviating the adverse effects of alcohol consumption, and we are actively 
investigating this concept. 
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4. Loss of Mrp1 in transgenic mice potentiates doxorubicin-induced cardiotoxicity. 
 
Wei Zhang*, Jun Deng*, Donna Coy*, Luksana Chaiswing†, Mary Vore* 
*Graduate Center for Toxicology, University of Kentucky, Lexington, Kentucky †Pathology & 
Laboratory Medicine, U Wisconsin-Madison 
 
Doxorubicin (DOX), an anthracycline used in cancer chemotherapy, is well known for its dose-
limiting cardiotoxicity, due in part to DOX-induced oxidative stress. We investigated the role of 
multidrug resistance-associated protein 1 (Mrp1), an ATP-binding cassette efflux transporter, in 
DOX induced cardiotoxicity. In in vivo studies, acute and chronic models of DOX exposure (or 
treatment) were performed in C57BL wild type (WT) and Mrp1 null (KO) mice.  Mice were treated 
with either a single dose (20 mg/kg body weight, iv) and examined 72 h later, or a chronic treatment 
of 2 mg/kg body weight, ip, twice a week over 5 weeks (20 mg/kg total dose) and examined 2 
weeks later.  The heart was examined by electron microscopic (EM) morphometric analysis in the 
acute model; body weight was recorded and left ventricular function was evaluated through 
echocardiograghy in the chronic model. In in vitro studies, cultured neonatal mouse cardiomyocytes 
(CM) and cardiac fibroblasts (CF) were treated with DOX (0.3 – 4micromolar) for various times. In 
vivo, DOX treatment resulted in nuclear damage in heart tissue, and decreased fractional 
shortening (FS) and ejection fraction (EF). These alterations were more pronounced in DOX-
treated Mrp1 KO mice than in DOX-treated WT mice (P < 0.05). Both CM and CF from Mrp1 KO 
mice showed a greater decrease in viability, with higher caspase 3 cleavage, PARP cleavage and 
γH2AX expression vs WT cells following DOX. Following DOX (0.5 micromolar) treatment, Mrp1 
KO CM showed increased (p < 0.05) GSH (1.7±0.3-fold) and GSSG (1.8±0.2-fold) concentrations 
relative to WT CM, however the redox potential (Eh) of the GSH/GSSG pool was not changed. 
Similar effects were observed in CF. DOX also increased mRNA and protein expression of the rate-
limiting GSH synthesis enzymes glutamate-cysteine ligase catalytic (GCLc) and glutamate-cysteine 
ligase regulatory subunits (GCLm) in Mrp1 KO cells. Finally, superoxide dismutase 3 (SOD3) 
expression was lower (P < 0.05) in Mrp1 KO CM vs. WT CM treated with either saline (62±8% of 
WT) or DOX (43±12% of WT). These results indicate that Mrp1 protects against DOX induced 
cardiotoxicity. (CA139844, AHA 13PRE17060037) 

 

5. Role of the length of the Linker connecting the membrane-spanning domain and the FMN of 
Cytochrome P450 reductase in Cytochrome P450 2B4 Catalysis. 
 
Rwere, Freeborn; Pearl, Naw May; Waskell, Lucy 
Department of Anesthesiology, University of Michigan and VAMC, Ann Arbor, MI 
 
The microsomal cytochrome P450 reductase (CPR) is a diflavin protein that transfers reducing 
equivalents to cytochromes P450. The N-terminus transmembrane of CPR is connected to the 
FMN domain by an ~14 amino acid linker domain, Phe44-Ile57, that helps CPR to orient to a specific 
conformation that enables electron flow from FMN HQ to the heme of cyt P450. The role of the 
linker region during catalysis was investigated by shortening the linker. Shortening the linker by ~8 
or more residues severely impaired the ability of CPR to support the cyt P450 2B4 mediated 
catalysis of benzphetamine and we concluded that CPR requires a ~8 amino acid linker to support 
catalysis.  
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6. Altered hepatic retinoic acid content and small heterodimer partner expression underlie 
CYP2D6 induction during pregnancy. 
 
Xian Pan, Kwihye Koh, Ai-Ming Yu, Frank J. Gonzalez, Nina Isoherranen, Hyunyoung Jeong 
University of Illinois at Chicago, Chicago, IL  60612  
 
Substrates of a major drug-metabolizing enzyme CYP2D6 display increased elimination during 
pregnancy, but the underlying mechanisms are unknown in part due to a lack of experimental 
models. Here, we introduce CYP2D6-humanized (Tg-CYP2D6) mice as an animal model where 
hepatic CYP2D6 expression is increased during pregnancy. In the mouse livers, expression of a 
known positive regulator of CYP2D6, hepatocyte nuclear factor (HNF) 4α, did not change during 
pregnancy. However, HNF4α recruitment to CYP2D6 promoter increased at term pregnancy, 
accompanied by repressed expression of small heterodimer partner (SHP). In HepG2 cells, SHP 
repressed HNF4α transactivation of CYP2D6 promoter. In Tg-CYP2D6 mice, SHP knockdown led 
to a significant increase in CYP2D6 expression. Retinoic acid, an endogenous compound that 
induces SHP, exhibited decreased hepatic levels during pregnancy in Tg-CYP2D6 mice. 
Administration of all-trans retinoic acid led to a significant decrease in the expression and activity of 
hepatic CYP2D6 in Tg-CYP2D6 mice. This study provides key insights into mechanisms underlying 
altered CYP2D6-mediated drug metabolism during pregnancy, laying a foundation for improved 
drug therapy in pregnant women. 

 

 

7. Oxidation of Endogenous N-Arachidonoylserotonin by Human Cytochrome P450 2U1. 
 
Sandeep Goyal, Michal Siller#, Francis K. Yoshimoto, Yi Xiao, Shouzou Wei, and F. Peter 
Guengerich 
Department of Biochemistry and Center in Molecular Toxicology, Vanderbilt University School of 
Medicine, Nashville, Tennessee, USA. 
#Pharmacology and Toxicology Division, Institute of Molecular and Translational Medicine, Palacky 
University Olomouc, Olomouc, Czech Republic.  
 
Cytochrome P450 (P450) 2U1 has been shown to be expressed, at the mRNA level, in human 
thymus, brain, and several other tissues. Recombinant P450 2U1 was purified and used as a 
reagent in a metabolomic search for substrates in bovine brain. In addition to fatty acid oxidation 
reactions, an oxidation of endogenous N-Arachidonoylserotonin was characterized. Subsequent 
NMR and mass spectrometry and chemical synthesis showed that the main product was the result 
of C2 oxidation of the indole ring, in contrast to other human P450s that generated different 
products. N-Arachidonoylserotonin, first synthesized chemically and described as an inhibitor of 
fatty acid amide hydrolase, had previously been found in porcine and mouse intestine; we 
demonstrated its presence in bovine and human brain samples. The product (2-oxo) was 4-fold 
less active than N-Arachidonoylserotonin in inhibiting fatty acid amide hydrolase. The rate of 
oxidation of N-Arachidonoylserotonin was similar to that of arachidonic acid, one of the previously 
identified fatty acid substrates of P450 2U1. The demonstration of the oxidation of N-
Arachidonoylserotonin by P450 2U1 suggests a possible role in human brain and possibly other 
sites. 
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8. Effect of cytochrome b5 in the metabolism of Benzphetamine by 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 genetic 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 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 [5].  Although 
the correlation between the function and the molecular structure of CYP2D6 has been studied using 
spectroscopic [6], structural [7, 8], computational [9] and kinetic analyses coupled with site-directed 
mutagenesis [10], 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. 
 
Herein, we will demonstrate the kinetic studies of N/O-demethylation in the metabolism of a variety 
of substrates by full-length CYP2D6 in the reconstituted system and the spectroscopic analysis in 
the presence of the corresponding substrates.  In addition, we show the quantitative analysis of the 
effect by human cytb5 in the metabolism of Benzphetamine (BZ) by full-length CYP2D6 using a 
colorimetric assay of the enzymatic reactions as well as a stopped-flow rapid-mixing 
spectrophotometer. 
 

References 
1. Evans, W. E. and Relling, M. V.  Science 1999, 286, 487-491. 
2. Human Cytochrome P450 (CYP) Allele Nomenclature Committee (http://www.cypalleles.ki.se/) 
3. Eichelbaum, M., Spannbrucker, N., Steincke, B. and Dengler, H. J.  Eur. J. Clin. Pharmacol. 1979, 16, 183-187. 
4. Mahgoub, A., Idle, J. R., Dring, L. G., Lancaster, R. and Smith, R. L.  Lancet 1977, 2, 584-586. 
5. Yamazaki, H., Nakamura, M., Komatsu, T., Ohyama, K., Hatanaka, N., Asahi, S., Shimada, N., Guengerich, F. P., 

Shimada, T., Nakajima, M. and Yokoi, T.  Protein Expression Purif. 2002, 24, 329-337. 
6. Gillam, E. M. J., Guo, Z., Martin, M. V., Jenkins, C. M. and Guengerich, F. P.  Arch. Biochem. Biophys. 1995, 319, 

540-550. 
7. Rowland, P., Blaney, F. E., Smtyh, M. G., Jones, J. J., Leydon, V. R., Oxbrow, A. K., Lewis, C. J., Tennant, M. G., 

Modi, S., Eggleston, D. S., Chemery, R. J. and Bridges, A. M.  J. Biol. Chem. 2006, 281, 7614-7622. 
8. Wang, A., Savas, U., Hsu, M-H., Stout, C. D. and Johnson, E. F.  J. Biol. Chem. 2012, 287, 10834-10843. 
9. Schyman, P., Usharani, D., Wang, Y. and Shaik, S.  J. Phys. Chem. B 2010, 114, 7078-7089. 
10. Paine, M. J. I., McLaughlin, L. A., Flanagan, J. U., Kemp, C. A., Sutcliffe, M. J., Robert, G. C. K. and Wolf, C. R.  J. 

Biol. Chem. 2003, 278, 4021-4027. 
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9. Statin pharmacokinetics and tissue distribution in oatp1a/1b-knockout, OATP1B1- and 
OATP1B3-humanized mice. 
 
J. William Higgins, Jing Q. Bao, Alice Ban Ke, Jason R. Manro, John K. Fallon, Philip C. Smith, and 
Maciej J. Zamek-Gliszczynski 
Drug Disposition, Lilly Research Laboratories, Indianapolis, IN (JWH, JQB, ABK, MJZG) Global 
Statistical Sciences, Lilly Research Laboratories, Indianapolis, IN (JRM) Eshelman School of 
Pharmacy, University of North Carolina, Chapel Hill, NC (JKF, PCS,MJZG) 
 
Although organic anion transporting polypeptide (OATP)–mediated hepatic uptake is generally 
conserved between rodents and humans at a gross pharmacokinetic level, the presence of three 
major hepatic OATPs with broad overlap in substrate and inhibitor affinity, and absence of rodent-
human orthologs preclude clinical translation of single-gene knockout/knockin findings. At present, 
changes in pharmacokinetics and tissue distribution of pravastatin, atorvastatin, simvastatin, and 
carboxydichlorofluorescein were studied in oatp1a/1b-knockout mice lacking the three major 
hepatic oatp isoforms, and in knockout mice with liver-specific knockin of human OATP1B1 or 
OATP1B3. Relative to wild-type controls, oatp1a/1b-knockout mice exhibited 1.6- to 19-fold 
increased intravenous and 2.1- to 115-fold increased oral drug exposure, due to 33%–75% 
decreased clearance, 14%–60% decreased volume of distribution, and ≤74-fold increased oral 
bioavailability, with the magnitude of change depending on the contribution of oatp1a/1b to 
pharmacokinetics. Hepatic drug distribution was 4.2- to 196-fold lower in oatp1a/1b-knockout mice; 
distributional attenuation was less notable in kidney, brain, cardiac, and skeletal muscle. Knockin of 
OATP1B1 or OATP1B3 partially restored control clearance, volume, and bioavailability values 
(24%–142% increase, ≤47% increase, and ≤77% decrease vs. knockout, respectively), such that 
knockin pharmacokinetic profiles were positioned between knockout and wild-type mice. Consistent 
with liver-specific humanization, only hepatic drug distribution was partially restored (1.3- to 6.5-fold 
increase vs. knockout). Exposure and liver distribution changes in OATP1B1-humanized versus 
knockout mice predicted the clinical impact of OATP1B1 on oral exposure and contribution to 
human hepatic uptake of statins within 1.7-fold, but only after correcting for human/humanized 
mouse liver relative protein expression factor (OATP1B1 = 2.2, OATP1B3 = 0.30). 
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10. Preclinical pharmacokinetics and allometric scaling of tyrosine kinase inhibitors imatinib 
and nilotinib. 
 
Hari Krishna Ananthula, Larry Sallans, Milton Werner, Pankaj Desai 
University of Cincinnati, Cincinnati, OH 
 
Recent evidence indicates that the antiviral activity of Tyrosine Kinase Inhibitors (TKIs), which 
entails inhibition of the release of viral particles from infected cells, can be potentially used for 
biodefense related pathogens Smallpox and Ebola. Since antiviral human trials are not feasible for 
these pathogens, preclinical pharmacokinetic (PK) and efficacy studies may provide data needed to 
demonstrate effectiveness in animal models that mimic the human disease and allow selection of 
effective human doses.  Thus, identification of appropriate animal model is a requirement to 
facilitate efficacy assessment and drug-drug interaction studies.  Here, we investigated PK of the 
TKIs imatinib and nilotinib in different animal strains/species that are used for anti-viral efficacy 
testing (CAST/EiJ mice, C57BL/6 mice and prairie dogs) and correlated the PK parameters with the 
body weight across the animals.  PK studies were performed upon IV and oral dosing and the 
plasma samples were analyzed after liquid-liquid extraction using a validated LC-MS method. PK 
parameters such as half-life, volume of distribution, clearance and bioavailability were estimated 
using non-compartmental analysis (Phoenix® Winnonlin 6.3®). The half-life of imatinib and nilotinib 
in mice was short (less than 2 hours) whereas prairie dogs exhibited relatively longer half-life (2.2 
hours for imatinib and 6.9 hours for nilotinib, respectively). Within the two strains of mice, marked 
differences in bioavailability and half-life were observed for both drugs. The oral bioavailability of 
both drugs in CAST/EiJ mice was extremely low (< 5%) compared to that in C57BL/6 mice (nearly 
100 % and 43% for imatinib and nilotinib, respectively). Bioavailability of both drugs in prairie dogs 
was approximately 24% with nilotinib exhibiting delayed absorption (Tmax=8 hours).  Inter-species 
scaling indicated a good correlation between clearance and volume of distribution with the body 
weight (R2>0.9) across the species when combined with the literature reported animal and human 
data. The stark differences in PK observed in our animal models appear to be primarily related to 
differences in first-pass hepatic metabolism. This and other mechanism(s) are currently being 
investigated. 
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11. ABCD2 Alters PPARα Signaling in Vitro, but Does Not Impair Responses to Fenofibrate 
Therapy in a Mouse Model of Diet-induced Obesity. 
 
Xiaoxi Liu, Jingjing Liu, Shuang Liang, Agatha Schl&#252;ter, Stephane Fourcade, Stella 
Aslibekyan, Aurora Pujol, Gregory A. Graf  
University of Kentucky, Lexington, KY  40536 
 
BACKGROUND: Fenofibrate is a PPARα ligand that has been widely used as a lipid lowering 
agent in the treatment of hypertriglyceridemia. However, the clinical response to fenofibrate therapy 
is highly variable. ABCD2 (D2) is a peroxisomal long-chain acyl-CoA transporter that is highly 
induced by fenofibrate in the livers of mice. Our preliminary data showed that after 14 days 
treatment of fenofibrate, the D2 deficient mice exhibited altered expression of gene clusters 
associated with lipid metabolism, including PPARα signaling in the liver. 
 
OBJECTIVES: To determine the impact of D2 on PPARα signaling and fenofibrate responses in 
3T3-L1 adipocytes and a mouse model of diet-induced obesity. 
 
METHODS: D2 deficient and control 3T3-L1 adipocytes were treated with fenofibrate for 16 hours. 
Cell lysates were prepared and analyzed for gene expression by real-time PCR. At 8 weeks of age, 
wild-type and D2 knock-out mice were fed with high fat diet (60% kCal) with and without fenofibrate 
(0.05% w/w) for 16 weeks. Biomarkers including fasting blood glucose levels, body composition, 
insulin sensitivity, and triglyceride secretion rates were measured. By the end of the study, tissues 
were collected for triglyceride and cholesterol content measurement and gene expression analysis. 
 
RESULTS: Absence of D2 modified genomic responses to fibrate treatment in vitro. Fenofibrate 
treatment opposed the development of obesity, hypertriglyceridemia, and insulin resistance in vivo. 
However, these effects were unaffected by D2 genotype. 
 
CONCLUSIONS: D2 can modulate genomic responses to fibrates, but these effects are not 
sufficiently robust to alter the effects of fibrates on diet-induced obesity phenotypes. 
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12. Enzymes Involved in Mammalian Morphine Biosynthesis. 
 
V. M. Kramlinger and F.P. Guengerich 
Vanderbilt University, Nashville, TN 
 
Morphine was first identified in opium from Papaver somniferum (opium poppy) and is one of the 
strongest analgesic compounds. Endogenous morphine has been characterized in several 
mammalian cells and tissues. The synthetic pathway of morphine in opium poppy has been 
elucidated. The presence of common intermediates in both the poppy and mammalian tissue 
suggests that biosynthesis occurs through a similar pathway. Biosynthesis of morphine occurs via a 
multistep pathway, beginning with the amino acid L-tyrosine. Many of the enzymes involved in the 
plant pathway, but few of the enzymes in the mammalian pathway, have been identified and 
characterized. The last two steps in the morphine biosynthesis pathway are demethylation of 
thebaine at the 3-O and the 6-O positions. The human enzyme cytochrome P450 2D6 can catalyze 
the 3-O-demethylation however, the enzyme(s) responsible for the 6-O-demethylation of thebaine 
is currently unknown. Here we present evidence that the 6-O-demethylation of thebaine is 
catalyzed cytochrome P450 3A4 and 3A5. 

 

 

13. Evaluation of carboxylesterase 1 as a determinant of the activation of ACE inhibitor 
prodrugs. 
 
Xinwen Wang, Rinelly Comas, and Hao-Jie Zhu* 
University of Michigan, Ann Arbor, MI  48109 
 
Purpose: The majority of angiotensin-converting enzyme inhibitors (ACEIs) are formed as prodrugs, 
and need to be activated via hydrolysis in order to produce intended therapeutic effects. This study 
was to determine the enzyme(s) and tissue(s) that are involved in the activation of the ACEI 
prodrugs including enalapril, ramipril, perindopril, moexipril, and fosinopril. Furthermore, the impact 
of genetic variation of carboxylesterase 1 (CES1) on the activation of those ACEI prodrugs was 
investigated.  
 
Methods: The s9 fractions prepared from human liver, intestine, and kidney were utilized to 
determine the enzyme(s) and tissue(s) responsible for the activation of the ACEI prodrugs. The 
effect of CES1 genetic variation on ACEI prodrug activation was assessed by incubation of the 
ACEI prodrugs with the s9 fraction samples from cells stably expressing the CES1 variant G143E. 
 
Results: The ACEI prodrugs were readily activated (hydrolyzed) by human liver s9 fractions. 
However, no catalytic activity of human intestine and kidney s9 fractions has been observed on the 
ACEI prodrug activation. Moreover, the G143E is a loss-of-function variant on catalyzing the 
activation of the tested ACEI prodrugs.   
 
Conclusions: ACEI prodrugs are activated in the liver by CES1. CES1 genetic variants may impair 
the activation of ACEI prodrugs, leading to unsuccessful pharmacotherapy and unexpected side 
effects.  
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14. The Role of Nuclear Receptors in Aroclor 1260-induced Steatohepatitis. 
 
B. Wahlang1, K.C. Falkner2, M. Song2, H. Clair3, R. Prough3, and M. Cave1,2 
 

1Dept. of Pharmacology & Toxicology; 2Medicine; 3Biochemistry & Molecular Biology; University of 
Louisville, KY, USA. 
 
Polychlorinated biphenyls (PCBs) are persistent organic pollutants associated with nonalcoholic 
fatty liver disease (NAFLD). We recently demonstrated that exposure to the commercial PCB 
mixture, Aroclor 1260 (Ar) (20mg/kg), worsens steatohepatitis in mice fed a high fat diet (HFD). 
This exposure to Ar activated nuclear receptors, including Pregnane-Xenobiotic Receptor (PXR) 
and Constitutive Androstane Receptor (CAR) as assessed by the induction of Cyp3a11 and 
Cyp2b10 respectively. To further characterize the role of these receptors in the development of 
steatohepatitis, we examined the effects of Ar exposure (20 mg/kg in corn oil via oral gavage) in 
C57Bl/6, PXR-/- and CAR-/- knockout mice fed with HFD for 12 weeks. HFD+Ar co-exposure 
resulted in decreased body weight gain and adipocyte size in CAR-/- mice vs. C57Bl/6 mice. CAR-/- 
mice exposed to Ar also demonstrated increased movement and decreased food consumption. 
PXR-/- mice showed increased % fat composition and decreased lean tissue mass and increased 
liver to bodyweight ratio, irrespective of Ar exposure. Only PXR-/- mice exposed to Ar showed 
impaired glucose uptake. All groups exposed to Ar showed decreased serum insulin. Both knockout 
models displayed elevations in serum alanine transaminase activity when exposed to Ar, indicative 
of liver injury. Furthermore the knockout models also showed increased hepatic TNFα and IL-6 
expression, with or without Ar-exposure vs. C57Bl/6 mice. Hepatic gene expression of P450s, 
namely Cyp3a11 and Ugt1a1 (PXR targets) were upregulated in Ar-exposed CAR-/- mice and 
Cyp2b10 (CAR target) was upregulated in Ar-exposed PXR-/- mice. In conclusion, PXR and CAR 
play an important protective role in Aroclor 1260-induced liver injury.  
 
Research Support: This work was supported by the National Institute of Health grants, 
1RO1ES021375, T35ES14559 and K23AA018399. 
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15. In Vitro and In Vivo Metabolism of Novel Indole-Based Chalcone Anticancer Agents. 
 
Jeffrey G. Sarver1, Christopher Trabbic1, Jean H. Overmeyer2, Michael W. Robinson1,2, Heather M. 
Kvale2, Amarjit Luniwal3, Paul W. Erhardt1, and William A. Maltese2 
1Center for Drug Design and Development, Department of Medicinal and Biological Chemistry, 
University of Toledo College of Pharmacy, 2801 W. Bancroft Ave., Toledo, OH 43606 
2Department of Biochemistry and Cancer Biology, University of Toledo College of Medicine, 3000 
Arlington Ave., Toledo, OH 43614 
3NAMSA World Headquarters, 6750 Wales Road, Northwood, Ohio 43619 
 
A library of novel indole-based chalcones (IBCs) has been synthesized and found to potently 
induce cell death by several distinct mechanisms in glioblastoma multiforme (GBM) cancer cells. 
These agents have further been demonstrated to be effective against GBM cells that are resistant 
to Temozolomide, the agent currently used as the standard treatment for GBM. The more potent 
IBCs are being evaluated as prospective next generation treatment agents for GBM, through either 
systemic delivery or targeted direct intracranial release. In vitro incubations of the lead IBC, 3-(5-
methoxy, 2-methyl-1H-indol-3-yl)-1-(4-pyridinyl)-2-propen-1-one (MOMIPP), with U251 GBM cells 
have been shown by mass spectrometry fragmentation (LC-MS/MS) and high resolution LC-MS 
studies to serially produce two distinct metabolites. The first metabolite is created by saturation of 
the carbon-carbon double bond on the chalcone bridge through the addition of two hydrogens. The 
second is produced by further reduction of the carbonyl to a secondary alcohol, resulting in 
complete reduction of the α,β unsaturated ketone. These metabolites were initially thought to likely 
be unique to the MOMIPP molecule and/or U251 cells. However, subsequent incubations with 
another glioma cell line, numerous IBC analogs, and in vivo administration in mice have all found 
only these same two metabolic forms at significantly detectable levels. Measurements in mice after 
systemic delivery of MOMIPP exhibited higher levels of both metabolites in the brain, liver and 
kidneys than in corresponding plasma samples. Aldo-keto reductase (AKR) enzymes, which are 
reported to be highly expressed in some types of cancer cells, are thought to be responsible for this 
two-stage metabolic process. Addition of tolrestat, a known inhibitor of AKR enzymes, to in vitro 
incubations has so far not provided conclusive evidence for or against the role of AKR enzymes in 
the production of these metabolites. Further tests are underway to definitively establish the 
enzymes responsible and assess the pharmacokinetic consequences of the apparently non-
cytochrome P450 metabolic processing of this family of compounds. 
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16. Novel Product Identification with Human Cytochrome P450 19A1 Aromatase. 
 
Francis K. Yoshimoto, F. Peter Guengerich  
Department of Biochemistry, School of Medicine, Vanderbilt University, 642 Robinson Research 
Building, 2200 Pierce Avenue, Nashville, TN 37232-0146  
 
Aromatase (P45019A1) is the cytochrome P450 known to convert 19-carbon androgens 
(androstenedione or testosterone) to 18-carbon estrogens (estrone or estradiol) in a 3-step 
process. The first two steps are known to oxygenate the axial C19-methyl of the androgen to form 
the 19-hydroxy- then the 19-oxo-androgen intermediates by the compound I (FeO) iron active 
species. However, there has been controversial evidence presented in the literature regarding the 
mechanism of the third C-C bond cleavage step over the past thirty years. Both the FeO and FeO2- 
species have been supported to be the active iron species for the third step. In the course of a 
thorough investigation of the metabolites between purified P450 19A1 and 19-deutero-19-oxo-
androstenedione and -testosterone, a novel 19-oic androgen metabolite was identified, supporting 
the FeO mechanism. The carboxylic acid product was verified by liquid chromatography high-
resolution mass spectrometry (LC-HRMS), through radioactive monitoring using a 14C-labeled 
androgen and by co-chromatography with an authentic 19-oic standard. A novel diazo reagent for 
derivatizing formic and other carboxylic acids was designed to increase sensitivity for detection by 
LCMS in these studies. This project provides mechanistic insight and possible new physiological 
roles of this important enzyme plus a useful reagent that can be applied to other studies.  
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17. Functional Studies of Orphan Human P450 Enzymes by LC-MS Based Metabolomics: 
Accumulation of Taurine-Conjugated Bile Acids in P450 2S1 Knockout Mice 
 
Yi Xiao, Xinxin Ding, and F. Peter Guengerich 
Vanderbilt University, Nashville, TN 
 
Fifty-seven cytochrome P450 genes have been identified upon the completion of the human 
genome project, of which ~13 members are termed “orphans” because their physiological and 
xenobiotic functions are not yet well established. One of the orphan human P450 enzymes, P450 
2S1, is mainly expressed in lung. Unlike other P450 enzymes that catalyze many oxidation 
reactions, the only known reactions catalyzed by human P450 2S1 are reduction reactions. In order 
to elucidate the physiological function and identify the oxidation reactions catalyzed by human P450 
2S1, a metabolomic approach was used to compare the metabolic profiles in lungs from Cyp2s1(-/-) 
mice and wild-type mice. The accumulation of tauro-β-muricholic acid and taurocholic acid in lungs 
from female knockout mice was identified in the initial metabolomic profiling. None of these 
compounds nor the precursors tested were found to be substrates for mouse P450 2S1.Targeted 
LC-MS quantitation confirmed the accumulation of many other taurine-conjugated bile acids, 
including tauroursodeoxycholic acid, taurodeoxycholic acid, taurochenodeoxycholic acid, tauro-ω-
muricholic acid, and tauro-α-muricholic acid. In order to understand the molecular mechanism of 
this phenotype, on-going studies include bile acid quantitation in liver and serum from Cyp2s1(-/-) 
mice and mRNA quantitation of key enzymes in the bile acid biosynthesis pathway by qPCR. The 
relevance of these findings to any particular catalytic selectivity of P450 2S1 is still unknown.  
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18. Metabolism of the Gelatinase Inhibitor SB-3CT by Cytochrome P450. 
 
Zhihong Peng†, Mijoon Lee†, Valerie A. Schroeder‡, William R. Wolter‡, Mark A. Suckow‡, and 
Mayland Chang*,† 
†Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame, Indiana 
46556, United States 
‡Freimann Life Sciences Center and Department of Biological Sciences, University of Notre Dame, 
Notre Dame, Indiana  46556, United States  
 
SB-3CT is a selective gelatinase (matrix metalloproteinase (MMP)-2 and MMP-9) inhibitor that 
shows efficacy in animal models of neurological diseases. SB-3CT is metalized to p-OH SB-3CT, 
which shows more potent inhibition of MMP-2 and MMP-9. However, the conversion of SB-3CT to 
p-OH SB-3CT and the effect of the drug on CYP450 enzymes have not been investigated. The aim 
of the present study was to investigate the transformation of SB-3CT to p-OH SB-3CT in mouse, 
rat, dog and human liver microsomes, to identify the CYP450 enzymes involved in catalyzing the 
hydroxylation of SB-3CT, and to study the effect of SB-3CT on CYP450 enzymes. SB-3CT was 
hydroxylated to p-OH SB-3CT in mouse and rat liver microsomes with enzyme activity of 27.7 ± 1.9 
and 20.1 ± 1.3 pmol/min/mg protein, respectively. The enzyme activity in dog and human liver 
microsomes was found to be less with the values of 6.15 ± 0.25 and 3.27 ± 0.33 pmol/min/mg 
protein, respectively. The enzymes involved in the metabolism of SB-3CT to p-OH SB-3CT are 
CYP1A2 (Km = 22.3 ± 2.5 µM, Vmax = 0.14 ± 0.01nmol/min/pmol CYP450s), 2C9 (Km = 5.89 ± 1.07 
µM, Vmax = 0.022 ± 0.001 nmol/min/pmol CYP450s), 2C19 and 2D6 (Km = 31.3 ± 5.52 µM, Vmax = 
0.040 ± 0.003 nmol/min/pmol CYP450s). Using recombinant human CYP450 enzymes, SB-3CT did 
not inhibit CYP2C19, 2E1, or 3A4 (IC50 > 10 µM), whereas it inhibited CYP1A2, CYP2C9 and 
CYP2D6 with Ki values of 5.20, 3.21 and 7.90 µM, respectively. SB-3CT did not show any effect at 
the dose of 25 mg/kg on selected CYP450 enzymes contents and activities (CYP1A2, 2C, 2D, 2E 
and 3A) in rat liver, but it can upregulate the activity of CYP2E1 in brain microsomes.  The results 
indicate that the turnover of SB-3CT to p-OH SB-3CT is species dependent and that CYP1A2, 2C9, 
2C19 and 2D6 can catalyze this reaction. As SB-3CT is a modest inhibitor of CYP1A2, CYP2C9 
and CYP2D6 and plasma concentrations of SB-3CT are in the micromolar range only within 10 
minutes after intraperitoneal administration, the potential to increase the systemic exposure of 
drugs metabolized by CYP1A2, CYP2C9 and CYP2D6 is minimized and can be managed.  
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19. Inhibition of Commercial Swine Medicines on Porcine Hepatic Cytochrome P450  
 
Steven Hu, Chase Mazur, Kenneth Feenstra, Julie Lorenz and Dawn Merritt  
Zoetis,  Veterinary Medicine Research and Development, Kalamazoo, MI 49007 
 
Drug-drug interactions caused by inhibition of key drug metabolizing cytochrome P450 (CYP450) 
enzymes due to a co-administered drug have been well documented and understood in human 
medicines.   Such information is very limited in veterinary medicine.  In this work, we investigated 
inhibition of some commercial available swine medicines on porcine CYP450.  A total of 48 swine 
medicines were selected.  The inhibition of those drugs to phenacetin de-ethylation, coumarin 7-
hydroxylation, tolbutamide 4-hydroxylation, bufuralol hydroxylation, chlorzoxazone 6-hydroxylation 
and midazolam 1’-hydroxylation were investigated.  The drugs were first incubated with  those 
probe molecules at 3 μM in a commercial pig liver microsomes as initial screening.  Thirty-one of 
those drugs had less than 10% inhibition.  For those showing >10% inhibition by one or more of 
these metabolisms, IC50 values were determined.  Based on their commercial doses, the potential 
inhibition of those drugs were assessed.  This study has provided important data for potential drug-
drug interaction of these swine medicines. 
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20. CYP17A1 and Abiraterone: Implications for Breast Cancer Endocrine Therapy. 
 
Cameron P. Capper1, Michael D. Johnson2, José M. Larios3, Lauren McIntosh3, James M. Rae1,3 
1Department of Pharmacology, University of Michigan Medical School; 2Department of Oncology, 
Georgetown University School of Medicine; 3Department of Internal Medicine, Division of 
Hematology/Oncology, University of Michigan Medical School 
 
The cytochrome P450 17A1 (CYP17A1) inhibitor abiraterone, which blocks synthesis of all steroid 
hormones including androgens and estrogens, is an effective treatment for castrate resistant 
prostate cancer.  Its utility for treating hormone receptor-positive breast cancer has yet to be 
established. In prostate cancer, the anti-proliferative effects of abiraterone are mediated by 
inhibiting CYP17A1 activity resulting in a significant reduction in circulating concentrations of the 
sex steroids dehydroepiandrosterone (DHEA), androstenedione, testosterone, and 
dihydrotestosterone (DHT). Recently, it has been proposed that the reduction in aromatizable 
androgens by abiraterone may make this drug useful for the management of hormone-dependent 
breast cancer.  However, data from our lab suggests that abiraterone has estrogenic properties and 
can induce proliferation in breast cancer cells expressing the estrogen receptor (ER).  Crystal violet 
assays were used to assess abiraterone-induced proliferation in the ER-positive, estrogen-
dependent breast cancer cell lines MCF-7 and T47D.  We show that abiraterone induced a dose 
dependent increase in cell proliferation with an IC50 of 3.7µM and maximal stimulation (200%) 
observed at 8μM,compared to vehicle treated cells. Abiraterone also induced the expression of the 
ER response gene, GREB1. Abiraterone-induced proliferation and gene expression was blocked by 
increasing doses of the selective estrogen receptor downregulator (SERD) fulvestrant., Abiraterone 
induced the dose-dependent expression of luciferase in MCF-7 cells transfected with an estrogen 
responsive luciferase reporter construct. In conclusion, our data suggest that abiraterone can 
induce ER-positive breast cancer cell proliferation in vitro by acting as a weak ER agonist. Further 
studies are underway to determine whether estrogenic effects of abiraterone are also observed 
using in vivo models of ER response. If abiraterone exhibits estrogenic effects in vivo then these 
data would suggest that abiraterone should be combined with ER antagonist if used for the clinical 
management of women with ER+ tumors.  
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21. Molecular Mechanism of Orlistat Hydrolysis by the Thioesterase of Human Fatty Acid 
Synthase for Targeted Drug Discovery. 
 
Valerie E. Fako1, Jing-Yuan Liu1,3, and Jian-Ting Zhang1,2 
From the 1Department of Pharmacology and Toxicology and 2IU Simon Cancer Center, Indiana 
University School of Medicine, Indianapolis, IN 46202; 3Department of Computer and Information 
Science, Indiana University-Purdue University, Indianapolis, IN 46202 
 
Fatty acid synthase (FASN) is over-expressed in many cancers, and novel inhibitors that target 
FASN may find use in the treatment of cancers. It has been shown that orlistat, an FDA approved 
drug for weight loss, inhibits the thioesterase (TE) of FASN, but can be hydrolyzed by TE. To 
understand the mechanisms of TE action and for designing better FASN inhibitors, the mechanism 
of orlistat hydrolysis by TE was examined using molecular dynamics simulations. The simulations 
showed that the hexyl tail of orlistat undergoes a conformational transition, destabilizing a hydrogen 
bond that forms between orlistat and the active site histidine. A water molecule can then hydrogen 
bond with histidine and become activated to hydrolyze orlistat. These findings suggest that rational 
design of inhibitors that block the hexyl tail transition may lead to a more potent TE inhibitor. To 
search for novel inhibitors of TE, I performed virtual DOCK screening of FDA approved drugs 
followed by a fluorogenic assay using recombinant TE protein and found that proton pump 
inhibitors (PPIs) can competitively inhibit TE. PPIs, which are used for the treatment of 
gastroesophageal reflux and peptic ulcers, work to decrease gastric acid production by binding 
irreversibly with gastric hydrogen potassium ATPase in the stomach. Recently, PPIs have been 
reported to reduce drug resistance in cancer cells when used in combination with 
chemotherapeutics, although the mechanism of resistance reduction is unknown. Further 
investigation showed that PPIs are able to decrease FASN activity and cancer cell proliferation in a 
dose-dependent manner. These findings provide new evidence that FDA approved PPIs may 
synergistically suppress cancer cells by inhibiting TE of FASN and suggests that the use of PPIs in 
combinational therapies for the treatment of many types of cancer, including pancreatic cancer, 
warrants further investigation. 
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22. Evaluation of hMATE1 and hMATE2-K activity using primary human kidney cells. 
 
Akos Pal, Guy Webber and Stuart Wood 
Quotient Bioresearch Ltd, Rushden, Northamptonshire, UK, NN10 6ER.  
 
Following the publication of white papers in 2010 and 2013 by the International Transporter Consortium (ITC) 
outlining current key industrial and academic opinion in the area of clinically relevant drug transporters, 
Regulatory authorities such as the EMA (final guideline, 2013), FDA (draft guidance, 2012) and JMHLW (draft 
guideline, 2014) are keen to review transporter-related interaction data in support of drug registrations. 
Development of drug transporter assays is an active area of current DMPK research. Currently widely used in 
vitro models for drug transporter interaction testing include membranes, vesicles and transfected cell lines. 
However, transporter interaction testing can benefit from the use of primary human cell models to help assess 
potential transporter-mediated drug interactions in humans.  
 
We investigated the use of primary human kidney cells to model human drug transporter interactions. To this 
end, we used DAPI (4´,6-diamino-2-phenlindole, a fluorescent probe) and cryopreserved human renal 
proximal tubule cells in culture to investigate hMATE1 and hMATE2-K-mediated transport.  
 
DAPI emits blue fluorescence when intercalated into DNA strands. Because DAPI is highly cationic and largely 
impermeable to cell membranes, any increase in intracellular fluorescence observed in a cellular system is a 
consequence of the active uptake of DAPI via hMATE1 and hMATE-2k across the plasma membrane of 
primary human cells.  
 
For time-related uptake DAPI was incubated at a concentration of 1 µM and uptake stopped by careful 
aspiration of the supernatant after 0, 5, 10, 20 30, 50, 60 and 120 min. Following this, cells were washed twice 
with ice-cold HBSS media and the intracellular fluorescence measured using a PolarStar plate reader at 
excitation 355 nm and emission 460 nm.  
 
For concentration-related uptake, DAPI was incubated at concentrations of 1.5, 3.1, 6.25, 12.5, 25, 50 and 100 
µM and uptake stopped by careful aspiration of the supernatant after 5 and 20 min. Following this, cells were 
washed and intracellular fluorescence assessed as described previously.  
 
For inhibitory interactions, pyrimethamine (a recognized MATE inhibitor) was incubated at concentrations of 
0.27, 0.82, 2.47, 7.4, 22.22, 66.66 and 200 µM and the effect on DAPI uptake (1 and 10 µM DAPI) was 
assessed following 5 and 20 min incubations.  
 
Incubations which included pyrimethamine were pre-incubated with the pyrimethamine for 20 min prior to 
starting uptake experiments. Following this, cells were washed and intracellular fluorescence assessed as 
described previously.  
 
The results obtained demonstrated both time-dependent and concentration-dependent uptake of DAPI into the 
human kidney cells.  
 
In addition, this uptake was reduced in a concentration-dependent manner by pyrimethamine (IC50 of 0.78 
and 6.8 µM at 1 and 10 µM DAPI, respectively).  
 
We believe this model, using cultured human kidney cells, shows promise as a suitable tool to assess potential 
hMATE1 and hMATE2-K-mediated drug-drug interactions involving cationic/zwitterionic drugs that are subject 
to renal secretion.  
 
In conclusion, these early studies highlight the growing potential of using primary human cells for assessing 
transporter-mediated drug-drug interactions.  
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23. Exploring Protein-Protein Interfaces: Ranking Protein-Protein Docking Results using 
Steered Molecular Dynamics and Potential of Mean Force Calculations. 
 
Laura J. Kingsley1, Juan Esquivel-Rodríguez2, Daisuke Kihara2 and Markus A. Lill1* 
1Medicinal Chemistry and Molecular Pharmacology Department and  
2Biological and Computational Science Department, Purdue University 
 
Protein-protein interactions are critical for nearly all cellular functions including drug metabolism. 
For instance, many drugs proceed through a multi-step degradation process wherein the compound 
is first metabolized by an initial enzyme, for instance a Cytochrome P450 enzyme (CYP),  before 
being shuttled to a secondary enzyme, such as UDP-glucuronosyltransferase or epoxide hydrolase,  
for subsequent metabolism1.  It has been suggested that CYP enzymes may associate with these 
and other proteins in the membrane to improve the efficiency of substrate degradation; however, 
there are very few crystal structures available of Cytochrome P450-protein complexes. Protein-
protein docking has become a widely used technique to gain insight into such metabolic 
complexes2. In general, the field protein-protein docking is in its infancy, and providing accurate 
predictions can vary drastically depending on the system. As with protein-ligand docking, one of the 
main challenges is deciphering which of several thousand potential predictions represents the most 
native-like (lowest RMSD) structure, also known as scoring. We have developed a novel scoring 
technique that involves the use of steered molecular dynamics and umbrella sampling to extract 
low RMSD predictions. We have applied our method to several systems and have found a strong 
correlation between our predictions and the interface RMSD. We believe that our approach could 
be a powerful tool for the elucidation of protein-protein structures and provide valuable insight in the 
drug metabolism field and many others.  
 
Taura, K.-i.; Yamada, H.; Hagino, Y.; Ishii, Y.; Mori, M.-a.; Oguri, K. Biochemical and Biophysical Research 
Communications 2000, 273, 1048-1052. 
Hazai, E.; Bikádi, Z.; Simonyi, M.; Kupfer, D. J Comput Aided Mol Des 2005, 19, 271-285. 
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24. Development of a novel real-time cell viability assay. 
 
James J. Cali, Sarah Duellman, Wenhui Zhou, Jean Osterman, Ruslan Arbit, Laurent Bernad, 
Poncho Meisenheimer, Jolanta Vidugiriene 
Promega Corporation, 2800 Woods Hollow Road, Madison, WI  53711 
 
The impact of any cytotoxic agent on cell viability is dependent on both concentration and exposure 
time. Most cultured cell viability assays can report on either concentration or time dependent 
toxicity but are limited in their capacity to derive both parameters from a single sample or sample 
set. Here we describe a new real-time cell viability assay that can be used in continuous read mode 
to simultaneously report the time and concentration dependence of compound toxicity. The assay 
uses a small, stable luciferase enzyme and its pro-substrate that are added to culture medium to 
track cell viability. The prosubstrates is converted to an active luciferase substrate in proportion to 
cellular reducing capacity, a classic surrogate of cell viability. Steady state light production by 
luciferase reflects viable cell number in real time. The assay is homogeneous, non-lytic, and ATP-
independent. By enabling the consolidation of dose and time dependent toxicity this real time cell 
viability assay conse4rves on cells and reagents, streamlines workflows and produces internally 
controlled data sets. 
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25. Mechanistic Models to Predict Renal Transporter-Related Drug-Drug Interactions for the 

mGlu2/3 Receptor Agonist (LY404039) in Humans 
 
Maria M. Posada, Y. Anne Pak, James Bacon, Amanda Long, Jennifer W. Witcher, William Annes, 
Mary Pat Knadler, Stephen D. Hall, Kathleen M. Hillgren. 
Drug Disposition, Lilly Research Laboratories, Indianapolis, IN 
 
Purpose:  The mGlu2/3 receptor agonist LY404039 is eliminated in urine by glomerular filtration 
and active tubular secretion. It is a substrate of organic anion transporters OAT1 and OAT4 
expressed on the basolateral and apical membrane of the kidney proximal tubular cells, 
respectively. The oral bioavailability of the agonist is low (~ 1.5 - 6 %) due its low intestinal 
permeability. Pomaglumetad methionil, a prodrug designed to improve the systemic exposure of 
LY404039, is converted completely into the active drug either pre-systemically and systemically. 
The purpose of this project was to build human mechanistic pharmacokinetic models for the active 
drug to predict the effect of co-administration of inhibitors of OAT1. 
 
Methods:  All physiologically-based pharmacokinetic (PBPK) models were built based on 
measured in vitro physicochemical and biological data using Simcyp. First, separate models for the 
intravenously drug were built to understand the enzymatic conversion and active secretion in the 
kidney. Deconvolution of plasma concentration-time profiles was used to estimate the rate and 
extent of metabolite formation in humans. Finally, a mechanistic model for the drug, after oral 
administration of the pro-drug was built to predict the effect of concomitant administration of OAT1 
inhibitors (probenecid and ibuprofen) on the pharmacokinetics of the drug.  
 
Results:  The observed/predicted active drug Cmax, clearance and AUC0-inf after intravenous 
infusion of the prodrug were 1.1, 0.7, and 1.2, respectively. The optimized model (REF = 3.5) was 
able to recover the plasma drug concentration-time profiles accurately, with observed/predicted 
Cmax, plasma clearance and AUC0-inf of 1.1, 0.9, and 1, respectively. The PBPK model built using 
the parameter values obtained from the deconvolution analysis recovered the observed 
concentration- time profiles of the drug (after oral administration of the prodrug) accurately with 
observed/predicted Cmax, AUC0-inf, and clearance of 1.0, 0.9, 1.1, respectively. The 
observed/predicted Cmax and AUC0-inf ratios for the active drug when probenecid was co-
administered were 0.98 and 1.06, respectively.  
 
Conclusions:  The mechanistic models accurately reproduced the plasma concentration time 
profiles of active drug in healthy subjects after oral and intravenous administration. The major 
advantage of the PBPK model is the capability to predict the changes in pharmacokinetics 
produced by variations in physiological parameters, changes in dose, and concomitant 
administration of OAT1 inhibitors. 
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26. Quantification of bupropion metabolism in vitro in human microsome and S9 fractions. 
 
Jamie Connarn and Duxin Sun 
University of Michigan, Ann Arbor, MI  48109  
 
Purpose:  Bupropion is a clinically available drug product used for depression and smoking 
cessation.  Non-bioequivalence issues have been reported for the 300 mg extended release 
formation of the name brand of bupropion, Wellbutrin and some generic formulations.  One factor 
that may contribute to this issue is the lack of understanding the metabolism of bupropion, 
particularly relating to liver and intestinal metabolism.  Hydroxybupropion and threohydrobupropion/ 
erythrohydrobupropion are the primary metabolites of bupropion by the enzymes CYP4502B6 and 
Carbonyl Reductase respectively.  These three metabolites of bupropion have activity of 25-50% of 
the parent drug; therefore, it is important to understand the kinetics of the formation to predict in 
vivo activity.  The purpose of this study was to understand the metabolite formation in vitro using 
microsome and S9 fractions of both liver and intestines.   
 
Methods:  Microsome and S9 stability experiments were conducted using concentrations of 
bupropion from 1-4000 µM.  Both liver and intestinal microsome and S9 fractions were used in the 
reaction at a final concentration of 1mg/mL.  NADPH was used for the cofactor and to initiate the 
reaction at a concentration of 20 mM.  Sample was collected at time point 0, 30, 60, and 90 minutes 
and the reaction was terminated by spiking sample in methanol containing the internal standard 
(venlafaxine) at 100 nM.  All samples were quantified for bupropion, hydroxybupropion, 
threohydrobupropion, and erythrohydrobupropion by LC-MS/MS.  The method was validated for 
specificity, matrix effect, and linearity.            
 
Results:  In these studies, we found that hydroxybupropion, which is the metabolite of CYP2B6, 
was formed predominantly in the liver but was not detected in microsome and s9 fraction of 
intestine.   At 30 minutes the estimate Vmax was 138 and 54 pmol/min/mg and the Km was 100 and 
160 µM for the liver microsome and S9 fraction respectively.  For the diastereomer which are 
metabolite of carbonyl reductase, threohydrobupropion was the dominant metabolite in both the 
liver and intestinal fraction.  In fact, erythohydrobupropion was not detectable in either microsome 
or s9 fraction of intestine.   
 
Conclusion:  The metabolism of bupropion in vitro shows that the liver and intestines have distinct 
metabolite profiles of bupropion. These differences in metabolism in the liver and intestine might 
provide evidence to study non-bioequivalence of bupropion products, which needs to be confirmed.   
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27. Pharmacokinetic and pharmacodynamic analysis of dinaciclib and its glucuronide 
metabolite in chronic lymphocytic leukemia patients. 
 
Yuan Zhao, Yonghua Ling, Shamalatha Kolli, Ming Poi, Larry J. Schaaf, Amy J. Johnson, John C. 
Byrd, Jeffrey A. Jones, Mitch A. Phelps 
The Ohio State University, 500 W 12th Ave, Columbus, OH  43210  
 
BACKGROUND: Cyclin dependent kinase inhibitors (CDKIs) have shown potent activity in patients 
with chronic lymphocytic leukemia (CLL) and other cancers. However, rapid CLL cell killing leads to 
hyper-acute tumor lysis syndrome (TLS) in some patients. TLS was previously associated with 
pharmacokinetics (PK) of glucuronide metabolites of flavopiridol, another CDKI. In this study 
combining ofatumumab with the CDKI, dinaciclib, in patients with relapsed or refractory CLL, we 
evaluated the relationships of TLS markers with PK of dinaciclib and its glucuronide metabolite. 
 
METHODS: In this phase 1b/2 study, ofatumumab was administered once weekly with 300 mg on 
cycle 1 day 1, and 2000 mg for 7 more weeks, followed by 4 monthly doses; dinaciclib was 
administered on cycle 2 days 2, 8 and 15 with doses escalating from 7 to 14 mg/m2 and then on 
days 1, 8 and 15 of cycles 3-7. Plasma and urine samples were collected on two separate days at 
multiple time points/intervals during cycle 2. Dinaciclib glucuronide was extracted from patient urine 
and used as an analytical standard for plasma dinaciclib glucuronide quantification. Dinaciclib and 
its glucuronide plasma concentration-time data were used to develop a population PK model. Blood 
potassium, lactate dehydrogenase (LDH), phosphate and uric acid levels were collected at multiple 
time points to monitor TLS. 
 
RESULTS: To date, plasma PK data was obtained from 22 patients. Non-compartmental Cmax 
ranged 95 to 712 ng/ml for dinaciclib and 16 to 253 ng/ml for dinaciclib glucuronide; AUC ranged 
185 to 1675 hr*ng/ml for dinaciclib and 35 to 803 hr*ng/ml for glucuronide metabolite. Population 
modeling yielded a four-compartment model for combined parent drug and metabolite, with albumin 
as a covariate on dinaciclib CL. To date, no clinical TLS has been observed in patients treated with 
this combination. Although uric acid and potassium are well controlled by prophylaxis, increases in 
LDH and phosphate are observed after dinaciclib administration. Biochemical markers of TLS do 
not correlate with plasma exposures of dinaciclib or dinaciclib glucuronide. 
 
CONCLUSION: Plasma dinaciclib glucuronide exposures were approximately 40% of parent drug. 
Thus far TLS has not been observed in patients treated with combined ofatumumab and dinaciclib, 
and it is therefore difficult to determine if dinaciclib glucuronide is associated with TLS from this 
data. Changes in biochemical markers of TLS are observed, but these changes are not associated 
with dinaciclib or cinaciclib glucuronide PK. 
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28. Incidence of N-methylnitrosourea–induced breast tumors differ between rapid and slow 
acetylatorcongenicratstrains. 
 
MarcusW.Stepp1,2, Mark A.Doll1,2, J. Christopher States1,2 and David W.Hein1,2 
Department of Pharmacology and Toxicology1 and James Graham Brown Cancer Center2, 
University of Louisville, School of Medicine 
 
Arylamine N-acetyltransferase 1 (NAT1) is a well-known phase II metabolic enzyme that has been 
associated with carcinogenesis. Its role in the biotransformation of aromatic and heterocyclic amine 
carcinogens has been investigated for many years, but more recent investigations focus on a 
possible endogenous role of NAT1 in cancer progression. We conducted in vivo studies using 
homozygous F344 rats,congenic at the rat Nat2 locus for high (rapid) and low (slow) activity. The 
rat Nat2 gene is a functional ortholog for the human NAT1 gene,and rat Nat2 has shown similar 
substrate specificity to human NAT1. Chemically induced breast tumors are produced in the rat 
following administration of N-methyl-N-nitrosourea (MNU), an alkylating agent similar to others 
found in cigarette smoke. In this experiment, rapid and slow acetylator female congenic rats were 
administrated a single dose of MNU (50mg/kg) by intraperitoneal injection at three weeks of age to 
mimic exposure of pre-pubescent females to cigarette smoke. Weekly measurements of weights 
and palpable tumors were recorded. Palpable tumors showed a significantly shorter latency in rapid 
compared to slow acetylator congenic rats(p=0.040). At 23 weeks post administration, rats were 
euthanized and tumor and adjacent non-tumor tissue were collected. Tumors were found in 78%of 
the rapid acetylator congenic rats with an average of 1.78±0.7 tumors per rat. In contrast, tumors 
were found in only 30%of slow acetylator congenic rats with an average of 0.5 ± 0.3 tumors per rat. 
Both tumor multiplicity and incidence were not significantly different (p=0.073 and 0.069, 
respectively) in this initial pilot experiment. Histopathology of the tumors classified the majority of 
the tumors as intraductal papillomas that were estrogen receptor positive by immunohistochemistry. 
The experiment is now being repeated, and the results are confirming the initial experiment’s 
results with the difference that palpable tumors and incidences of tumors now differ significantly 
between rapid and slow acetylator congenic rat strains. These results suggest an important role for 
NAT1 in MNU-induced carcinogenesis. Additional studies are under way to confirm and understand 
the mechanism(s) of NAT1 involvement. 
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29. Effects of albumin on kinetics and IVIVE of UGT2B7 and UGT1A4 substrates 
 
Anil Kolur, Jessica Fayer Rehmel, Yingying Guo, Michael A. Mohutsky 
Drug Disposition, Lilly Research Laboratories, Indianapolis, IN 
 
The ability to quantitatively predict the clearance through the glucuronidation by uridine 5’-
diphosphoglucuronsyltransferase enzymes (UGTs) is not very well characterized. In vitro studies 
with microsomes as well as recombinantly expressed enzymes are often used to determine kinetic 
parameters and intrinsic clearances (CLint), from which in vivo clearance projections are made. 
Albumin is often added to in vitro incubations to address the general under-prediction of clearance 
by microsomal data1. The belief is that unsaturated fatty acids are released from membranes of 
microsomal preparations that can be potent and competitive inhibitors of some UGT enzymes, and 
that albumin sequesters these fatty acids to improve access of substrates to the binding sites of the 
enzymes2. As a result, Km and CLint values are lower and higher respectively, and in vivo in vitro 
extrapolation (IVIVE) is improved. This poster evaluates the use of albumin in in vitro experiments 
involving UGT1A4 and UGT2B7 with hepatic microsomes and recombinantly expressed enzymes. 
And by determining the kinetics parameters for the two enzymes using highly-selective substrates 
such as trifluoperazine (TFP), zidovudine (AZT), and gemfibrozil, this poster questions the 
hypothesis that the addition of albumin improves IVIVE by preventing fatty acid inhibition of enzyme 
through sequestration. The findings suggest that the effects of albumin are not universal among 
enzymes or substrates, and that albumin addition to in vitro incubations can alter both the affinity 
and maximal velocity. In summary, this study with two UGT enzymes finds no universal benefit or 
mechanism of adding albumin.  
 

1. Kilford et al., 2008. DMD. 37 (1): 82-9. 
2. Rowland et al., 2008. DMD. 36 (6):1056-62. 
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30. Old is Gold - An in vivo Self-Assembling Crystal of Clofazimi  
 
Rahul K Keswani†, Sudha Sud†, Kathleen A Stringer‡, Gustavo R Rosania†  
†Department of Pharmaceutical Sciences, ‡Department of Clinical, Social and Administrative 
Sciences, College of Pharmacy, University of Michigan, Ann Arbor, MI  48109 
 
Clofazimine (CFZ) is a chemotherapeutic drug that has been used effectively against leprosy for 
the last 40 years and is currently in clinical trials for multi>drug resistant tuberculosis (MDR>TB). It 
has also been recognized to possess anti>inflammatory and immunosuppressive properties. One of 
the most unique characteristics of this highly lipophilic drug is its ability to be sequestered as solid 
crystals within mammalian tissues, especially primary macrophages, upon regular treatment (we 
call these crystals – CLDIs (Crystal>like Drug Inclusions)). In this paper, we report the chemical 
identification and characterization of CLDIs via NMR, X – Ray Diffraction (XRD) and Spectral 
Confocal Microscopy. Concurrently, we synthesized a new formulation of clofazimine based upon 
its hydrochloride salt (CFZ>A) and identified it as the closest crystal analog of CLDIs.  
 
The NMR profile of CFZ>A is identical to that of the CLDIs, which in comparison to CFZ has a 
significant right>shift of 0.2 ppm of the two aliphatic groups. Furthermore, in comparison to CFZ, all 
the other peaks in the NMR profile also exhibit a shift towards higher ppm values. In the XRD data, 
there are significant differences between CFZ (which is the triclinic crystal morphology of 
clofazimine)and CFZ>A and the CLDIs. The two signature peaks seen at 2θ=9° and 20° is 
completely absent in the CFZ>A and CLDIs whereas there is a new crystal plane that appears at 
2θ=7.2° for CFZ>A which we also observed in the CLDIs. Both the CLDI and CFZ>A show a red 
shift in their fluorescence spectrum, i.e. towards higher excitation wavelengths. CFZ exhibits 
fluorescence in the FITC to Texas Red range (Ex: 490 nm, Em: 570 nm) whereas the CLDIs and 
CFZ>A exhibit high fluorescence in the Texas>Red to Cy5 range (Ex: 640 nm, Em: 670 nm). We 
used the novel fluorescence signal of CLDIs to characterize the targeted nature of clofazimine and 
conclude that these crystals are exclusive to the primary F4/80  macrophages  
 
By isolating and characterizing this new crystal morphology of clofazimine, we have opened a new 
drug>delivery modality of targeted therapeutics – stable, slow>releasing drug crystals sequestered 
within human cells that would provide sustained delivery for highly effective medication. 
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31. Critical role of phosphodiesterase 4 (PDE4) in alcohol induced hepatic steatosis. 
 
Diana V. Avila1,3, JingWen Zhang2,3, Craig J. McClain1-4, Shirish Barve1-3, Leila Gobejishvili2,3 
1Department of Pharmacology and Toxicology, 2Department of Internal Medicine, University of 
Louisville Medical Center, 3 University of Louisville Alcohol Research Center, 4Robley Rex 
Louisville VA Medical Center, Louisville, Kentucky 

Alcohol induced hepatic steatosis is a significant risk factor for progressive liver disease. Cyclic 
adenosine monophosphate (cAMP) has been shown to play a significant role in the regulation of 
hepatic lipogenesis. Our recent work demonstrated that cAMP degrading PDE4 enzymes are 
expressed in the liver. The aim of this study was to examine the effect of alcohol on hepatic PDE4 
expression and its potential role in the development of alcoholic steatosis. C57Bl/6 and pde4b 
knockout (pde4b-/-) mice were pair-fed control or ethanol liquid diets for 4 weeks. One group of 
mice received rolipram, a PDE4 specific inhibitor. We demonstrated that alcohol feeding leads to an 
early up-regulation of PDE4B and D accompanied by increased expression of fatty acid synthase 
and SREBP-1. Pde4b-/- mice and mice treated with rolipram were significantly protected from 
alcohol induced hepatic steatosis. An increase in CYP2E1 expression was similar in wild type and 
pde4b-/- mice, and was not changed by rolipram treatment. These results indicate that hepatic 
PDE4 plays a significant role in regulating lipogenesis without affecting alcohol metabolism. Taken 
together, these data suggest that hepatic PDE4 expression is a clinically relevant target, and its 
inhibition can significantly attenuate the development of alcohol induced hepatic steatosis 

 

 

 

32. Expression and Regulation of the Proton-Coupled Oligopeptide Transporter PhT2 by LPS in 
Macrophages and Mouse Spleen. 
 
Yuqing Wang; Dongli Sun; Feifeng Song; Yongjun, Hu; David E. Smith; Huidi Jiang 
University of Michigan, 4615C Med Sci II, 1150 W. Medical Center Drive, Ann Arbor, MI  48105 
 
Membrane transporter PhT2 (SLC15A3), which belongs to the proton-coupled oligopeptide 
transporter family, mediates the transport of di/tripeptides and histidine utilizing an inwardly-directed 
proton gradient and negative membrane potential. The aim of this study was to elucidate the 
molecular expression of PhT2 in macrophages and mouse tissues, and to explore the regulation of 
PhT2 by lipopolysaccharide (LPS). The results showed relatively high expression of PhT2 in 
J774A.1 and THP-1 macrophage cells, mouse spleen and lung. Using an LPS-induced 
inflammatory cell model, we found that hPhT2 mRNA expression was up-regulated in THP-1 cells, 
and that the up-regulation was suppressed by pyrrolidine dithiocarbamate, a specific inhibitor of 
NF-κB. Similar results were observed in mouse spleen during LPS-induced acute inflammation. 
Using dual-labeling immunofluorescence and confocal laser scanning microscopy, we confirmed 
that mPhT2 was co-localizing with lysosome-associated membrane protein 1 in transfected 
HEK293 cells. These results suggested that PhT2, a lysosomal membrane transporter, was up-
regulated by LPS via the NF-κB signaling pathway.  
 
Key words: PhT2; Macrophage; LPS; NF-κB; Lysosome 
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33. DDADE is an Effective Inhibitor of Arylamine N-Acetylation but not Folate-Dependent Direct 
Hydrolysis of Acetyl-Coenzyme A by Human Arylamine N-Acetyltransferase 1 (NAT1). 
 
Samantha M. Carlisle, Mark A. Doll, Marcus W. Stepp, J. Christopher States, and David W. Hein 
Department of Pharmacology and Toxicology, University of Louisville School of Medicine 
 
Human arylamine N-acetyltransferase 1 (NAT1) is a phase II xenobiotic-metabolizing enzyme 
widely distributed throughout human tissues. NAT1, using acetyl-Coenzyme A (acetyl-CoA) as a 
cofactor, catalyzes both N-acetylation (usually deactivation) or O-acetylation (usually bioactivation) 
of arylamine carcinogens such as 4-aminobiphenyl (ABP) and of therapeutic drugs. In addition, 
when an arylamine substrate is absent, NAT1 catalyzes the direct hydrolysis of acetyl-CoA to 
Coenzyme A (CoA) in a folate-dependent reaction suggesting NAT1 may have an important 
endogenous role in acetyl-CoA regulation. The hydrolysis of acetyl-CoA to CoA can be measured 
directly by high performance liquid chromatography (HPLC) thus allowing evaluation of how a 
NAT1 specific small molecule inhibitor, 9,10-dihydro-9,10-dioxo-1,2-anthracenediyl diethyl ester 
(DDADE), affects the folate-dependent hydrolysis of acetyl-CoA catalyzed by NAT1.  
 
Our lab has reported that DDADE inhibits in vitro human recombinant NAT1 catalyzed arylamine N-
acetylation of ABP and p-aminobenzoic acid (PABA) with an IC50 of 0.95 μM and 1.14 μM, 
respectively. Therefore, we evaluated the effect DDADE on in vitro folate-dependent hydrolysis of 
acetyl-CoA to CoA. Intriguingly, at levels 100-fold greater than the IC50 of in vitro NAT1 catalyzed 
arylamine N-acetylation inhibition, folate- dependent hydrolysis of acetyl-CoA to CoA was only 
decreased by approximately 25%. Determination of the IC50 for inhibition of NAT1 folate-dependent 
hydrolysis of acetyl-CoA to CoA by DDADE could not be determined due to DDADE solubility 
limitations. These reaction- dependent differences in effectiveness of NAT1 inhibition are important 
to elucidate when considering DDADE as a possible anti-cancer agent. Our data suggests DDADE 
administration should inhibit NAT1-catalyzed bioactivation of arylamine carcinogens such as ABP 
at concentrations far below those necessary to inhibit hydrolysis of Acetyl-CoA. 
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34. Rapid identification and production of metabolites using Stabilized Dried Powder (SDP) of 
Human Cytochrome P450s (hCYPs) 2D6, 3A4, and 2C9 engineered in Pichia pastoris. 
 
Shuvendu Das and Mani Subramanian 
University of Iowa, Center for Biocatalysis & Bioprocessing, 2501 Crosspark Road, Suite C100, 
Coralville, IA  52241 
 
Our larger vision is to metabolically engineer a microbe to “mimic” drug metabolism of human liver.  
Also, the engineered microbes must be scalable to obtain tens of kilograms of cells within 2-4 days 
via high cell density fermentation (OD600 around 500).  This will simplify and enable biocatalytic 
prep-scale synthesis of drug metabolites.  This innovation is “game-changing” in terms of (i) large 
scale preparation of drug metabolites for Metabolite in Safety Test (MIST) studies and use as 
reference standards (ii) drug-drug interaction analysis, and (iii) easy identification of human 
metabolites of drugs for registration.  The innovation also significantly reduces usage of animal-
derived materials.  Every drug in development needs to be fully characterized with respect to all the 
metabolites produced in humans.  Any metabolite >10% of the drug, must be subject to MIST.  This 
requires prep-scale synthesis of metabolites, which is usually done by classical synthesis or using 
animal/human microsomes.  This technology is old, cumbersome, difficult, low yielding and time 
consuming due to the complexity of the metabolite-structure.  The biocatalytic tools available to 
generate mg amount of metabolites are extremely expensive.  The present innovation changes this 
game due to availability of large amounts of “microbial human liver” for prep-scale synthesis of 
specific metabolites.  The process is extremely simple; add SDP to drug-candidate of interest.  
Incubate for 1 to 4 h and analyze metabolites.  There is no need for cumbersome microsomal 
preparation and addition of external NADPH.  The present innovation has significantly reduced the 
hassle, time, and cost of the metabolite identification and preparation.  This will help 
pharmaceutical companies make critical decision in terms of rapid identification of the winners in 
the drug pipeline. 
 
We have completed the engineering of CYP2D6, CYP3A4, CYP2C9, & CYP2C19 in methylotrophic 
P. pastoris in our first phase of experiments and made SDP of these CYPS successfully.  These 
SDP preparations mimic “human liver” reactions of corresponding CYPs based on recommended 
standard substrates for each CYPs.  Here, we describe (i) hCYP2C9-SDP catalyzed conversion of 
diclofenac (DN) to 4-hydroxydiclofenac in microtiter plate, and in 400 mL scale to generate 53.6 mg 
of HDN from 59.2 mg of DN in only 1.5 hours, and (ii) hCYP3A4-SDP catalyzed conversion of 
testosterone (TE) to 6β-Hydroxytestosterone (HTE) in microtiter plate and in 200 mL scale.  Two 
cycles of reaction produced 7.01 mg of HTE from 28.8 mg of TE in 3.0 hours.  We are currently 
scaling up other hCYP-SDPs to demonstrate facile synthesis of metabolites in large scale. 
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35. CYP P450 Basal Metabolism and Induction in HepaRG Cells with Targeted PXR and CAR 

Gene Knockouts Using Zinc Finger Nucleases. 
 
Timothy G Brayman, Jim Blasberg, and David Thompson 
Sigma Aldrich, 2909 Laclede Ave., St. Louis, MO  6310 
 
Purpose: PXR and CAR function as sensors of endobiotic and xenobiotic substances and, in 
response to stimulation, upregulate the expression of proteins involved in the detoxification and 
clearance of these substances from the body. These changes in drug metabolizing enzymes can 
cause drug-drug interactions leading to safety/toxicity concerns. The goal of this study was to 
selectively knock out these transcription factors in the HepaRG cell line using zinc finger nuclease 
(ZFN) technology and isolate clones that retain desired growth characteristics/morphology as well 
as metabolic capacity beyond the intended knocked out function.  
 
Methods: ZFN pairs targeting either the PXR or CAR gene were transfected into HepaRG cells. 
Stable clones were isolated and sequenced at gene target sites. Basal cytochrome P450 
metabolism in control cells and knockout (KO) cell lines was tested on cell monolayers using probe 
substrates for 2 hr at 37ºC. Induction assays were run by treating monolayers with probe inducers 
for 3 days, followed by probe substrates for 2 hr at 37ºC. Supernatants were analyzed for 
metabolite content using LC/MS-MS and protein content of each monolayer was determined by 
BCA assay. The resulting values were used to calculate enzyme activity and fold induction.  
 
Results: ZFN-transfected clones were sequenced and the genotype was confirmed for disruptions 
in each allele. Testing basal metabolic activity of the CAR KO showed a significant drop in CYP 
2B6 activity while a similar drop in activity was seen in the PXR KO for CYP 3A4 activity. Induction 
studies showed a loss of induction of CYP 2B6 in the CAR KO using the CAR-specific inducer 
CITCO while a non-specific inducer phenobarbital showed induction. For the PXR KO, a loss of 
induction of CYP 3A4 was seen after treatment with rifampin and only a slight increase was seen 
with phenobarbital, but below the induction threshold.  
 
Conclusions: Stable CAR and PXR KO HepaRG cell lines were successfully generated and 
characterized for loss of CYP 2B6 and CYP 3A4 function, respectively, using model 
inducers/substrates. These cell lines may be useful in clarifying drug-drug interactions through 
SAR. 
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36. Combining Structure- and Ligand-Based Approaches to Improve Site of Metabolism 
Prediction in CYP2C9 Substrates. 
 
Laura J. Kingsley, Gregory L. Wilson, Morgan E. Essex, and Markus A. Lill 
Purdue University, West Lafayette, IN 
 
Purpose: Predicting which atoms in a potential drug compound are most susceptible to oxidation 
by cytochrome P450 (CYP) enzymes is of great interest to the pharmaceutical community. We 
aimed to develop a computational approach combining ligand- and structure- based design 
principles to accurately predict sites of metabolism (SoMs) in a series of CYP2C9 substrates. 
 
Methods: We employed the reactivity model, SMARTCyp, ensemble docking, and pseudo-receptor 
modeling based on quantitative structure-activity relationship (QSAR) to account for influences of 
both the inherent reactivity of each atom and the physical structure of the flexible and promiscuous 
CYP2C9 binding site.  
 
Results: We tested ligand-based prediction alone (i.e. SMARTCyp), structure-based prediction 
alone (i.e. AutoDock Vina docking), the linear combination of the SMARTCYP and docking scores 
and using pseudo-receptor QSAR based on the docked compounds in combination with 
SMARTCyp.  We found that by using the latter combined approach we were able to accurately 
predict 89% and 96% of the true SoMs, within the top-1 and top-3 predictions, respectively. 
 
Conclusions: We have outlined a novel combination approach for accurately predicting SoMs in 
CYP2C9 ligands. We believe that this method may be applied to any CYP2C9 ligands as well as to 
other CYP systems.   
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37. Brain/Brain Tumor Pharmacokinetics and Pharmacodynamics of Letrozole. 
 
N. Dave1, G. Gudelsky1, L.M.L. Chow2, X. Qi3, K. LaSance4, P. B. Desai1  
1 The James L. Winkle College of Pharmacy, University of Cincinnati  
2 Cancer and Blood Diseases Institute, Cincinnati Children’s Hospital Medical Center  
3 Internal Medicine, Hematology/Oncology, University of Cincinnati  
 
In this study, we investigated the potential role of aromatase (CYP19) as a target for the treatment 
of CNS malignancies, as well as brain disposition and anti-tumor efficacy of letrozole, an aromatase 
inhibitor, in Sprague Dawley rats.  
 
Cytotoxicity and aromatase activity of letrozole against human glioma cell lines were measured 
using MTT assay and Enzyme Immunoassay respectively. For brain and brain tumor PK of 
letrozole, rats with and without orthotopic implantation of C6 glioma received letrozole (4 - 12 
mg/kg; i.v.). Dual probe intracerebral microdialysis was performed to determine the unbound 
extracellular fluid (ECF) letrozole concentrations. Serial ECF and blood samples were 
simultaneously collected over 8 hrs. µPET/CT imaging was performed using 18F FDG to evaluate 
changes in active tumor volumes pre- and post-treatment of letrozole. Brain tissues were collected 
at the end of the experiment for histological evaluations.  
 
All glioma cell lines included in this study expressed CYP19 and letrozole exerted marked 
cytotoxicity against these cells (0.1 – 3.5 µM). Normal brain ECF and plasma Cmax/AUC0-8hr 
increased linearly up to 8mg/kg letrozole dose. However, at higher doses, brain and plasma AUC0-

8hr increased non-linearly. The relative brain distribution coefficients, measured as the ratio of the 
observed AUC in ECF and AUC of unbound letrozole in plasma (AUCecf/AUCp,ub) ranged from 0.31 
– 0.98. Furthermore, the tumoral ECF levels of letrozole was 1.5 – 2 fold higher relative to tumor-
free region of the brain, resulting in tumoral ECF Cmax values that were 10 and 35-fold higher than 
the observed IC50 value of 0.1 µM against C6 gliomas cells in culture. µPET/CT imaging showed a 
marked reduction of active tumor volume (≅ 75-90%) after 8-10 days of letrozole treatment (N=7). 
Thus, employing multifaceted and cutting edge in vitro and in vivo methods, we conclude: a) 
aromatase is abundantly expressed in glioma cell lines examined, b) letrozole exerts marked 
cytotoxicity in these cells presumably due to aromatase inhibition, c) letrozole has selectively higher 
accumulation in tumoral region of the brain and d) In vivo µPET/CT studies show marked efficacy of 
letrozole on C6 glioma in a preclinical rat model. 
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38. Kinetic analysis of Human Cytochrome P450 21A2. 
 
Chunxue Wang and F.Peter Guengerich 
Vanderbilt University Medical Center, 2211 Garland Ave, Nashville, TN  37212 
 
Cytochrome P450 (P450) 21A2, expressed in the adrenal cortex, is essential for the biosynthesis of 
aldosterone and cortisol. About 95% of the cases with congenital adrenal hyperplasia (CAH) are 
attributed to P450 21A2 enzymatic deficiency, which leads to inefficient synthesis of cortisol and 
excessive generation of andrenal androgens. P450 21A2 (also termed steroid 21-hydroxylase) 
catalyzes the conversions of progesterone to 11-deoxycorticosterone and of 17-
hydroxyprogesterone (17OHP) to 11-deoxycortisol.  A procedure for expression of human P450 
21A2 in E. coli and purification was developed.  The kcat of human 21A2 was 1.6 s-1 for the 
substrate progesterone and 1.0 s-1 for the substrate 17OHP. Substrates binding studies of human 
P450 21A2 showed low dissociation constants (Kd ~0.1 µM) and fast binding rates (k ~15 s-1). Hill 
coefficients of unity suggest the absence of homotropic cooperativity in both human and bovine 
P450 21A2, although the crystal structure of bovine P450 21A2 shows binding of two molecules of 
the substrate 17OHP. (Supported in part by USPHS R01 GM103937)  
 
 
 

39. Effect of PEPT2 and OAT Inhibitors on Cefadroxil Distribution in Brain Slices. 
 
Xiaomei Chen, Maryam Payan, David E. Smith, Richard F. Keep, Margareta Hammarlund-Udenaes 
University of Michigan, Room 4615, Med Sci II, 1150 W. Medical Center Drive, Ann Arbor, MI  
48109 
 
Purpose:  To investigate the distribution of cefadroxil in brain and the effect of related transporters 
in the accumulation of drug in the brain parenchymal cells. 
 
Methods:  The brain slice method was utilized to obtain the unbound volume of distribution of 
cefadroxil in brain (Vu,brain). Brain slices of striatal areas were prepared from drug-naïve Sprague-
Dawley rats (BW ≈ 300 g). The resultant slices were incubated in artificial extracellular fluid (ECF) 
containing 0.8 µM cefadroxil in the absence and presence of inhibitors for 2 hr at 37°C. Cefadroxil 
concentrations in the incubation buffer and brain slices were measured using LC-MS/MS. The 
inhibitors tested were Ala-Ala and GlySar (PEPT2 substrates), and probenecid (an OAT inhibitor). 
 
Results:  Vu,brain, a measure of drug distribution in the brain, was used to describe the 
relationship between total amounts of drug in brain tissue and brain ECF. The higher the Vu,brain, 
the more drug in brain cells. The Vu,brain of cefadroxil in the absence of inhibitors was 3.67 ± 0.23 
mL/g brain. The PEPT2 substrates, Ala-Ala and GlySar reduced the Vu,brain of cefadroxil to 0.95 ± 
0.45 and 1.10 ± 0.05 mL/g brain, respectively. In contrast, the OAT inhibitor probenecid increased 
the Vu,brain of cefadroxil to 6.06 ± 0.15 mL/g brain.  
 
Conclusion:  The inhibition of PEPT2 reduced the distribution of cefadroxil in brain cells, whereas 
an OAT inhibitor increased the drug’s distribution in brain cells. The results suggest that cefadroxil 
may be transported in brain cells by PEPT2-mediated influx and OAT-mediated efflux mechanisms, 
thereby, affecting the drug’s distribution in brain parenchyma.  The results further suggest that 
regulation of these transporters may influence cefadroxil pharmacodynamics in a significant way. 
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40. Comprehensive pharmacokinetic-pharmacodynamic modeling to optimize FLLL100P-
induced inhibition of pSTAT3 in pancreatic cancer. 
 
Darlene Rozewski1, Yu Kyoung Cho1, Thomas A. Mace3, Lei He1, Eric B. Schwartz2, Yonghua 
Ling4, Matthew A. Bill3, Cheryl London4,5, Jiayuh Lin4,6, Chenglong Li2,4, James R. Fuchs2,4, Gregory 
B. Lesinski 3,4, Mitch A. Phelps1,4  
1Division of Pharmaceutics, OSU College of Pharmacy,  2Division of Medicinal Chemistry, OSU 
College of Pharmacy, 3Division of Medical Oncology, Department of Internal Medicine, OSU 
College of Medicine, 4Comprehensive Cancer Center,  5College of Veterinary Medicine, The Ohio 
State University,  6Center for Childhood Cancer, Nationwide Children’s Hospital and Research 
Institute, Columbus, OH 
 
The Signal-Transducer and Activator of Transcription-3 (STAT3) protein is a principal mediator in 
multiple malignancies that supports cancer cell survival through regulation of cell proliferation, 
apoptosis, invasion, angiogenesis and immune suppression. In pancreatic cancer, constitutive 
expression of pSTAT3 drives the initiation and progression of pancreatic ductal adenocarcinoma 
and inhibition of this pathway promotes apoptosis of human pancreatic cancer cell lines both in vitro 
and in murine tumor models. The novel second-generation phosphate pro-drug, FLLL100P, 
undergoes rapid de-phosphorylation to active FLLL100 which directly interacts with the STAT3 Src 
homology 2 (SH2) domain to potently and specifically inhibit phosphorylation and activation of 
STAT3. Herein, we present data from pharmacokinetic-pharmacodynamic studies in ICR and 
Capan-1 xenografted athymic nude mice. ICR mice were administered FLLL100P via intravenous, 
intraperitoneal, subcutaneous and oral routes, and plasma was collected 15 min to 24 hrs post 
dose. For nude mice, tumor, liver, pancreas and spleen were also collected. Current plasma 
pharmacokinetic data demonstrates high plasma exposure of the active agent, FLLL100, via all but 
oral routes of administration. Pilot pharmacodynamic data also demonstrates modulation of 
phospho-STAT3 at early time points. These studies will enable modeling and simulation to 
characterize the in vivo relationship between FLLL100P pharmacokinetics and modulation of 
STAT3 signaling in pancreatic tumors, and development of dose regimens to achieve optimal 
suppression of STAT3 signaling within pancreatic tumors in vivo. 
 
This work was supported by NIH/NCI-R21 CA141434-01 and R21 CA173473-01   
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41. Identification of xenobiotic receptor agonists which could contribute to nonalcoholic fatty 
liver disease. 
 
Laila Al-Eryani1, B. Wahlang1, H.B. Clair2, J. J. Guardiola2, K.C. Falkner2, R.A. Prough3, J.C. 
States1  and M. Cave1,2,4 
1Departments of Pharmacology & Toxicology; 2Medicine, Division of Gastroenterology, Hepatology, 
and Nutrition; and 3Biochemistry & Molecular Biology; University of Louisville. 4Robley Rex 
Veterans Affairs Medical Center, Louisville, KY, USA 
 
Keywords: NAFLD, OCPs, PXR, CAR, ToxCast 
 
Introduction: Environmental chemical exposure is associated with nonalcoholic fatty liver disease 
(NAFLD) via xenobiotic receptors’ activation including pregnane-xenobiotic-receptor (PXR) and 
constitutive androstane receptor (CAR). In this study, we data-mined and validated environmental 
chemicals that activate these receptors. Methods: EPA-ToxCast Phase I database (320 chemicals) 
was used to identify compounds associated with PXR activation. Human (h) and murine (m) PXR 
and CAR activation was evaluated for selected compounds from EPA screening assays and 
organochlorine pesticides (OCPs) associated with NAFLD (National Health and Nutritional 
Examination Survey study). HepG2 cells were transfected with plasmids expressing h or m 
PXR/CAR and receptor-responsive plasmids, pGL3-PXR/CAR-RE-luciferase then exposed to h or 
m PXR/CAR ligands or varying concentrations of OCPs. Results: Nearly 2/3 of chemicals 
screened positive for PXR activation.  67 compounds and 102 compounds were found to activate 
hPXR by NGCG and Attagene assays respectively. CellzDirect assay identified 202 compounds 
that were found to change CYP3A4 (PXR target gene) expression. Among chemicals selected for 
validation (n=9) in cell-based reporter assays, trans-nonachlor, chlordane, DDE, DDT, lindane and 
alachlor activated h/m PXR. Dieldrin activated mPXR only. Dieldrin, trans-nonachlor, DDT, lindane 
and alachlor also activated hCAR but not mCAR. Conclusion: Potential PXR effects were 
identified for nearly 2/3 of ToxCast Phase I chemicals. Not all chemicals identified by the ToxCast 
screening assays proved to be xenobiotic receptor agonists. We postulate that the pesticides that 
activate PXR may contribute to NAFLD through the effect of this receptor on energy metabolism 
which may differ in humans and rodent models. 
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42. Pathogenic Mechanisms in Highly Active Anti-retroviral Therapy (HAART) Induced 
Hepatotoxicity: Role of Phosphodieaterase 4 (PDE4) and ER-Stress. 
 
H. Donde1,4, P. Barve2,4, D. Barker2,4, S. Joshi-Barve2,4, L. Gobejishvili2,4 C.J. McClain1,2,3,4 and S. 
Barve1,2,4 
Dept. of Pharmacology and Toxicology1, Dept. of Medicine2, Louisville VA Medical center3 
University of Louisville Alcohol Research Center4, University of Louisville, KY 
 
HIV protease inhibitors (HIV-PIs) are the major components of the highly active anti-retroviral 
therapy (HAART) and have been successfully used in the treatment of HIV-1 infection in the past 
two decades. However, it has been shown that HIV-PIs induce endoplasmic reticulum (ER) stress 
response and subsequent activation of unfolded protein response (UPR) leading to dys-regulation 
of hepatic lipid metabolism and hepatotoxicity. Our recent work shows that PDE4/cAMP 
metabolism plays a significant role in alcohol-induced hepatic steatosis and injury. Hence in the 
present study, we examined the potential mechanisms underlying HIV-PI induced hepatic ER 
stress and toxicity with a particular emphasis on the pathogenic role of PDE4 family of enzymes.  
 
The effects of clinically used HIV-PIs [ritonavir (RIT) and lopinavir (LOP)] were examined both in a 
rat hepatoma cell line (H4IIE) as well as rat primary hepatocytes. The data obtained from these 
studies demonstrated that RIT+LOP led to a significant loss of hepatocyte survival. Notably, 
inhibition of PDE4 by a specific PDE4-inhibitor, rolipram, markedly attenuated hepatotoxicity 
induced by PI treatments. Examination of the mechanistic role of PDE4 showed that PDE4 
inhibition significantly decreases the expression of the ER stress related proteins CHOP, ATF-4 
and -3 induced by PIs. Furthermore, examination of the PDE4/cAMP-regulated downstream 
signaling demonstrated the involvement of Exchange proteins activated by cAMP (EPAC). 
Specifically, similar to rolipram, EPAC cAMP analogue (8-pCPT-2'-O-Me-cAMP) downregulated the 
expression of the PI-induced ER-stress genes. These data strongly support and identify a 
pathogenic/mechanistic role for PDE4 regulated cAMP-EPAC in the development of HIV-PI induced 
ER-stress leading to hepatic steatosis and injury. 
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43. Interactions of Enobosarm (Ostarine, GTx-024) with a Panel ofHuman Drug Transporters. 
 
Gang Luo1, Manuela De Avila1, Michele Hamrick1, Kristen Cardinal1, Kris Horabik1, Bonnie Jung1, 
Amy Nehmer1, Don McKenzie1, Amanda Jones2 and James T. Dalton2 
1Covance Laboratories Inc., Madison, WI; 2GTx, Inc., Memphis, TN 
 
Enobosarm is an oral selective androgen receptor modulator that GTx, Inc. is developing for the 
prevention and treatment of muscle wasting in patients with non-small cell lung cancer. Enobosarm 
is currently in Phase III clinical trials and has been evaluated in 10 clinical trials involving 
approximately 1,300 subjects including 5 efficacy studies. In the present study, enobosarm was 
assessed as a substrate and inhibitor of a panel of human transporters including OAT1, OAT3, 
OATP1B1, OATP1B3, OCT1, OCT2, and breast cancer resistance protein (BCRP). 14C-Enobosarm 
(1 and 10 μM) was incubated with Chinese hamster ovary (CHO) cells stably expressing uptake 
transporters and CHO vector control cells at 37°C for 5, 15, and 30 minutes. Uptake of 14C-
enobosarm by the cells was then determined. The results indicate that enobosarm is not a 
substrate of these uptake transporters. The inhibitory effects of enobosarm on uptake transporters 
were determined by measuring the uptake of known substrates in the presence of vehicle and 
enobosarm. Enobosarm demonstrated weak to no inhibition of OAT1, OAT3, OATP1B1, OATP1B3, 
OCT1, and OCT2 with IC50 values >2 μM. In Caco-2 cells, the apparent permeability of 14C-
enobosarm (1 and 10 μM) was determined in both the apical to basolateral and the basolateral to 
apical directions in the presence of vehicle and Ko143. In the presence of vehicle, 14C-enobosarm 
was found to have permeability ranging from 5.70 to 7.65 x 10-6 cm/s in either direction with the 
efflux ratio ranging from 0.854 to 1.12. The efflux ratio of 14C-enobosarm was not altered by the 
BCRP- specific inhibitor Ko143 (1 μM) indicating that enobosarm is not a substrate of transporters 
expressed in Caco-2 cells. The inhibitory effect of enobosarm on BCRP was determined by 
measuring the efflux ratio of 3H-estrone-3-sulfate, a known BCRP substrate, in the presence of 
vehicle and enobosarm. In the preliminary assessment, the efflux ratio of 3H-estrone-3-sulfate was 
20.9, 6.74, and 1.21 in the presence of enobosarm at 0, 2, and 20 μM, respectively, suggesting that 
enobosarm is an inhibitor of BCRP. The IC50 value was calculated to be 1.31 μM in the definitive 
assessment. In summary, enobosarm is not a substrate of human uptake transporters and human 
efflux transporters expressed in Caco-2 cells. Enobosarm demonstrated weak to no inhibition of 
OAT1, OAT3, OATP1B1, OATP1B3, OCT1, and OCT2 and was a moderate inhibitor of BCRP. 
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44. Mechanistic Study of the Inactivation of Neuronal Nitric Oxide Synthase by (S)-2-Amino-5-(2-
(methylthio)acetimidamido)pentanoic acid. 
 
Wei Tang and Richard Silverman 
Northwestern University, Evanston, IL  60208  
 
Nitric oxide synthase (NOS) catalyzes the conversion of L-arginine to L-citrulline and the gaseous 
second messenger nitric oxide. (S)-2-amino-5-(2-(methylthio)acetimidamido)pentanoic acid (1) was 
found to be a time- and concentration-dependent inactivator of nNOS. Moreover, Compound 1 was 
observed to be 185–fold more selective for nNOS inhibition than eNOS, and the elucidation of its 
inactivation mechanism could prove valuable to the future development of highly selective 
inhibitors. Three possible mechanistic pathways are proposed for the inactivation of neuronal NOS 
(nNOS) by this compound. The identification and characterization of products of this amidine 
inactivator have helped to elucidate the details of the inactivation mechanism. Interaction of the 
sulfur atom in the inactivator with heme iron may cause structural changes in the enzyme. 
Reasonable mechanisms derived from this study could lead to the design of new experiments to 
explore heme regulation mechanisms in a wide range of enzymes. 
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45. Metformin Sinusoidal Efflux from the Liver Is Consistent with Negligible Biliary Excretion 
and Absence of Enterohepatic Cycling 
 
J. William Higgins, Jing Q. Bao, Jeffrey S. Day, and Maciej J. Zamek-Gliszczynski 
Drug Disposition, Lilly Research Laboratories, Indianapolis, IN 
 
Although metformin hepatic distribution is critical to pharmacological activity, the drug is cleared by 
urinary excretion. Metformin hepatobiliary disposition was studied in rodents representative of 
clinical pharmacokinetics to elucidate why metformin is not appreciably eliminated in bile. On 
average, 1.0% ± 0.1% of the metformin oral dose was present in the liver (liver/plasma ratio = 4.5 ± 
0.6) over a pharmacologically relevant dose and time range in mice (10–300 mg/kg; 1.5–2.5 hours; 
Tmax = 1.4 ± 0.5; bioavailability > 59%). Distribution to the kidneys was not markedly higher, which 
contained 0.87% ± 0.08% of the oral dose (kidney/plasma ratio = 11.9 ± 1.1). However, only 0.11% 
± 0.02% of the intravenous and bioavailable oral dose was recovered in bile, suggesting that biliary 
excretion is not the only route of clearance for hepatic metformin. Consistent with negligible biliary 
excretion, pharmacokinetics were unaffected by bile duct cannulation, proving the effective 
absence of enterohepatic cycling. In single-pass liver perfusion studies, 2.4% ± 0.3% of the 
perfused metformin dose was distributed to the liver, which underwent >300-fold greater sinusoidal 
than biliary excretion during the subsequent drug-free washout perfusion (74.0% ± 39.3% versus 
0.222% ± 0.003% recovery of hepatic metformin in perfusate versus bile, respectively). These 
studies demonstrate that despite similar magnitude of metformin liver and kidney distribution, 
metformin biliary excretion is negligible due to predominant sinusoidal efflux from the liver. 
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