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   WELCOME


The Globalization of Pharmaceutics Education Network (GPEN), was initiated by the University of Kansas in early 1996 to establish an international network of pharmaceutics programs and to facilitate the exchange between faculty and graduate students among participating programs.  Since its founding GPEN has biennially held major conferences which serve as a premier meeting ground and forum for pharmaceutical sciences research and education, providing its 31 member institutions with an arena for graduate students to share new ideas, hear international leaders in various research specialties, and network with current and future pharmaceutical scientists from industry and academia.  These conferences draw pharmaceutical scientists from many parts of the United States as well as from several countries around the world.  To date, GPEN meetings have been held at The University of Kansas, Lawrence, KS USA (October 24-26, 1996), The Swiss Federal Institute of Technology (ETH) of Zürich, Zürich, Switzerland (September 8-10, 1998), and Uppsala University, Uppsala, Sweden (September 13-15, 2000).
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WELCOME


Pharmacy was first taught at the University of Michigan in 1868 in the College of Literature, Science and the Arts.  It was in 1876 that a School of Pharmacy was established, the first in a state university in the United States. In 2001, the College celebrated its 125th anniversary, commemorating 125 glorious years of education, research and service since the founding of the College as a separate department within the University.  
Although the College offers several academic programs, for decades the College’s Graduate Program in Pharmaceutics has been ranked among the best in the world.  With a total enrollment of approximately 80 students, Ph. D. scholars at the College have personal access to some of the world’s most eminent scientists and educators.  This is an ideal environment to learn and research.  Our scholars have access to all the facilities offered by a huge university, yet enjoy the advantages of belonging to a small, close-knit group.  
We welcome all the GPEN attendees to our College and our department.  We invite you to share our world for the time that you are here, and experience our program as we know it – an inspiring one.
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Keynote Speaker: Dr. Arthur Franke



Arthur Franke, Ph.D., is Sr. Research Director in Molecular Sciences and Technologies at Pfizer Global Research and Development Laboratories in Ann Arbor, MI. In this role, Dr. Franke currently oversees drug discovery programs in Bioinformatics, Expression Profiling, Proteomics, and Biomarkers.  Dr. Franke has been actively exploring innovative applications of molecular sciences to pharmaceutical research for the past 20 years.

Dr. Franke obtained his undergraduate and doctoral degrees in Microbiology from the University of Michigan, Ann Arbor.  After completing postdoctoral research at Genentech, Inc., Dr. Franke began his career at Pfizer in Groton, CT as a Research Scientist. His career at Pfizer has been marked by strong scientific contributions beginning with genetic engineering research that generated proprietary expression cultures used to develop a commercial process for Pfizer's first product derived from recombinant DNA technology.  

Dr. Franke has a long record of strong scientific leadership in the application of genetic technologies to drug discovery processes.  Current research activities focus on building high quality target portfolios in psychotherapeutics, cancer, anti-bacterials and other therapeutic areas.  Dr. Franke has been recognized as a key contributor to several external collaborations in Pfizer’s global network of discovery technologies. 
As the GPEN 2002  guest speaker, Dr. Franke will be presenting his keynote address, entitled  "The Application of Genomics/Proteomics to Drug Discovery.”
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              Wednesday, November 6, 2002



7:00 AM                      Breakfast—Ballroom
7:00-8:00 AM
          Registration—Ballroom
8:00 AM
          WELCOME—Ballroom
8:20 AM
Development of a Bootstrap Procedure for Resampling Pharmacokinetic Data. Arya, V.1 Agarwal, A.1 Nunan, E.2 Santos, T.2 Hochhaus, G.1, 1University of Florida, Gainsville, 2Universidade Federal De Minas Gerias, Brazil 
8:40 AM
The Role of the Lymphatics in the Dose-Dependent Pharmacokinetics of Leukemia Inhibitory Factor in Sheep. Segrave, AM., Porter CJH, Charman SA.  Monash University, Melbourne, Australia.
9:00 AM
A Novel In Situ Technique for Direct  Determination of First Pass Metabolism and Bi-directional Transport in the Rat Ileum. DeGraw, R., Anderson, B.  University of Kentucky, KY
9:20 AM           Human Alveolar Epithelial Cell Monolayers in    Primary Culture as an In Vitro Model for Drug Absorption Studies.  Ehrhardt C. Schaefer, UF., Lehr CM.  Saarland University, Saarbruecken, Germany

9:40 AM           Membrane Properties Affecting Drug Permeability.  Sutter, M., Fiechter, T., Imanidis, G. University of Basel, Switzerland

Wednesday, November 6, 2002



10:00 AM
REFRESHMENTS

10:20 AM         Quantitative Release of Active Lysozyme from Dextran Based Hydrogels.  Wensink, KDF1.,Jiskoot, W.1, Verrijk, R.2, Hennink, WE.1,  1 Utrecht University, 2 Octopus Technologies b.v, Leiden 
10:40 AM
Selectivity of MTX-ICAM-1-peptide Conjugate Compared to MTX.  Anderson, ME., Yakovleva T., Jean-Farve DJ., Siahaan TJ., The University of Kansas, KS.
11:00 AM
New Boronated, Cationized Acrylamide Co-Polymers: Synthesis and Mucosal Attachment Properties.  Azab, K., Srebnik, M., Rubinstein, A., The Hebrew University of Jerusalem, Israel.
11:20 AM
Incorporation of Isoniazid into Poly(L-Lactide) Microspheres Using a Prodrug Approach.  Zhou, H, Biggs, DL., Claffey, DJ., Ruth, JA.,Randolph, TW., Ng, K., Manning, MC., University of Colorado Health Sciences Center, CO.

11:40 AM
LUNCH—Michigan, Vandenberg, Hussey Rooms
12:30-2:00 PM
POSTER SESSION—Concourse 
2:00 PM
Liposomal Delivery of Antigen to Human Dendritic Cells.  White, KL., Copland, MJ., Baird, MA., Hook, S., Davies, NM., Rades, T.  University of Otago, New Zealand

Wednesday, November 6, 2002


2:20 PM
Phagocytosis of Biodegradable Microparticles to Induce Maturation and Activation of Dendritic Cells.  Jilek, S., Merkle, HP., Walter, E.  ETH Zürich, Switzerland
2:40 PM
Flagellin from Salmonella Enteritidis Induce Strong Immune Responses after Oral and Nasal Vaccination in C3H/HeJ Mice.  Strindelius, L., Sjöholm, I.  Uppsala University, Sweden
3:00 PM 
Pulmonary DNA Vaccination Against TB using Chitosan Nanoparticles.  Bivas-Benita, M., Geluk, A., van Meijgaarden, KE., van der Borch, F., Ottenhoff, THM., Junginger, HE., Borchardt, G.  Leiden University, The Netherlands
3:20 PM
Synthesis and Immunological Evaluation of Vaccines Containing Multiple Copies of Peptide Epitopes.  Ross,BP.1, McGeary RP.1, Horváth, A.1, Olive, C.2, Good, M.2, Toth, I1.  1The University of Queensland, Australia; 2CRC for Vaccine Technology, Brisbane, Australia.
4-7:00PM  
BREAK
7:00 PM
DINNER—Ballroom
8:00-9:30 PM
ENTERTAINMENT—“The Friars”

Thursday, November 7, 2002



7:00 AM
Breakfast—Ballroom
8:15 AM
OPENING REMARKS —Ballroom
8:20 AM
Transferrin-Mediated Targeting of AlPcS4 Encapsulated in Sterically Stabilized Liposomes. Derycke, AS., de Witte, PA.  KU Leuven, Belgium.
8:40 AM
Design of a Lymphoma Targeted Drug Delivery System: Selection of CD21 Recognizable Epitopes with Phage Display.  Ding, H.1, Prodinger, WM.2, Kopeček, J.1, 1University of Utah, UT; 2University of Innsbruck, Austria.
9:00 AM
Preparation and Characterization of Progesterone-Loaded Amphiphilic (-Cyclodextrin Nanospheres.  Memişoğlu, E., Bochot, A., Duchene, D., Hincal., A. Hacettepe University, Turkey; Université Paris-Sud, France.
9:20 AM
Construction and Characterization of a Tissue Plasminogen Activator Mutant for Potential Use in Thrombolytic Therapy with Reduced Bleeding Risk.  Naik, SS., Song H., Liang, JF., Yang, VC.  The University of Michigan, MI.
9:40 AM
REFRESHMENTS
10:00 AM
Kinetics of Cold Denaturation in Viscous Systems and Protein Stability During Freeze Drying.  Tang, X., Pikal, MJ.  University of Connecticut, CT.
Thursday, November 7, 2002



10:20 AM
A New Poly(ethyleneimine)-graft Poly(ethylene glycol) Block Copolymer for Nucleic Acid Delivery In Vivo.  Merdan, T., Kunath, K., Petersen, H., Voigt,K., Kissel, T.  Philipps University, Marburg, Germany
10:40 AM
Plasmid DNA Uptake and Subsequent Induction of Inflammatory Cytokines in Cultured Mouse Macrophages.  Yasuda, K., Kawano, H., Takakura, Y. Kyoto University, Japan
11:00 AM
Genetically Engineered Silk-Elastinlike Protein Polymers for Controlled Gene Delivery.  Megeed, Z.1, Cappello, J.2, Ghandehari, H.1,  1University of Maryland, MD; 2Protein Polymer Technologies, Inc., San Diego, CA.
11:20 AM
LUNCH—Michigan,Vandenberg, Hussey Rooms
12:30-2:00 PM
POSTER SESSION—Concourse 
2:00 PM
Functional Involvement of Organic Anion Transporters in the Renal Uptake of Anionic Compounds and Nucleoside Derivatives.  Hasegawa, M.1, Kusuhara, H.1,2, Endou, H.3, Sugiyama, Y.1,2, 1University of Tokyo, Japan; 2CREST, JST; 3Kyorin University
2:20 PM
Refinement of a Computer Model of  hPepT1 Structure-Function.  Links, JLS., Haworth, IS, Lee, VHL.  University of Southern California, CA.
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2:40 PM
Interactions of Chlorambucil and Melphalan with Drug Efflux Transporters in Brain Endothelial Cells.  Bachmeier, CJ., Miller, DW. University of Nebraska Medical Center, NE.
3:00 PM
Thymine Dipeptide Prodrugs:Aqueous Stability and In Vitro Affinity to the Human Di/Tripeptide Transporter, HPEPT1.  Eriksson, AH., Steffansen, B.  The Royal Danish School of Pharmacy, Denmark.
3:20 PM
Studies on Functional Sites of Organic Cation/Carnitine Transporter OCTN2 (SLC22A5) Analyzed by Mutant Protein Found in Japanese Population.  Inano, A., Ohashi, R., Tamai, I., Sai, Y, Tsuji, A.  Kanasawa University, Japan
4:00-7:00 PM
BREAK
7:00 PM            BANQUET—Ballroom
                          KEYNOTE ADDRESS:  "The Application of Genomics/Proteomics to Drug Discovery", Dr. Arthur Franke, Head of Genomics and Proteomics at Pfizer (Ann Arbor)

   

Friday, November 8, 2002 

7:00 AM
Breakfast—Ballroom

8:00-12:15 PM
Short Course 1 : Modern Molecular Biopharmaceutics: Transporters—Hussey Room (2nd floor)
8:00-5:00 PM
Short Course 2:  Designing Drugs with Optimal in vivo Activity Following Oral Administration—Michigan Room (2nd floor)
8:00-4:10 PM
Short Course 3: Stability of Peptides, Proteins and Nucleotides—Vandenberg Room (2nd Floor)
8:00-12:15PM
Short Course 4:  Business Entrepreneurship—Room D (3rd Floor)
8:00-4:45 PM
Short Course 5: Dermal and Transdermal Delivery—Koessler Room (3rd Floor)
12:30-4:00 PM
Short Course 6:  Barriers to CNS Drug Delivery / Transporters—Hussey Room (2nd Floor)
12:15-4:00 PM
Short Course 7:  Mucosal Vaccination—Room D (3rd Floor)
5:00 PM 

Conclusion of meeting
· Lunch will be served in the Ballroom from 11:30- 1:00 PM


 POSTER PRESENTATIONS

November 6-7, 2002



Vaccine Delivery

Biodegradable Microspheres as Delivery System for Synthetic Antigens.  Blarer, N., Merkle, HP., Gander B.  ETH Zϋrich, Switzerland

A Method for the Incorporation of Ovalbumin into ISCOMs Prepared by the Hydration Method.  Copland, MJ., Konnings, S., Davies, NM., Rades, T.  University of Otago, New Zealand

Oral Vaccination against Diphtheria with Starch Micro-Particles as Adjuvant.  Rydell, N., Sjohölm, I.  Uppsala University, Sweden

Transporters

The Role of P-Glycoprotein in the CNS Distribution of a Novel Antitumor Agent, STI-571 (GLEEVEC).  Dai, HQ., Shaik, N., Lemaire, M., Marbach, P., Elmquist, W.  University of Nebraska Medical Center, NE

Localization or the Canalicular Transport Proteins MDR1 and MRP2 in Human Hepatocytes Cultured in a Sandwich Configuration.  Hoffmaster, KA., Chandra, P., LeCluyse, EL., Brouwer, KLR.  University of North Carolina, NC

Biophysical Evidence for His-57 as a Proton-binding 

Site in the Mammalian Intestinal Dipeptide Transporter hPEPT1.  Kulkarni, AA. 1, Uchiyama, T. 1, Loo, DDF. 2, Davies, DL. 1, Lee, VHL1.  1University of Southern California; 2UCLA School of Medicine, CA

Comparative Functional Analysis of Human OATP2 and OATP8.  Maeda, K., Sugiyama, Y.  University of Tokyo, Japan
          POSTER PRESENTATIONS


Expression and Function of the Peptide Transporter, PHT1, in the Human Retinal Pigment Epithelium.  Ocheltree, SM., Keep, RF., Shen, H., Hughes, BA., Smith, DE.  University of Michigan, MI

Autoradiographic Detection of [3H]D- and [3H]L- Aspartate Binding to Glutamate Transporters in Frozen Sections of Rat Brain.  Takamoto,A., Balcar, VJ., Yukio, Y.  Kanazawa University, Japan.

Characterization of Efflux Transporters of the Human Trophoblast.  Young, AM., Audus, KL.  The University of Kansas, KS

Drug Delivery

Computer Modeling of Nucleic Acids.  Bayramyan, MZ., Chambers, EJ., Price, EA., Haworth, IS.  University of Southern California, CA.

Liposaccharide Delivery System for Peptide IT-100, LHRH and Conotoxin MII.  Chan, Y.1, Blanchfield, J. 1, Rhee, H. 1, Alewood, P. 1, Adams, D. 1, Good, M. 2, Toth, I 1.  University of Queensland; Queesnland Insitute for Medical Research, Australia.
Lidocaine-Releasing Microsphere-Gel System for In Vivo Localized Anesthetic Efficacy.  Chen, PC. 1, Park, YJ. 1, Bartlett, R. 1, Kohane, D. 2, Chang, LC. 3, Langer, R. 2, Yang, VC1.  1The University of Michigan, MI; 2Massachusetts Institute of Technology, MA;  3Medical Defense University, Taiwan

Design of Interpenetrating Network Hydrogels for Colon-Specific Drug Delivery.  Chivukula, P., Wang, D., Kopečkovà, Kopeček, J.  University of Utah, UT


     POSTER PRESENTATIONS



Transmucosal Delivery of Calcitonin in Rabbits using Mucoadhesive Thin-Film Composites.  Cui, Z., Mumper, RJ.  University of Kentucky, KY

Polymeric Prodrug: Enhanced Release due to Intramolecular Ring Closure.  D’Souza, AM., Topp, EM.  The University of Kansas, KS

In Vitro Release Characteristics of Dexamethasone Sodium Phosphate from Chitosan Films.  Eroğlu, H., Öner, L.  Hacettepe University, Turkey

Identification and Characterization of a Prodrug Activating Enzyme: BPHL (Biphenyl Hydrolase-Like Hydrolyses Valacyclovir).  Kim, I. 1, Chu, X. 2, Provoda, C. 1, Lee KD. 1, Amidon, GL1.  1The University of Michigan, MI; 2Merck and Co, NJ

The Use of a Transduction Peptide as a Possible Means for Protein Encapsulation.  Li, YT, Liang, JF., Yang, VC.  The University of Michigan, MI.

Local Release Kinetics of IGF I Loaded Microparticles Determine the Mechanism and Extent of Bone Repair.  Luginbühl, V., Merkle, HP., Meinel L.  ETH Zürich

Gadolinium Hexanedione Nanoparticles Engineered for Potential Application in Neutron Capture Therapy of Tumors.  Oyewumi, MO., Mumper, RJ.  University of Kentucky, KY.

Dynamics of Endocytosis and Exocytosis of PLGA Nanoparticles.  Panyam, J., Labhasetwar, V.  University of Nebraska Medical Center, NE.

Skin Penetration Pathways of FITC Insulin from Ethosomes.  Vaisman B., Touitou E.  The Hebrew University of Jerusalem, Israel 
POSTER PRESENTATIONS



Protein-Based Triblock Copolymers as Potential Drug Carriers.  Xu, C., Kopeček.  University of Utah, UT

Gene Delivery

Viral Gene Delivery to Migrating/ Wounded Intestinal Epithelial Cells.  Kesisoglou, F., Schmiedlin-Ren, P., Chamberlain, JR., Roessler, BJ., Fleisher, D., Zimmermann, E.  The University of Michigan, MI.

Characterization of Hepatic Delivery of Macromolecules with Large Volume Injection and its Therapeutic Application.  Kobayashi, N., Kawase A., Takakura, Y.  Kyoto University, Japan

Analysis of Secretion Polarity after Gene Delivery to Epithelial Cells.  Maruyama, M., Watanabe, Y., Takakura, Y.  Kyoto University, Japan

Cationic Nanoparticles Consisting of Polyethyleneimine and PLGA as Parenteral Carriers for DNA Vaccination.  Oster, CG., Kissel, T.  Philipps University, Germany

A Non-Viral Gene Delivery Formulation Stabilizes Reporter Gene Production In Vivo.  Ragnarsson, EGE., Artursson, P., Köping-Höggård, M., Regnström.  Uppsala University, Sweden

Biopharmaceutics

Complex Mechanism of Absorptive H-2 Antagonist Transport Across Caco-2 Cell Monolayers.  Bourdet, DL., Hong, S., Ng, C., Brouwer, KLR., Thakker, D. University of North Carolina, NC

POSTER PRESENTATIONS



Cholecystokinin Metabolism in Canine Buccal Mucosa.  Day, DE. 1, Omelyaneko, VG. 2, Knutson, K1.  1University of Utah; 2Watson Laboratories, UT.

Enhanced Intestinal Absorption of P-GP Substrates by Apricot Extract.  Deferme, S., Augustijns, P.  Catholic University of Leuven, Belgium

Turnover and Transport Dynamics of Glutathione in Modulating Ocular Surface Health.  Gukasyan, HJ., Kannan, R., Kim, K., Trousdale, MD., Lee, VH.  University of Southern California, CA

Pore Controlled Diffusion of Nanospheres Across Bovine Nasal Mucosa Limits its Suitability to Assess Intracellular Translocation.  Koch, A., Ziegler, U., Merkle, HP.  Swiss Federal Institute of Technology, Zürich, Switzerland

Genechip Expression Analysis and Correlation to Valacyclovir Pharmacokinetics in Healthy Volunteers.  Landowski, CP., Sun, D., Menon, SS., Ramachandran, C., Barnett, JL., Foster, DR., Welage, LS., Amidon, GL.  The University of Michigan, MI
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Podium 01


DEVELOPMENT OF A BOOTSTRAP PROCEDURE FOR RESAMPLING PHARMACOKINETIC DATA

V. Arya1, A. Agarwal2, Elziria Nunan3, Tasso Santos3, G. Hochhaus1
1Department of Pharmaceutics , 2 Department of Decision and Information Sciences, University of Florida, Gainesville, FL & 3 Universidade Federal De Minas Gerias, Brazil
Purpose. To develop a general and user friendly bootstrap application for resampling  pharmacokinetic data when complete concentration time profiles from individual animals cannot be obtained. 

Methods. The bootstrap application was developed using visual basic in Excel. The application was divided into four sections: user form, input data sheet, output sheet, and the statistical analysis sheet.  The user form allowed the entry of information such as dose, number of time points, animals at each time point etc.  The input data sheet was used to enter plasma concentration values available at each time point.  After the data input, the program was designed to randomly select one concentration value from the pool of concentration values at a given time point.  This was iterated for all the other time points to generate resampled concentration time profiles. Noncompartmental analysis were applied to each of the resampled concentration time profiles to compute pharmacokinetic parameters like Cmax, Tmax, AUC, AUMC, MRT, KE, and T1/2.  These parameters were tabulated in the output sheet.   Statistical comparisons (t test and ANOVA) of the parameters was done in the statistical analysis sheet.  The program was applied to perform a pharmacokinetic and statistical analysis of data obtained after subcutaneous administration of tytyustoxin to a group of adult and weanling rats.  
Results. The application used the resampled concentration time profiles to calculate and statistically compare the pharmacokinetic parameters for the adult and weanling groups.  All the calculated pharmacokinetic parameters were statistically significantly different (p<0.05).  

Conclusions. A general and user friendly bootstrap application has been developed.  The application provides a convenient way to resample data for calculation of pharmacokinetic and statistical parameters.

 

Podium 02


THE ROLE OF THE LYMPHATICS IN THE DOSE-DEPENDENT PHARMACOKINETICS OF LEUKAEMIA INHIBITORY FACTOR IN SHEEP

Segrave AM, Porter CJH and Charman SA.

Victorian College of Pharmacy, Monash University, Melbourne, Australia

Purpose. To examine the impact of lymphatic uptake and transport on the dose-dependent pharmacokinetics of Leukaemia Inhibitory Factor (LIF).  
Methods. A parallel study was designed to assess the dose-dependent pharmacokinetics of LIF after IV (25, 100, 250 and 500 (g/kg) and SC (10, 20 and 50 (g/kg) administration. In a second parallel study, 10 or 50(g/kg LIF was injected SC and the extent of lymphatic uptake and transport evaluated by collection of either peripheral lymph draining the injection site, or central lymph from the thoracic duct. Samples were assayed by ELISA.  
Results. After IV bolus injection, a 20-fold increase in LIF dose resulted in a 35-fold increase in plasma AUC, whereas following SC injection, a 5-fold increase in dose produced a 35-fold rise in AUC. When LIF was administered SC at 10 or 50 (g/kg, approximately 35% of the dose was absorbed into peripheral lymph and a similar percent was recovered in central lymph, indicating minimal loss of LIF during transfer through the lymphatics to the systemic circulation.  
Conclusions. LIF exhibits dose-dependent plasma kinetics after both IV and SC injection, but the degree of dose-dependency is greater after SC injection. This trend is not due to dose-related changes in lymphatic uptake and transport of SC LIF, and probably reflects changes in plasma distribution and elimination.

Podium 03


A NOVEL IN SITU TECHNIQUE FOR DIRECT DETERMINATION OF INTESTINAL FIRST-PASS METABOLISM AND BI-DIRECTIONAL TRANSPORT IN THE RAT ILEUM. 
R. Tyler DeGraw and Bradley D. Anderson 

University of Kentucky, Lexington, KY, USA. 
Purpose. It is difficult to quantify metabolism and carrier mediated transport in the intestine under normal biological conditions. To facilitate this, a novel in situ perfusion technique was developed in which compounds were perfused separately in both the lumen and vasculature to measure bi-directional permeability and metabolism. 
Methods. Intestinal perfusions were performed in the rat ileum, with cannulation of the artery and vein entering and leaving the segment. Compounds were perfused separately in the lumen and vasculature and appearance of drug and adenosine deaminase (ADA) metabolites were monitored. 
Results. Blood to lumen permeability coefficients for 2’-(-flouro-2’,3’-dideoxyadenosine (F-ddA), its ADA metabolite, 2’-(-flouro-2’,3’-dideoxyinosine (F-ddI), and 2’,3’-dideoxyinosine (ddI) increased compared to normal perfusions (PBtoL > PLtoB). Probenecid lowered ddI PBtoL but did not affect PLtoB. F-ddA metabolism was similar in both directions, with metabolite back-flux accounting for most of the F-ddA absorbed. 
Conclusions. This technique is a powerful tool to examine intestinal wall metabolism and transport. F-ddA, F-ddI, and ddI showed asymmetric transport, with higher than expected blood to lumen flux. ddI blood to lumen flux is probenecid sensitive. 

This work was supported by an AFPE pre-doctoral fellowship and NIH RO1 NS39178. 


Podium 04


HUMAN ALVEOLAR EPITHELIAL CELL MONOLAYERS IN PRIMARY CULTURE AS AN IN VITRO MODEL FOR DRUG ABSORPTION STUDIES

Ehrhardt C, Schaefer UF and Lehr CM.

Saarland University, Saarbruecken, Germany.

Purpose. To further develop and characterize a cell culture model for in vitro studies of pulmonary  drug absorption and transport based on human alveolar epithelial cells (HAEpC) with regards to active drug transport mechanisms.
Methods. Human type II pneumocytes were cultured on filter inserts until reaching confluency. This was monitored by measuring the transepithelial electrical resistance (TEER) and the permeation of the paracellularly transported fluorescein sodium (Flu-Na). Expression of P-glycoprotein (P-gp) and lung resistance-related protein (LRP) was investigated by immunocytochemistry. To show P-gp activity, bi-directional transport studies were performed using the substrate marker Rhodamine 123 (Rh123). 
Results. A good correlation between TEER of the monolayers and flux of Flu-Na could be observed with a cut off at a TEER of ~ 500 Ohms·cm2. HAEpC stained positively for P-gp and LRP. The flux of Rh123 showed a significant increase in the secretory compared to the absorptive direction.
Conclusions. HAEpC provide an good in vitro model to study drug transport and absorption in the alveolar region of the lung. The type I-like monolayers are ready for transport experiments after 8 days in culture. P-gp and LRP are expressed and show functionality.

Podium 05


MEMBRANE PROPERTIES AFFECTING DRUG PERMEABILITY

Marc Sutter, Tamara Fiechter, Georgios Imanidis

University of Basel, Switzerland

Purpose. The relevance of order and rotational motion measured with fluorescent probe molecules embedded in phospholipid bilayers for describing the permeability properties of the membranes was studied. 

Methods. Order parameters (S) and rotational correlation times (() for 1,6-diphenyl-1,3,5-hexatriene (DPH) and for 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene (TMA-DPH) in unilamellar vesicles were determined by time resolved fluorescence spectroscopy. Liposomes consisted of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine (POPC) and 0 to 30 mole-% cholesterol (chol). Permeability coefficients (P) were measured at 25°C using [14C]-mannitol. 

Results. P decreased from 3.6 to 1.5 *10-11cm/s with rising chol content while S increased from 0.37 to 0.79 (DPH) and from 0.60 to 0.84 (TMA-DPH). There was a negative correlation between S and P in both cases. No clear dependence of ( on chol content was observed. ( showed a greater variation than S especially for DPH. 
Conclusions. S reflects the order of the phospholipid hydrocarbon chains over a considerable length of the chains. Therefore membrane order is clearly an important parameter controlling permeability. Differences in S for DPH and for TMA-DPH may be caused by the different location of these probes.   Greater changes in ( may be reached in other membrane systems or by temperature variation.

Podium 06


Quantitative release of active lysozyme from dextran based hydrogels 
Wensink K.D.F1, Jiskoot W.1, Verrijk R.2, Hennink W.E.1
1Department of Pharmaceutics, Utrecht Institute for Pharmaceutical Sciences (UIPS), Utrecht University;2Research department, Octoplus Technologies b.v., Leiden

Purpose: To investigate whether a model protein (lysozyme) was released quantitatively and in its intact form from dextran based hydrogels.                      

Methods: Lysozyme loaded dex-HEMA hydrogels varying in water content (50, 70, 90 %) and in degree of methacrylate substitution (5, 7.7, 15) were prepared. All gels were incubated in PBS at 37 oC. Once the gels were fully degraded, total protein concentration was determined with the BCA protein assay. Moreover, the enzymatic activity assay of the released protein was determined, the structural integrity with SDS-PAGE (aggregation, fragmentation) and HPLC and mass spectrometry (oxidation). Finally, insoluble hydrogel fragments were analyzed with FTIR for adsorbed lysozyme. 
Results: For all gels total lysozyme recovery was nearly quantitative. The specific activity of the released lysozyme was substantially maintained. SDS-PAGE indicated no fragmentation or aggregation. HPLC and mass spectrometry showed that part of the released lysozyme was oxidized. Inspection with FTIR of the insoluble material did not show the presence of lysozyme. 
Conclusions:  Nearly quantitative release of lysozyme from dex-HEMA hydrogels was obtained with preservation of its structural integrity and functional activity.

Podium 07


Selectivity of MTX-ICAM-1-peptide conjugate compared to MTX
Anderson, ME, Yakovleva T, Jean-Farve DJ, and Siahaan TJ. 
University of Kansas, Lawrence KS

Purpose.  The objective of this work is to study the activity of MTX-ICAM-1 peptide conjugates to deliver MTX to activated T-cells that express LFA-1 receptors. We have developed an MTX-ICAM-1-peptide conjugate that can bind to and is internalised by activated T-cells via LFA-1. 

Methods.  96-well plates were coated with soluble LFA-1 in order to determine the relative affinity of these peptides for LFA-1 and their ability to block anti-LFA-1 antibody binding.  A Dojindo cytoxicity kit was used to compare the activity between MTX-ICAM-1-peptide conjugates and MTX in MOLT-3 T-cells.  As a control, an MTT assay was used to establish the activity of MTX-peptides in KB cells, which do not express LFA-1.  TNF-( production by leukocytes after treatment with ICAM-1 peptides, MTX-ICAM-1 peptide conjugates, and MTX were evaluated using ELISA. 

Results.  We demonstrated that peptides derived from ICAM-1, bind LFA-1 coated plates in a specific manner and were capable of inhibiting anti-LFA-1 antibodies. We found the activity of MTX-peptide conjugates in the KB cell line to be minimal. We found that the MTX-peptide conjugates were more potent than MTX in activated T-cells than in resting T-cells.  The ability of MTX-peptide conjugates to inhibit TNF-( production in activated T-cells was very similar compared with MTX. 

Conclusions.  We found MTX-peptide conjugates only active in cells that have LFA-1 receptor. Also these MTX-peptide conjugates were more effective in activated T-cells compared to non-activated T-cells.  The unique binding and internalisation characteristics of these MTX-peptide conjugates may be utilised to reduce the side effects of MTX in treating autoimmune diseases.


Podium 08


NEW BORONATED, CATIONIZED ACRYLAMIDE CO-POLYMERS: SYNTHESIS AND MUCOSAL ATTACHMENT PROPERTIES

Kareem Azab, Morris Srebnik and Abraham Rubinstein
The Hebrew University of Jerusalem, Israel. 

Purpose. (1) To synthesize novel boronated cationized acryl amide copolymers for the local treatment of colon cancer in boron neutron capture therapy;  (2) to quantify the effect of cationization of the polymers on their adherence to the cecum of the rat in vitro.

Methods. The acryl amide monomers was prepared by protecting one amine group of 1,2-diaminoethane with the BOC group, and the hydroxyl groups of 3-aminophenylboronic acid with pinacol, followed by reacting the free amine groups with acryloyl chloride. Four different copolymers were prepared, containing the following ratios of the cationized monomer: 30, 50, 80 and 100 mole%. After polymerization the BOC and the pinacol protecting groups were removed. Mucoadhesion was assessed by a self-assembled detachment apparatus, which measures the detachment force between each polymer solution and the cecal epithelium.  

Results. The detachment force was directly proportional to the relative amount of cationized monomers in the copolymer. The detachment force values were 2.4 ±0.24, 2.3±0.66, 3.5±0.34, 3.7±0.68 and 4.6±0.28 g-force for the blank, 30, 50, 80 and 100 mole% of the cationized products respectively.

Conclusion. Due to their mucosal attachment properties cationized boronated acrylamide copolymers are potential platforms for local drug delivery in the colon.

The Study was supported by a grant # 663/99-2 from the Israeli Science Foundation


Podium 09


Incorporation of Isoniazid into Poly(L-lactide) Microspheres Using a Prodrug Approach  

H. Zhou, D. L. Biggs, D. J. Claffey, J. A. Ruth, T. W. Randolph, K. Ng, M. C. Manning.

University of Colorado Health Sciences Center, Denver, CO

Purpose. The use of precipitation with a compressed antisolvent (PCA), combined with hydrophobic ion pairing (HIP), to manufacture poly(lactide) microspheres containing ionic therapeutic agents has been demonstrated previously. Using a prodrug approach followed by HIP-PCA, a neutral anti-tuberculosis drug, isoniazid (isonicotinic acid hydrazide, INH), was incorporated into poly(L-lactide) (PLA) microparticles for pulmonary delivery. 
Methods. A sodium salt of isoniazid methanesulfonate (Na-INHMS) was synthesized using a standard chemical synthesis method. Isoniazid methanesulfonate (INHMS) was ion-paired with either tetrapentylammonium or tetraheptylammonium in dichloromethane/water partition experiments. The resultant HIP complexes were extracted into the organic phase, purified with flash chromatography and incorporated into PLA microspheres by precipitation with supercritical carbon dioxide. Particle size and morphology were determined using scanning electron microscopy (SEM). Release studies were performed in phosphate-buffered saline (PBS) (pH 5.0 or 7.4). The drug concentration in the receiver medium was measured by HPLC. 
Results. The logarithm of the dichloromethane/water partition coefficient (log P) was 0.304 for tetrapentylammonium-INHMS and 1.43 for tetraheptylammonium-INHMS, compared to a value of –1.80 for Na-INHMS. The significant increases in log P suggested enhanced solubility of INHMS in organic solvents, allowing subsequent incorporation of the drug in PLA microspheres using PCA. The microspheres have a mean size of 2 microns with a standard deviation of 1.37 microns. Drug loading of these microspheres was 7.6(0.6% for tetrapentylammonium-INHMS and 5.6(0.3% for tetraheptylammonium-INHMS. Microspheres containing tetrapentylammonium-INHMS complexes exhibited an initial burst of ~65% and those containing tetraheptylammonium-INHMS complexes displayed an initial burst of ~60%. After the first few hours the cumulative drug release was linear with the square root of time for both types of microspheres. The pH of the receiver medium does not seem to affect the release kinetics. The drug can be detected in the receiver medium for up to 30 days. 
Conclusions. A prodrug approach can be employed to introduce a charged moiety into an otherwise neutral molecule, allowing subsequent microencapsulation of the molecule into PLA using the HIP-PCA approach.  Despite the relatively large initial bursts, the drug-loaded microspheres afterwards exhibited release profiles consistent with a matrix-controlled release mechanism.


Podium 10


LIPOSOMAL DELIVERY OF ANTIGEN TO HUMAN DENDRITIC CELLS

KL White, MJ Copland, MA Baird, S Hook, NM Davies, T Rades.

University of Otago, Dunedin, New Zealand

Purpose. To determine whether uptake of liposomally entrapped antigen enhances activation of human dendritic cells and whether this results in a corresponding increase in the ability of these cells to induce proliferation and activation of primed T cells.

Methods. Liposomes composed of varying concentrations of mannosylated lipids, containing FITC-labelled ovalbumin or tetanus toxoid were prepared by hydration of a lipid film with an aqueous solution of protein.  Immature human dendritic cells (DC) were generated from human peripheral blood monocytes by culture with GM-CSF and IL-4. Expression of cell surface activation markers by DC was investigated by fluorescence flow cytometry. T cell proliferation and cytokine production was measured before and after activation by fluorescence flow cytometry.

Results. Exposure to liposome entrapped antigen resulted in enhanced expression of cell surface markers indicative of DC activation and maturation compared to antigen in solution. These phenotypic changes were reflected in the enhanced ability of liposomal tetanus toxoid exposed DC to stimulate proliferation of primed T cells.

Conclusions. Liposome entrapped antigen leads to enhanced DC activation and subsequent T cell proliferation compared to antigen in solution.


Podium 11


PHAGOCYTOSIS OF BIODEGRADABLE 
MICROPARTICLES TO INDUCE MATURATION AND ACTIVATION OF DENDRITIC CELLS
Samantha Jilek, Hans P. Merkle and Elke Walter

Institute of Pharmaceutical Sciences, ETH Zürich, 8057 Zürich, Switzerland

Purpose. The focus of this project was to study the capacity of biodegradable microparticles (MS) to induce maturation and activation of dendritic cells (DC). 
Methods. MS were prepared by spray drying using biodegradable polymers, poly(D,L-lactide) (PLA) and poly(D,L-lactide-co-glycolide) (PLGA). Plasmid DNA or salmon DNA were either encapsulated, coated onto MS or added to MS in solution. MS carried negative charges. Positively charged MS were obtained by co-encapsulation of polyethylenimine. Human blood monocyte-derived DC were differentiated over 7 days before incubation with MS. On day 10, the presence of maturation and activation surface markers (CD83 and CD86, respectively) was assessed by flow cytometry. 
Results. Parallel maturation (CD83) and activation (CD86) of DC were induced by LPS only. Upon phagocytosis, PLGA MS induced either upregulation of CD83 (negative charge) or CD86 (positive charge). PLA MS failed to induce upregulation of CD83 or CD86. In addition to CD83, PLGA MS-matured DC produce IL-12, a marker for Th1 response, and TNF-(, requested for recruitment and maturation/activation of immune cells at the site of inflammation. 
Conclusions. Our results suggest that the character of the phagocytosed microparticles determines the response of DC in terms of maturation or activation and cytokine production.


Podium 12


FLAGELLIN FROM SALMONELLA ENTERITIDIS INDUCE STRONG IMMUNE RESPONSES AFTER ORAL AND NASAL VACCINATION IN C3H/HeJ MICE
Lena C. Strindelius and Ingvar Sjöholm.  
Dept. of Pharmacy, Uppsala University, BMC, Box 580, SE-751 23 Uppsala, Sweden

Purpose. The aim of this study was to investigate the immune response elicited in C3H/HeJ mice after immunization with flagellin (FliC) from Salmonella enteritidis, conjugated to poly(acrylstarch) microparticles, or co-administered with rCTB as an adjuvant. 

Methods. Different groups of C3H/HeJ mice were immunized orally or nasally on three consecutive days or subcutaneously. A booster was given 21 days after priming. Blood and fecal samples were collected and analyzed with ELISA for total IgG and IgM and subclasses in serum, and IgA in feces. The degree of protection was studied by challenging the mice orally with Salmonella enteritidis. 

Results. The humoral response showed that all groups induced high FliC-antibody titers, especially the nasally immunized group and the group that received antigen conjugated microparticles orally. The mucosal immune response showed that the nasally immunized group had the highest amount of IgA in feces. The subclass profile indicated that a Th1 response was induced.

Conclusion. This study shows that an impressive immune response can be induced by FliC, even when administered orally or nasally.

Podium 13


PULMONARY DNA VACCINATION AGAINST TB USING CHITOSAN NANOPARTICLES

Bivas-Benita, M., Geluk, A., van Meijgaarden, K. E., van der Borch, F., Ottenhoff, T.H.M., Junginger, H. E., Borchard, G.

Leiden University, Leiden, The Netherlands

Purpose. Determination of the immunogenicity of a Mycobacterium tuberculosis (M. TB) DNA vaccine, given as an aerosol to murine lungs using chitosan nanoparticles.
Methods. Chitosan nanoparticles were made according to a complexation-coacervation method. In-vivo vaccination was done with HLA-A2 transgenic mice using a plasmid encoding a poly-epitope protein containing various M. TB-derived T cell epitopes. Mice were given 3 DNA doses followed by a protein boost. Endotracheal application was done using a Penn-Century microsprayer and i.m. injection in the hind leg used for control. Evaluation of immunization efficiency was done by proliferation and IFN-( secretion assays, using M. TB and BCG as antigens.

Results. The endotracheal application showed equal and in some cases superior results compared to i.m. injection for both parameters measured. Enhanced T cell proliferation and IFN-( secretion by splenocytes was seen when chitosan nanoparticles were used.
Conclusions. The endotracheal administration of this DNA vaccine seems more efficient compared to i.m. immunization. Pulmonary vaccination with chitosan nanoparticles increases the T cell response and therefore represents a potential non-viral delivery system for TB DNA vaccines.

Podium 14


SYNTHESIS AND IMMUNOLOGICAL EVALUATION OF  VACCINES CONTAINING MULTIPLE COPIES OF PEPTIDE EPITOPES

Ross BP1, McGeary RP1, Horváth A1, Olive C2, Good M2 and Toth I1.

1School of Pharmacy, The University of Queensland, Brisbane, Queensland, Australia; 2CRC for Vaccine Technology, QIMR, Brisbane, Queensland, Australia.

Purpose. To examine the immunogenicity of synthetic vaccines containing multiple copies of Group A Streptococcus (GAS) conserved and/or variable epitope(s) on a lipophilic multiplying core. 
Methods. Synthetic vaccines were constructed by solid phase peptide synthesis.  These constructs consisted of multiple copies of GAS peptide epitopes, as well as several lipoamino acids which act as an internal carrier-adjuvant system.  B10.BR mice were given primary immunisation on day 0, and then boosted on days 21, 28 and 35.  Antibody titres were determined by ELISA. 
Results. The synthetic vaccines were more immunogenic than the peptides alone.  For example, at day 14, antibodies against the construct containing 4 copies of the peptide LRRDLDASREAKKQVEKALE were detected whereas no antibodies were detected against the non-conjugated peptide.  In another case, titres were up to 3000 times greater for the conjugated peptide than for the non-conjugated peptide. 
Conclusions. Synthetic vaccines incorporating multiple copies of the epitopes and lipoamino acids were significantly more immunogenic than the non-conjugated  peptides with conventional adjuvants.  Such synthetic vaccines show potential for immunisation.

Podium 15


TRANSFERRIN-MEDIATED TARGETING OF AlPcS4 ENCAPSULATED IN STERICALLY STABILIZED LIPOSOMES

AS Derycke, PA de Witte.

KULeuven, Belgium

Purpose. To increase the tumorselectivity and photodynamic efficacy of the photosensitizer AlPcS4 by encapsulation in transferrin-targeted sterically stabilized liposomes (Tf-Lip-AlPcS4). 
Methods. The cellular accumulation of Tf-Lip-AlPcS4 was determined by incubating AY27 cells for 4h or 24h with a 10µM solution, following MeOH extraction and fluorescence measurements. In similar experiments the receptor-mediated endocytosis was inhibited by colchicine or cytochalasin B. The photodynamic efficacy was investigated by incubating AY27 cells for 24h with a 10µM solution and subsequent irradiation (651nm, 4.5J/cm2). The photocytotoxicity was determined by the antiproliferative MTT assay. Analogues experiments were performed using non-targeted liposomal and free AlPcS4. 
Results. The intracellular accumulation of Tf-Lip-AlPcS4 exceeded that of non-targeted liposomal and free AlPcS4 with a factor 100 respectively 10. Inhibition of receptor-mediated endocytosis completely inhibited the intracellular uptake. Tf-Lip-AlPcS4 and free AlPcS4 showed similar photocytotoxicity, while no effect was observed in the case of the non-targeted liposomes. 
Conclusions. Transferrin-targeted sterically stabilized liposomes are efficient tools for improving the tumor-selectivity and efficacy of AlPcS4. Intracellular uptake occurs via receptor-mediated endocytosis.

Podium 16


DESIGN OF A Lymphoma TARGETED DRUG DELIVERY SYSTEM: Selection of CD21 recognizable Epitopes with Phage Display

H. Dinga, W.M. Prodingerb, J. Kopečeka
aUniversity of Utah, Salt Lake City UT 

bUniversity of Innsbruck, Austria

Purpose. To identify CD21 receptor-binding epitopes using phage display libraries.  To use selected epitopes as targeting moieties in the design of a lymphoma targeted drug delivery system. 

Methods. Phage libraries, the fUSE5 15-mer library and the M13KE 10-mer library, were used for the selection of epitopes recognizable by CD21 receptors.  For each phage display, four rounds of selections were performed.  The affinity of selected phages was verified with phage ELISA.  The gold surface of Spreeta biosensor was modified with NTA-SH. His-tagged truncated CD21 receptor was then immobilized through Ni-His tag chelation.  The affinity of a synthesized peptide containing selected sequence was analyzed with surface plasmon resonance (SPR) using a modified Spreeta biosensor.

Results. Both phage selections resulted in consensus sequences-ARVPFRFQLNSSGPV and HFATRSLLLG.  Both phage ELISA and preliminary SPR experiments indicated a specific binding of the selected sequence ARVPFRFQLNSSGPV to the CD21 receptor.

Conclusions. The selected peptide sequences are good candidates as targeting moieties. In future experiments, they will be used in the design of HPMA copolymer based systems biorecognizable by lymphomas.
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PREPARATION AND CHARACTERIZATION OF PROGESTERONE-LOADED AMPHIPHILIC ß-CYCLODEXTRIN NANOSPHERES 
Erem Memişoğlu, Amelie Bochot, Dominique Duchene and A. Atilla Hincal 

Hacettepe University, Ankara TURKEY 
Université Paris-Sud, Chatenay-Malabry FRANCE 
Purpose. To formulate and characterize nanospheres prepared directly from progesterone-amphiphilic ß-CD inclusion complexes without the aid of surfactants.  

Methods. Progesterone was incorporated intoamphiphilic ß-CD molecule (1:2 rug:amphiphilic ß-CDmolar ratio) and the formation of a genuine complex was demonstrated by various techniques including HNMR at 400 MHz, DSC, FAB MS and FT IR spectroscopy. Nanospheres were prepared directly from these inclusion complexes using the nanoprecipitation technique and further characterized by particle size analysis by dynamic light scattering, zeta potential measurement and freeze-fracture microscopy. Entrapped drug content in the nanospheres were determined by HPLC. Finally, the release of progesterone into water:PEG400 (60:40) release medium was evaluated in order to fully characterize amphiphilic ß-CD nanospheres loaded with progesterone for intravenous administration. 
Results. Preparation technique enhanced the entrapment efficiency of nanospheres significantly (p<0.05) while this new loading technique reduced the burst effect considerably within the first hour.
Conclusions. Results suggest that amphiphilic ß-CD nanospheres may be suitable for intravenous administration of progesterone reducing the burst effect. 


Podium 18


CONSTRUCTION AND CHARACTERIZATION OF A TISSUE PLASMINOGEN ACTIVATOR MUTANT FOR POTENTIAL USE IN THROMBOLYTIC THERAPY WITH REDUCED BLEEDING TENDENCY

S. S. Naik, J.F. Liang, H. Song, and V.C. Yang. 

University of Michigan, Ann Arbor, MI
Purpose.  To resolve the bleeding risk associated with thrombolytic therapy, we have designed an approach, termed ATTEMPTS (Antibody Targeted Triggered, Electrically Modified Pro-Drug Type Strategy), to deliver t-PA to the clot site in an inactive form and then trigger its release in the active form so it would specifically activate clot-bound plasminogen.  This delivery system is composed of a large protein complex consisting of two components:  (1) a negatively charged fibrin targeting antibody; and (2) a modified positively charged t-PA molecule.  In order to construct this cation modified t-PA, we utilized the recombinant method to create a t-PA mutant that possessed enhanced regions of positive charge. 

Methods.  The pETPFR plasmid, utilized for expression of mutant t-PA, was directly manipulated at the 37-loop of t-PA from 296KHRRSPGER304 to 296KHRRCPRRR304 via site-directed mutagenesis. The mutant plasmid was transfected into the CHO cell line.  After expression, the mutant t-PA was purified by lysine affinity chromatography.  Western blot analysis was performed to confirm expression of the mutant t-PA, which was characterized by using a quantitative fibrinolysis assay.  

Results.  Results from DNA sequencing confirmed that the mutant t-PA originally designed was obtained.   Western blot analysis confirmed that mutant t-PA had been expressed.  In vitro fibrinolytic analysis suggested that the fibrinolytic activity was comparable to that of t-PA.  To this regard, the mutation did not appear to alter the enzymatic activity of t-PA. 

Conclusions.  A t-PA mutant which contains an enhanced region of positive charge has been successfully created.  This mutant t-PA retains significant fibrinolytic activity.  In future work, we plan to characterize this mutant in vivo in order to assess its potential application in thrombolytic therapy with reduced bleeding tendancy.
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Kinetics of cold denaturation in viscous systems and protein stability during freeze drying
Xiaolin (Charlie) Tang, and Michael J. Pikal. 
School of Pharmacy, U-2092, University of Connecticut, Storrs, CT 

Purpose.  To study protein stability and the degree of coupling between protein unfolding at low temperatures in systems relevant to freeze drying and the viscosity.
Methods.  The cold denaturation (unfolding) of model proteins was studied by Modulated DSC. The system viscosity was adjusted by adding stabilizers (such as, sucrose). To keep the cold denaturation temperature roughly constant, denaturant (guanidine or urea) was added to balance the stabilizing effect of sucrose. The protein unfolding kinetics was studied by both isothermal DSC and temperature controlled UV spectroscopy. 

Results.  Both the protein ((-lactoglobulin and phosphoglyceric kinase) cold denaturation and renaturation (refolding) were detected by modulated DSC. The heat capacity increase of cold denaturation and decrease of cold renaturation can be directly determined from the reversible heat flow of modulated DSC. The cold denaturation temperatures were found to linearly decrease with increasing stabilizer concentration. It was showed that the higher concentration of stabilizer gave slower unfolding kinetics. It was found that the half-life of unfolding did slow considerably as system viscosity increased.

Conclusions. Adding of stabilizer thermodynamically stabilizes against cold denaturation. Kinetics of protein unfolding showed moderate coupling with system viscosity.
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A New Poly(ethylene imine)-graft-Poly(ethylene glycol) Block Copolymer for Nucleic Acid Delivery In Vivo

Thomas Merdan1, Klaus Kunath1, Holger Petersen1, Karl-Heinz Voigt2 and Thomas Kissel1
1 Department of Pharmaceutics and Biopharmacy, Philipps University, Ketzerbach 63, 35032  Marburg, Germany; 2Department for Normal and Pathological Physiology, Philipps-University, Deutschhausstraße 2, 35032 Marburg, Germany
Purpose.  A new cationic polymer suitable for in vivo gene therapy was developed. 

Methods.  A new poly(ethylene imine)-graft-poly(ethylene glycol) (PEI-g-PEG) block copolymer was synthesized by activation of poly(ethylene glycol) (PEG) using hexamethylene diisocyanate and subsequent reaction with branched  poly(ethylene imine) (PEI) 25 kDa.  Complex formation with a decoy consisting of a 20mer DNA oligonucleotide containing the NF-(B cis element and its complement was monitored by a gel shift assay, as well as ethidium bromide/DNA fluorescence quenching assay. Furthermore, size and zeta potential of complexes were determined by photon correlation spectroscopy. After complex formation with a luciferase plasmid, levels of gene expression were determined at different nitrogen to phosphate (N/P) ratios.  The polymer was radioactively labelled using N-succinimidyl-3-(4-hydroxy-3-[125I]iodo​phenyl)​propionate and after complex formation with the above mentioned decoy complexes were injected into male balb/c mice via the jugular vein. Blood samples were acquired over 120 minutes. Mice were then sacrificed by decapitation and organs (cortex, liver, kidneys, heart, lungs, spleen) were sampled and weighed.

Results.  The resulting PEI-g-PEG polymer had a PEG content of approximately 75 % and a total molecular weight of approximately 100 kDa. It was possible to form complexes with DNA almost as efficiently as with PEI 25 kDa. Complexes displayed a size of approximately 60 nm and surface charges close to neutrality. At low N/P ratios luciferase reporter gene expression was comparable to unmodified PEI 25 kDa. In vivo data displayed a significantly longer circulation time in the blood stream compared to PEI 25 kDa and deposition predominantly in the liver.

Conclusions.  The polymer described here represents an interesting candidate for further in vivo gene and oligonucleotide therapy studies.

Acknowledgements.  We would like to thank Gudrun Hohorst from the Department for Normal and Pathological Physiology, Philipps-University of Marburg, for qualified help with animal experiments. 
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PLASMID DNA UPTAKE AND SUBSEQUENT INDUCTION OF INFLAMMATORY CYTOKINES IN CULTURED MOUSE MACROPHAGES

K. Yasuda, H. Kawano, and Y Takakura.  
Kyoto University, Kyoto, Japan

Purpose.  Plasmid DNA (pDNA) is important for gene therapy or DNA vaccination.  Unmethylated CpG motifs in bacterial DNA or pDNA are known to induce inflammatory cytokines from macrophages and these influence transgene expression.  It is reported that endocytosis and endosomal acidification are indispensable for these responses using CpG oligodeoxynucleotides.  However, the detailed mechanisms are not well known for pDNA.  We compared the effect of different transfection methods on cytokine production induced by pDNA in cultured macrophages.  
Methods.  Macrophages were transfected with naked pDNA and cationic liposome complex, in which endocytosis and endosomal acidification occur.  Electroporation method was also used to deliver pDNA directly into cytosol.  After transfection, the supernatant was collected to measure the amount of secreted cytokine by ELISA.  
Results.  Naked pDNA and pDNA/liposome complex stimulated macrophages to induce cytokine production.  Unexpectedly macrophages produced small but significant amount of cytokine when they were electroporated with pDNA, suggesting that endocytosis was not required for activation.
Conclusions.  These results provide useful information in gene therapy or DNA vaccination using pDNA.
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GENETICALLY ENGINEERED SILK-ELASTINLIKE PROTEIN POLYMERS FOR CONTROLLED GENE DELIVERY

Z. Megeed1, J. Cappello2 and H. Ghandehari1. 
1 Department of Pharmaceutical Sciences, University of Maryland, School of Pharmacy, Baltimore, MD, 21201, USA; 2 Protein Polymer Technologies, Inc., San Diego, CA, 92121, USA.

Purpose. To characterize a gel-forming, genetically engineered, silk-elastinlike polymer (SELP) for controlled gene delivery. 

Methods. Solutions of SELP, comprising the amino acid sequence: [(GVGVP)4GKGVP(GVGVP)3(GAGAGS)4]12 (MW=69,814) were mixed with plasmid DNA. The polymer-DNA solutions gelled upon incubation at 37oC. Release of the plasmid was investigated in buffer with various ionic strengths by a fluorescence assay. Data were fit to an equation, to calculate the plasmid's effective diffusivity (De). Bioactivity was determined in vitro, in COS-7 cells. The amounts of freezing and non-freezing water were measured by differential scanning calorimetry. 
Results. DNA was released in an ionic-strength-dependent manner. SELP concentration and cure time both affected the rate of release, while DNA concentration did not. DNA was released over a period of >28 days. De of the plasmid ranged from 3.78 to 0.47 x 10-10 cm2/sec.  The plasmid remained bioactive in vitro after 28 days in the gel. The first 0.6 g H2O per g SELP were found to be non-freezable.  

Conclusions. The ability of SELP hydrogels to release DNA over prolonged times, coupled with their biocompatibility, customizability, and in situ gelation, makes them promising candidates for further evaluation in controlled gene delivery.
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FUNCTIONAL INVOLVEMENT OF ORGANIC ANION TRANSPORTERS IN THE RENAL UPTAKE OF ANIONIC COMPOUNDS AND NUCLEOSIDE DERIVATIVES.

 M. Hasegawa1, H. Kusuhara1, 2, H. Endou3, and Y. Sugiyama1, 2
 1University of Tokyo, 2CREST, JST, 3Kyorin University
Purpose. To evaluate the contribution of rat Organic Anion Transporter 1 (rOat1) and rOat3 to the renal uptake of several anionic compounds and nucleoside derivatives.

Methods. The renal uptake mechanisms were investigated using rOat1- and rOat3-expressed cells and kidney slices. To compare the uptake clearance by kidney slices, the uptake of reference compounds, p-aminohippurate and pravastatin, the renal uptake of which is accounted for by rOat1 and rOat3, respectively, was used to correct the uptake by the transfectants.

Results. Both rOat1- and rOat3-expressed cells showed significantly higher uptake of temocaprilat, 2,4-dichlorophenoxyacetate (2,4-D) and zidovudine (AZT) than vector-transfected cells. Significant uptake of benzylpenicillin (PCG) was observed only in the rOat3-expressed cells, while significant uptake of salicylate and acyclovir (ACV) was observed only in the rOat1-expressed cells. Significant uptake of the ligands by kidney slices was observed with Km values similar to those obtained using transfectants, except for AZT and ACV, the uptake of which was mainly accounted for by a non-saturable component. The observed and estimated values for PCG and AZT were comparable. The observed values for salicylate and ACV were higher than the estimated values, while those of 2,4-D and temocaprilat were lower than the estimated values.

Conclusions. Results suggest that the renal uptake of the ligands examined in this study is mainly accounted for by rOat1 and rOat3 although another transporter may be involved in the uptake of salicylate and ACV.
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REFINEMENT OF A COMPUTER MODEL OF hPEPT1 STRUCTURE-FUNCTION

Links, J.L.S., Haworth, I.S., Lee, V.H.L. 
Department of Pharmaceutical Sciences, University of Southern California

Purpose. To refine a working computer model (J Pharm Sci 87:1286-1291, 1998) for the human dipeptide transporter (hPepT1) in order to help elucidate the mechanisms of proton-binding and substrate recognition. 

Methods. hPepT1 transmembrane domains (TMDs), each containing 22 amino acids, were arranged into alpha helices of standard geometry. Sequential pairs of helices were generated. Energy minimization and molecular dynamics calculations were run on these structures to relax the side chains and backbone, sequentially. The resulting structures were then fully minimized. Each minimized TMD pair was aligned with another TMD pair by overlaying a common TMD to generate a three TMD structure. This structure was then subjected to a similar series of minimization and molecular dynamics calculations. This process was repeated to generate larger structures until a twelve TMD structure was generated. 

Results. A structure consisting of TMDs 1 through 12 has been generated. An unexpected finding is that TMD6 is positioned within the putative channel of the transporter. Molecular dynamics allowed for twisting and bending of the helices, which is most highly pronounced in domains two and four. On these domains, His57 and His121 face extracellularly, making proton binding to the histidines feasible. 

Conclusion. Because TMD6 is predicted to lie within the channel, it may act as a “hydrophobic plug” to mediate transport. The new model provides insight into a possible conformational change in TMD2 upon proton binding. This movement pulls TMD6 out of the channel through rotation of TMD5, thus allowing substrates to be transported through hPepT1.  Mutational analysis is planned for TMDs 2, 4, and 6 to prevent conformational change and substrate transport from occurring. Such mutations will uncover the roles of proton binding and conformational change in substrate transport.

Supported by NIH grant GM59297.
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INTERACTIONS OF CHLORAMBUCIL AND MELPHALAN WITH DRUG EFFLUX TRANSPORTERS IN BRAIN ENDOTHELIAL CELLS

Bachmeier, C.J., and Miller, D.W. 

University of Nebraska Medical Center, NE 68198-6025

Purpose. The purpose of the present study was to evaluate the anticancer agents chlorambucil (CHB) and melphalan (MEL) for potential interactions with the drug efflux transporters P-glycoprotein (P-gp) and multidrug resistance-associated protein (MRP) in bovine brain microvessel endothelial cells (BBMEC).  
Methods. Accumulation and efflux studies were performed with confluent BBMEC monolayers using 3H-CHB and 14C-MEL in the presence or absence of indomethacin (10 uM, MRP inhibitor), GF120918 (3.2 uM, P-gp inhibitor), and/or L-buthionine-[S,R]-sulfoximine (BSO, 25uM, GSH depleting agent).  Permeability studies were carried out on polarized BBMEC monolayers using side-bi-side permeability chambers with 3H-CHB and 14C-MEL in the presence or absence of indomethacin and GF120918, respectively. 
Results. Efflux of 3H-CHB from BBMEC monolayers was significantly inhibited following indomethacin treatment (2-fold) over 1 hour.  In contrast, efflux of 14C-MEL was unaffected by indomethacin, but significantly reduced in the presence of GF120918 (2-fold compared to control).  In the permeability studies, basolateral (B) to apical (A) transport of 3H-CHB and 14C-MEL was significantly higher than the A to B transport in BBMEC monolayers (1.5 and 2.3-fold, respectively).  The bi-directional permeability differences observed with CHB and MEL were significantly reduced following indomethacin (CHB) or GF120918 (MEL) pretreatment.  To determine if CHB or its conjugates were being transported in BBMEC, uptake studies were performed in the presence or absence of BSO.  In the absence of BSO, accumulation of 3H-CHB was significantly enhanced with indomethacin (30%) but not GF120918.  In contrast, pretreatment of BBMEC monolayers with BSO resulted in significant increases in 3H-CHB accumulation following GF120918 exposure (20%) but not indomethacin.  
Conclusions. Drug efflux transport systems in the blood-brain barrier may reduce chlorambucil and melphalan accumulation in the brain.  In addition, modulation of these transporters could increase the efficacy of chlorambucil and melphalan in treating brain tumors.

PHS GRANT # RO3AG17294-01
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Thymine Dipeptide Prodrugs: Aqueous Stability and In Vitro Affinity to The Human Di/tripeptide Transporter, hPepT1

A.H. Eriksson and B. Steffansen.

Dept. of Pharmaceutics, The Royal Danish School of Pharmacy, Copenhagen, Denmark

Purpose. To evaluate the potential of the prodrug L-Glu-[1-(hydroxymethyl)-thymine]-Sar by determining its aqueous stability as well as the in vitro affinity to hPept1 in Caco-2 cell monolayers. 

Methods. In vitro stability was studied at 37 ºC in various aqueous buffer solutions at pH=5.0, 6.0 and 7.4 containing a constant ionic strength of 0.15. The influence of the buffer concentration was studied in the range of 0.02—0.06 M from which the degradation rate constant at zero buffer concentration was extrapolated.  The affinity to hPepT1 was investigated using Caco-2 cell monolayers by measuring inhibition of [14C]-Gly-Sar uptake. 
Results. L-Glu-[1-(hydroxymethyl)-thymine]-Sar proved to be very labile with pseudo-first order half lives of 36 minutes,12 minutes and 27 seconds at pH 5.0, 6.0 and 7.4 respectively. The hydrolysis released dipeptide and thymine quantitatively. L-Glu-[1-(hydroxymethyl)-thymine]-Sar showed affinity to hPepT1 at pH=5.0. The Ki was determined to be approximately 0.2 mM. 

Conclusions. L-Glu-[1-(hydroxymethyl)-thymine]-Sar proved to be too labile to be a relevant prodrug for oral delivery. However, the compound showed affinity to hPepT1 at a level comparable to similar compounds.
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STUDIES ON FUNCTIONAL SITES OF ORGANIC CATION/CARNITINE TRANSPORTER OCTN2 (SLC22A5) ANALYZED BY MUTANT PROTEIN FOUND IN JAPANESE POPULATION
A. Inano, R. Ohashi, I. Tamai, Y. Sai and A. Tsuji.

Kanazawa University, Kanazawa, Japan
Purpose. Organic cation/carnitine transporter OCTN2 mediates transport of carnitine in an Na+-dependent manner and organic cations in an Na+-independent manner. The objective of this study is to show the mechanism of molecular recognition of different substrates for OCTN2 is partly overlapped but not identical. 

Methods. We found one SNP mutation of OCTN2, S467C, in Japanese population with lower serum free-carnitine level, that showed marked decrease in carnitine transport but remains normal in organic cation transport when expressed in vitro.  So, using S467C-mutant OCTN2 we studied the substrate recognition sites on OCTN2 protein by kinetic and functional analysis. 

Results. The Km for carnitine of S467C-mutant OCTN2 was increased about 15-fold of that of wild-type.  Mutual inhibition kinetics of carnitine and TEA were not completely competitive, suggesting a presence of binding sites very close, but are not identical each other.  Furthermore, several organic anions such as valproate as well as organic cations significantly inhibited carnitine and TEA uptake by OCTN2, and valproate showed Na+-dependent inhibition on OCTN2-mediated TEA uptake.  The Na+-activation kinetics of S467C mutant showed good agreement with that of wild-type.  Furthermore, significant decrease of inhibition potency on TEA uptake by valproate was observed in S467C-mutant OCTN2.
Conclusions. These results suggested that the decreased affinity of S467C-mutant OCTN2 for carnitine was caued the functional alteration of anion (carboxyl-moiety of carnitine) recognition site, which is closely related to Na+-binding site, on OCTN2 protein.  These results demonstrated that OCTN2 has functional sites for carnitine and sodium and a part of the carnitine binding site would be used for the recognition of organic cations.
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Investigation of Substance P Metabolism Using Capillary ElectroPhoresiSWITH Laser-Induced Fluorescence and Liquid Chromatography wITH Tandem Mass Spectrometry

Cooper, J.D., Freed, A.L., Audus, K.A. and Lunte, S.M.

University of Kansas, Lawrence KS

Purpose.  To compare two different analytical techniques, capillary electrophoresis with laser-induced fluorescence detection (CE-LIF) and liquid chromatography with tandem mass spectrometry (LC-MS/MS), for the investigation of substance P (SP) metabolism by bovine brain microvessel endothelial cells (BBMECs) and with microdialysis sampling.

Methods.  Samples from the BBMEC and microdialysis studies were collected and either derivatized for analysis by CE-LIF or diluted with 0.1% formic acid for analysis by LC-MS/MS. 

Results.  With the CE-LIF system an additional metabolite (SP 2-11) was observed in the BBMEC studies that was not observed in the microdialysis samples.  The LC-MS/MS was able to detect non-lysine containing metabolites of SP (SP 5-11 and SP 6-11) in the microdialysis samples; these metabolites could not be detected by the CE-LIF method.

Conclusions.  Each of the analytical methods has advantages and disadvantages.  The CE-LIF method can handle small sample volumes, but is unable to detect non-lysine containing metabolites of SP.  The LC-MS/MS method is expensive to implement, but all the metabolites of SP can be determined.

   Poster 02                                                  


ANALYSIS OF PEPTIDES AND PEPTIDE-BASED PHARMACEUTICALS USING MICROCHIP ELECTROPHORESIS SYSTEMS

Nathan A. Lacher, Walter R. Vandaveer IV, R. Scott Martin, and Susan M. Lunte

Department of Pharmaceutical Chemistry, University of Kansas, Lawrence, KS 66046

Purpose. To develop analytical instrumentation to study the metabolism, transport and release of peptides or peptide-based drugs at biologically relevant concentrations.  This is important for the design of more effective pharmaceuticals products.  

Methods. Microchip CE analytical devices have been constructed with poly(dimethylsiloxane) PDMS.  PDMS is an attractive chip substrate because it requires minimal use of clean room facilities.  PDMS has been shown to be relatively simple when it comes to chip production and electrode integration, but does have some disadvantages that include broad peaks, severe peak tailing, and an unstable surface.  In this study, we will report methods to improve the performance of CE microchips based on PDMS and electrochemical detection.  The chip performance will be improved by fabricating a decoupler (isolates the working electrode from the separation voltage), a “floating” potentiostat (allows in-channel compared to end-channel detection which is normally performed), and by using several methods of PDMS surface modification (to reduce analyte adsorption).

Results.  It was found that the decoupler works well when using a fluorescence microscope and fluorescein as a model analyte, but did not function properly when connected to a conventional potentiostat.  The “floating” potentiostat allowed us to place the electrode in the channel, which increased the separation efficiency by a factor of 2.5 and decreased the peak skew by a factor of 1.3 for catechol (as compared to end channel detection).  Modifications to the surface of PDMS reported thus far have not led to drastic improvements in the separation of peptides or hydrophobic analytes such as catechol.

Conclusions.  PDMS is a rugged and reliable substrate for fabrication of microchip CE devices.  PDMS microchips can also be used for the separation of peptides and peptide based drugs with many different detection techniques, once a suitable modification method is obtained. 
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ASSAY FOR THE DETERMINATION OF HOMOCYSTEINE AS A MARKER FOR CARDIOVASCULAR DISEASE

S.A. Pasas, M.I. Davies, and S.M. Lunte.  

University of Kansas, Lawrence, KS

Purpose. Develop a high throughput and cost-effective method for the determination of all forms of homocysteine (Hcy) in plasma using conventional and microchip capillary electrophoresis (CE) with electrochemical detection (EC).
Methods.  Hcy and other endogenous thiols were detected using an Au/Hg amalgam electrode, which has increased sensitivity over the commonly used glassy carbon electrode.
Results. The limits of detection when using off-column EC detection was 500 nM and the separation was linear within the physiological concentration range for all disease states (5-100 μM).  Sample preparation methodologies for the determination of tHcy and pbHcy in plasma were optimized.  The concen​tra​tions of both pbHcy and tHcy in plasma obtained from a healthy individual were determined to be 2.79 ( 0.31 (M (n = 4) and 3.37 ( 0.15 (M (n = 3), respectively.  The methodology was transferred to a microchip CE-EC format and Hcy and reduced glutathione (GSH) were detected.

Conclusions. A new method for determination of pbHcy and tHcy was developed using CE-EC.  A microchip CE-EC device for the Hcy determination in plasma is also described.  The final device will be disposable and can be used for point-of-care testing.
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USE OF MICRODIALYSIS TO EVALUATE DEXAMETHASONE TISSUE DISTRIBUTION AFTER ORAL AND TOPICAL ADMINISTRATION
Virna Schuck1, Markus Muller1, Maria Grant2, Guenther Hochhaus1, Hartmut Derendorf1.

1Department of Pharmaceutics, College of Pharmacy; 2Department of Pharmacology, College of Medicine; University of Florida, Gainesville, Florida, 32610, USA.

Purpose. The purpose of this study was to determine the tissue distribution of dexamethasone after oral and topical administration by the use of microdialysis, and compare the concentration profiles in the muscle, corium and plasma obtained after administration by both routes. 

Methods. A pilot study was carried out to determine dexamethasone absorption and tissue distribution after oral and topical administration. Two microdialysis probes (CMA-60() were inserted into the right thigh of the volunteer, one into the muscle and another in the subcutaneous tissue. Afterwards, lactate Ringer was pumped through the probes at a flow of 1.5 (L/min for 30 minutes, and a pre-dose sample was collected. Thereafter, one of the following treatments was administered: two 4-mg tablets of dexamethasone administered orally; or topical administration of dexamethasone by iontophoresis in a dose of 40mA-minute. Microdialysis samples from both probes and blood samples were collected every 20 minutes for 2 hours and every hour after that for the next 6 hours. The recovery of dexamethasone was determined in vitro by retrodialysis. All samples were analyzed by radioimmunoassay 

Results. Dexamethasone could be detected in the samples from both probes after oral administration, however no drug was detected after topical administration. The concentration in microdialysis samples ranged from 0.1 ng/ml to 0.7 ng/ml. The AUC of corium and muscle concentration curves were similar, however the profiles were different. The peak plasma concentration after oral administration was 52.4 ng/ml, obtained after 1.5 h. The average in vitro recovery was 6.86% ( 1.4%. 

Conclusion. Despite the low microdialysis sample volumes and the low recovery of dexamethasone, microdialysis could still be used to determine dexamethasone levels and its distribution into the tissues. Dexamethasone seems to distribute well in the tissues after oral administration. However, the absorption after topical administration seems to be very little.
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ISOPERIBOL CALORIMETRY STUDIES OF PROTEIN/AMINO ACID INTERACTIONS IN SOLID STATE

Tian F. and Rytting J.H. 

The University of Kansas, Lawrence, KS 66047 

Purpose.  Using isoperibol calorimetry to investigate interactions between proteins and amino acids in the freeze-dried state to seek possible formulation advantages.  

Methods.  Proteins “A” and “B” were freeze-dried at pH 6.0 ± 0.3 with different concentrations of buffer solutions (L-histidine or L-arginine) ranging from 10mM to 200mM.  Isoperibol calorimetry was utilized to detect interactions between proteins and amino acids.  Enthalpies of solution for both freeze-dried and physical mixtures were measured in water at 25oC.

Results.  Linear relationships between the enthalpies of solution and the percentage of protein in formulations for all physical mixtures were observed from the isoperibol calorimetry results.  However, such relationships between the enthalpies of solution and protein content were absent for freeze-dried mixtures.  Positive deviations from linearity were detected for both histidine-containing and arginine-containing lyophilized samples.

Conclusions.  Positive deviations from linearity indicated that there were direct interactions between proteins and amino acids in the lyophilized mixtures.
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COMPUTER MODELING OF NUCLEIC ACIDS. 
Bayramyan M.Z., Chambers E.J., Price E.A., and Haworth I.S.  
Department of Pharmaceutical Sciences, University of Southern California, Los Angeles, CA.
Purpose.  Nucleic acids are of increasing importance as drug targets and also as lead molecules for the design of new ligands (DNA aptamers). The goal of our laboratory is to develop new computational methods to enhance the process of nucleic acid-based drug discovery, to allow the calculation of nucleic acid structures and transition pathways, and to accurately predict nucleic acid backbone conformations. 

Methods. Our computer algorithm is able to build nucleic acid structures ranging from simple B-DNA to much more complicated structures. Initial base positions are generated based on a series of rotational and translational input parameters, which permit complicated structures and structural transitions to be designed. The program then allows the computation of either phosphodiester or synthetic (phosphorothioate, PNA, etc.) backbones that are compatible with computed base geometries.

Results.   We will present the applicability of the algorithm in the construction of several three-stranded nucleic acid structures, triplexes, R-loops and H-DNA. For the triplex structures, we will provide a rationalization of experimental data for the stability of specific triplex arrangements. We then extend these data to more complex H-DNA conformers that contain triplex regions, and explore the range of sequences that might form these structures. R-loop structures are RNA-DNA hybrids that form during transcription of immunoglobulin switch regions. We will show how the computed data are able to provide insights into the detailed structure of these regions.

Conclusions. The generation of nucleic acid structures consistent with experiment can be achieved computationally. This approach has the potential to lead to new methods of structure based drug discovery based on nucleic acids as lead molecules.
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LIPOSACCHARIDE DELIVERY SYSTEM FOR PEPTIDE IT-100, LHRH AND CONOTOXIN MII

Chan Y,1 Blanchfield J,1 Rhee H,1 Alewood P,2 Adams D,3 Good M4 and Toth I1
1School of Pharmacy, University of Queensland (UQ), 2Institute for Molecular Bioscience, UQ, 3Physiology and Pharmacology, UQ, 4Queensland Institute for Medical Research, Brisbane, Australia.

Purpose. To improve the oral absorption of peptides, IT-100, LHRH and Conotoxin MII, by chemical conjugation with lipoamino acids (LAA) and sugars.
Methods. Synthesis of peptides and their conjugates were achieved by solid phase peptide synthesis. Caco-2 assay was used to predict the oral bioavailability. In vitro activity of Conotoxin MII and its conjugates were compared by examining their binding affinity towards nicotinic acetylcholine receptors (nAChRs) in a rat ganglia cell model. LHRH and its conjugates were orally administrated to rats daily for 14 days. Three hours after the final dose, testes, epididymides, seminal vesicles and prostates were removed and weighed to determine the drugs’ potencies. 
Results. The LAA conjugated Conotoxin MII exhibited the same affinity towards nAChRs as the native peptide. There were no changes in organ weights in LHRH group in comparison to the control group. The mean weights of epididymides & seminal vesicles of the liposaccharide-LHRH group were significantly lower than those of the control group.

Conclusions. These findings suggest that conjugation with LAA or liposaccharide has the capacity to increase the uptake of drugs across the epithelium of the gut.
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Lidocaine-releasing microsphere-gel system for in vivo localized anesthetic efficacy
Pen-Chung Chen1, Yoon Jeong Park1, Robert Bartlett2, Daniel Kohane3, Li-Chien Chang4, Robert Langer3, and Victor Chi-Min Yang1.  
College of Pharmacy1 and School of Medicine2, The University of Michigan, Ann Arbor, MI 48109-1065. Massachusetts Institute of Technology3, Cambridge. 

Medical Defense University4, Taiwan.  

Purpose. Localized anesthesia is essential to relieve pain after surgery. Herein, injectable microspheres based either on poly(d,l-lactide) (PLA) or poly(glycolide-lactide) (PGLA) are fabricated to achieve sustained lidocaine release. Also explored is the prolonged effect of poloxamer 188 gel on the release kinetics. Several formulations were investigated in vitro and in vivo to identify the most possible candidate for clinical applications. 

Methods. Microspheres were fabricated by an o/w emulsion-solvent evaporation method. These microspheres were also characterized of morphology and size using scanning electron microscopy (SEM), glass transition temperature (Tg) using differential scanning calorimetry (DSC), and loading contents and release kinetics using reverse-phase high pressure liquid chromatography (RP-HPLC). The in-vivo anesthetic effects of several formulations were tested by monitoring the sensory and motor responses in a rat model. 

Results. An increasing degree of anesthetic effects was shown in the rat model with the following formulations possessing primarily the same lidocaine dose: the lidocaine solution for 2 hour; the lidocaine-loaded poloxamer gel for 4.5 hours; the lidocaine-loaded microspheres for 5 hours; the lidocaine-loaded microspheres within the blank gel for 8 hours; and the lidocaine-loaded microspheres within the lidocaine-loaded gel (double dose) for 10 hours. The results suggested that the poloxamer gel was capable of locally retaining the level of lidocaine being released from the microspheres, and consequently, prolonged the local anesthetic effect effectively. 

Conclusion. The microsphere-gel system could relieve pain more effectively than microsphere or gel alone.
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DESIGN OF INTERPENETRATING NETWORK HYDROGELS for colon-specific DRUG DELIVERY
P. Chivukula, D. Wang, P. Kopečková, J. Kopeček.  
University of Utah, Salt Lake City, Utah 84112, U.S.A.

Purpose. To synthesize interpenetrating network (IPN) hydrogels composed from pH-sensitive, aromatic azo group containing hydrogel as one of its components, and a hydrolyzable network as the other.  To evaluate properties of IPNs with the aim to identify structures suitable as colon-specific drug delivery systems.

Methods. IPN hydrogels were composed from two independently crosslinked networks (A and B) that were interlocked.  Swelling kinetics at conditions mimicking the gastrointestinal tract was determined for hydrogels of different compositions. Determination of the modulus of elasticity in compression and degradability was used to characterize the properties of the IPN hydrogels.

Results. By manipulating the crosslinking density and/or the weight ratio of the networks A and B a linear swelling profile could be achieved.  After complete dissolution of the hydrolyzable network B, the mechanical strength and the equilibrium degree of swelling corresponded to properties of the azo network A.  The degradation of the network A in IPN hydrogels was evaluated by incubation of the IPN hydrogels with fresh rat cecum contents. 

Conclusions. IPN hydrogels were synthesized using a sequential polymerization technique. Preliminary data indicate that IPN hydrogels are suitable carrier systems for colon-specific delivery of therapeutics.
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TRANSMUCOSAL DELIVERY OF CALCITONIN IN RABBITS USING MUCOADHESIVE THIN-FILM COMPOSITES

Zhengrong Cui and Russell J. Mumper

University of Kentucky, Lexington, KY

Purpose. Calcitonin is used to treat hypercalcemia. It is available either as sterile injectable or nasal spray. Alternative and more cost-effective routes of delivery for calcitonin are needed. We sought to deliver it using a previously reported mucoadhesive bi-layer thin-film composite (TFC) via rabbit buccal mucosa.  

Methods.  Forty µg of salmon calcitonin (~200 IU) was post-loaded on pre-formed TFCs. In-vitro release was monitored in PBS buffer (10 mM, pH 7.4) at 37oC. Female NZW rabbits (n=6) were dosed with 40 µg of sCT either by injection via the ear vein or by applying sCT-loaded TFCs directly on the buccal pouch. Blood was collected as various times, and the plasma Ca+2 and sCT concentrations were quantified. WinNonlin® was used to determine the relevant PK parameters. 
Results. Over 80% of sCT was released from the TFCs within 240 min. Rabbits injected intravenously had Cmax and AUCinf values of 75.1 + 6.5 ng/mL and 1925 + 237 ng*min/mL, respectively. Rabbits dosed via the buccal route had Cmax and AUC0-400 min values of 4.6 + 1.6 ng/mL and 842.9 + 209.7 ng*min/mL, respectively. The relative bioavailability for rabbits treated with the TFCs was 43.8 + 10.9% with a CV of 24.9%. The reduction in plasma calcium levels for both the intravenous and buccal route were comparable. 
Conclusions. The TFCs could rapidly deliver therapeutically relevant amounts of sCT across the buccal mucosa.  
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POLYMERIC PRODRUG: ENHANCED RELEASE DUE TO INTRAMOLECULAR RING CLOSURE

A. M. D’Souza and E. M. Topp.  
The University of Kansas, Lawrence, KS

Purpose. To develop a PVP-based polymeric prodrug linked by an amide bond that employs intramolecular ring closure to enhance release. 

Methods. A PVP based prodrug, using p-nitroaniline (PNA) as the model drug, was synthesized using standard peptide synthesis protocols. The reaction intermediates and resulting prodrug were characterized using chromatographic and spectroscopic techniques. Release of PNA from the prodrug (10mM phosphate buffer pH 7.5, 50 (C) was measured using size exclusion chromatography with UV detection. To assess the enhancement in the release rate afforded by the free pyrrolidone nitrogen, releases from N-protected and N-deprotected prodrugs were evaluated. 

Results. PNA was covalently bound to about 3% of the monomers of PVP. The resulting polymeric prodrug was water-soluble. Intramolecular ring closure significantly enhanced the rate of PNA release as evidenced by the 3-fold increase in the release rate of the N-deprotected prodrug over that of the N-protected prodrug.

Conclusions. A PVP-based prodrug that employs intramolecular ring closure to enhance release was synthesized. This approach can serve as a prototype for the development of a controlled release system for molecules containing amino groups.

Acknowledgements. This work was supported by The Parenteral Drug Association and NIH GM-23850.
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IN VITRO RELEASE CHARACTERISTICS OF DEXAMETHASONE SODIUM PHOSPHATE FROM CHITOSAN FILMS 
Hakan Eroðlu and Levent Öner 

Hacettepe University, Sihhiye Ankara, TURKEY 
Purpose. To investigate the in vitro release mechanismsof chitosan films prepared by using dexamethasonesodium phosphate (DSP) as well as the filmcharacteristics. 
Methods. For the preparation of chitosan film, certain amount of DSP was dissolved in 40 mL acetic acidsolution (1.5 %, v/v). This solution was poured over 0.4g chitosan and then 10% glycerine was added as the plasticizer. Resulting viscous solution was transferred to a Petri dish and left to dry at room temperature for several days. For the crosslinking process, films were soaked with 0.1 % tripolyphosphate (TPP) solution for 5 minutes. Surface morphologies, film thickness,equilibrium swelling studies and in vitro release characteristics of the chitosan films were investigated.  The in vitro release mechanism of DSP from the film was studied by the equation Mt / M( = ktn described as Power Law.

Results. The surface of chitosan films was found to be regular and no crystal structures existed on the surface.  In the absence of crosslinking agent (TPP), DSP was completed within 30 minutes. On the other hand in the presence of TPP the release time was extended up to 60 minutes.

Conclusions. Results suggest that chitosan fims can be suitable systems for the controlled delivery of dexamethasone sodium phosphate. 
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IDENTIFICATION AND CHARACTERIZATION OF A PRODRUG ACTIVATING ENZYME: BPHL (BIPHENYL HYDROLASE-LIKE) HYDROLYSES VALACYCLOVIR. 

Kim I.1, Chu X.2, Provoda C.1, Lee K.-D.1, Amidon G.L.1 .  
1College of Pharmacy, The University of Michigan, Ann Arbor, MI 48109-1065, 2Merck and Co., Inc., Rahway, NJ 07065
Purpose. Valacyclovir (VACV), the L-valyl ester prodrug of acyclovir (ACV), exhibits a broad spectrum of anti-herpetic activity.  The bioavailability of L-VACV is 3 to 5 folds higher than that of ACV.  The objective of this study was to identify an enzyme(s) responsible for the intracellular activation of VACV to ACV.   

Methods.  An enzyme, which has hydrolytic activity against valacyclovir, was purified from a soluble mitochondrial fraction of Caco-2 cells.  To identify the purified enzyme, the N-terminal sequencing and database search for homologous proteins of the purified enzyme was performed.  The expression system containing Biphenyl hydrolase-like (BPHL), which was identified by the homology search, was constructed using pET29b and transformed BL21 (DE) E. coli.  BPHL expression was induced by 1 mM IPTG and BPHL was purified by column chromatography.  Valacyclovir hydrolysis by BPHL was studied. 
Results.  A protein, which is responsible for valacyclovir hydrolysis in Caco-2 cells, was purified.  It is basic and about 27 kDa in size.  The valacyclovir hydrolase showed stereoselectivity on D(L)-valyl acyclovir and hydrolytic activity on L-glycyl acyclovir and L-valyl AZT as well.  The homology search using partial N-terminal sequence of the purified valacyclovir hydrolase identified Biphenyl hydrolase-like (gi:4757862) as the most relevant protein.  The recombinant BPHL was able to hydrolyze valacyclovir and showed preference for L-valyl over D-valyl ester acyclovir. The apparent Km and Vmax of BPHL for valacyclovir hydrolysis were 0.155 mM and 158.5 nmole/min/(g protein, respectively.

Conclusions.  Biphenyl hydrolase-like was identified as a valacyclovir hydrolyzing enzyme and this enzyme may serve as a molecular target for prodrug strategies. 

Acknowledgements.  NIH GM 37188
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The Use of a transduction peptide as a Possible means for Protein encapsulation 

Yong T. Li , Jun F. Liang and Victor C. Yang. 

University of Michigan, Ann Arbor, MI 
Purpose.  A novel method for encapsulating proteins is presented here. A cationic peptide containing the sequence of the HIV’s protein transduction domain TAT is conjugated to a model enzyme drug –asparaginase. The conjugated enzyme possesses the ability to translocate through cell membranes and maintains its catalytic activity once inside the cell. 
Methods. A cationic peptide CGGGYGRKKRRQRRR (TAT) was attached to asparaginase by using bi-functional cross-linking agent N-succinimidy 3-(2-pyridyldithio) propionate. The enzymatic activity of asparaginase was measured in vitro by the generation of NH3 from the hydrolysis of 
sparagines, as well as by monitoring cell’s viability in cell culture samples. Cell viability was detected using the XTT assay to detect cell’s mitochondria dehydrogenase activity. 

Results. The TAT-asparaginase conjugate was successfully prepared as evidenced by the increase in heparin binding affinity and the increase in molecular weight.  The conjugated asparaginase retains its ability to convert 
sparagines to aspartic acid and NH3. In addition, its ability to kill leukemia cells was similar to that of native asparaginase in cell culture experiments using MOLT-4 leukemic cells.  

Conclusion. This study demonstrated the feasibility of using the transduction TAT peptide to create a new encapsulation method for proteins to enter biological entities such as red blood cells so that the encapsulated proteins can escape immunological detection. 
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LOCAL RELEASE KINETICS OF IGF I LOADED MICROPARTICLES  DETERMINE THE MECHANISM AND EXTENT OF BONE REPAIR. 

Luginbühl V, Merkle HP, and Meinel L

Drug formulation & delivery group, ETH Zürich

Purpose. Development of biodegradable IGF I microsphere (MS) formulations with different release kinetics and testing of their effects on inflammation, osteoinduction and new bone formation in sheep.                                                                 

Methods. IGF I was encapsulated in various types of poly (lactide-co-glycolide) (PLGA 502H, 502, 503H, 752) and poly-lactide (PLA 202) MS using solvent evaporation (loading 0.1%, HPLC). IGF I in vitro release and bioactivity were analysed (RIA; MTT mitogenic assay in osteosarcoma cells). The in vivo study was performed in 6 sheep (8 bone defects per animal) using 8 mm drill hole defects. Animals were sacrificed after 3 and 6 weeks and bone sections were prepared for histological analysis and for transcriptional assessment of mRNAs for inflammatory cytokines and osteoinductive growth factors using RT-PCR.                                                                     

Results. RT-PCR in consistency with histological observations demonstrated all IGF I formulations to create an anti-inflammatory microenvironment within the defects. Osteoinduction and new bone formation was especially advanced in IGF I loaded PLGA 503H (27.7% new bone), and PLA 202 (17%) MS treated defects, 6 weeks post operation.                                              

Conclusions. This work details the significance of the local dynamics triggered by IGF I delivery and corroborates the importance of kinetic aspects for osteoinduction and new bone formation in bone defects. 
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GADOLINIUM HEXANEDIONE NANOPARTICLES ENGINEERED FOR POTENTIAL APPLICATION IN NEUTRON CAPTURE THERAPY OF TUMORS

M. O. Oyewumi and R.  J. Mumper.  
College of Pharmacy, University of Kentucky, Lexington, KY 40536-0082.

Purpose.  To engineer stable nanoparticles for tumor targeting of gadolinium (Gd) as a potential agent for neutron capture therapy (NCT). 

Method. Gadolinium hexanedione (GdH), (synthesized by complexation of Gd3+ with 2,4-hexanedione) was incorporated into microemulsions templates (oil-in-water) prepared at 55oC using as matrix materials (0.5–2.5 mg): emulsifying wax or PEG 400 monostearate. Solid nanoparticles were obtained by cooling the warm microemulsions to 25oC. To obtain tumor-targeted nanoparticles, a folate ligand (hydrophobized folic acid) was added to either microemulsion templates at 55oC or nanoparticles suspension at 25oC. Efficiency of folate attachment/insertion to nanoparticles was assessed by gel permeation chromatograghy. Gd uptake into KB cells (human nasopharyngeal carcinoma cell lines) was monitored by fluorescence. 

Results. The average particle size of Gd nanoparticles was 74.7 ( 5.6 nm. Within 30 minutes of incubation of nanoparticles containing GdH 6-120 (g/ml with KB cells at 37oC, uptake of Gd was about 3-fold higher in folate-nanoparticles than nanoparticles without folate. Current studies are evaluating effects of various process and formulation variables on Gd uptake. 

Conclusions.  The nanoparticles (sizes ~100 nm) may enhance the over-all success of Gd-NCT of tumors. 
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DYNAMICS OF Endocytosis and exocytosis of PLGA nanoparticles

Jayanth Panyam and Vinod Labhasetwar. 
University of Nebraska Medical Center, Omaha, NE 68198-6025

Purpose. To study endocytosis and exocytosis of poly (D,L-lactide-co-glycolide) (PLGA) nanoparticles (NPs) in arterial vascular smooth muscles cells (VSMCs).

Methods. NPs containing 6-coumarin as a fluorescent marker were formulated by emulsion-solvent evaporation technique and were used study the endocytosis and exocytosis of NPs in VSMCs.  

Results. Cellular uptake of NPs was a concentration-, time- and energy-dependent endocytic process. The NP uptake increased with incubation time in the presence of NPs in the medium, however, once the extracellular NP concentration gradient was removed, exocytosis of NPs occurred with about 65% of the internalized fraction undergoing exocytosis in 1 hr.  NP retention increased with increasing dose but the effect was relatively less significant with the increase in incubation time.  Interestingly, the exocytosis of NP was almost completely inhibited when the medium was depleted of serum.  Addition of BSA in the serum free medium with or without growth factor (PDGF) induced exocytosis of NPs similar to that in serum-containing medium, suggesting that protein in the medium, which is probably adsorbed on NPs, have an important role in the exocytosis of NPs. 

Conclusions. The study demonstrated that endocytosis and exocytosis of NPs are dynamic processes.  Better understanding of the mechanisms of endocytosis and exocytosis would be useful in exploring NPs for intracellular drug delivery.
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Skin Penetration Pathways of FITC Insulin from Ethosomes
Vaisman B. and Touitou E. 

Department of Pharmaceutics, School of Pharmacy, Faculty of Medicine, The Hebrew University of Jerusalem, Israel.  

Purpose. To characterize the FITC insulin ethosomes and to investigate the effect of the delivery carrier on the skin penetration pathways of insulin. 

Methods. FITC bovine insulin (FITC-Ins) was synthesized and used to visualize the penetration pathways of insulin. FITC-Ins was characterized by determination of the molar ratio FITC/insulin, mass-spectroscopy and DLS. Different systems were investigated: ethosomes, aqueous and hydroethanolic solutions. They were characterized by DLS, TEM, SEM and ultracentrifugation. The pathways of insulin penetration were evidenced by CLSM examination of rats’ skin whole thickness and cryostat-sectioned biopsies obtained after in vivo application. 

Results. The FITC-Ins was found to be in monomeric state and the FITC/insulin molar ratio was 0.32. The mean hydrodynamic radia of the ethosomes was about 100 nm. CLSM studies revealed that FITC-Ins, applied in the various systems showed different skin penetrations profiles. More than one penetration pathway for insulin was observed when insulin was delivered from the ethosomal systems. 

Conclusions. Results of the present work suggest that the delivery carrier may affect the penetration pathway of FITC-Ins. It is noteworthy, that the conjugation of insulin with FITC moiety prevented its aggregation. 
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Protein-based triblock copolymerS as potential drug carrierS

C. Xu, J. Kopeček.  
University of Utah, Salt Lake City, UT

Purpose. To reveal the relationship between the structure of protein-based triblock copolymers and their oligomerization behavior. The ultimate goal is to design new hydrogel-based, stimuli-sensitive drug delivery systems.

Methods. Two protein-based ABA triblock copolymers were synthesized using genetic engineering techniques. Both copolymers contained two coiled-coil A blocks and a random coil B block. The difference between the two proteins was in the amino acid sequence of the upstream coiled-coil. The copolymers also contained histidine tags to allow purification using metal affinity chromatography. Circular dichroism was used to verify secondary structure and to examine the thermal stabilities of both protein copolymers. Analytical ultracentrifugation (AUC) was carried out to characterize the oligomerization behavior. The viscoelastic properties of the protein copolymers will be evaluated using a two-point microrheology technique.

Results. Both of the triblock copolymers possessed (-helical secondary structures. Their melting temperatures differed by more than 10 oC. AUC analysis for one protein showed the formation of pentamers at low concentrations, suggesting a possible higher order aggregation at higher concentrations.

Conclusions. The results suggest that the protein-based triblock copolymers have a potential to form three-dimensional structures. Their melting temperature and oligomerization behavior may be controlled.
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VIRAL GENE DELIVERY TO MIGRATING/ WOUNDED INTESTINAL EPITHELIAL CELLS 

Kesisoglou, F., Schmiedlin-Ren, P., Chamberlain, J.R., Roessler, B.J., Fleisher, D., Zimmermann, E.

University of Michigan, Ann Arbor MI

Purpose. To study adenoviral (Ad5) transfection of de-differentiated/migratory intestinal epithelial cells utilizing Caco-2 cells in two in vitro systems. 
Methods. i) “Fence” system: Caco-2 cells were grown in the center well of a stainless steel ring (“fence”). “Fence” removal causes cells to expand outwards. Cells were transfected with Ad5 before or after “fence” removal. ii) Wounded monolayer system: Differentiated Caco-2 cell monolayers were mechanically wounded and transfected with Ad5. Vectors contained the LacZ or luciferase genes. A standard Ad5 and a modified Ad5 vector (Ad5short) expressing Ad41 short fiber were studied. Transfection was quantified by bioluminescence photon counts and X-gal staining. Virus receptor (CAR) and avβ5 integrin expression was studied with immuno-cytochemistry. Transfection inhibition was studied with an anti-CAR mAb. 
Results. Migrating/wounded cells were transfected more efficiently than confluent ones. At MOI of 1000, virtually all cells on the migrating/ wounded edge were transfected and photon counts increased 3- and 1.5-fold for the fence and wounded monolayer system respectively. Standard Ad5 produced 10-20 fold higher transfection levels than Ad5short. Pre-incubation with anti-CAR mAb reduced transfection levels. 
Conclusion. Migrating/wounded intestinal epithelial cells are more susceptible to transfection by Ad5 and may represent a therapeutic target in disease states with inflammation/damage of the intestinal wall.

Poster 21



CHARACTERIZATION OF HEPATIC DELIVERY OF MACROMOLECULES WITH LARGE VOLUME INJECTION AND ITS THERAPEUTIC APPLICATION

Kobayashi N, Kawase A, and Takakura Y.

Kyoto University, Kyoto, Japan

Purpose.  To characterize hepatic uptake mechanisms of plasmid DNA (pDNA) following a large volume intravenous injection procedure (i.e. the hydrodynamics-based procedure (F. Liu et al. Gene Ther 1999)) in mice and to examine therapeutic applications of the procedure.

Methods.  Mice received a tail vein injection of various macromolecules including plasmid DNA and polystyrene microspheres.  Volume of injected solution was 200 (l or 1.6 ml for the normal or the hydrodynamics-based procedure, respectively.  In vivo disposition was determined by using fluorescein- or radio-labeled molecules.  Cellular localization was determined by confocal microscopic images and by fractionating liver parenchymal and nonparenchymal cells.  In therapeutic experiments, mice were inoculated with colon carcinoma cells followed by intravenous injections of interferon-expressing pDNAs.

Results.  Hepatic uptake of pDNA following the hydrodynamics-based procedure was a nonspecific process (N. Kobayashi et al. J Pharmacol Exp Ther 2002).   Hydrodynamics-based hepatic delivery resulted in therapeutic effects of interferon-expressing pDNAs in liver metastasis models.

Conclusions.  Enhanced hepatic delivery of the hydrodynamics-based procedure was applicable to various macromolecules as well as pDNA.
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ANALYSIS OF SECRETION POLARITY AFTER GENE DELIVERY TO EPITHELIAL CELLS

M. Maruyama, Y. Watanabe and Y. Takakura.

Kyoto University, Kyoto, Japan 
Purpose. Interferon (IFN) gene delivery to epithelial cells would be very useful for therapeutic purpose and the secretion direction after gene delivery is one of the important factors for eliciting the effects of IFN. We have already found that IFN secretion mode was different between stable and transient gene expression. To clarify this mechanism, we constructed human IFN -(-GFP fusion protein (Hu(-GFP) expression vector and intracellular localization of Hu(-GFP was investigated in Pam-T and MDCK type I cells. 
Methods. Cells were cultured on Transwell for 5-7 days. In transient gene expression experiments, plasmid DNA complexed with cationic liposome was applied to apical or basal sides for 4 hr. In stable gene expression experiments, 5 days after seeding, medium was changed to fresh medium. Culture fluids were collected from both sides 24 hr after last changing medium. IFN activities of collected medium were determined by IFN bioassay. For analyzing intracellular localization of Hu(-GFP, brefeldin A treatment or low temperature block was carried out. Treated cells were subjected to the analysis using confocal laser scanning microscope. 
Results. Hu(-GFP secretion profile was the same as natural human IFN-(. Intracellular localization pattern of Hu(-GFP in transient and stable was similar. 
Conclusions.  These results demonstrate that secretion polarity take place at the level of the trans-Golgi network.
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CATIONIC NANOPARTICLES CONSISTING OF POLYETHYLENIMINE AND PLGA AS PARENTERAL CARRIERS FOR DNA VACCINATION

C.G. Oster, T. Kissel

Department of Pharmaceutics and Biopharmaceutics, Philipps University Marburg, Germany
Purpose.   The aim was to evaluate nanoparticular systems with PEI and other cations for their potential of adsorbing and condensating DNA. The zetapotential, adsorption efficiencies, cytotoxicity and transfection efficiencies were studied.  

Methods. Nanoparticles were prepared by incorporating a cationic agent into a biodegradable polymer using a modified double emulsion technique. 50 mg polyethylenimine 25 kDa were dissolved in a 5% PLGA solution in methylene chloride for homogenisation in PBS first and 50 ml PVA 0.5%  thereafter. Zetapotential measurements were performed at different pH. Particle size was measured by dynamic light scattering and confirmed by SEM.  DNA was adsorbed from a 1 mg/ml DNA solution and adsorption efficiencies were measured by UV and fluorescence spectroscopy.  LDH-assays were performed on a L929 mouse fibroblast cell line to measure the membrane toxicity. Transfection experiments were carried out with CMV-(km)-LUC plasmid particles on L929 cells.
Results.  PLGA particles with incorporated polyethylenimine were characterized by a zetapotential of  + 40mV compared to – 5.2mV for PLGA alone. The zetapotential was consistently positive over a pH-range from 3 to 8, versus PLGA particles prepared with cationic agents of low charge densities, as CTAB and amino-substituted polyvinylalkohols.  DNA adsorption efficiencies correlated with these findings, exhibiting a consistent adsorption efficiency of over 90%. Particle sizes ranged from 300nm to 1.5µm depending on homogenisation speed and the stabilizer used. No membrane toxicity was detected by LDH release for PEI / PLGA nanoparticles at concentrations of 1 mg/ml corresponding to 100µg/ml polyethylenimine. Thus the incorporation of PEI into PLGA prevented its cytotoxicity. Transfection experiments revealed a 50-fold increase in luciferase expression for the PLGA / PEI particles, as compared to naked plasmid.

Conclusions. The evaluation of the PLGA particles prepared by the incorporation of cationic agents, demonstrates that the polyethylenimine incorporation is well suited to generate cationic nanoparticles for the purpose of DNA vaccination.
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A NON-VIRAL GENE DELIVERY FORMULATION STABILIZES REPORTER GENE PRODUCTION IN VIVO.

Ragnarsson, E.G.E., Artursson, P., Köping-Höggård, M. and Regnström, K.

Uppsala University, Uppsala, Sweden

Purpose. To compare two cationic gene delivery systems, polyethylenimine (PEI) and ultra pure chitosan (UPC), with respect to different gene expression profiles and stabilization of the luciferace reporter after in vivo administration.
Methods. The two polymers were formulated with the reporter plasmid pLuc and were injected intratracheally to mice. Total RNA from the lungs were extracted, 32P labeled cDNA probes were made. The probes were hybridized to an array with genes involved in stress and toxic reactions. The array results were confirmed on the protein level by Western blotting. The genes with a significant change in expression were clustered.
Results. Six different clusters were obtained. Most of the clusters contained genes which were strongly affected after administration of PEI, giving PEI a more toxic “fingerprint” than the biodegradable polymer UPC. The PEI-formulation also up-regulated several chaperone subunits. Chaperones are known to stabilize and facilitate the folding of proteins, including luciferace, in cells.
Conclusions. This study identifies differences in the gene expression profiles obtained after administration of two non-viral gene delivery systems PEI and UPC. PEI showed a more toxic expression profile than UPC and also up-regulated a luciferas-stabilizing chaperone.
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The Role of P-glycoprotein in the CNS Distribution of a Novel Antitumor Agent, STI-571(Gleevec).  

H.Q. Dai, N Shaik, M. Lemaire, P. Marbach, W. Elmquist.  

University of Nebraska Medical Center, Omaha, NE
Purpose. The objective was to examine the role of p-glycoprotein in the central nervous system (CNS) distribution of STI-571 (Gleevec).  P-glycoprotein can limit the penetration of several drugs into the brain.  The distribution of STI-571 to the CNS is critical to its action against CNS tumors.  P-glycoprotein mediated efflux may play a role in the delivery of this drug to the CNS..
Methods. The directional flux of STI-571 was studied in MDCKII epithelial cell monolayers, both parental and MDR1-transfected, using Transwell inserts.  The apical-to-basolateral (A-to-B) and basolateral-to-apical (B-to-A) fluxes at various time points up to 3 hours were measured using radiolabeled STI-571.  The effect of p-glycoprotein inhibition on the directional flux was also determined using MDCKII-MDR1 cell monolayers.  In vivo brain distribution studies were done using wild-type and mdr 1a/b (-/-) knockout mice.  STI-571 brain-to-plasma concentration ratios were determined 30, 60 and 120 minutes postdose, where mice were administered 25 mg/kg 14C-STI-571 orally.  RP-HPLC was used to determine the radioactivity associated with parent drug.
Results. The B-to-A flux of STI-571 was 25-35 fold greater than the A-to-B flux in the transfected cells and 5-8 fold greater in the parental monolayers.  This difference in directional flux was abolished by p-glycoprotein inhibition.  In the wild-type mice, the brain-to-plasma STI-571 concentration ratio at all time points was low (1-3 %), however, there was an eleven-fold increase in brain partitioning at one hour post dose in the mdr1 a/b (-/-) double knockout mice.  
Conclusions. These data show that STI-571 is a p-glycoprotein substrate, and that the inhibition of p-glycoprotein will dramatically affect the in vitro transport of STI-571 across MDCKII monolayers.  The in vivo results indicate that p-glycoprotein plays an important role in limiting the distribution of STI-571 to the CNS.
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LOCALIZATION OF THE CANALICULAR TRANSPORT PROTEINS MDR1 AND MRP2 IN HUMAN HEPATOCYTES CULTURED IN A SANDWICH CONFIGURATION

Keith A. Hoffmaster, Priyamvada Chandra, Edward L. LeCluyse, and Kim L.R. Brouwer.

University of North Carolina at Chapel Hill, Chapel Hill NC, USA

Purpose. Evaluation of canalicular transport processes in conventional cultures of hepatocytes is difficult due to the loss of cell membrane polarization and internalization of canalicular transport proteins during the hepatocyte isolation procedure.  We investigated the localization of MDR1 and MRP2 in human hepatocytes cultured in a sandwich configuration.


Methods. Freshly isolated human hepatocytes were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) with fetal bovine serum on gelled collagen for 24 hours.  At 24 hours, cells were overlaid with collagen and cultured for 5 days in serum-free DMEM.  Morphology was evaluated daily by light microscopy.  On day 6, cultures were acetone-fixed and incubated with specific antibodies for MDR1, MRP2, or the canalicular specific protein dipeptidyl-peptidase IV (DPPIV).  Incubation with fluorochrome conjugated secondary antibodies permitted protein detection by immunofluorescence confocal microscopy.                                                                                                                
Results. Light microscopy revealed the formation of canalicular networks after 6 days in culture.  MDR1 immunoreactivity was concentrated to the canalicular domain of the hepatocyte.  Co-localization of MDR1 and DPPIV confirmed this observation. MRP2 localization was similar to both MDR1 and DPPIV.  Co-localization of MDR1 and MRP2 demonstrated these proteins are expressed at the canalicular domain of the sandwich-cultured human hepatocyte.  




Conclusions. Human hepatocytes cultured in sandwich configuration develop canalicular networks with appropriate localization of MDR1 and MRP2 protein to this domain.  The establishment of this polarized architecture suggests that sandwich cultured human hepatocytes are a useful in vitro model for examining human hepatobiliary transport.

Supported by NIHGM41935
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BIOPHYSICAL EVIDENCE FOR HIS-57 AS A PROTON-BINDING SITE IN THE MAMMALIAN INTESTINAL DIPEPTIDE TRANSPORTER hPEPT1.

A.A. Kulkarni1, T. Uchiyama1, D.D.F. Loo4, D.L. Davies2 and V.H.L. Lee1,3.

Departments of Pharmaceutical Sciences1, Molecular Pharmacology and Toxicology2, and Ophthalmology3, University of Southern California, Los Angeles, CA 90089-9121. Department of Physiology4, UCLA School of Medicine, Los Angeles, CA 90095-1751

Purpose. To determine the relative importance of two of the ten His residues, His57 (TMD2) and His121 (TMD4) as proton-binding sites in hPepT1, using site directed mutagenesis and two electrode voltage clamp techniques. 

Methods. His57 and His121 were mutated to positively charged amino acids arginine (side-chain pKa = 12.48) and lysine (side-chain pKa = 10.53) each (H57K, H57R, H121K and H121R). The rationale is that as the pH approaches the pKa of arginine or lysine, these residues should be able to bind and release protons similar to histidine (at pH 6) and hence facilitate transport. 3H gly-sar uptake was measured 48 hours post-transfection using HEK293 cells transfected with these mutants. Steady-state I-V curves (-150mV to +50mV, holding potential = -70mV) were obtained at 5mM gly-sar in oocytes expressing these mutants. Non-injected oocytes and WT-hPepT1 injected oocytes served as negative and positive controls, respectively. 

Results.  At pH 6.0, H57K, H57R, H121K and H121R exhibited a 98%, 90%, 45% and 75% decrease in 3H-gly-sar uptake, respectively. At pH 7.4, H57K showed a 15% increase in the uptake, whereas H121K showed a 55% decrease compared to that at pH 6.0. In oocytes expressing H57R, steady-state currents induced by 5mM gly-sar increased with increasing pH (Imax=300nA at pH 8.5), suggesting the binding of protons to arginine at residue 57. No such trend was observed in oocytes injected with H57K, H121R and H121K cRNA. 

Conclusions. H57R is able to facilitate transport at higher pH confirming His57 as a principal proton-binding site in hPepT1. As to why His121 does not serve as a proton-binding site needs to be investigated.

Support: Supported in part by NIH grant GM59297.
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COMPARATIVE FUNCTIONAL ANALYSIS OF HUMAN OATP2 AND OATP8

Kazuya Maeda and Yuichi Sugiyama.  
University of Tokyo, Tokyo, JAPAN

Purpose.  Both OATP2/OATP-C (SLC21A6) and OATP8 (SLC21A8) are exclusively expressed in the basolateral side of human hepatocytes and can accept a variety of organic anions, which suggested they might play important roles in the uptake of many compounds in liver.  In spite of their high homology, it was reported that some characters are different such as substrate specificity and effect of human serum albumin (HSA) on the uptake of sulfobromophthalein (BSP) (Cui et al. J. Biol. Chem. 276, 9626 (2001)).  Such kind of information is important for prediction of hepatic clearance from in vitro data in human.  To clarify their contribution to pharmacokinetics, we demonstrated several kinds of uptake assays using OATP2 and OATP8 expression systems.

Methods.  We observed uptake and inhibitory effect of some compounds using OATP2 and OATP8 stably expressed HEK293 cells.  We also performed the uptake assay in the presence of HSA.

Results.  Both OATP2 and OATP8 can accept HMG-CoA reductase inhibitors (pravastatin, cerivastatin) and ursodeoxycholate.  Some compounds preferentially inhibited the uptake of estradiol-17β-glucuronide (E217βG) via either transporter.  The uptake of E217 β G and cerivastatin in the presence of albumin via these transporters showed different uptake profiles.

Conclusions.  We identified some relatively specific inhibitors, which are useful to evaluate the contribution of each transporter.  The difference in the effect of HSA should also be considered in estimation of in vivo hepatic uptake clearance quantitatively.
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EXPRESSION AND FUNCTION OF THE PEPTIDE TRANSPORTER, PHT1, IN THE HUMAN RETINAL PIGMENT EPITHELIUM

S. M. Ocheltree1, R. F. Keep2, H. Shen1, B. A. Hughes3 and D.E. Smith1

1Pharmaceutical Sciences Department, College of Pharmacy and Upjohn Center for Clinical Pharmacology, 2Neurosurgery Department, School of Medicine, 3Departments of Ophthalmology and Physiology, Kellogg Eye Center; University of Michigan, Ann Arbor, MI 

Purpose. To determine the expression and activity of proton-coupled oligopeptide transporters (i.e., PEPT1, PEPT2, PHT1, PHT2) in human retinal pigment epithelial (HRPE) cells. 

Methods. RT-PCR was used to obtain molecular evidence for the presence of peptide transporters in the HRPE cell line ARPE-19 and in freshly isolated HRPE cells. The intracellular accumulation of glycylsarcosine ([14C]GlySar), a model dipeptide, was used to obtain functional evidence for peptide transporter activity in intact monolayers of cultured ARPE-19 cells. 
Results. A 300 bp band corresponding to PHT1 mRNA was observed in both ARPE-19 and HRPE cells. In contrast, PEPT1, PEPT2 and PHT2 transcripts were not found. GlySar exhibited a linear uptake over 24 hr in ARPE-19 cells at pH 6.0 and 7.4, with the uptake being greater at pH 7.4 (p<0.01). There was no evidence for a saturable uptake of GlySar over the concentration range of 5-2000 µM, and cellular accumulation decreased significantly when studies were performed at 4°C. GlySar uptake was not different when studied in the absence and presence of 1 mM L-histidine. Mannitol accumulation was similar at pH 6.0 and 7.4, and was substantially lower than that of GlySar at both pH values (p<0.01). 

Conclusions. PHT1 mRNA is present in HRPE cells and the ARPE-19 cell line. However, the functional and molecular data argue against PHT1 being expressed on the apical membrane of ARPE-19 cells.  It is more likely to be found in the intracellular compartment. The uptake of GlySar occurs by diffusion and by a low-affinity, energy-dependent process.  These findings suggest that PHT1 may be important in the intracellular trafficking of peptides/mimetics in the human RPE. Moreover, the ARPE-19 cell line appears to be a suitable in vitro model for further study of PHT1 in the human retinal pigment epithelium.  
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Autoradiographic detection of [3H]D- and [3H]L-aspartate binding to glutamate transporters in frozen sections of rat brain.
Takamoto Akiko, Balcar Vladimir J. and Yoneda Yukio.

Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan

Purpose.  Both L- and D-aspartate (Asp) are thought to be practically equipotent in their interactions with the Na+-dependent sites on glutamate transporters (GluT). Using quantitative autoradiography, we have studied the distribution and pharmacology of radioligand binding to sites with characteristics of the substrate recognition.
Methods. We have been using autoradiography on 3H-sensitive films in combination with quantitative densitometry to study radioligand binding to the substrate-binding sites on GluT in rat brain. We determined the density of binding sites in particular brain regions and calculated pharmacological constants such as IC50 for the inhibition of binding.
Results. The values of IC50 for the inhibition of [3H]L- and [3H]D-Asp binding by various L-Glu analogues indicated no significant differences between binding characteristics of the two radioligands in cerebral neocortex, hippocampus, striatum and septal nuclei. In cerebellar cortex, by contrast, L-Asp was more potent than D-Asp in inhibiting binding of both radioligands, suggesting preference to L-Asp over D-Asp by GluT in this central structure.
Conclusions. It raises a possibility of the existence of as yet unidentified molecules with characteristics of GluT in the cerebellar cortex.
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Characterization of Efflux Transporters of the Human Trophoblast 

Young, A.M. and Audus, K.L.  
The University of Kansas, Lawrence KS

Purpose. To determine the role of efflux transporters in the trophoblast, which is the cell comprising the maternal-fetal barrier in the placenta.               

Methods.  The BeWo cell line, a human choriocarcinoma, was used as a model of the placental barrier.  Uptake and transport studies were performed using known substrates and inhibitors for the efflux pumps MDR1 and MRP1 using Transwell( Clear plates.  In addition, Western blotting and RT-PCR were used to determine the expression levels in the cell lines.                                                                     

Results. Western blotting indicates the presence of MDR1 in BeWo.  Calcein AM accumulation is significantly increased in the presence of cyclosporin A, suggesting that MDR1 is active in these cells.  Progesterone concentrations above 10 (M also increase calcein AM uptake.  Transport studies using vinblastine and digoxin give results contradicting the calcein AM studies.  This suggests that these drugs may be substrates for transporters that are more abundant in these cells.  RT-PCR indicates that MRP1 is expressed in BeWo at the mRNA level. Uptake studies have been inconclusive, and the lack of specific substrates and inhibitors for the MRPs has made it difficult to assess these transporters.                                               

Conclusions.  MDR1 appears to be expressed and active in BeWo cells, although other more abundant transporters may be complicating the results.  One such possibility is OATP-B, which has common substrates.
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Is PepT1 Regulated by Trafficking Between Apical Surface and an Intracellular Pool?

Chun Chu1, Curtis Okamoto1, Sarah Hamm-Alvarez1, David Ann2, and Vincent H. L. Lee1,3
Departments of Pharmaceutical Sciences1, Molecular Pharmacology and Toxicology2, and Ophthalmology3, University of Southern California, Los Angeles, CA 90089-9121

Purpose. To investigate intracellular trafficking of PepT1 as a mechanism of its regulation in Caco-2 cells. 

Methods. Intracellular PepT1 was localized by co-immunostaining of Caco-2 cells with antibody marker of lysosomes, early endosomes, or late endosomes. Insulin is speculated to induce the translocation of PepT1 from an intracellular pool to the apical membrane, based on its stimulation effect on gly-gln uptake in Caco-2 cells. We examined the insulin effect on PepT1 by uptake of peptidase-resistant dipeptides, gly-sar and L-carnosine Finally, we studied the mechanism of PMA (a phorbol ester) effect on PepT1 activity in Caco-2 cells, by blocking protein internalization (a hypertonic 30% sucrose solution) or microtubule-based vesicular transport (6.6 µM nocodazole) in those cells. 

Results. Immunostaining indicated that, intracellular PepT1 resided outside of endocytic pathway and it was evenly distributed in cytosol without regional enrichment. Insulin had no effect on dipeptide uptake (n=3, p > 0.05), in Caco-2 cells grown on either a permeable or non-permeable support. Neither hypertonic solution nor 6.6 µM nocodazole blocked the inhibitory effect of PMA on dipeptide uptake, indicating internalization of apical PepT1 was not involved. 

Conclusions. These results suggest that PepT1 is not regulated by trafficking between the apical membrane and an intracellular store. To date, there is no direct evidence to support the proposed trafficking model for PepT1. We suggest a reevaluation of the mechanism of PepT1 regulation. (Supported by the NIH grant GM59297)
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BIODEGRADABLE MICROSPHERES AS DELIVERY SYSTEM FOR SYNTHETIC ANTIGENS

N. Blarer, H.P. Merkle, B. Gander

Inst.Pharm.Sci., ETH Zürich, 8057 Zürich, Switzerland
Purpose. To examine the effect of polymer hydro-phobicity on in vitro microsphere (MS) phagocytosis, and of subunit antigen release kinetics from different MS on antibody production in mice.

Methods. Poly(lactide)/poly(lactide-co-glycolide)-MS    (PLA/PLGA-MS) containing the synthetic malaria anti-gens P30B2 or PfCS102 were prepared by spray-drying. Hydrophobicity of end-group uncapped (uc) and capped (c) PLGA50:50, PLGA75:25 and PLA was determined by contact angle (CA) measurements. Release studies were conducted in PBS (pH7.4, 37°C). Antigen release was assayed fluorimetrically. MS phagocytosis of un-loaded MS was studied with a murine macrophage cell line, uptake was determined microscopically. The immunogenicity of the formulations was evaluated after single injection (s.c.) of antigen loaded MS into BALB/c mice, antibody titers were determined by ELISA.

Results. MS phagocytosis decreased with decreasing hydrophobicity (CA from 85° to 62° in the order PLA> cPLGA50:50>PLGA75:25>ucPLGA50:50). Release of P30B2 from cPLGA50:50 and PLGA75:25 started with an initial burst, followed by a second release pulse. PLA-MS showed a high initial burst with a low release rate afterwards. PfCS102 was released similarly from ucPLGA50:50, i.e. a high initial burst and slow subse-quent release. Antibody titers elicited by PfCS102 in ucPLGA50:50 were comparable to those obtained with P30B2 in cPLGA50:50. Antibody titers evoked by P30B2 in PLGA75:25 decreased 18 weeks after immu-nization, the titers of PLA- and cPLGA50:50-MS re-mained constantly high for 28 weeks.

Conclusions. A strong and long-lasting immune res-ponse can be achieved with subunit antigens in MS. Unlike phagocytosis, the maintenance of high antibody levels did not depend on the polymer type and its related hydrophobicity. No obvious correlation between in vitro release and immune response profiles was found.
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A method for the incorporation of ovalbumin into ISCOMs prepared by the hydration method

M J Copland, S Konnings, N M Davies, T Rades

Colloidal Drug Delivery Group, School of Pharmacy, University of Otago, Dunedin, New Zealand

Purpose.  To develop a method for the incorporation of fluorescently labeled ovalbumin (FITC-OVA) into immune stimulating complexes (ISCOMs) prepared by the novel hydration method.

Methods.  Conjugation of palmitic acid was performed to fluorescently labeled OVA (pFITC-OVA) or to non-labeled OVA with subsequent conjugation of FITC to the resulting palmitified OVA (FITC-pOVA).  These protein conjugates and unconjugated FITC-OVA were tested for ability to incorporate into structures formed from various ratios of cholesterol, phospholipid and Quil A.  The structures formed were identified by transmission electron microscopy.

Results.  Both pFITC-OVA and FITC-pOVA, but not FITC-OVA could be incorporated into ISCOMs and other non-liposomal colloidal structures.  The degree of incorporation of both labeled proteins in non-liposomal colloidal particles reaches a maximum if ISCOMs are the predominant colloids in the system.

Conclusions.  Palmitification of fluorescently labeled OVA is a simple and successful method to enable the preparation of OVA containing ISCOMs that may be used in flow cytomety and confocal microscopy investigations of the cellular uptake of ISCOM formulations.
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Oral Vaccination Against Diphtheria With Starch Micro-Particles As Adjuvant

N. Rydell and I. Sjöholm.  
Department of Pharmacy, Division of Pharmaceutics, Uppsala University, Sweden

Purpose. The purpose of this study was to evaluate poly(acryl) starch microparticles (MP) as an adjuvant in a new oral vaccine against diphtheria. MPs have been shown to be a good adjuvant in oral vaccination in mice, capable to induce local as well as systemic humoral and cellular immune responses.
Methods. Wild-type diphtheria toxin or cross-reactive material 197 (CRM197) were covalently coupled to MPs. Inbred female mice of the Balb/c strain were used and divided into different treatment groups and administered either orally or parenterally with non-formalinised or formalinised vaccine. The immune response was assessed with enzyme linked immunosorbent assay with regards to systemic and mucosal diphtheria specific immunoglobulin responses. The immune response was also characterised regarding the Th1/Th2 differentiation by analysing cytokine patterns and IgG subclasses. Neutralising serum antibodies were measured in a toxin-binding assay in Vero cells. Results. Orally immunised mice show a good induction of a systemic humoral immune response equal to the response to a commercial vaccine. Furthermore, high levels of diphtheria specific secretory IgA was induced. No mucosal response was detected in the intramuscularly immunised mice.

Conclusions. The results suggest that poly(acryl) starch microparticles can serve as a good adjuvant in oral vaccination against diphtheria, capable to induce both a local and a systemic immune response.
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COMPLEX MECHANISM OF ABSORPTIVE H-2 ANTAGONIST TRANSPORT ACROSS CACO-2 CELL MONOLAYERS

David L. Bourdet, Seongwon Hong, Chee Ng, Kim L.R. Brouwer and Dhiren R. Thakker

University of North Carolina at Chapel Hill, Chapel Hill, NC

Purpose. To elucidate the role of saturable paracellular transport and carrier mediated apical uptake in the overall absorptive transport of ranitidine and famotidine across Caco-2 cell monolayers.

Methods. AP to BL flux of ranitidine and a famotidine- derived fluorescent probe was determined over a range of concentrations across Caco-2 cell monolayers. Kinetic constants for saturable (Km and Jmax) and non-saturable (Kd) transport were determined. Cellular uptake studies were conducted across the apical membrane of Caco-2 cells in the absence and presence of various organic cations and the P-gp inhibitor GW918. Detection of hOCT1 mRNA was accomplished using RT-PCR and localization of hOCT1 protein by LSCM.

Results. Previous results indicated a predominantly saturable paracellular transport for H-2 antagonists across Caco-2 cell monolayers. Consistent with the proposed saturable paracellular mechanism, a fluorescent famotidine derivative exhibited saturable AP to BL flux while confined exclusively to the paracellular space as visualized by confocal microscopy. Apical uptake of ranitidine was inefficient and limited, however, did consist of temperature-dependent saturable and non-saturable components. Initial uptake was partially inhibited by famotidine, TEA, and decynium-22 but unaffected by GW918. mRNA for hOCT1 was detected in Caco-2 cells and the hOCT1 protein localized to the AP membrane.
Conclusions. Results suggest a complex mechanism of H-2 antagonist absorptive transport, consisting predominantly of saturable paracellular transport but also involving a minor component mediated by a member of the organic cation transporter family.
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Cholecystokinin Metabolism in Canine Buccal Mucosa
DE Day*, VG Omelyanenko**, K Knutson*.   
*University of Utah, **Watson Laboratories, Salt Lake City, UT
Purpose.  Oral mucosa is an attractive alternative delivery route for peptides because it’s an easily accessible, nonkeratinized epithelium with an underlying capillary bed enabling direct absorption into systemic circulation.  Although first pass metabolism is avoided, it may occur within the oral mucosa.  Metabolism of CCK7 and pentagastrin, a CCK6 analog with Boc-(-ALA N-terminal modification, was investigated.  CCKs have GI hormonal activities and CNS neurotransmitter/modulator activities.  

Methods.  CCK7 and pentagastrin metabolism was assessed in fresh, canine buccal mucosa homogenates.  CCKs in homogenate supernatants were incubated at 37EC and aliquots removed over time.  After dilution with  33:66:01 acetonitrile:water:TFA, peptides and metabolites were quantified by HPLC.  Major degradation compound masses were identified by LC-MS.

Results.  CCK7 underwent rapid C-terminal deamidation and N-terminal amino acid hydrolysis over 2-3 hrs.  Pentagastrin was stable to N-terminal degradation.  Slopes of CCK7 N-terminal degradation (normalized to surface area tissue) versus time plots suggested zero-order degradation. Rate constants varied from 1.31 to 15.9 mM/hr-cm2 (3/5 samples/donors) and were donor dependent. 

Conclusion.  CCK degradation occurred via N-terminal hydrolysis and C-terminal deamidation, although Boc-(-Ala modification blocked N-terminal degradation.  N-terminal hydrolysis was zero-order, but donor dependant.
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ENHANCED INTESTINAL ABSORPTION OF P-GP SUBSTRATES BY APRICOT EXTRACT  

S. Deferme, and P. Augustijns.  
Catholic University of Leuven, Leuven, Belgium

Purpose. To explore the modulating effect of apricot extract on intestinal P-glycoprotein (P-gp) mediated efflux.
Methods. The effect of apricot extract and verapamil (positive control) on the P-gp mediated transport of talinolol (100 µM) was evaluated using the Caco-2 system, Ussing chamber model (rat ileum) and the rat intestinal in situ perfusion technique (ileum).
Results. In the Caco-2 system, talinolol is characterized by a polarity in transport (Papp AP-BL = 0.93 ( 10-6 cm/s and Papp BL-AP = 8.89 ( 10-6 cm/s), which was significantly reduced by verapamil (100 µM). Inclusion of apricot extract (0-1%) in the apical compartment resulted in a slight increase of the absorptive transport, while a concentration dependent decrease of the secretory transport could be observed. Transport data of talinolol obtained in the Ussing chambers were similar to those obtained in the Caco-2 model: verapamil as well as apricot extract reduced the polarity in transport of talinolol. In the in situ intestinal perfusion system, inclusion of verapamil (100 µM) or apricot extract (1%) in the perfusate resulted in a three-fold increase of the absorption of talinolol. 

Conclusions. Apricot extract has a concentration dependent modulating effect on the intestinal transport of the P-gp substrate talinolol. Co-administration of fruit extracts might be a safe, simple and useful strategy to improve the intestinal absorption of P-gp substrates.
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TURNOVER AND TRANSPORT DYNAMICS OF GLUTATHIONE IN MODULATING OCULAR SURFACE HEALTH.

H. J. Gukasyan1, R. Kannan2, K.Kim3, M.D. Trousdale4, V. H. Lee1 . 
1Pharmaceutical Sciences, USC, School Of Pharmacy, 2Medicine - GI/Liver - Pat. Care,

3Medicine - Pulm - Pat. Care, 4Ophthalmology, USC, Keck School of Medicine

Purpose. We previously reported that the conjunctival epithelium secretes glutathione (GSH). In this study, we determined the effect of oxidative injury in a pigmented rabbit Adenovirus Type 5 (Ad5) ocular infection model, on GSH turnover and transport.

Methods.  In anesthetized rabbits 106 PFU of Ad5 was topically applied over newly scarified corneal epithelium. Conjunctival tissues (control or day 3 post-inoculation) were excised and mounted as flat sheets in a modified Ussing chamber at 37°C. Bioelectric parameters were monitored every 15 min with an automatic voltmeter device. Unidirectional fluxes of 3H-GSH (and 14C-D-mannitol as a paracellular marker) were determined under conditions of inhibited GSH biosynthesis (10 mM BSO) and degradation (1 mM acivicin). Total intracellular GSH levels were determined in control and Ad5 infected conjunctival tissue. 

Results. The short circuit current and potential difference across conjunctival tissues of Ad5-infected rabbits were decreased by more than 50% compared to control. Ad5 inoculation significantly (p<0.05) decreased conjunctival GSH levels by 19%, 45%, 48%, and 50% at 8, 24, 48, and 72 hrs, respectively. In control rabbits, the apparent permeability (Papp) of GSH was 4.7 ± 0.2 vs.7.3 ± 0.3 x 10-5 cm/s in the mucosal-to-serosal (M to S) vs. serosal-to-mucosal (S to M) directions, respectively. In Ad5 rabbits the Papp in M to S direction (2.5 ± 0.3 x 10-5 cm/s) was not significantly different from that in the S to M direction (2.2 ± 0.3 x 10-5 cm/s). The Papp of D-mannitol was the same in either direction and did not change between control and Ad5-infected rabbits. 

Conclusion. GSH turnover in rabbit conjunctiva was significantly altered with Ad5 infection. Active ion transport activity was about ~50% lower. A decrease in GSH secretion into mucosal fluid with Ad5 infection may have been caused by decreased intracellular pool size.
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Pore controlled diffusion of nanospheres across bovine nasal mucosa limits its suitability to assess intracellular translocation

Annette Koch, Urs Ziegler and Hans P. Merkle.

Swiss Federal Institute of Technology Zurich, Zürich

Purpose. To evalute excised bovine and rabbit nasal mucosa for suitability to assess nanosphere (NS) uptake and translocation. 
Methods.  Experiments were performed in a modified donor-receiver setup (Ussing chamber). The translocation of polystyrene NS (diameter 1 and 0.5 m) was examined. NS were coated with bovine serum albumine. NS were quantified in the receiver half cell using FACS or counting in a hemo​cytometer. Bovine tissue was examined for possible particle uptake and integrity after transport experiments using CLSM and SEM. Permeabilities of 14C-mannitol and 3H-inulin were analysed to control mucosal integrity. 
Results. NS flux across bovine tissue showed high variability, whereas diffusion of passive permeability markers like mannitol and inulin was reproducible. Histological examination of the tissue before and after the experiment revealed pore-like defects of different sizes. Flux of NS (0.5 m in diameter) across rabbit nasal mucosa was 1.2 ± 0.62 NS cm-1 h-1x10-6. 
Conclusions. We propose that nanosphere translocation in bovine nasal mucosa may be controlled by irregularly distributed porous defects and therefore, was irreproducible. NS translocation in rabbit nasal mucosa was found to be reproducible, suggesting this model to be more appropriate for further studies. 
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Genechip Expression Analysis and Correlation to Valacyclovir Pharmacokinetics in Healthy Volunteers
C.P. Landowski1, D. Sun1, S.S. Menon1, C.Ramachandran1, J.L. Barnett2, D.R. Foster1, L. S.Welage1, and G.L. Amidon1
Department of Pharmaceutical Science1, Department of Internal Medicine2, University of Michigan, Ann Arbor, MI 48109.

Purpose.  The purpose of this study was to evaluate the correlation between transporter expression in human intestine and pharmacokinetic parameters of valacyclovir.

Methods. Eleven healthy subjects were enrolled in a two way crossover trial.  Duodenal biopsy samples were taken from each patient to extract mRNA for expression analysis using the Affymetrix Genechip® U95A.  Pharmacokinetic parameters (Tmax, Cmax, and AUC) for acyclovir were determined after oral administration of acyclovir 400mg and valacyclovir 500mg.  Statistical correlations between parameters, Cmax and AUClast, and transporter expression were calculated using SPSS.

Results. Genechip® analysis indicated that the peptide transporters, hPT1 and hPept1, were both expressed in the duodenum.  However, hPT1 expression was about 4-fold higher than hPept1.  Pharmacokinetic data and Genechip® expression profiles for each patient demonstrated a significant correlation between hPT1 expression and the pharmacokinetic parameters Cmax (r = 0.67, p = 0.07) and AUClast (r = 0.79, p = 0.018) after valacyclovir administration.  The pharmacokinetic parameters after acyclovir administration did not correlate with hPT1 expression.  Surprisingly, hPept1 expression did not correlate with either pharmacokinetic parameter.  

Conclusions. The hPT1 peptide transporter appears to be a likely candidate in mediating the in vivo absorption of oral valacyclovir.  Further in vitro investigation is necessary to confirm hPT1’s role in valacyclovir transport.
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THE CONTRIBUTION OF THE LYMPHATICS TO THE SUBCUTANEOUS BIOAVAILABILITY OF EPOETIN ALPHA IN SHEEP

McLennan DN, Porter CJH and Charman SA.  
Victorian College of Pharmacy, Monash University, Victoria,  Australia

Purpose. To determine the role of the lymphatics in the absorption and systemic availability of epoetin alpha (EPO) following subcutaneous injection.

Methods. The study was conducted using male merino sheep and utilized a parallel study design consisting of three intravenous (IV) and three subcutaneous (SC) administration groups (n = 2-4). The first SC group served as a control for the determination of absolute bioavailability. In the second SC group, the efferent popliteal lymphatic duct was cannulated to allow the continuous collection of peripheral lymph draining the injection site. In the third group, the thoracic duct was cannulated to allow the continuous collection of central lymph just prior to entry into the systemic circulation. Serum and lymph concentrations were determined by ELISA.

Results. Following IV administration, EPO demonstrated capacity-limited elimination. The cumulative amounts of EPO recovered in peripheral and central lymph were 83.9 ± 3.3% and 75.3 ± 1.9% respectively of the administered SC dose. 

Conclusion. These studies demonstrate that the lymphatic route plays a major role in the overall bioavailability of EPO after SC administration. (Financial support from Amgen Inc., USA)
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Time-Dependent Oral Drug Absorption Models: A Mechanistic Approach for Valacyclovir

S.S. Menon1, C. Ramachandran1, D. R. Foster1, L. S. Welage1, J. L. Barnett2 and G. L. Amidon1
College of Pharmacy1, Medical School2, University of Michigan, Ann Arbor, MI 48109

Purpose. Develop a physiological modeling approach that is useful in characterizing and predicting the time-dependent oral drug absorption of acyclovir administered as valacyclovir. 
Methods. Plasma profiles of acyclovir following oral acyclovir and valacyclovir to human subjects, were utilized to evaluate various time-dependent models. Eleven healthy volunteers were each given, an oral administration of 400 mg of acyclovir or 500 mg of valacyclovir.  Four different models were developed based on time-dependent factors such as permeability, surface area and luminal volume.  WinNonlin® was utilized for model analysis and comparing the models to the conventional compartmental model. 
Results. Overall, models containing multiple phases and lag times (TPLAG) performed significantly better compared to the single phase compartmental model of acyclovir with a single lag time.  Fluid kinetic models incorporating permeability and volume parameters, such as fluid absorption model with lag time (FALAG) and the split permeability model with lag time (SPLITPA models) performed well.  In half the subjects, the SPLITPA model was able to provide the best overall fits to the data.  The fractions absorbed determined by the time-dependent approach were on average 5-fold higher after valacyclovir administration compared to acyclovir while the average ka’s were 2-fold higher. This is consistent with the 6-fold AUC increase that is seen with valacyclovir compared to acyclovir. 
Conclusion. The physiologic time-dependent factors, permeability, surface area and volume in the GI tract provide a more accurate and mechanistic basis for oral absorption. These factors are important in the dynamics of the GI tract and can explain complex drug absorption kinetics from a mechanistic standpoint. Incorporating physiological elements into these time-dependent models brings us closer to being able to predict the complex time-dependent processes that dictate the absorption of carrier-mediated drugs like valacyclovir.
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AN INVESTIGATION OF CAFFEINE BUCCAL PERMEABILITY

Nicolazzo, JA, Reed, BL, and Finnin, BC.

Victorian College of Pharmacy, Monash University, Victoria, Australia

Purpose. To establish an in vitro model for examining the buccal permeability of caffeine (CAF).                

Methods. The permeability of CAF through porcine buccal mucosa was investigated in modified Ussing chambers. Since local abattoirs heat-treat pigs, CAF permeability through heat-treated and untreated mucosa was compared. To assess the contribution of connective tissue, permeability was compared in full-thickness (FT) mucosa and epithelium (EP). The effect of pre-treatment with sodium lauryl sulfate (SLS) 1% w/v on CAF permeability in both tissues was also examined. The potential of FITC-dextran 20kDa (FD20) as an integrity marker was investigated using both intact and damaged tissue, and fresh and frozen tissue.            

Results.  CAF permeability was not significantly different in heat-treated or untreated mucosa (Papp values of 2.075±0.115 and 1.875±0.295 (x10-5 cm/s), respectively). EP was 1.7-fold more permeable to CAF then FT tissue, and SLS produced a greater permeability increase in EP than in FT tissue (1.87- and 1.22-fold, respectively). FD20 absorption exceeding 0.58% per hour was found when the integrity of the tissue was compromised. Neither CAF nor FD20 absorption were different in fresh and frozen tissue.  
Conclusions. Porcine buccal EP appears to be a more appropriate model than FT mucosa for studying CAF buccal permeability, using FD20 as an integrity marker.
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Intestinal Absorption and Metabolism of Sulforaphane and Quercetin as well as regulation of phase 2 enzymes in Human Jejunum in vivo and in Caco-2 cells.

N. Petri, C. Tannergren, RN. Bennett, B. Holst, Y. Bao, GW. Plumb, J. Bacon, K. O’Leary, L. Knutson, P. Forsell, T. Eriksson, H. Lennernäs, G. Williamson 

Uppsala University, Uppsala, Sweden. 

Purpose. To study permeability (Peff) and metabolism of sulforaphane (SFN) and quercetin-3,4’-diglucoside (Q34D) in the human jejunum. Shed enterocytes were collected to investigate the short term regulation of phase 2 enzyme gene expression.

Methods. Using a human in vivo jejunal perfusion (Loc-I-Gut®) SFN and Q34D were applied in their natural matrix to six healthy volunteers. The perfusion lasted for 90 min and shed cells were collected. 

Results. The average ((SEM) Peff and %Absorbed were 17(4.9 e-04cm/s and 74(11% for SFN and 8.9(2.9e-04 cm/s and 60(12% for Q34D. The conjugates of the compounds were excreted back into the lumen. The mRNA analysis showed an induction of glutathione-transferase-A1 (GSTA1) and UDP-glucuronosyl-transferase-1A1 (UGT1A1). The control study did not show any changes in mRNA levels. The changes were also seen in Caco2 cells, where it was shown that quercetin is responsible for induction of UGT1A1 and SFN for induction of GSTA1.

Conclusions. For the first time the human intestinal permeability and regulation of phase 2 enzymes of phytochemicals using an in vivo perfusion system has been studied. 
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THE JEJUNAL PERMEABILITY (Peff) AND PRESYSTEMIC METABOLISM OF ISOTRETINOIN IN HUMANS.

N. Petri, C. Tannergren, L. Knutson, U. Wiegand, H. Lennernäs

Uppsala University, Uppsala, Sweden

Purpose. The objectives of the study were to assess the intestinal permeability (Peff) and presystemic metabolism of isotretinoin in healthy young male volunteers using a jejunal perfusion technique (Loc-I-Gut®).

Methods. A regional single-pass perfusion experiment of the jejunum was performed in six healthy male volunteers using Loc-I-Gut®. The subjects were to receive an isotretinoin dose of 0.5 mg/kg body weight as jejunal perfusion during a time period of 90 minutes. Five of the six subjects obtained a placebo solution as a control in a randomised crossover fashion.

Results. The analysis of the outlet perfusate samples showed that isomerisation of isotretinoin to retinoic acid occurred in the intestine. In average (± SEM), 2.35 ± 1.30 % of the given dose of isotretinoin was converted to retinoic acid.. No 4-oxo-isotretinoin or 4-oxo-retinoic acid was detected in the jejunal perfusate. In plasma were retinoic acid and both of the 4-oxo-metabolites detected. The average (± SEM) Peff for isotetinoin was 0.99 ± 0.11 e-04 cm/s and % Absorbed of the drug was 23.79 ± 2.13 %.

Conclusions. It is evident from the data that only isomerisation, and no oxidation, occurred in the jejunal fluid. However, this does not exclude the possibility that oxidation may occur in cells of the gut wall. It was also found that isotretinoin is a high permeable drug.
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Transport characteristics of fexo-fenadine in the Caco-2 cell model compared to in vivo permeability data.

N. Petri , C. Tannergren , L. Knutson , H. Lennernäs 

Uppsala University, Uppsala, Sweden. 

Purpose. To investigate the transport mechanisms of fexofenadine (fexo) in the Caco-2 model. A jejunal perfusion study with fexo and verapamil (ver) was also conducted to compare the in vitro results with human in vivo data. 

Methods. The permeability (Papp) of fexo was deter-mined in the concentration range from 10 to 1000 M in both apical-to-basolateral (a-b) and the b-a direction. The effect of 10-200 M P-glycoprotein (P-gp) (keto-conazole, ver, erythromycin) and MRP inhibitors (indo-methacin, probenecid) on the bi-directional transport of 150 M fexo was also studied. A jejunal single-pass perfusion study in healthy volunteers was performed using the Loc-I-Gut® technique, where 186 (M fexo was given either alone or with 1018 (M ver. 

Results. Fexo displayed polarised transport, with Papp b-a being several-fold higher compared to the a-b direction. The Papp b-a was concentration dependent, suggesting saturation of an apical efflux transporter. The P-gp inhibitors had a strong, concentration dependent effect on the Papp of fexo. The MRP inhibitors did not affect the Papp of fexo. Ver did not affect the human effective jejunal permeability (Peff) of fexo.
Conclusions. Based on the in vitro results, fexo seems to be effluxed by P-gp but not by MRP. However, the strong effect of verapamil was absent in vivo in humans. 
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EFFECT OF LIQUID VOLUME AND FOOD INTAKE ON DANAZOL BIOAVAILABILITY

V.H. Sunesen, R. Vedelsdal, H.G. Kristensen, L. Christrup, and A. Müllertz.

The Royal Danish School of Pharmacy, Denmark

Purpose. To investigate the influence of liquid intake and a lipid-rich meal on the absolute oral bioavailability of danazol as well as the gastric emptying and orocaecal transit times after administration to healthy male volunteers. 

Methods. In a randomized four-way crossover study nine healthy male volunteers were treated with danazol in four different ways at two weeks intervals following an overnight fast: 

1. 200 ml water + constant-rate infusion of 50 mg danazol-hydroxypropyl-(-cyclodextrin 

2. Fasted: standard

3. Fasted: standard + 800 ml water

4. Fed: 
standard + lipid-rich meal

The standard oral treatment consisted of 200 ml water and capsules containing 100 mg danazol, 1500 mg paracetamol and 1000 mg sulfasalazine. Paracetamol and sulfasalazine were used as markers for gastric emptying and orocaecal transit times. 

Results. Danazol co-administration with 1000 ml water as compared to co-administration with 200 ml water had no significant effect on the absolute bioavailability (15,1% and 13,8%, respectively). Administration of danazol together with a lipid-rich meal increased the absolute oral bioavailability approximately four times (54,9%). Post-prandial administration of danazol delayed gastric emptying as compared to administration in the fasted state. There was no significant difference in orocaecal transit time between treatments.  

Conclusions. Post-prandial effects on the bioavailability of class II drugs is likely to be a function of decreased gastric emptying rate and increased dissolution rate and extent due to the presence of bile salts and lipolysis products. In this study the food effect on danazol bioavailability can at least partly be explained by a delay in the gastric emptying time. A five times increase in the volume of liquid co-administered with danazol seems to have no significant influence on the dissolution process of danazol in the gastro-intestinal tract. 
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A Quantitative Study of AC Residual Effect with HEM
G. Yan, S.K. Li, H. Zhu, W. I. Higuchi

University of Utah, Salt Lake City, UT 

Purpose. Our group has found higher ionic permeant fluxes across a membrane under AC iontophoresis conditions than that under passive condition at the same membrane resistance. We have defined this enhancement as “AC residual effect.” The purpose of the present study was to investigate the AC residual effect at different AC frequencies and AC voltages. 
Methods. Human epidermal membranes (HEM) were sandwiched between the half-cells of a side-by-side diffusion cell. 0.1M-tetraethyl- ammonium (TEA+) pivalate (P-) was used as the background electrolyte. TEA+ (14C) and arabinose (3H-ARA) were chosen as the model ionic and neutral permeants, respectively. Square-wave AC with frequencies of 50Hz and 1000Hz and voltages of 2.5V and 5V were used. The permeability coefficients of TEA+ and ARA across the HEM under the AC and passive conditions were determined. 
Results. There were linear relationships between logarithm of permeability coefficients (LogP) of TEA+ and logarithm of resistance (LogR) of HEMs under passive condition and each AC condition with a slope –1. The AC residual effect was determined by the y-intercept difference between the linear regression of LogP vs. LogR plots under each AC condition and the passive condition. This AC residual effect increased with the applied AC voltage, and was essentially the same at the two studied frequency levels. There was also a linear relationship between the LogP of ARA and LogR of HEMs with a slope –1. The permeability coefficients of ARA under the AC conditions showed little deviation from those under the passive condition. 
Conclusion. For the model charged permeant (TEA+), the higher the AC voltage, the larger was the AC residual effect, but the AC residual effect was insensitive to the AC frequency in the range from 50 Hz to 1000Hz. For the model neutral permeant (ARA), no AC residual effect was observed.
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HUMAN NASAL CELL CULTURE MODEL TO SCREEN SUBACUTE EFFECTS OF PHARMACEUTICAL EXCIPIENTS ON CILIARY ACTIVITY

Agu RU1, Jorissen M2, Willems T2, Kinget R1, and Verbeke N1.

1Pharmacotechnology and Biopharmacy, and 2Experimental Otorhinolaryngology, K.U. Leuven, Herestraat 49, B-3000, Leuven, Belgium.

Purpose. To investigate the suitability of sequential monolayer-suspension culture system as a model to screen subacute effects of drug excipients on ciliary beat frequency (CBF). 
Methods. The CBF of the cells was measured by computerized microscope photometry. Protease inhibitors (puromycin, bestatin, bacitracin, actinonin and thiomersal) were used as model compounds and the involvement of arachidonic acid metabolism, guanylate cyclase (cGMP), protein kinase C (PKC) and adenosinetriphosphate (ATP) inhibition were investigated. 
Results. Bestatin concentration-dependently reduced CBF by inhibiting arachidonic acid metabolism, cGMP, PKC and endogenous ATP consumption. Thiomersal and DMSO used for dissolving actinonin reduced CBF (p(0.05) via a non-specific mechanism. Bacitracin and puromycin had no effect on CBF after acute exposure (15–30 minutes) (p(0.05), but significantly reduced the CBF by almost 15.0% following daily15-minute exposure for 1 week. 
Conclusions. This study shows that (i) sequential monolayer-suspension culture system is a valid model to screen both acute and subacute effects of drug excipients on CBF, (ii) bacitracin, puromycin and actinonin are more cilio-compatible than bestatin and thiomersal. 
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MODELING MULTI-DRUG INTERACTIONS USING A MODIFIED MWC MODEL

ML Fidler, TD Egan, and SE Kern.

University of Utah, Salt Lake City UT

Purpose. Provide a single parameter estimate of symmetric synergistic/antagonistic responses.

Methods. After IRB approval and informed consent, 24 healthy subjects were selected at random to receive two drugs, one as a primary agent and the other as a secondary agent.  A computer-controlled pharmacokinetic infusion produced a “staircase” profile by varying drug concentrations from low to high levels.  Tibial pressure algometry was used as a response measure.  Drug concentrations were increased until subjects tolerated maximum algometry pressure.  This staircase was repeated with differing levels of the secondary agent as a background.  Using continuous pressure algometry as an effect response variable, the data was fit to a modified MWC model.  The model was modified to allow for multiple receptor binding, and also drug interaction through a rho parameter. This data was fit with non-linear least squares simulated annealing converging to the simplex method.  For the single parameter rho estimate, Brent’s method was used.  These initial guesses were verified with the simplex method.
Results. The fit was reasonable when compared to other models; it gave similar residual plots showing an equal-variance normal variation around the residual axis over the range of effect.

Conclusions. This model produces unique properties:  rho is a measure of synergism, and model is based on cooperative receptor-binding models.
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In Silico metabolism: Semi-empirical calculation of hydrogen-atom abstraction energy for 42 common drugs as a model of P450 oxidation 

Jing Wang and Michael B. Bolger.  
USC School of Pharmacy, Los Angeles, CA

Purpose. To test the hypothesis that there is a signifi-cant difference between the mean activation energy for homolytic abstraction of all non-equivalent hydrogens in a library of 42 common drugs and the corresponding  site of major metabolism for P450 substrates.
Methods. For a series of 42 common substrates of cyto-chrome P450, we applied the p-nitrosophenoxy radical (PNR) model of Korzekwa et al. (JACS, 1990) to calculate the relative rates of hydrogen atom abstraction. We used the AM1 method for semi-empirical calcula-tion (HyperChem 5.0, Hypercube Inc.) of the heats of formation and ionization potential of 637 non-equivalent hydrogens found in the 42 drugs. 
Results. The mean and (standard error) for H-atom abstraction activation energy of 637 hydrogens was 24.8 (0.15) Kcal/mol.  The corresponding values for a set of 42 hydrogen atoms representing the major metabolites was 20.7 (0.44) Kcal/mol.  The F-test (p < 0.01) for means of unequal variance showed that these means were statistically different.
Conclusions. There is a significant trend toward lower activation energy for hydrogen atoms that are oxidized by cytochrome P450 when compared to all other non-equivalent hydrogen atoms in a library of 42 common drugs. We demonstrate the utility of in silico methods to determine the regioselectivity of metabolism.
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THE EFFECT OF SOLUTION ENVIRONMENT ON SECOND VIRIAL COEFFICIENT OF IgG AND ITS RELATION TO SOLUBILITY OF IgG.

H. Bajaj, V. K. Sharma, and D. S. Kalonia.
University of Connecticut, Storrs CT 06269
Purpose. To investigate whether a relationship exists between solubility of IgG and virial coefficient B22 under different solution conditions and presence of PEG.
Methods. Experimental B22 values were determined using static light scattering for solution conditions such as pH 5.0, 7.4, ionic strength 10, 200 mM, and PEG 5 and 10 % w/v. The value of B22 was obtained from Zimm plot. Solubility of IgG was determined under identical conditions by measuring UV absorbance of the saturated solutions. SEC and dynamic light scattering were used to ensure monomeric form of protein. 

Results. We observed similar trend in solubility and B22 obtained under different solution conditions. The value of B22 becomes more negative as PEG concentration is increased from 5 to 10 % indicating that solubility decreases due to favorable protein–protein interactions. As the ionic strength is increased from 10 to 200 mM at pI, B22 becomes positive and protein attains higher solubility due to less favorable protein interactions. 

Conclusions.  Results from these studies indicate that second virial coefficient can be used to correlate solubility of the antibody IgG under different solution condition and hence may serve as a predictor of protein solubility.
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STABILITY OF A SYNTHETIC HUMAN CHORIONIC GONADOTROPIN (HCG) ANTIGEN IN PLGA MICROSPHERES  

C. Cui and S. P. Schwendeman.

Department of Pharmaceutical Sciences, The University of Michigan, Ann Arbor, MI 48109-1065

Purpose.  To test the stability of a synthetic human chorionic gonadotropin antigen ((-hCG (109-145)-TT2), comprising a universal T-cell epitope from tetanus toxoid, in the solution/solid-state and in poly(D,L-lactide-co-glycolide) (PLGA) microspheres for potential use as a birth control vaccine.

Methods.  The stability of the non-encapsulated peptide was examined by monitoring the extent of peptide hydrolysis and insoluble aggregation at 37(C in dilute solution (0.15-1 mg/ml) and in the solid state (97% RH) at a pH range of 2-7.  The hCG antigen was encapsulated in PLGA (50/50, i.v. = 0.20 dl/g) microspheres by the solvent evaporation method.  The release kinetics of the peptide from the microspheres was monitored in PBS/0.02 % Tween 80 at 37(C.  Soluble peptide was detected by Coomassie( Plus protein assay and peptide integrity by SDS-PAGE.  The total peptide retained in microspheres was evaluated by amino acid analysis.  

Results.  In solution, the peptide rapidly formed insoluble aggregates at pH 4-7.  By one week, 65-75 % of the peptide (1 mg/ml) became insoluble.  The peptide was stable to hydrolysis except when the pH was very low (1-2).  Sucrose, sorbitol, arginine and glycine (100:1 excipient/peptide, w/w) were found to significantly reduce the aggregation rate.  In the solid state, the peptide was more stable.  Only ~ 10% aggregation after one week was recorded when lyophilized from pH 7 and reduced hydrolysis occurred in the acidic samples (pH 2).  Continuous release of the hCG peptide from the microspheres of 1-15 (m was observed for over a month, with ~ 70 % remaining soluble and mostly unhydrolyzed. 
Conclusions.  Stability of the encapsulated peptide more closely mimicked stability in the wetted solid-state as compared to the dilute solution.  These stability results may serve as stability guidelines for handling of the peptide in solution and for its potential use as a slow-release birth control vaccine.  
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THERMODYNAMICS OF INTERACTION BETWEEN ALGINATE, CALCIUM, AND POLY-L-LYSINE DURING PREPARATION OF NANOSPHERES

De S. and Robinson D. H. 
986025 Nebraska Medical Center, Omaha, NE.

Purpose.  To use isothermal titration calorimetry (ITC) to study the interactions between (a) sodium alginate and CaCl2, and (b) calcium alginate and poly-L-lysine (PLL) in the pregel phase "egg-box" structure formed during the manufacture of alginate-PLL nanospheres.  
Methods.  Aqueous sodium alginate, 1.4 mL, 7.5 mM, was titrated with 18 injections of 10 L, of 100 mM aqueous CaCl2.  To study the interaction between calcium alginate and PLL, the pregel was initially formed by adding 2 mL of aqueous CaCl2 (0.67 mg/mL) to 10 mL of 0.6 mg/mL aqueous sodium alginate while sonicating.  This calcium alginate pregel (1.4 mL) was titrated with 20 injections of 10 L 16 mM aqueous PLL.  All titrations were performed at 25 ( 0.05 oC.  

Results.   Binding isotherms demonstrated that calcium interacts with sodium alginate with two different affinities.  The first binding affinity was higher (K1 = 1.37 ( 105 M-1) with an unfavorable endothermic heat change ((H1 = 42 cal/mole of CaCl2) compared to the second where K2 = 0.9 ( 103 M‑1 CaCl2 and has a favorable exothermic heat change ((H2 = - 53.4 cal/mole CaCl2).  The changes in entropy, calculated from Gibb's equation, indicate that the first interaction (T(S = 7.05 kcal) is entropically driven, whereas the second (T(S = 4.02 kcal) is driven by both enthalpy and entropy.  The binding interaction PLL and calcium alginate had a negative heat change (-236.18 cal/mole lysine).  

Conclusions.  Binding between Ca and alginate has two affinities.  The first binding causes dehydration of alginate and Ca2+, whereas the second causes conformational changes in the alginate polymer.  In addition, during nanosphere formation, the "egg-box" structure form spontaneously due to the interaction and alginate.  
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Microclimate pH inside PLGA Films and a Possible Relationship with Water-soluble Acids

A G. Ding and S. P. Schwendeman

University of Michigan, Ann Arbor MI

Purpose. To study kinetics of polymer microclimate pH and its relationship with the distribution of water-soluble acids produced inside poly(D,L–lactide–co–glycolide) (PLGA) films.

Methods. PLGA (50/50, i.v. = 0.63 dl/g) was coated on standard glass pH electrodes and microclimate pH was measured potentiometrically during incubation in PBS/0.02% Tween 80 pH 7.4 for 6 weeks. Water uptake was monitored gravimetrically. Water-soluble acids were obtained by dissolving the PLGA films in chloroform followed by repeated extraction into water. The total amount of water-soluble acids was determined by potentiometric titration with tetrabutyl ammonium hydroxide. Different monomers and water-soluble oligomers were separated and quantified by HPLC after conversion to bromophenol esters, which are detectable at 254 nm. The partitioning of those water-soluble acids between the polymer phase and water-filled pores was estimated by incubating the PLGA films in oligomers-containing solutions and measuring the equilibrium acid amount both in polymer and in incubation medium by HPLC. 

Results. In a thin coating of 200 (m, the microclimate inside PLGA film was acidic during 6 weeks and (pH varied in the range of 2.6 – 3.3. Total water-soluble acid concentration decreased in the first 3 weeks with a corresponding increase in (pH and increased afterwards with a corresponding decrease in (pH. Water-soluble acids were mainly composed of glycolic acid, lactic acid, their dimeric components and an unknown oligomer. Their relative composition varied with incubation time. Different water-soluble acids partitioned 5-20 times greater in the same volume of polymer phase relative to highly concentrated aqueous solution.

Conclusions. The retention of water-soluble acids within the polymer and their weak partitioning into aqueous pores appear to mirror changes in polymer microclimate pH. (NIH HL 68345)
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Feasibility studies of contact lenses as a potential tear collection device

Kosalaram Goteti, Steven Kern, Joseph Andrade.  
University of Utah, Salt Lake City, UT
Purpose. To evaluate the role of contact lenses as potential tear collection devices for analyzing biochemicals of interest.
Methods. Nelfilcon A (Focus Dailies(, Ciba Vision Corporation) contact lenses were used for this study. Amino acids were analyzed using reverse phase-high performance liquid chromatography. Contact lenses were equilibrated with standard amino acid solutions in phosphate buffer saline (PBS) at pH 7.4. Within the physiological range the absorption was carried out from 5 minutes to 12 hours at 25oC (room temperature) and 34oC (physiological temperature). Later, the absorbed amino acids were extracted from the lenses by PBS solution. The extraction was carried out at 4 oC (refrigerated temperature), 25oC and 34oC from 5 minutes to 12 hours. Artificial tear solution consisting of a complex mixture of mucins, proteins and lipids simulating the composition of tears was prepared. Absorption of multiple free amino acids by contact lens from both PBS and artificial tear solution was assessed.
Results. All tested amino acids were absorbed into the lens. The recovery of amino acids from the lenses ranged between 60-70%. A time period of 1 hour was sufficient for the absorption and extraction of amino acids from the lenses.                                    Conclusions. The feasibility of using contact lenses for collecting tear analytes in biochemical studies was established.
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Preformulation/Formulation Development of a Novel Interferon 

Derrick S. Katayama1, Lorelie Villarete2,C.P. Liu, Rajiv, Nayar3, Mark C. Manning1,3
University of Colorado Health Sciences Center School of Pharmacy1, Pepgen Corporation2, HTD Biosystems3
Introduction.  A novel interferon member of the type I interferon family with potential therapeutic applications for such indications as hepatitis, cancer, and multiple sclerosis.  The IFNis a 172 amino acid with a molecular weight of 19915.6 that forms a four helix bundle structure.  

Purpose.  To develop a stable liquid formulation of the IFN.  The starting point for development of this formulation was to determine an optimal pH and ionic strength environment for the IFN.  The final formulation development addressed the issues of using non-aqueous solvents with low water activity.  

Methods.  Stability was assessed by use of several spectroscopic and chromatographic methods by placing the IFN in various environments.  These environments include various pH and ionic strengths, freeze-thaw, thermal stress, guanidine hydrochloride exposure, and long term storage in non-aqueous environments.   The use of circular dichroism, fluorescence, and ultraviolet spectroscopy, dynamic light scattering, micro-calorimetry, gel electrophoresis, reversed phase and size exclusion chromatography methods were all employed to analyze the formulations for structural and chemical perturbations.  

Results/Conclusions.  Use of conformational-stability indicating assays was shown to be a useful approach for defining suitable formulations for this IFN.
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THE EFFECT OF WATER ON THE SOLUBILITY OF STEROID DRUGS IN MEDIUM AND LONG CHAIN TRIGLYCERIDES

Laura M. Land, Paul M. Bummer.  
University of Kentucky, Lexington KY

Purpose. To examine the effect of water solubilized in  triglyceride oils on their ability to dissolve steroid drugs.

Methods. Hydrocortisone, -estradiol and progesterone were chosen as model hydrophobic drug compounds (log Ko/w=1.5, 2.7, 3.9, respectively).   Long and medium chain triglyceride oils were used as received and moisture contents were determined by Karl-Fisher titration.  Excess solid drug was added to the oils in glass vials whereupon the vials were rotated at 27oC for two weeks.  Drug concentrations were determined by HPLC after filtration of the samples. 

Results. In all oils tested, the solubilities of hydrocortisone and -estradiol were less in water-saturated oils as compared to neat oils.  The effect of water was greatest for long-chain oils, where solubilities differed by at least a factor of two.  In medium chain oils, the drug solubilities were only about 20% less in the water-saturated states as compared to neat oil.  Differential Scanning Calorimetry of the excess solid did not reveal any changes in melting behavior.  In sharp contrast, progesterone solubility was always slightly higher, by about 15%, in water-saturated oils compared to neat.

Conclusions. Saturation of oil with water could result in an altered solubility of the drug.  Solubilities of drugs determined in neat oils alone may not be an accurate reflection of the solubilizing capacity of oil either in the dosage form or in vivo.  
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EFFECT OF FORMALDEHYDE TREATMENT ON THE INACTIVATION OF DIPHTHERIA TOXIN

Bernard Metz a, b, Wim Jiskoot a, Wim Hennink a, Daan Crommelin a, Gideon Kersten b 

a Department of Pharmaceutics, Utrecht Institute for Pharmaceutical Sciences (UIPS), Utrecht University, P.O. Box 80082, 3508 TB Utrecht, The Netherlands

b Laboratory for Product and Process Development, National Institute of Public Health and the Environment, P.O. Box 1, 3720 BA, Bilthoven, The Netherlands

Purpose. A critical step in the production of the diphtheria toxoid is detoxification of the toxin by formaldehyde. This project aims to study the effect of reaction conditions on the inactivation process of diphtheria toxin by immunochemical, physico-chemical and analytical chemical means.

Methods. Ten diphtheria toxoids were prepared with increasing equimolar formaldehyde and glycine concentrations. The toxoids were characterized for molecular weight (SDS-PAGE), resistance to denaturation by guanidinium hydrochloride (monitored by fluorescence), determination of free amino groups, conformation (circular dichroism), affinity measurements with monoclonal antibodies (surface plasmon resonance, SPR) and residual toxicity (Vero cell assay). 

Results. The changes in diphtheria toxin caused by formaldehyde increased with the formaldehyde/glycine concentration. SDS-PAGE showed broadening of the toxin band, indicating a greater extent of cross-link formation. The ease at which toxoids could be denatured decreased with higher formaldehyde concentrations. Also, a reduction of the number of free amino groups was noticed. However, nearly no conformational differences were observed between the toxoids with CD spectroscopy. As indicated by SPR, some epitopes were lost at increasing concentrations of formaldehyde. The toxicity decreased proportionally with increasing formaldehyde concentrations. 

Conclusions. Immunochemical and physico-chemical assays are powerful instruments to reveal structural differences between toxoids. A correlation was found between the results of in vitro tests and toxicity data. Establishment of correlations between in vitro tests and immunogenicity is subject of current investigation.
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METAL CATALYZED OXIDATION OF INSULIN

V.Sadineni, C.Schöneich.

Department of Pharmaceutical Chemisty, University of Kansas, Lawrence 66047.

Purpose. To Study the sensitivity of Zn2+-Insulin to metal catalyzed oxidation and to identify the extent of oxidation undergone by each individual (A&B) chain of insulin. 
Methods. Human Recombinant Insulin was subjected to oxidation under various conditions employing different redox active metals like Cu+2, Fe+2, Mn+2, Ni+2, Co+2 and ascorbate. The extent of oxidation was monitored at various time points by an RP-HPLC method validated to separate the various compounds of oxidation. The fraction of insulin unoxidized was calculated by the ratio of average peak area at various time points to that of the average peak area at time zero. Insulin was then reduced and alkylated to separate the A&B chains in order to perform accurate tandem mass spectrometry studies for product identification. 
Results. A loss of 45% Insulin was achieved when 20(M INS/8.8(M Zn+2 were exposed to 8(M Cu+2 and 50(M ascorbate for 70min. Many other redox active metals were tested and of these only Fe+2 caused measurable oxidation of insulin (-20%) at 8(M concentration. While oxidation mainly targeted the B chain of insulin where the two histidine residues are located, product formation was significantly different for different transition metals. 
Conclusions. Cu+2 and Fe+2 caused significant oxidation of Insulin compared to other metals.
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RESIDUAL POLYVINYL ALCOHOL ASSOCIATED WITH POLY (D,L-LACTIDE-CO-GLYCOLIDE) NANOPARTICLES AFFECTS THEIR PHYSICAL PROPERTIES AND CELLULAR UPTAKE

Sanjeeb K Sahoo, Jayanth Panyam, Swayam Prabha and Vinod Labhasetwar. 
University of Nebraska Medical Center, Omaha, NE

Purpose. To study the effect of residual PVA associated with the nanoparticles on their physical and cellular properties.

Methods. PLGA nanoparticles containing 6-coumarin as a marker were formulated by using multiple emulsion-solvent evaporation technique. Residual PVA was estimated by colorimetric assay. Cellular uptake of nanoparticles was studied by HPLC. Surface hydrophobicity was determined by measuring the binding constant of Rose Bengal to the nanoparticles.

Results. An increase in PVA concentration in the external aqueous phase from 0.5 to 5% w/v resulted in the increase of residual PVA from 2 to 5.3 % w/w with nanoparticles. The residual PVA influenced different pharmaceutical properties of nanoparticles such as particle size, zeta potential, polydispersity index, surface hydrophobicity, and protein loading and also slightly influenced the in vitro release of the encapsulated protein.   Importantly, nanoparticles with higher amount of residual PVA had relatively lower cellular uptake despite their smaller particle size. 

Conclusions. Results suggest the residual PVA associated with nanoparticles is an important formulation parameter that can be used to modulate the pharmaceutical properties of PLGA nanoparticles.
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STABILIZATION OF PROTEINS BY AMORPHOUS MANNITOL DURING VACUUM DRYING OF [BETA]-LACTOGLOBULIN FOLLOWING PRECIPITATION BY PEG

V. K. Sharma and D.S. Kalonia. 
School of Pharmacy, University of Connecticut, Storrs, CT 06269
Purpose. The purpose of this work is to investigate the underlying mechanism for stabilization of proteins by mannitol during vacuum drying of beta-lactoglobulin (bLg) precipitated using PEG. 

Methods.  Solutions containing different w/w ratios of bLg: mannitol and bLg:mannitol:PEG were prepared at pH 5.4 and vacuum dried at 25 °C under 100 mTorr of pressure. Dried powders were then analyzed for moisture content and for physical state of mannitol by powder XRD (PXRD) and modulated DSC (MDSC). 

Results. PXRD studies indicated that mannitol remained amorphous following drying of solutions containing bLg and mannitol up to 1:5 w/w ratio. This was confirmed by DSC results where mannitol Tg midpoint was clearly seen. Amorphous mannitol was also observed in all samples dried from solutions containing bLg, mannitol, and PEG as confirmed by the appearance of mannitol recrystallization peak in the MDSC scans. 

Conclusions. These studies conducted on bLg indicate that proteins precipitated by PEG are stabilized by amorphous mannitol during drying. This amorphous mannitol may kinetically reduce protein mobility leading to inhibition of aggregation during vacuum drying. 
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PREPARATION OF SOLID DISPERSIONS OF THE CLASS II DRUG ITRACONAZOLE WITH HYDROPHILIC POLYMERS PREPARED BY HOT-STAGE EXTRUSION

Six K.1, Leuner C.2, Dressman J.2, Van den Mooter G.1

1University of Leuven, Leuven Belgium

2University of Frankfurt, Frankfurt, Germany

Purpose. To increase the dissolution rate and hence the oral bioavailability of a class II drug by solid dispersions produced by hot stage extrusion and to characterize the glassy state of itraconazole.  
Methods. Extrudates were prepared using a co-rotating twin screw extruder. MTDSC is firstly used to characterize the glassy state and to calculate the molecular mobility of pure drug and secondly for physicochemical characterization of the dispersions. Dissolution experiments are performed in 500ml SGFsp at 37°C to evaluate the pharmaceutical performance.  
Results. Calculation of molecular mobility revealed that glassy itraconazole is stable at 40°C below the Tg. These data are important for the shelf life stability of the drug and dispersions. Solid dispersions are prepared with Eudragit® E100, HPMC E5 and PVPVA64 to increase dissolution rate by creation of a microenvironment and by the presence of the glassy state. There is a significant increase in dissolution rate with all polymers and a satisfactory release of 85% in 30 min with Eudragit® E100 and HPMC E5. Complete miscibility was found in PVPVA64 while phase separation was observed in Eudragit® E100 and HPMC E5. 
Conclusions. Results clearly indicate that solid dispersions improve the dissolution rate of a class II drug and that extrusion is an interesting new solvent free production method.
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KINETICS OF ASPARAGINE DEAMIDATION IN A (-HAIRPIN PEPTIDE

C. E. Stotz, D. Vander Velde, E. M. Topp

The University of Kansas, Lawrence, KS

Purpose.  To investigate the kinetics of asparagine deamidation in a (-hairpin peptide in relation to its secondary structure.  

Methods.  Deamidation kinetics of the (-hairpin (KKYTVSINGKKITVSI) were measured by ion exchange chromatography in the acidic and basic pH range, and from 37ºC – 60ºC at pH 7.  Structural characterization was performed by circular dichroism (CD) and 2D NMR.  Structural characterization was performed on the hairpin peptide, and on unfolded (SINGK) and cyclic folded (cGNKYINGKIIN) controls.  

Results.  NMR and CD studies showed the (-hairpin structure of both the peptide and the cyclic folded control, while confirming the lack of structure in the unfolded control.  The pH-rate profile and Ea of the hairpin peptide corresponded closely to that of a minimally structured peptide.  

Conclusions.  The deamidation rate of the hairpin peptide is similar to that of a minimally folded peptide.  Since the hairpin peptide is not covalently constrained, it can fold and unfold in a rapid equilibrium.  The results suggest that the peptide deamidates in the unfolded configuration, despite its greater degree of structure.  

Acknowledgements.  Support by NIH GM54195 and GM23850, and by fellowships from Self Graduate Fellowship, AFPE First Year Graduate Fellowship, and PhRMA Foundation Fellowship. 
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Studying the reaction between enantiomers in solid state using X-ray powder diffraction

J. Tian1, T. B. Borchardt2, V. J. Stella1 
(1) University of Kansas, Lawrence, KS; (2) Pharmacia Corp., Skokie, IL

Purpose. To investigate the formation of the racemic compounds of a drug candidate from a physical mixture of its enantiomers in the solid and vapor state. 

Methods. Characterization of both enantiomers and the racemic compound of a drug candidate were performed using DSC, XRPD and polarized microscopy. Quantification of enantiomers and the racemic compound in solid state mixture was achieved by a novel X-ray powder diffractometric method. 

Results. The measured phase diagram of the enantiomer binary system obeyed the prediction of the Prigogine-Defay equation. Physical mixtures of the two enantiomers were observed to be converted into a 1:1 racemic compound in the solid, solution, and vapor state. For enantiomers of particle size dp < 110 nm, the formation of a racemic compound followed second-order kinetics in the solid state. The apparent activation energy (Ea) was calculated to be 13.8 kcal/mol. The variance of dp showed little effect on the initial reaction rates. Completion of racemization was not reached at 25 oC, 40 oC, or 55 oC. The final endpoints were only dependent on dp while smaller sized particles lead to more conversion. 

Conclusions. The observed kinetics of conversion in solid state suggests that the racemization may occur primarily through homogeneous reaction in vapor phase until the deposition of racemic product layer hinders further vaporization of enantiomers.
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THERMODYNAMIC AND KINETIC CHARACTERIZATION OF THE INTERACTION BETWEEN THIAMINE HYDROCHLORIDE, RIBOFLAVIN, NICOTHINAMIDE AND PYRIDOXINE HYDROCHLORIDE WITH VEEGUM

Obimah U.D1, Okore V.C2, Kinget R1, Verbeke N1
. 1Lab. Farmacotechnologie en Biofarmacie, K.U Leuven, Campus Gasthuisberg O+N, 3000 Leuven, Belgium and 2.Department of Pharmaceutics, University of Nigeria, Nsukka, Nigeria.I
Purpose.  To evaluate Veegum when used as a viscosity-enhancing agent in a multivitamin preparation.

Methods. A given quantity of Veegum was hydrated for 24 hours and the equilibration time determined Different concentration of the vitamins were transferred, agitated for 5 hours and the mixture centrifuged at 1000 x g for 10 minutes. The supernatant was assayed spectrophotometrically. The influence of some physicochemical parameters such as electrolytes, dielectric constant of the reaction medium, preservatives, pH and temperature was examined.
Results. Data obtained fitted on the isothermal equilibrium adsorption-like plots. The changes in the standard enthalpy ∆Ho and entropy ∆So were evaluated with modifications of Van’t Hoff’s and Gibb- Helmoltz equations. All interactions were depicted by positive entropy changes independent of the isothermal conditions.  

Conclusion. Results suggest that, Veegum possess minimal interactive potentials for the vitamins, which is of a low order. This fact, therefore, enhances the usefulness of the clay as a viscosity-modifying agent in syrup formulations of the test vitamins.
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A NOVEL INDIRECT RESPONSE PK-PD MODEL TO CHARACTERIZE THE EFFECT OF FAROPENEM ON STREPTOCOCCUS PNEUMONIAE AND HAEMOPHILUS INFLUENZAE    

A. KHUNVICHAI1, M. HIRT1, M KARMANN1, K. RAND2, H. DERENDORF1
1Pharmaceutics, 2Pathology, Immunology and Laboratory Medicine, University of Florida

Purpose. The main concept is to utilize systematically the concentration-effect relationship of faropenem daloxate, a new oral penem antibiotic, in dose-finding and product development in a rational way and minimize trial-and-error approaches.  The effect of faropenem against S. pneumoniae and H. influenzae, were determined using PK-PD modelings.

Methods. The effect of faropenem against S. pneumoniae ATCC( 49619 and H. influenzae ATCC(10211 was studied in vitro model in which antibiotic kill curves were determined at faropenem concentrations representing the free faropenem concentrations in serum following administration of a 75-600 mg dose.  Bacteria were exposed to the simulated faropenem pharmacokinetics peak concentrations, which raged from 0.325 to 2.6 mg/L with a half-life of one hour and the change in the number of bacteria (CFU/mL) VS. time was assessed.  The changes in CFU were analyzed using the indirect response modified Emax PK-PD model by applying nonlinear regression to the in vitro data using the program SCIENTIST (Micro Math, Salt Lake City,UT).  Concentration and protein binding parameters were used with the parameters from the Emax PK-PD model to estimate the antimicrobial effect of 300mg-faropenem q12h in both strains.  

Results. Faropenem bactericidal activity against S. pneumoniae and H. influenzae was found to be both concentration and time dependent.  Fitting of the data using a indirect response modified Emax-model resulted in a set of mean pharmacodynamic (PD) parameters (bacterial growth rate constant, k0; maximum kill rate constant, kmax; and concentration for half-maximum effect, EC50). Faropenem’s EC50  estimated to be approximately 0.02 and 0.5 mg/L for S.pneumoniae and H. influenzae, respectively.  
Conclusions. Based on the results, faropenem has excellent activity against S. pneumoniae and H. influenzae with EC50s below the initial serum concentrations, and killing that is concentration and time dependent.  These data suggest that faropenem warrants further investigation for treatment of community respiratory tract infections.
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Predictions of Dose-Dependent Pharmacokinetics of Prednisolone

J. Kurz, V.A. Bhattaram, H.Derendorf.  
University of Florida, College of Pharmacy, Gainesville, FL

Purpose. To develop an application to predict the dose dependent pharmacokinetics of prednisolone based on linear and non-linear protein binding characteristics.  

Method. Using computer simulation, the effect of concentration-dependent plasma protein binding of prednisolone on the time course of total and free drug concentrations was studied. The concentration dependence of nonlinear transcortin and linear albumin plasma protein binding was defined by    

Ct=(nt*Kt*Pt*Cf)/(1+Kt*Cf)+(na*Ka*Pa*Cf)+Cf
where Ct=total concentration, Cf=free concentration, n=number of binding sites per protein molecule, K=affinity constant, P=protein concentration and the subscripts t and a=transcortin and albumin.

Results. It could be shown that nonlinear plasma protein binding has a pronounced effect on the concentration-time profile of prednisolone and the determination of the respective pharmacokinetic parameters. Using an affinity constant of transcortin of Kt=0.063 mL/ng and a transcortin concentration of Pt=228.25 ng/mL, the model simulated fraction unbound ranged from 6% to 45% and was comparable with reported literature values.

Conclusion. The effects of nonlinear protein binding on the pharmacokinetics of prednisolone were studied. 
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Pharmacokinetics and Pharmacodynamics of Cefpodoxime and Cefixime

Ping Liu1, Markus Müller,2 Maria Grant,3 Kenneth Rand4 and Hartmut Derendorf1 .  
1Department of Pharmaceutics, College of Pharmacy, 3Department of Pharmacology, College of Medicine, 4Department of Pathology, Immunology and Lab medicine, College of Medicine, University of Florida, 2Clinical Pharmacology, Vienna University School of Medicine.
Purpose. Tissue penetrations of cefpodoxime (CP) and cefixime (CF) protein binding: 25% vs 65%), were investigated in human studies using microdialysis, and their in vitro antimicrobial activities were tested on four bacterial strains. A mathematical pharmacokinetic/pharmacodynamic (PK/PD) model to integrate the antimicrobial activity with the pharmacokinetics of an antibiotic was developed. 

Methods. Human study: an open, randomized, two-way crossover study in six healthy male subjects. Total plasma and free muscle levels were measured over 8 hrs after a single oral dose (400 mg) of cefpodoxime or cefixime. The plasma and microdialysis samples were assayed by validated HPLC methods. Data was analyzed by non-compartmental and compartmental PK approaches. Microbiology study: four strains (H. influenzae, M. catarrhalis, S. pneumoniae sensitive/intermediate) were exposed to simulated human free tissue pharmacokinetics (steady state and multiple dosing) of each antibiotic in an in vitro infection model. Samples were taken and plated at fixed time intervals and the antibacterial activity was measured as the number of bacteria remained after 20-h incubation. Data was fitted with an Emax model. 

Results. The t1/2 of CP and CF were 2.6 and 4.0 hrs, respectively; the total plasma AUCs of CP and CF were similar (22.4 vs 25.6 mg·h/L). The tissue penetration of CP, however, was twice greater than that of CF (free tissue AUCs: 15.4 versus 7.3 mg·h/L). Their antibacterial activities were compared based on bacterial time-kill curves. A PK/PD model was developed, which describes the antimicrobial activity of each antibiotic as a function of the pharmacokinetics of its free drug levels. 

Conclusions. This study provides insight of the free interstitial levels of both antibiotics. The developed PK/PD model enables us to make rational antibiotic dosing decisions by predicting the effect of various dosing regimens, taking into account the clinically effective free concentrations at the target site. 
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In vitro pharmacodynamic modeling of ceftriaxone

Liu Q1, Lamberty N1, Hintze S1, Rand K2, Derendorf H1
 
1Department of Pharmaceutics, 2Department of Pathology, Immunology and Laboratory Medicine, University of Florida, Gainesville FL
Purpose. The concentration-effect relationship of ceftriaxone against 4 bacteria strains was studied. The data was used in pharmacokinetic/pharmacodynamic modeling which could be applied in clinical dose optimization, minimizing trial-and-error approaches.
Methods. The bactericidal effect of ceftriaxone against S. pneumoniae ATCC(6303, S. pneumoniae ATCC(49619, S. pneumoniae CDC145 
· and H. influenzae ATCC(10211  was studied using in vitro models in which bacteria were exposed to ceftriaxone at constant concentrations that simulate free tissue concentrations at steady state during constant infusion. The kill curves were determined at 7 different drug concentrations for each strain.  The data was fitted using a direct response sigmoid Emax model: 

(N: count of bacteria; Cf: free drug concentration; k0: maximum growth rate constant; kmax: maximum killing rate constant; EC50: concentration for half-maximum effect; S: shape factor)

Results. Ceftriaxone’s  bactericidal effect is both concentration and time dependent. A set of pharmacodynamic parameters was obtained. kmax was estimated to be 2.78, 2.09, 2.47 and 1.05 h-1, EC50 was estimated to be 0.02, 0.05, 1.06 and 0.004 mg/L for S. pneumoniae ATCC(6303, S. pneumoniae ATCC(49619, S. pneumoniae CDC145 and H. influenzae ATCC(10211.
Conclusions.
Ceftriaxone has concentration- and time-dependent bactericidal effect against S. pneumonia and H. influenzae.  The chosen Emax model is appropriate for data fitting and predicting the effects for a wide range of dosing regimens. The results also indicate the advantage of Emax-models over MIC methods: Emax-model is two-dimensional (kmax , EC50) while MIC is mono-dimensional. For H. influenzae, although the EC50 is low, its kmax is much smaller than that for S. pneumonia, so the bactericidal effect against H. influenzae is less pronounced than that against S. pneumonia.

SCIENTIFIC SHORT COURSES

Friday, November 8, 2002

8:00 AM- 5:00 PM



Short Course 1 : Modern Molecular Biopharmaceutics: Transporters—Hussey Room
8:00 – 8:45 AM             Lecture 1.  Hepatic membrane transporters: multiplicity,   substrate specificity and driving force.  Hiroshi Suzuki , (Tokyo)

8:45 – 9:30 AM             Lecture 2.  Blood-brain barrier membrane transporters.  Akira Tsuji, (Kanazawa University)

9:30 – 9:45 AM             BREAK
9:45 – 10:30 AM           Lecture 3.  Membrane transporters: structure function.    Vincent Lee , (University of Southern California)

10:30 – 11:15 AM          Lecture 4.  Pharmacogenomic studies of cellular transport.  Gustavo Rosania, (The University of Michigan)

11:15 – 12:00 PM          Lecture 5.  Drug targeting with membrane transporters and enzymes.  Gordon Amidon , ( The University of Michigan)

12:00 – 12:15 PM          Panel Discussion
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Short Course 2:  Designing Drugs with Optimal in vivo Activity Following Oral Administration-- Michigan Room
8:00 – 9:00 AM             Lecture 1.  Physiology of the gastrointestinal system and physical and biochemical barrier properties of the intestinal mucosa.  Ronald T. Borchardt, (The University of Kansas)
9:00 – 10:00 AM           Lecture 2.  Use of preclinical pharmacokinetics and in vitro models to assess problems of poor oral bioavailability.  Kim Brouwer and Dhiren Thakker , (University of North Carolina)

10:00 – 10:30 AM         BREAK
10:30 – 11:30 AM         Lecture 3.  Structural and Physicochemical Considerations in the Design of orally Absorbable Drugs.  Philip Burton, (Pharmacia)
11:30 – 12:30 PM         LUNCH—Ballroom 
12:30 – 1:45 AM              Lecture 4.  Role of intestinal and hepatic metabolism in drug clearance and chemical strategies to optimize metabolic clearance.  Dhiren Thakker, (University of North Carolina)
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1:45 – 2:45 PM              Lecture 5.  Role of biliary and renal clearance in drug elimination and chemical strategies designed to minimize kidney and liver clearance.  Kim Brouwer ,(University of North Carolina)
2:45 – 3:15 PM              BREAK
3:15 – 4:30 PM              Lecture 6.  Effect of formulation factors on oral drug availability.  Valentino Stella, ( The University of Kansas)

4:30 – 5:00 PM            Panel Discussion
Short Course 3: Stability of Peptides, Proteins and Nucleotides—Vandenberg Room
8:00 – 8:10 AM             Introduction.  C. Schöneich, (The University of Kansas) 

8:10 – 9:00 AM             Lecture 1.  Hydrolytic and solvolytic degradation of peptides and proteins in solution, polymers and solids.  E.M. Topp, ( The University of Kansas)

9:00 – 9:50 AM                Lecture 2.  Oxidative and photolytic degradation of peptides and proteins in solution, polymers and solids.   C. Schöneich, ( The University of Kansas)

9:50 – 10:20 AM          BREAK
10:20 – 11:10 AM         Lecture 3.  Biophysical methods to study peptide and protein degradation.  M. Manning , (University of Colorado)
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11:10 – 12:00 PM          Lecture 4.  Effect of conformation on the degradation of peptides and proteins.  T. Siahaan , ( The University of Kansas)

12:00 – 1:00 PM            LUNCH—Ballroom 
1:00 – 1:50 PM              Lecture 5.  Solid state NMR to study peptide and protein degradation.   E. Munson ,( The University of Kansas)

1:50 – 2:40 PM              Lecture 6.  Principles of solid state reactions of peptides and proteins.  M. Pikal , ( University of Connecticut)

2:40 – 3:20 PM            BREAK 
3:20 – 4:10 PM              Lecture 7. Chemical degradation of polynucleotides.  D. Fischer , (Marburg, Germany )

Short Course 4:  Business Entrepreneurship—Room D
Part I: Government Speakers on Life Science Initiative

8:00 – 8:45 AM             Lecture 1.  Industrial perspective on business development.  T. Rea,

8:45 – 9:30 AM             Lecture 2.  Patent issues in life science.  R. Isenberg

9:30 – 9:45 AM             BREAK
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Part II: Entrepreneurship in Life Science

9:45 – 10:30 AM           Lecture 3.  Regulatory issues in life science: opportunities or   hurdles.  H. Wang,(The University of Michigan)

10:30 – 11:15 AM         Lecture 4.  Case Study 1: Esperion Therapeutics.  R. Newton

11:15 – 12:00 PM          Lecture 5.  Case Study 2: NanoBio.  J. Baker
12:00 – 12:15 PM          Panel Discussion
Short Course 5: Dermal and Transdermal Delivery—Koessler Room
8-8:50 AM
Lecture 1.  The skin barrier and passive transdermal delivery.  G. Flynn (The University of Michigan)

8:50-9:40 AM
Lecture 2.  Molecular mechanisms of skin permeability and permeation pathways across epidermis.   R. Guy (Pharmapeptides/University of Geneva)
9:40-10:00 AM 
BREAK
10:00-10:50 AM
Lecture 3.  Structure/activity relationship of skin permeation enhancers.  W. Higuchi (University of Utah)

10:50-11:30 AM
Lecture 4.  Structure/permeability relationship of drugs for the skin.  M. Roberts (University of Queensland)
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11:30- 1:00 PM
LUNCH—Ballroom 
1:00-2:10PM 
Lecture 5.  Cutaneous pharmacokinetics and bioavailability:  The C* approach.  M. Roberts (University of Queensland) and G. Imanidis (University of Basel)

2:10  -2:20 PM
BREAK
2:20 -3:30PM
Lecture 6.  Transdermal drug delivery by iontophoresis.  Insights gained by modeling constant voltage iontophoresis.  R. Guy (Pharmapeptides/University of Geneva) and G. Imanidis (University of Basel)

3:30-4:00 PM
Lecture 7.  Cell culture of keratinocytes as a skin model.  A. Urtti ( University of Kuopio)
4:00- 4:30 PM
Lecture 8.  What does the market place teach about transdermal delivery? G. Flynn (The University of Michigan)

4:30- 5:00 PM
Panel Discussion, moderated by G. Flynn (The University of Michigan)

Short Course 6:  Barriers to CNS Drug Delivery / Transporters---Hussey Room
12:30 – 1:00 PM            Lecture 1.  Overview of pertinent CNS anatomy/physiology/transport.  R. Keep    (The University of Michigan)
SCIENTIFIC SHORT COURSES



1:00 – 1:30 PM              Lecture 2.  Peptide transporters in the CNS.  David Smith, (The University of Michigan)

1:30 – 1:45 PM         BREAK
1:45 – 2:15 PM              Lecture 3.  In vitro models and drug transport in the CNS.  K. Audus,  (The University of Kansas)

2:15 – 2:45 PM              Lecture 4.  Permeability of cyclic peptides in the CNS: a case study.  R. Borchardt  (The University of Kansas)

2:45 – 3:15 PM              Lecture 5.  Second messengers, signal transduction, and the permeability of the BBB.  D. Miller, (University of Nebraska)

3:15 – 3:45 PM              Lecture 6.  In vivo models and drug transport in the CNS.    B. Elmquist,  (University of Nebraska)

3:45 – 4:00 PM         Panel Discussion
Short Course 7:  Mucosal Vaccination—Room D

12:15 – 1:00 PM           Lecture 1.  Immunology of mucosal vaccination.  M. Bivas-Benita (LACDR) 

1:00 – 1:45 PM             Lecture 2.  Recent advances in mucosal vaccination.  H.E. Junginger,  (LACDR) 
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 1:45 – 2:15 PM             BREAK
 2:15 – 3:00 PM             Lecture 3.  Formulation of pDNA vaccines.  G. Borchard (LACDR) 

3:00 – 3:45 PM              Lecture 4.  Business trends and development of new vaccine delivery systems.  P. Green ,( Becton-Dickenson)

3:45 – 4:00 PM              Panel Discussion
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