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Introduction

e Dr. Derendorf received his B.S. (1976) and Ph.D. (1979, summa cum laude) in Pharmacy from the
University of Miinster, Germany. He then joined the University of Florida (UF), first as a Postdoctoral
Fellow (1981/82) and later (1983) as a faculty member, teaching Biopharmaceutics, Pharmacokinetics
and Clinical Pharmacokinetics.

* He expected to stay in Gainesville two years, but he fell in love with UF and met the love of his life, his
wife, Kerry, ’82. She was pursuing her own Ph.D. in pharmaceutical sciences. They raised two sons,
Kevin, BSME '08, (Ph.D. from Washington University in St. Louis) and Karsten, MACC '13, who also went
on to graduate from the University of Florida. Hartmut would proudly refer to them as “a Gator family.”

Meet Dr. Derendorf

e Hartmut was among an elite group of faculty at UF to be awarded the title of Distinguished Professor
and spent over three decades serving the college, including more than 25 years as chair of the
Department of Pharmaceutics.


https://www.youtube.com/watch?v=5L9UobNDwV4

The Scientist

e Over 500 publications, with an h-index (Scopus) of 61, over 900 presentations at meetings throughout the world.

e Editor (or Associate Editor) of the Journal of Clinical Pharmacology, International Journal of Clinical Pharmacology &
Therapeutics, International Journal of Antimicrobial Agents and Die Pharmazie, and served on the Editorial Board of

several other Journals.
* Ten textbooks published in English and German.
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The Scientist

* Prof. Derendorf served as President of ACCP (American College of Clinical Pharmacology) in 2006/08 and President
of ISAP (International Society of Anti-infective Pharmacology) in 2004/06, and as the PK/PD modeling Chair for ISSX.

* He was a fellow of ACCP and AAPS and a former review panel member of the NASA Human Research Program.

* He also served as an advisor to FDA and an expert consultant to the pharmaceutical industry



The Scientist

* His research interests included the pharmacokinetics and pharmacodynamics of corticosteroids, analgesics and
antibiotics as well as drug interactions.

* One of the fathers of modern pharmacokinetics and pharmacometrics.

* Hartmut was a pioneer for studying tissue concentrations of antibiotics in humans and animals using microdialysis,
and held a patent (Issued 2005) for Microdialysis Probes and Methods of Use.
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Clearance

Quantifies Elimination

CL iIs the volume of body fluid cleared per time unit (L/h, mL/min)

Q
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\E Extraction Ratio )




High-extraction drugs

Well-stirred Q << f, -CL, ﬂ
model

Low-extraction drugs




Volume of Distribution

Vd =X /Cp

Quantifies DISTRIBUTION
ﬁlp w 17

Lﬂld.pla sma IP F—— X Vi

Relates drug concentration (Cp) uT
to amount of drug In the body (X) '

Gives information on the amount of
drug distributed into the tissues



Half-Life

Time it takes for the concentration to fall to half of its previous value
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Bioavailability (F)

Rate and extent to which an active compound is absorbed from a drug
product and becomes available at the site of action

- quantifies ABSORPTION

F Is the fraction of the administered dose
that reaches the systemic circulation



Bioavailability
First-Pass Effect

High- and low-extraction drugs, oral administration

:Q+ f -CL,
F.-D D

High extraction drug

CpSS —

. B . . Dependent on protein binding
CL-t f,-CL, -t

D

pss( free) — Independent on protein bindin
CLint T P P g

Low extraction drug

Assumption: Presystemic and systemic extraction ratios are equal



Contributions to Pharmacology

Protein Binding

4 )

“Free, active concentrations should
be measured in the test system
instead of correcting for literature

protein binding values.” y

N

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Nov. 2008, p. 3994-4000 Vol. 52, No. 11

0066-4804/08/$08.00+0 doi:10.1128/AAC.00427-08
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Effect of Protein Binding on the Pharmacological Activity of Highly
Bound Antibiotics’
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Copyright © 2011, American Society for Microbiology. All Rights Reserved.
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MINIREVIEW When is Protein Binding Important?*

JULES HEUBERGER, STEPHAN SCHMIDT, HARTMUT DERENDORF
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PrOteln Blnd]ng' DO We Ever Learn ' Department of Pharmaceutics, University of Florida, Gainesville, Florida

Markus A. Zeitlinger,'1 Hartmut Derem:lmrf,2 Johan W. Mouton.? Otto Cars,*
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Protein Binding

e reversible vs. irreversible

e [Inear vs. nonlinear

e rapid equilibrium

The free (unbound) concentration
of the drug at the receptor site

should be used in PK/PD

correlations to make predictions

for pharmacological activity




Contributions to Pharmacology

Tissue Distribution

European Journal of Pharmaceutical Sciences 136 (2019) 104977 ( \
Contents liss available at SlenceDives “Dr. Derendorf’s work...led to an
Y TN European Journal of Pharmaceutical Sciences entir ely new un d erstan din g Of
EILSEVIER journal homepage: www.elsevier.com/locate/ejps ° PK ° ° I ° h -
Editorial Valvanera Vozmediano®, Markus Miiller®, Stephan Schmidt™ tissue principies, wit major
Hartmut Derendorf's work on tissue distribution \Im pa Ct In CIInlcaI pha rmaCO|0gy.” J
e Early 1980s: Drug concentrations in saliva as a proxy of free tissue concentrations and analgesic efficacy

» Late 80s-90s:  Target tissues: joints, brain, and local treatment strategies (pulmonary delivery via inhalation)

e 1990s: Technological breakthrough achieved by adopting microdialysis technique to access unbound
concentrations in the tissue interstitial space

e 1990s-2000s: e Application of microdialysis to measure free extracellular concentrations at various target sites in
combination with a target based pharmacokinetic pharmacodynamic (PK/PD) modeling and
simulation in various tissues, in animals and humans
e Microdialysis for large molecules
e Regulatory impact
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The Street Light Effect
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Microdialysis

Perfusate




Contributions to Pharmacology

Microdialysis

advanced | _ (
drug deliven 7 i 5 o “Microdialysis has opened the door
- ) reviews
ELSEVIER Advanced Drug Delivery Reviews 45 (2000) 189-216 .
£ o o i o oot o] Workshop Report for the experimental measurement
Microdialysis in peripheral tissues AAPS-FDA Workshop White Paper: Microdialysis Principles, Application Of extra cel Iu Ia r d rug concentration S,
and Regulatory Perspectives H H H ”
Amparo de la Pefia. Ping Liu, Hartmut Derendorf™ \bOth In h umans an d In anima I S. J
Chandra S. Chaurvasia.m' Markus Miiller,? EI.";\’H[’I! D. Bashaw.? E\‘;l Benfeldt.* Jan Bulinl;iﬂur.s Ross Bullock.®
- - Peter M. Bungay,” Elizabeth C. M. DeLange,” Hartmut Derendorf,” William F. Elmquist,
gg: Emﬁg‘:;_ﬁ:;f;l_?j_zn | M:rgarew Hail;larlund:‘l:l:lenues 1 Chrlslim Jl)ull;thad:ir Deal}aL Kellogg Jr.,"2 Cl:lg lEl.oLunlu.u
Carl Henrik Nordstrom,™ Hans Rollema,' Rumdd J. Sawchuk,™ Belinda W. Y. Chul.mzf,.
REVIEW ARTICLE Vinod P. Shah.'® Lars Stahle,'” Urban Ungerstedt.! :?.E.“I.n..l:..‘?fll.‘.,l.j.and Hele Tournal of Pharmacentical Soences 105 (2016] T33-9242
Ucnl%
Role of Microdialysis in Pharmacokinetics | ~— o o T Contents lists available at ScienceDirect
and Pharmacodynamics: Current Status and 1 Patent for Microdia lysis probes and methods of use _ _
L (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) Journal of Pharmaceutical Sciences
Francine Johansson Azeredo - Teresa Dalla Costa - Phal‘]lla(:oklnetlc-pl
Hartmut Derendor( ceprdOXi (19) World Intellectnal Property . I h inh -
Organization journal homepage: www.jpharmseci.org
Ping Lin?. Ke. Intemational Burcau O 0 0 00O O O .
J Clin Pharmacol 1997:37:1108-1113 PHARMACOKINETICS AND PHARMACODY] £
(43) International Publication Date (10) International Publication Number
Relationship Between Serum and Free 3Janury 2003 03012009 PCT WO 2003/000129 A3 e Molecules

Interstitial Concentrations of Cefods Journal of Pharmaceutical Scie

and Cefpirome in Muscle and
Subcutaneous Adipose Tissue of H

Volunteers Measured by Microdi mfgr?jfgahfsfs

Markus Miiller, MD, Beate Rohde, MD, Andreas Kovar, PhD| Development
Apostolos Georgopoulos, MD, PhD, Hans-Georg Eichler, MD, P|
and Hartmut Derendorf, PhD, FCP

Satyawan B. Jadhav, Vipada Khaowroongrueng, Hartmut Derendorf
International Journal of Antimicrobial Agents

journal homepage: www.jpharmsci.or

acakinetics, Pharmaodynamiics and Drug Transpet and Metabolism journal homepage: http://www.elsevier.com/locate/ijantimicag

bue Distribution of a Therapeutic Monoclonal Antibody Determined '
arge Pore Microdialysis
awan B. Jadhav ', Vipada Khaowroongrueng ', Matthias Fueth 7, ’.‘tl‘:’it}Ol‘l of cefu roxime determmed by clinical microdialysis in
ael B. Otteneder 2, Wolfgang Richter 2, Hartmut Derendorf - * patients undergoing abdominal surgery

April Barbour®!', Stephan Schmidt®', W, Robert Rout®, Kfir Ben-David?®,
Olaf Burlkhardt®, Hartmut Derendorf-*
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Microdialysis




Contributions to Pharmacology:

PK/PD modeling for Rational Dose Selection

s, Do L T, R ( : \
Copyright © 2004, American Sociery for Microbiology. All Rights Reserved. "Ref| neme nt of dosa ges a nd
MINIREVIEW dosing schedules will benefit from
. ”
Issues in Pharmacokinetics and Pharmacodynamics of Anti-Infective \_ d PK/ PD modellng approaCh )
Agents: Kill Curves versus MIC
antmicrobial Agents and Chemotherapy  p. 678 -886 February 2014 Velume S8 Number 2
Markus Mueller,"* Amparo de la Pefa,” and Hartmut Derend{Population Pharmacokinetic Modeling of the Unbound Levofloxacin

Concentrations in Rat Plasma and Prostate Tissue Measured by ——

Microdialysis Antimicrobial
Agents

Review

Modeling of Pharmacokinetic/Pharmace Fellpe K. Hurtado,” Benjamin Weber,® Hartmut Derendorf® Guenther Hochhaus® Terasa Dalla Costa® 225
Relationships: Concepts and Perspectives

www.ischemo.org

J Clin Pharmacol 2000:40:1399-1418 SYMPOSIUM PK-PD modelling of the effect of cefaclor on four
different bacterial strains

CLINICAL PHARMACOLDGY & THERATEUTICS

. . . mnara de la Pefia® ] nnemal  VOLUME of, NUMBER 6
Pharmacokinetic/Pharmacodynamic Y | = s I _ .
e AAPS Pharmsci 2000; 23) article ;. [’ harmacokinetic and pharmacodynamic
Modeling in Drug Research

modeling of cetrorelix, an LH-RH
and Development ;lnt'.lgunist, after subcutancous

administration in healthy

An Interactive Algorithm for the Assesst
Suppression During Inhaled Corticoster

Hartmut Derendorf, PhD, Lawrence J. Lesko, PhD, Submitted March 23, 2000; accepted July 3, 2000; published July 2 PTCITICNOP: usal women
Philip Chaikin, MD, PharmD, Wayne A. Colburn, PhD, Peter Lee, PhD, . . ) Nelamangala V. Nagaraja, PhD, Birgit Pechssein, PhD, Katharina Erd, MD,
Raymond Miller, PhD, Robert Powell, PharmD, Gerald Rhodes, PhD, Sriram Krishnaswami, Guenther Hochhaus, and Hartmut Dey ¢, oo Klipping, MD, Robert Hermann, MD, Georg Niebch, PhD, and
Donald Stanski, MD, and Jiirgen Venitz, MD, PhD l::.“:t' m;:hn B N B




MIC

The Current Paradigm

MIC Is poison for the mind.

H. Mattie (1994), after a long after-dinner discussion
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Cefpodoxime PK

(400 mg oral dose, n = 6)

Concentration (mg/L)
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Chart1

		0		0		0		0		0

		0.33		0.25		0.33		0.1767976789		0

		0.67		0.75		0.67		0.4844427474		0.2668948113

		1		1.25		1		0.6949468191		0.4731204177

		1.5		1.75		1.5		0.8036394445		0.5305614003

		2		2.25		2		0.8199891936		0.7722447859

		2.5		2.75		2.5		0.8100142978		0.8628117987

		3		3.25		3		1.135927596		0.8091765714

		3.5		3.75		3.5		1.3815782985		0.8011808089

		4		4.25		4		1.4682591099		0.873243954

		5		4.75		5		1.361511584		0.8557890354

		6		5.25		6		1.0510636536		0.9106340361

		7		5.75		7		0.8207693345		0.6584760706

		8		6.25		8		0.6466370719		0.5866093026

				6.75						0.5038095622

				7.25						0.4418217972

				7.75						0.4152884825



plasma

muscle

free plasma

Time (h)

Concentration (mg/L)

0

0

0

0.1352250345

0

0.1014187759

0.4119164353

0.1722797626

0.3089373265

0.7758315865

0.520745958

0.5818736899

1.8395916926

1.1284756667

1.3796937695

2.7274088906

1.6988418189

2.0455566679

3.1727997588

1.9543393926

2.3795998191

3.6355518107

2.2329064132

2.726663858

3.5166443005

2.2228588249

2.6374832254

3.4137012544

2.1182097558

2.5602759408

2.7624107793

2.0083807678

2.0718080844

2.1573206729

1.9306599397

1.6179905047

1.5992518187

1.6076391997

1.199438864

1.2430424012

1.4290684349

0.9322818009

1.3143130562

1.1168969773

0.9757955024



Plasma-AUC-inf

		Cefpodoxime proxitel tablets (400 mg)

		Plasma						Volunteers

		Time (h)		1		2		3		4		5		6		Mean		SD		CV		Min		Max		Median

		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0%		0.00		0.00		0.00

		0.33		0.26		0.00		0.43		0.00		0.00		0.12		0.14		0.18		131%		0.00		0.43		0.06

		0.67		1.00		0.00		0.97		0.00		0.00		0.50		0.41		0.48		118%		0.00		1.00		0.25

		1.00		1.34		0.22		1.61		0.08		0.16		1.25		0.78		0.69		90%		0.08		1.61		0.74

		1.50		1.92		2.81		2.10		0.72		1.05		2.43		1.84		0.80		44%		0.72		2.81		2.01

		2.00		2.51		4.11		2.13		1.75		2.90		2.97		2.73		0.82		30%		1.75		4.11		2.70

		2.50		2.36		3.91		2.52		2.47		4.16		3.61		3.17		0.81		26%		2.36		4.16		3.07

		3.00		2.20		4.50		3.06		2.72		4.26		5.08		3.64		1.14		31%		2.20		5.08		3.66

		3.50		1.96		3.99		2.19		3.15		4.14		5.67		3.52		1.38		39%		1.96		5.67		3.57

		4.00		1.85		3.89		2.05		2.87		4.06		5.76		3.41		1.47		43%		1.85		5.76		3.38

		5.00		1.32		2.89		1.63		2.21		3.52		5.00		2.76		1.36		49%		1.32		5.00		2.55

		6.00		1.12		2.38		1.15		1.79		2.61		3.90		2.16		1.05		49%		1.12		3.90		2.09

		7.00		0.86		1.50		0.82		1.44		1.94		3.03		1.60		0.82		51%		0.82		3.03		1.47

		8.00		0.73		1.13		0.59		1.15		1.45		2.40		1.24		0.65		52%		0.59		2.40		1.14

		ke [h-1]		0.23		0.31		0.32		0.22		0.30		0.25		0.27		0.04		16%		0.22		0.32		0.27

		n		5		5		5		4		4		4

		t1/2 [h]		3.03		2.22		2.18		3.20		2.35		2.82		2.63		0.44		17%		2.18		3.20		2.59

		AUC[mg/ml*h]		14.69		23.63		14.43		18.92		25.08		37.84		22.43		8.74		39%		14.43		37.84		21.28

		AUMC[mg/ml*h2]		81.73		120.99		66.25		127.16		143.43		242.10		130.28		62.02		48%		66.25		242.10		124.07

		MRT [h]		5.56		5.12		4.59		6.72		5.72		6.40		5.68		0.79		14%		4.59		6.72		5.64

		Cmax [mg/ml]		2.51		4.50		3.06		3.15		4.26		5.76		3.87		1.20		31%		2.51		5.76		3.70

		Tmax [h]		2.00		3.00		3.00		3.50		3.00		4.00		3.08		0.66		22%		2.00		4.00		3.00

				AUC and AUMC values: integrated from zero to infinity  (AUC0-inf and AUMC0-inf)





Muscle-original

		Cefpodoxime proxitel tablets (400 mg)

		Muscle dialysate						Volunteers

		Time (h)		1		2		3		4		5		6		Mean		SD		CV		Min		Max		Median

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0%		0.00		0.00		0.00

		0.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0%		0.00		0.00		0.00

		0.75		0.07		0.00		0.14		0.00		0.00		0.00		0.03		0.06		170%		0.00		0.14		0.00

		1.25		0.13		0.06		0.25		0.00		0.00		0.06		0.08		0.09		113%		0.00		0.25		0.06

		1.75		0.15		0.38		0.32		0.05		0.04		0.10		0.17		0.15		84%		0.04		0.38		0.12

		2.25		0.14		0.63		0.40		0.11		0.11		0.12		0.25		0.22		86%		0.11		0.63		0.13

		2.75		0.21		0.74		0.43		0.16		0.12		0.11		0.29		0.25		85%		0.11		0.74		0.18

		3.25		0.19		0.72		0.42		0.22		0.13		0.19		0.31		0.23		72%		0.13		0.72		0.21

		3.75		0.21		0.68		0.41		0.20		0.13		0.21		0.30		0.21		68%		0.13		0.68		0.21

		4.25		0.18		0.65		0.37		0.17		0.13		0.21		0.29		0.20		69%		0.13		0.65		0.20

		4.75		0.15		0.60		0.31		0.19		0.13		0.21		0.26		0.18		67%		0.13		0.60		0.20

		5.25		0.13		0.53		0.27		0.17		0.16		0.20		0.24		0.15		61%		0.13		0.53		0.18

		5.75		0.12		0.43		0.26		0.14		0.12		0.16		0.21		0.12		58%		0.12		0.43		0.15

		6.25		0.09		0.37		0.24		0.15		0.10		0.15		0.18		0.11		58%		0.09		0.37		0.15

		6.75		0.11		0.33		0.21		0.14		0.08		0.14		0.17		0.09		53%		0.08		0.33		0.14

		7.25		0.08		0.29		0.16		0.12		0.07		0.12		0.14		0.08		57%		0.07		0.29		0.12

		7.75		0.08		0.23		0.13		0.10		0.06		0.11		0.12		0.06		48%		0.06		0.23		0.11

		ke [h-1]		0.17		0.31		0.28		0.15		0.32		0.20		0.24		0.08		32%		0.15		0.32		0.24

		n		6		6		6		5		5		5

		t1/2 [h]		4.06		2.23		2.43		4.66		2.14		3.43		3.16		1.05		33%		2.14		4.66		2.93

		AUC[mg/ml*h]		1.00		3.27		2.13		0.93		0.67		1.02		1.50		1.00		67%		0.67		3.27		1.01

		AUMC[mg/ml*h2]		3.93		13.75		8.25		4.32		3.09		4.64		6.33		4.05		64%		3.09		13.75		4.48

		MRT [h]		3.93		4.21		3.88		4.66		4.58		4.57		4.31		0.35		8%		3.88		4.66		4.39

		Cmax [mg/ml]		0.21		0.74		0.43		0.22		0.16		0.21		0.33		0.22		68%		0.16		0.74		0.22

		Tmax [h]		2.75		2.75		2.75		3.25		5.25		4.25		3.50		1.04		30%		2.75		5.25		3.00

		Notations:		0.00		= lower than the limit of quantification





Muscle-AUC-inf

		Cefpodoxime proxitel tablets (400 mg)

		Muscle						Volunteers

		Time (h)		1		2		3		4		5		6		Mean		SD		CV		Min		Max		Median

		Recovery		12.7%		20.2%		27.2%		12.0%		5.9%		6.8%

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0%		0.00		0.00		0.00

		0.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0%		0.00		0.00		0.00

		0.75		0.52		0.00		0.52		0.00		0.00		0.00		0.17		0.27		155%		0.00		0.52		0.00

		1.25		1.04		0.32		0.91		0.00		0.00		0.86		0.52		0.47		91%		0.00		1.04		0.59

		1.75		1.19		1.89		1.18		0.41		0.67		1.43		1.13		0.53		47%		0.41		1.89		1.19

		2.25		1.08		3.09		1.48		0.93		1.84		1.76		1.70		0.77		45%		0.93		3.09		1.62

		2.75		1.65		3.66		1.58		1.29		1.96		1.58		1.95		0.86		44%		1.29		3.66		1.62

		3.25		1.49		3.58		1.55		1.84		2.18		2.76		2.23		0.81		36%		1.49		3.58		2.01

		3.75		1.63		3.37		1.50		1.64		2.16		3.04		2.22		0.80		36%		1.50		3.37		1.90

		4.25		1.43		3.22		1.36		1.38		2.20		3.12		2.12		0.87		41%		1.36		3.22		1.82

		4.75		1.22		2.96		1.13		1.55		2.10		3.08		2.01		0.86		43%		1.13		3.08		1.83

		5.25		0.99		2.60		0.98		1.38		2.70		2.93		1.93		0.91		47%		0.98		2.93		1.99

		5.75		0.97		2.10		0.97		1.12		2.06		2.43		1.61		0.66		41%		0.97		2.43		1.59

		6.25		0.72		1.84		0.89		1.23		1.64		2.25		1.43		0.59		41%		0.72		2.25		1.44

		6.75		0.85		1.62		0.77		1.16		1.37		2.11		1.31		0.50		38%		0.77		2.11		1.27

		7.25		0.66		1.45		0.60		1.03		1.24		1.72		1.12		0.44		40%		0.60		1.72		1.13

		7.75		0.66		1.12		0.49		0.85		1.05		1.67		0.98		0.42		43%		0.49		1.67		0.95

		ke [h-1]		0.17		0.31		0.28		0.15		0.32		0.20		0.24		0.08		32%		0.15		0.32		0.24

		n		6		6		6		5		5		5

		t1/2 [h]		4.06		2.23		2.43		4.66		2.14		3.43		3.16		1.05		33%		2.14		4.66		2.93

		AUC[mg/ml*h]		11.78		19.75		9.56		13.39		14.57		23.25		15.38		5.15		33%		9.56		23.25		13.98

		AUMC[mg/ml*h2]		83.97		107.58		49.87		118.13		87.08		173.69		103.39		41.67		40%		49.87		173.69		97.33

		MRT [h]		7.13		5.45		5.22		8.83		5.98		7.47		6.68		1.38		21%		5.22		8.83		6.55

		Cmax [mg/ml]		1.65		3.66		1.58		1.84		0.85		3.12		2.12		1.05		50%		0.85		3.66		1.75

		Tmax [h]		3.75		4.75		6.25		7.25		5.75		6.25		5.67		1.24		22%		3.75		7.25		6.00

		F		0.80		0.84		0.66		0.71		0.58		0.61		0.70		0.10		15%		0.58		0.84		0.68

		Protein binding		0.20		0.20		0.20		0.20		0.20		0.20

		F'		1.00		1.04		0.83		0.88		0.73		0.77		0.88		0.13		15%		0.73		1.04		0.86

				0.00		= lower than the limit of quantification										AUC and AUMC values: integrated from zero to infinity

				F = AUCtissue,free/AUCplasma,     F' = AUCtissue,free/AUCplasma,free





plots

		





plots

		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (HR)

0

0

0.2586042974

0

0.9989541738

0.5172877018

1.3378969386

1.038458297

1.9196615326

1.190754009

2.5061798821

1.0816015582

2.363472143

1.6515240386

2.2027001331

1.4875796461

1.9612093554

1.6312467059

1.846073398

1.4327877043

1.3229701464

1.2192285614

1.1155162578

0.9879806814

0.8567218102

0.9694290791

0.7308166556

0.7239439229

0.8520794086

0.6583661659

0.6639747898



profile-plot

		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (ES)

0

0

0

0

0

0

0.2246988523

0.3160910861

2.8121976667

1.8922239032

4.1116380537

3.092289377

3.9127383098

3.6604428419

4.4983401309

3.5793938455

3.9871004458

3.3697471081

3.8874134497

3.2235887512

2.8852319074

2.9634214727

2.3847102343

2.6000518054

1.5040311107

2.1048424372

1.1311085758

1.8363000957

1.6209799285

1.452398016

1.1230689271



		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (DB)

0

0

0.4286256284

0

0.9701223561

0.5163908739

1.6075120933

0.9136327363

2.1030067343

1.1801874418

2.1303234374

1.4782273033

2.524518638

1.5832080297

3.0581428436

1.5481230872

2.1936830124

1.5007035946

2.0534003604

1.356252308

1.6325524044

1.1334081029

1.1470169781

0.9766222662

0.8204495874

0.9670287273

0.5909134023

0.8853465955

0.7666608135

0.6008296401

0.4933820037



		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (AP)

0

0

0

0

0

0

0.0759023355

0

0.7243895966

0.4060771543

1.7507961783

0.9338223218

2.4681528662

1.2883851743

2.7168259023

1.8396159596

3.150477707

1.6350065664

2.8670382166

1.3836826999

2.2091295117

1.5537233828

1.7882165605

1.3841498446

1.4388269639

1.1239502282

1.1531316348

1.2327949511

1.16459182

1.0323898605

0.8464662567



		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (TG)

0

0

0

0

0

0

0.1552547771

0

1.0522823779

0.674183863

2.8991507431

1.8440091038

4.1576433121

1.9602477009

4.2550424628

2.1815659897

4.1385350318

2.1573883615

4.0640923567

2.1973744389

3.5208333333

2.1015938349

2.6126592357

2.700455087

1.9414808917

2.0550983961

1.4522292994

1.6440787169

1.3697556278

1.235848764

1.0535866438



		0		0

		0.33		0.25

		0.67		0.75

		1		1.25

		1.5		1.75

		2		2.25

		2.5		2.75

		3		3.25

		3.5		3.75

		4		4.25

		5		4.75

		6		5.25

		7		5.75

		8		6.25

				6.75

				7.25

				7.75



plasma

muscle

Time (h)

Concentration (mg/L)

Profile of cefpodoxime (SS)

0

0

0.1241202815

0

0.5024220821

0

1.2537245224

0.8562936289

2.4260122475

1.4274276288

2.9663650489

1.7631012493

3.610273284

1.5822285703

5.0822593913

2.7611599509

5.6688602504

3.0430606128

5.764189745

3.1155726327

5.0037473723

3.0789092518

3.895804771

2.9346999537

3.0340005484

2.4254863304

2.4000548396

2.2519463276

2.1118107385

1.7215494176

1.6742943934



		Cefpodoxime proxitel tablets (400 mg)

				Holger		Edgar		Dave		Adam		Toby		Sriks

		Plasma		1		2		3		4		5		6		Mean		SD		Cplasam,free

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.0

		0.33		0.26		0.00		0.43		0.00		0.00		0.12		0.14		0.18		0.1

		0.67		1.00		0.00		0.97		0.00		0.00		0.50		0.41		0.48		0.3

		1		1.34		0.22		1.61		0.08		0.16		1.25		0.78		0.69		0.6

		1.5		1.92		2.81		2.10		0.72		1.05		2.43		1.84		0.80		1.4

		2		2.51		4.11		2.13		1.75		2.90		2.97		2.73		0.82		2.0

		2.5		2.36		3.91		2.52		2.47		4.16		3.61		3.17		0.81		2.4

		3		2.20		4.50		3.06		2.72		4.26		5.08		3.64		1.14		2.7

		3.5		1.96		3.99		2.19		3.15		4.14		5.67		3.52		1.38		2.6

		4		1.85		3.89		2.05		2.87		4.06		5.76		3.41		1.47		2.6

		5		1.32		2.89		1.63		2.21		3.52		5.00		2.76		1.36		2.1

		6		1.12		2.38		1.15		1.79		2.61		3.90		2.16		1.05		1.6

		7		0.86		1.50		0.82		1.44		1.94		3.03		1.60		0.82		1.2

		8		0.73		1.13		0.59		1.15		1.45		2.40		1.24		0.65		0.9
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Plamsa-AUC

		Cefixime tablet (400 mg)								below LOQ

		Plasma																		AUC

		Time		1		2		3		4		5		6		Mean		SD		1		2		3		4		5		6

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.33		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.67		0.00		0.00		0.05		0.00		0.00		0.00		0.01		0.02		0.00		0.00		0.01		0.00		0.00		0.00

		1		0.23		0.00		0.66		0.00		0.00		0.00		0.15		0.27		0.04		0.00		0.12		0.00		0.00		0.00

		1.5		1.06		0.00		1.61		0.00		0.46		0.00		0.52		0.68		0.32		0.00		0.57		0.00		0.12		0.00

		2		1.76		0.11		2.82		0.00		0.71		0.00		0.90		1.16		0.70		0.03		1.11		0.00		0.29		0.00

		2.5		2.85		0.68		3.69		0.20		1.60		0.43		1.58		1.42		1.15		0.20		1.63		0.05		0.58		0.11

		3		3.05		0.87		4.12		0.74		2.41		1.35		2.09		1.34		1.48		0.39		1.95		0.24		1.00		0.44

		3.5		2.73		1.65		5.00		1.07		2.46		1.96		2.48		1.37		1.45		0.63		2.28		0.45		1.22		0.83

		4		3.02		3.04		4.74		1.16		3.78		2.02		2.96		1.26		1.44		1.17		2.44		0.56		1.56		0.99

		5		2.30		2.86		4.28		1.57		3.90		2.83		2.96		1.00		2.66		2.95		4.51		1.36		3.84		2.42

		6		1.67		1.93		3.93		1.86		4.38		2.49		2.71		1.16		1.99		2.39		4.10		1.71		4.14		2.66

		7		1.20		2.14		2.78		2.04		2.73		2.56		2.24		0.59		1.43		2.04		3.35		1.95		3.55		2.52

		8		1.14		1.72		2.77		1.97		1.36		1.83		1.80		0.57		1.17		1.93		2.78		2.01		2.04		2.19

																				Cplasma, free

		ke [h-1]		0.2449		0.1423		0.1646		-0.0781		0.3639		0.1276						0.00

		n		4		4		4		4		4		4						0.00

		t1/2 [h]		2.83		4.87		4.21		-8.87		1.90		5.43						0.00

		C0 [mcg/ml]		0.00		0.00		0.00		0.00		0.00		0.00						0.05

		AUC[mcg/ml*min]		13.82		11.73		24.85		8.34		18.35		12.17						0.18

		AUMC[mcg/ml*min2]		143.84		182.27		350.67		168.96		132.80		293.62						0.32

		MRT[min]		10.41		15.54		14.11		20.27		7.24		24.13						0.55

		Vc [ml/g]																		0.73

		Vdss [ml/g]		7.53																0.87

		Vdarea [ml/g]		2.95																1.04

		CL [ml/min/kg]		723.57																1.03

																				0.95

																				0.78

																				0.63
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		Cefixime tablet (400 mg)

		Muscle		1		2		3		4		5		6		Mean		SD

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.75		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		1.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		1.75		0.05		0.00		0.07		0.00		0.00		0.00		0.02		0.03

		2.25		0.07		0.00		0.20		0.00		0.00		0.00		0.04		0.08

		2.75		0.12		0.00		0.33		0.00		0.07		0.00		0.09		0.13

		3.25		0.16		0.06		0.36		0.00		0.10		0.05		0.12		0.13

		3.75		0.18		0.10		0.38		0.00		0.17		0.07		0.15		0.13

		4.25		0.15		0.10		0.38		0.00		0.25		0.09		0.16		0.14

		4.75		0.14		0.14		0.40		0.00		0.32		0.12		0.19		0.15

		5.25		0.16		0.12		0.35		0.05		0.29		0.13		0.18		0.11

		5.75		0.12		0.14		0.34		0.08		0.39		0.16		0.21		0.13

		6.25		0.11		0.11		0.41		0.07		0.36		0.18		0.21		0.14

		6.75		0.10		0.10		0.37		0.08		0.35		0.18		0.20		0.13

		7.25		0.11		0.10		0.32		0.09		0.35		0.16		0.19		0.12

		7.75		0.08		0.09		0.30		0.09		0.41		0.16		0.19		0.13

		ke [h-1]		0.1679		0.2151		0.1090		-0.1857		0.3000		0.132

		n		6		6		7		7		7		7

		t1/2 [h]		4.13		3.22		6.36		-3.73		2.31		5.25

		C0 [mcg/ml]		0.0		0.0		0.0		0.0		0.0		0.0

		AUC[mcg/ml*min]		0.00		0.92		4.76		-0.30		2.77		1.80

		AUMC[mcg/ml*min2]		10.20		7.85		56.07		0.14		23.06		21.84

		MRT[min]		0.00		8.55		11.78		-0.48		8.32		12.11

				below LOQ





		Cefixime tablet (400 mg)

		Recovery		24.5%		11.1%		38.1%		16.8%		46.0%		25.2%						AUC

		Muscle		1		2		3		4		5		6		Mean		SD		1		2		3		4		5		6

		0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		0.75		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		1.25		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		1.75		0.22		0.00		0.18		0.00		0.00		0.00		0.07		0.10		0.05		0.00		0.05		0.00		0.00		0.00

		2.25		0.27		0.00		0.53		0.00		0.00		0.00		0.13		0.22		0.12		0.00		0.18		0.00		0.00		0.00

		2.75		0.50		0.00		0.88		0.00		0.15		0.00		0.25		0.36		0.19		0.00		0.35		0.00		0.04		0.00

		3.25		0.67		0.57		0.93		0.00		0.22		0.20		0.43		0.35		0.29		0.14		0.45		0.00		0.09		0.05

		3.75		0.74		0.87		1.00		0.00		0.36		0.29		0.54		0.38		0.35		0.36		0.48		0.00		0.15		0.12

		4.25		0.59		0.87		1.00		0.00		0.55		0.35		0.56		0.36		0.33		0.43		0.50		0.00		0.23		0.16

		4.75		0.58		1.26		1.06		0.00		0.69		0.47		0.68		0.44		0.29		0.53		0.51		0.00		0.31		0.20

		5.25		0.66		1.11		0.92		0.31		0.62		0.52		0.69		0.29		0.31		0.59		0.49		0.08		0.33		0.25

		5.75		0.50		1.28		0.90		0.45		0.85		0.63		0.77		0.31		0.29		0.60		0.46		0.19		0.37		0.29

		6.25		0.44		1.00		1.08		0.43		0.78		0.71		0.74		0.27		0.23		0.57		0.50		0.22		0.41		0.33

		6.75		0.42		0.92		0.97		0.46		0.75		0.71		0.71		0.23		0.21		0.48		0.51		0.22		0.38		0.36

		7.25		0.43		0.89		0.84		0.53		0.76		0.64		0.68		0.18		0.21		0.45		0.45		0.25		0.38		0.34

		7.75		0.33		0.79		0.78		0.56		0.88		0.62		0.66		0.20		0.19		0.42		0.41		0.27		0.41		0.32

		ke [h-1]		0.1679		0.1481		0.2246		-0.1857		0.118		0.132

		n		5		4		4				3		3

		t1/2 [h]		4.13		4.68		3.09		-3.73		5.86		5.25

		C0 [mcg/ml]		0.0		0.0		0.0		0.0		0.0		0.0

		AUC[mcg/ml*min]		3.09		4.58		5.34		1.23		3.09		2.42

		AUMC[mcg/ml*min2]		41.60		102.51		68.50		0.85		138.38		86.64

		MRT[min]		13.47		22.39		12.83		0.69		44.83		35.82

		Vc [ml/g]

		Vdss [ml/g]		43.61

		Vdarea [ml/g]		19.28

		CL [ml/min/kg]		3237.69

		F'		0.22		0.39		0.21		0.15		0.17		0.20		0.22

		PB		0.70		0.60		0.70		0.70		0.70		0.70

		F'		0.74		0.98		0.72		0.49		0.56		0.66
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Kill Curves
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Contributions to Pharmacology

NASA Human Research Program

] Clin Pharmacol 2005;45:822-831

“The interest of the scientific and medical \

ey, . Effect of Simulated Microgravity on the
community _m space keeps growing, and the Disposition and Tissue Penetration of
technology is there. Ciprofloxacin in Healthy Volunteers

It is time to harness space for identifying new
drug targets, generate novel formulations,
and even produce drugs in space.”

Edgar L. Schuck, PhD, Maria Grant, MD, and Hartmut Derendorf, PhD, FCP
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Physiological, Pharmacokinetic,

and Pharmacodynamic Changes in Space Drugs in space: Pharmacokinetics and

pharmacodynamics in astronauts
Annemarie Graebe, PharmD, Edgar L. Schuck, MSc, Petra Lensing,
Lakshmi Putcha, PhD, and Hartmut Derendorf, PhD, FCP
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The Professor

e Mentored over 70 graduate students and 40 postdoctoral fellows from several
different countries.

e Teaching awards: UF Teaching Improvement Award, HHMI Distinguished Mentorship
Award, UF Research Foundation Professorship, CVS Pharmacy Endowed
Professorship, International Educator of the Year Award and UF Doctoral
Advisor/Mentoring Award.

e UF Alumni Association’s 18t Distinguished Alumni Professor (2015)
 More than 900 national and international presentations.

e Established the Global Gators Symposium in 1997.






Pitfalls in Drug Development or...
Don’t Judge Too Quickly!

The earlier t,,, the faster the absorption

International Journal of Clinical Pharmacology and Therapeutics, Vol. 43 — No. 3/2005 (117-122)

Interpretation of absorption rate data for
iInhaled fluticasone propionate obtained in
compartmental pharmacokinetic modeling

S. Krishnaswami'*, G. Hochhaus', H. Méllmann®, J. Barth® and H. Derendorf’

Department of Pharmaceutics, College of Pharmacy, University of Florida,
Gainesville, FL, <Pfizer Global R&D, Ann Arbor, M, USA,
FUniversity of Bochum and #Clinic Bergmannstrost, Halle, Germany
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Figure Ta. Serum concentration-time profile of FP
after a single dose of 500 ug inhaled via the Diskus®
dry-powder device. The closed circles represent ex-
perimental data (mean of n= 14, 5D) and the solid
line represents the fitted concentrations based on a
two-compartment body model with first order ab-
sorption.

FP (% absorbed)
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Figure 2. Absorption profile of FF after a single in-
halation of 500 ug via the Diskus® dry-powder de-
wvice, as determined using the Loo-Riegelman
method. The profile is based on a three-compart-
ment disposition model after i.v. administration. Cal-
culations were based on average parameters ob-
tained after i_v. administration of 1000 g [Mackie et
al. 1996] and median inhalation data obtained in the
present study.

Absorption half-life 4h




Don’t Judge Too Quickly



https://www.youtube.com/watch?v=MmiwbRXIWvs

Pitfalls in Drug Development or...
Don’t Judge Too Quickly!

Drug-Drug Interactions Due to Protein
Binding Displacement Are Common

This effect of protein binding is most significant with drugs that are highly protein-bound (=95%) and have a
low therapeutic index. such as warfarin. A low therapeutic index indicates that there is a high risk of toxicity
when using the drug. Since warfarin is an anticoagulant with a low therapeutic index. warfarin may cause

bleeding if the correct degree of pharmacologic effect is not maintained. If a patient on warfarin takes another
drug that displaces warfarin from plasma protein, such as a sulfonamide antibiotic. it could result in an increased
risk of bleeding.

Wikipedia 2010



1+1

Warfarin-Phenylbutazone
1+1=2 ?

Phenylbutazone decreases warfarin plasma protein binding,
Increasing warfarin’s unbound fraction.

When co-administered, phenylbutazone causes bleeding In
otherwise well-controlled patients on warfarin. This is clearly a
clinically relevant drug interaction.

The mechanism of the phenylbutazone-warfarin drug
Interaction is displacement of warfarin from plasma proteins,
leading to increased unbound warfarin concentrations.

Is this true ?

Hint: Warfarin is a low-extraction drug



Warfarin-Phenylbutazone

A change In protein binding for a low-extraction drug changes the
fraction unbound by a change in the total concentration. The

unbound concentration, and therefore the pharmacological effect, do
not change significantly.

Hence, displacement from protein binding sites cannot explain this
Interaction.

There is something else going on: Phenylbutazone inhibits warfarin
metabolism, decreasing intrinsic clearance.

Enzyme inhibition is the mechanism for the clinically observed drug
Interaction between warfarin and phenylbutazone



Link to video: Don’t Judge Too Quickly #2



https://www.youtube.com/watch?v=2t4zJH29n40

Right on target

Link to video: Right on Target


https://www.youtube.com/watch?v=3wAjpMP5eyo

The Human

* Teacher, Mentor, Colleague,
Friend

e Citizen of the world

e Avid traveler
* Inclusive and welcoming
* Family Man

e Soccer Fan

 Music lover ¥
|
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Dr. Derendorf’s Pearls of Wisdom,
never expressed in words... all by example!
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A Pharmacokinetic-Pharmacodynamic First-
and Last-Generation Model to Characterize

Circadian Variations and Non-linear Binding
of Endogenous Gatorsol and Circulating

Gainesvillocytes Using Microdialysis During
Space Travel

Hartmut Derendorf, PhD
University of Florida



1. Be a learner, always...




2. Work hard to create safe spaces for risk taking !




3. Build Networks
Collaborative problem solving is the only way




4. Take your work seriously ....

But not yourself....



5. Welcome Everyone
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6. Care — Be available over the long haul
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