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Preface

This volume is the publication of papers presented at the 44th annual meeting of the
International Society on Oxygen Transport to Tissue, ISOTT, held in Chicago, IL,
USA, from July 10 to July 14, 2016. I believe it represents a wonderful variety of
perspectives focusing on a great deal of the areas of research on the transport of
oxygen to tissues. The work presented has been subjected to peer review by the
leading experts in this area. Through the review by members internationally recog-
nized for their contribution to the field, the science therein is of the highest quality.

The meeting involved 105 scientists from 60 institutions in 15 countries from
North America, Asia, and Europe. Given the busy schedules of many of the best-
known participants, topics were spread throughout the meeting. In the best tradition
of ISOTT, this allowed presentations and presenters to mingle with researchers from
intellectually distant backgrounds. The exotic spice of new ideas was thereby
mingled with the broth of established understanding to stimulate the true value of
this meeting: innovation.

The meeting keynote presentation was given by Greg Semenza, who at the time
had not yet won the Lasker Award for 2016, detailing the latest research on molecu-
lar biology of the required organismal response to low levels of local oxygenation.
From molecular biology to individual human response, to oxygen changes moni-
tored by optical/near-infrared spectroscopy/tomography, to novel electron reso-
nance spectroscopy and spectroscopic imaging, to progress in blood substitute
research, retinal physiology, etc., the quality and innovation of the research and
those involved in it were outstanding and exciting. In-depth presentations from our
internationally recognized experts accompanied wide-ranging shorter presenta-
tions. As in recent past meetings, poster information was communicated to the
meeting attendees as a whole with succinct poster summary presentations that
allowed our participants to focus on the novel, compelling the poster sessions.

In addition to the presentation of science, the history of ISOTT has revolved
about the opportunities that the meeting and its venue provided for productive sci-
entific exchange between attendees. The location of the meeting at a boutique in the
heart of Chicago’s Miracle Mile provided relaxed access to the most diverse restaurants,
from small inexpensive but high-quality quiet venues to some of the finest in the
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world. Here, in-depth discussions could extend into the evening free of constraint.
The history of the city, considered by many to be the architectural capital of the
USA, was elucidated during the Chicago River tour. The vistas provided by the
95th floor banquet, the weather performance of a July storm with its second-order
(and perhaps third-order) rainbow after dinner, and the city fireworks that followed
gave the muscular sense of one of America’s signature cities. This seemed a superb
setting for the optimum exchange of science and the engendered friendship.

We acknowledge the excellent support of the members of the Department of
Radiation and Cellular Oncology including Mert Vincent, Matthew Maggio, Emily
Toops, Eugene Barth, Richard Miller, and Feya Epel for help in the preparation of
the meeting materials and for ensuring the smooth running of the meeting. Our
ISOTT treasurer, Dr. Peter Keipert, provided financial wisdom through the prepara-
tive stages of the meeting. Members of our Local Organizing Committee, our
Scientific Committee, the ISOTT Executive Board, and the session chairs and
cochairs burnished the roster of presenters and disciplined our exciting sessions.
Those who presented at the meeting need our particular gratitude for insight at the
heart of the meeting. We thank those of our participants who submitted their work
as scientific publications. We especially thank our reviewers of the submitted papers
who provided wisdom and insight without which the meeting would not have been
such a success and the papers which have issued in this volume so important.

Chicago, IL, USA Boris Epel
Howard J. Halpern



Acknowledgments

As president of the 2016 Meeting of the International Society on Oxygen Transport
to Tissue, held on July 10-14, 2016, in Chicago, USA, I would like to gratefully

acknowledge the support of our sponsors.

A-Scan LLC
http://www.ascan-llc.com/

Center for
.@.EPR Imaging m

in Vivo Physiology

NIH Center for EPR Imaging and In vivo Physiology
http://epri.uchicago.edu/

Fss

focus and discover

ISS
http://iss.com/

E )
BRUKER
(e

Bruker Corporation
https://www.bruker.com/

| THE UNIVERSITY OF

CEHEAGO

Department of Radiation and
Cellular Oncology
https://radonc-sites.uchicago.edu/

vii


http://www.ascan-llc.com/
https://www.bruker.com/
http://epri.uchicago.edu/
https://radonc-sites.uchicago.edu/
http://iss.com/

Panel of Reviewers

Reviewer Affiliation

Linda Ahnen University Hospital Zurich, Switzerland
Gemma Bale University College London, UK

Leif Biilow Lund University, Sweden

Alexander Caicedo Katholieke Universiteit Leuven, Belgium
Bryan Clifford University of [llinois at Urbana—Champaign, USA
Gareth Eaton University of Denver, USA

Martyna Elas Jagiellonian University, Poland

Boris Epel University of Chicago, USA

Ann B. Flood EPR Center at Dartmouth, Hanover, USA
Leonard Fru University of Wisconsin, Madison, USA
Michal Gonet Jagiellonian University, Poland

Howard J. Halpern

University of Chicago, USA

David K. Harrison

Microvascular Measurements, St. Lorenzen Italy

David Highton National Hospital for Neurology and Neurosurgery,
London, UK

Fahmeed Hyder Yale University, USA

Kyung Kang University of Louisville, USA

Peter E. Keipert

Keipert Corp. Consulting, San Diego, USA

Periannan Kuppusamy

EPR Center at Dartmouth, Hanover, USA

Joseph C. LaManna

Case Western Reserve University, Cleveland, USA

Frédéric Lange

University College London, UK

Terence Leung

University College London, UK

Lin Li University of Pennsylvania, USA

Qi Liu Northwestern University, USA

Molly Lockart The University of Alabama, USA

Arnulf Mayer University Medical Center, Mainz, Germany
Andreas Metz University of Bern, Switzerland

Subhabrata Mitra University College London, UK

Paul Okunieff University of Florida, USA

Takuya Osawa

Juntendo University, Japan

ix



Panel of Reviewers

George Perdrizet

University of California San Diego, USA

Pong Phan

University College London, UK

Sally Pias

New Mexico Tech, USA

Michelle Puchowicz

Case Western Reserve University, Cleveland, USA

Anne Reimann

University of Halle, Germany

Pang Dong Ryu

Seoul National University, Republic of Korea

Guennadi Saiko

Ryerson University, Canada

Kaoru Sakatani

Nihon University School of Medicine, Japan

Wilson Schreiber

EPR Center at Dartmouth, Hanover, USA

John Severinghaus

University of California San Francisco, USA

Kwang Sup Soh

Seoul National University, Republic of Korea

Witold Subczynski Medical College of Wisconsin, USA

Harold Swartz EPR Center at Dartmouth, Hanover, USA
[leas Tachtsidis University College London, UK

Rong-Wen Tain ETH Zurich, Switzerland

Shun Takagi Waseda University, Japan

Eiji Takahashi Saga University, Japan

Tomotaka Takeda Tokyo Dental College, Japan

Oliver Thews University of Halle, Germany

Peter Vaupel University Medical Center, Mainz, Germany
Martin Wolf University of Zurich, Switzerland

Ursula Wolf University of Bern, Switzerland

Kui Xu Case Western Reserve University, Cleveland, USA

Technical Reviewer

Laraine Visser-Isles

Rotterdam, the Netherlands

Eileen Harrison

St. Lorenzen, Italy




44th Meeting of the International Society on Oxygen Transport to Tissue
July 10-14, 2016, Chicago, IL

-_—

—




Local Organizing Committee

Howard J. Halpern, University of Chicago

Hao F Zhang, Northwestern University

Joseph Culver, Washington University in St. Louis
Boris Epel, University of Chicago

Xiii



Scientific Committee

Hao F Zhang, Northwestern University, USA

Joseph Culver, Washington University in St. Louis, USA
Qingming Luo, Huazhong University of Science and Technology, China
Lin Z. Li, University of Pennsylvania, USA

Kyung A. Kang, University of Louisville, USA

Joseph C. LaManna, Case Western Reserve University, USA
Harold M. Swartz, Dartmouth College, USA

Clare Elwell, University College, London, UK

Peter Keipert, Sangart, Inc., San Diego, USA

Peter Vaupel, University of Mainz Medical Center, Germany
Oliver Thews, University of Mainz Medical Center, Germany
Paul Okunieff, University of Florida College of Medicine, USA
John Severinghaus, University of California San Francisco, USA

XV



ISOTT Officers and Executive Committee

Presidents

Name: Howard J. Halpern
Country: USA

Telephone: (+1) 773-702-6871
Fax: (+1) 773-702-5940

Email: h-halpern@uchicago.edu

Past Presidents

Name: Qingming Luo

Country: China

Telephone: (+86) 27-8779-2033
Fax: (+86) 27-8779-2034
Email: qluo@mail.hust.edu.cn
Name: Lin Z. Li

Country: USA

Telephone: (+1) 215-898-1805
Fax: (+1) 215-573-2113

Email: linli@mail.med.upenn.edu

President-Elect

Name: Oliver Thews

Country: Germany

Telephone: (+49) 345-557-4048

Fax: (+49) 345-557-4019

Email: oliver.thews @medizin.uni-halle.de

Secretary

Name: Oliver Thews

Country: Germany

Telephone: (+49) 345-557-4048

Fax: (+49) 345-557-4019

Email: oliver.thews @medizin.uni-halle.de.

Xvii



Xviii ISOTT Officers and Executive Committee

Treasurer

Name: Peter E. Keipert
Country: USA

Telephone: (+1) 858-699-4789
Fax: (+1) 858-792-7489

Email: peterkeipert@gmail.com

Head of Publication Committee
Name: Joseph C. LaManna

Country: USA

Telephone: (+1) 216-368-1112

Fax: (+1) 216-368-1144

Email: joseph.lamanna@case.edu

Chairman, Knisely Award Committee
Name: Duane F. Bruley

Country: USA

Telephone: (+1) 410-313-9939

Fax: F: (+1) 410-313-9939

Email: bruley33 @verizon.net

Executive Committee
Alexander Caicedo-Dorado, Belgium
Boris Epel, USA

Ann B. Flood, USA

Malou Friedrich-Perrson, Sweden
Kyung A. Kang, USA

George A. Pedrizet, USA

Pan Dong Ryu, Republic of Korea
Eiji Takahashi, Japan

Ursula Wolf, Switzerland

Karen A. Yilmaz, USA



ISOTT Award Winners

The Melvin H. Knisely Award

The Melvin H. Knisely Award was established in 1983 to honor Dr. Knisely’s
accomplishments in the field of the transport of oxygen and other metabolites and
anabolites in the human body. Over the years, he has inspired many young investi-
gators, and this award is to honor his enthusiasm for assisting and encouraging
young scientists and engineers in various disciplines. The award is to acknowledge
outstanding young investigators. This award was first presented during the banquet
of the 1983 annual conference of ISOTT in Ruston, Louisiana. The award includes
a Melvin H. Knisely plaque and a cash prize.

Melvin H. Knisely Award Recipients

1983  Antal G. Hudetz (Hungary)
1984  Andras Eke (Hungary)

1985 Nathan A. Bush (USA)

1986 Karlfried Groebe (Germany)
1987  Isumi Shibuya (Japan)

1988 Kyung A. Kang (Korea/USA)
1989  Sanja Batra (Canada)

1990  Stephen J. Cringle (Australia)
1991  Paul Okunieff (USA)

1992  Hans Degens (the Netherlands)
1993  David A. Benaron (USA)
1994  Koen van Rossem (Belgium)
1995 Clare E. Elwell (UK)

1996  Sergei A. Vinogradov (USA)

XixX



XX ISOTT Award Winners

1997  Chris Cooper (UK)

1998 Martin Wolf (Switzerland)

1999  Huiping Wu (USA)

2000  Valentina Quaresima (Italy)

2001 Fahmeed Hyder (Bangladesh)

2002  Geofrey De Visscher (Belgium)
2003  Mohammad Nadeem Khan (USA)
2004  Fredrick Palm (Sweden)

2005 Nicholas Lintell (Australia)

2006 -

2007  Ilias Tachtsidis (UK)

2008 Kazuto Masamoto (Japan)

2009 Rossana Occhipinti (USA)

2010  Sebatiano Cicco (Italy)

2011 Mei Zhang (USA)

2012  Takahiro Igarashi (Japan)

2013  Malou Friederich-Persson (Sweden)
2014  David Highton (UK)

2015 Alexander Caicedo Dorado (Belgium)
2016  Sally Pias (USA)

The Dietrich W. Liibbers Award

The Dietrich W. Liibbers Award was established in honor of Professor Liibbers’s
long-standing commitment, interest, and contributions to the problems of oxygen
transport to tissue and to the society. This award was first presented in 1994 during
the annual conference of ISOTT in Istanbul, Turkey.

Dietrich W. Liibbers Award Recipients

1994  Michael Dubina (Russia)
1995  Philip E. James (UK/USA)
1996 Resit Demit (Germany)
1997  Juan Carlos Chavez (Peru)
1998  Nathan A. Davis (UK)
1999  Paola Pichiule (USA)
2000 TIan Balcer (USA)

2001 Theresa M. Busch (USA)
2002 Link K. Korah (USA)
2003 JamesJ. Lee (USA)



ISOTT Award Winners XXI1

2004  Richard Olson (Sweden)

2005 Charlotte Ives (UK)

2006 Bin Hong (China/USA)

2007 Helga Blockx (Belgium)

2008  Joke Vanderhaegen (Belgium)
2009 Matthew Bell (UK)

2010  Alexander Caicedo Dorado (Belgium)
2011  Malou Friedrich (Sweden)

2012 Maria Papademetriou (UK)
2013  Nannan Sun (China/USA)

2014  Felix Scholkmann (Switzerland)
2015  Shun Takagi (Japan)

2016 Gemma Bale (UK)

The Britton Chance Award

The Britton Chance Award was established in honor of Professor Chance’s long-
standing commitment, interest, and contributions to the science and engineering
aspects of oxygen transport to tissue and to the society. This award was first presented
in 2004 during the annual conference of ISOTT in Bari, Italy.

Britton Chance Award Recipients

2004  Derek Brown (Switzerland)
2005 James Lee (USA)

2006  Hanzhu Jin (China/USA)

2007  Eric Mellon (USA)

2008  Jianting Wang (USA)

2009 Jessica Spires (USA)

2010  Ivo Trajkovic (Switzerland)
2011  Alexander Caicedo Dorado (Belgium)
2012 Felix Scholkmann (Switzerland)
2013  Tharindi Hapuarachchi (UK)
2014  Anne Riemann (Germany)

2015 Wenhao Xie (China)

2016 Linda Ahnen (Switzerland)



XXii ISOTT Award Winners
The Duane F. Bruley Travel Awards

The Duane F. Bruley Travel Awards were established in 2003 and first presented by
ISOTT at the 2004 annual conference in Bari, Italy. This award was created to provide
travel funds for student researchers in all aspects of areas of oxygen transport to tissue.
The awards signify Dr. Bruley’s interest in encouraging and supporting young
researchers to maintain the image and quality of research associated with the society.
As a cofounder of ISOTT in 1973, Dr. Bruley emphasizes cross-disciplinary research
among basic scientists, engineers, medical scientists, and clinicians. His pioneering
work constructing mathematical models for oxygen and other anabolite/metabolite
transports in the microcirculation, employing computer solutions, was the first to
consider system nonlinearities and time dependence, including multidimensional
diffusion, convection, and reaction kinetics. It is hoped that receiving the Duane
F. Bruley Travel Award will inspire students to excel in their research and will assist
in securing future leadership for ISOTT.

The Duane F. Bruley Travel Award Recipients

2004 Helga Blocks (Belgium), Jennifer Caddick (UK), Charlotte Ives (UK),
Nicholas Lintell (Australia), Leonardo Mottola (Italy), Samin Rezania
(USA/Iran), Ilias Tachtsidis (UK), Liang Tang (USA/China), lyichi
Sonoro (Japan), Antonio Franco (Italy)

2005 Robert Bradley (UK), Harald Oey (Australia), Kathy Hsieh (Australia),
Jan Shah (Australia)

2006  Ben Gooch (UK), Ulf Jensen (Germany), Smruta Koppaka (USA),
Daya Singh (UK), Martin Tisdall (UK), Bin Wong (USA), Kui Xu (USA)

2007 Dominique De Smet (Belgium), Thomas Ingram (UK), Nicola Lai
(USA), Andrew Pinder (UK), Joke Vanderhaegen (Belgium)

2008 Sebastiano Chicco (Italy)

2009 Lei Gao (UK), Jianting Wang (USA), Obinna Ndubuizu (USA), Joke
Vanderhaegen (Belgium)

2010 Zareen Bashir (UK), Tracy Moroz (UK), Mark Muthalib (Australia),
Catalina MeB3mer (USA), Takashi Eriguchi (Japan), Yoshihiro Murata
(Japan), Jack Honeysett (UK), Martin Biallas (Switzerland)

2011  Catherine Hesford (UK), Luke S. Holdsworth (UK), Andreas Metz
(Switzerland), Maria D. Papademetriou (UK), Patrik Persson (Sweden),
Felix Scholkmann (Switzerland), Kouichi Yoshihara (Japan)

2012  Allann Al-Armaghany (UK), Malou Friederich-Persson (Sweden),
Tharindi Hapuarachchi (UK), Benjamin Jones (UK), Rebecca Re (Italy),
Yuta Sekiguchi (Japan), Ebba Sivertsson (Sweden), Andre” Steimers
(Germany)



ISOTT Award Winners XXiii

2013  Allann Al-Armaghany (UK), Gemma Bale (UK), Alexander Caicedo
Dorado (Belgium), Luke Dunne (UK)

2014  Geraldine De Preter (Belgium), Benjamin Jones (UK), Stefan Kleiser
(Switzerland), Nassimsadat Nasseri (Switzerland), Marie-Aline Neveu
(Belgium), Shinsuke Nirengi (Japan), Takuya Osawa (Japan)

2015 Nannan Sun (China), Gemma Bale (UK), Chenyang Gao (China),
Guennadi Saiko (Canada), Kuangyu Shi (Germany), Phong Phan (UK),
Chae Jeong Lim (Korea)

2016  Isabel De Roever (UK), Yuya Enokida (Japan), Jingjing Jiang
(Switzerland), Frédéric Lange (UK), Andreas J Metz (Switzerland),
Shun Takagi (Japan)

Kovach Lecture

The Kovach Lecture is presented periodically to honor a career dedicated to oxygenation
research. Arisztid Kovach was a world-renowned cardiovascular physiologist and one
of the early leaders of ISOTT. This lecture is dedicated to his remarkable scientific and
teaching career.

Kovach Lecture Recipients

2011  John Severinghaus
2012  Peter Vaupel

2013  No Recipient
2014  Edwin Nemoto
2015 No Recipient
2016  No Recipient



Contents

PartI Cell Metabolism, Tissue Oxygenation and Treatment

1 Oxygen Sensing by the Carotid Body: Past and Present.................... 3
Nanduri R. Prabhakar and Ying-Jie Peng

2 Predicted Decrease in Membrane Oxygen Permeability
with Addition of Cholesterol ..................cooovviiiiiiiiiiiiiiiieeeeeeeeee 9
Gary Angles, Rachel Dotson, Kristina Bueche, and Sally C. Pias

3 Chronic Diseases as Barriers to Oxygen Delivery:
A Unifying Hypothesis of Tissue Reoxygenation Therapy................. 15
G. A. Perdrizet

4 Dorsiflexor Muscle Oxygenation During Low, Moderate
and Submaximal Sustained Isometric Contraction............................ 21
Adkham Paiziev, Martin Wolf, and Fikrat Kerimov

5 Factors Determining the Oxygen Permeability
of Biological Membranes: Oxygen Transport Across
Eye Lens Fiber-Cell Plasma Membranes................c.ccoccooiiinienenenne. 27
Witold Karol Subczynski, Justyna Widomska, and Laxman Mainali

6 Multi-site Measurements of Muscle O, Dynamics
During Cycling Exercise in Early Post-myocardial Infarction.......... 35
Shun Takagi, Ryotaro Kime, Norio Murase, Masatsugu Niwayama,
Takuya Osada, and Toshihito Katsumura

7 Effects of 8 Weeks’ Training on Systemic and Muscle
Oxygen Dynamics in University Rugby Players................................. 43
Shun Takagi, Ryotaro Kime, Masatsugu Niwayama,
Kuniaki Hirayama, and Shizuo Sakamoto

8 Imaging Redox State in Mouse Muscles of Different Ages................. 51
Lily Moon, David W. Frederick, Joseph A. Baur, and Lin Z. Li

XXV



XXVi

10

11

12

Amino Acid Hydration Decreases Radiation-Induced

Nausea in Mice: A PicaModel ................coooviiiiiiiiiiiiiiiiiceen

Liangjie Yin, Lauren Vaught, Paul Okunieff,
Katherine Casey-Sawicki, and Sadasivan Vidyasagar

Evaluation of Haemoglobin and Cytochrome Responses
During Forearm Ischaemia Using Multi-wavelength

Time Domain NIRS............oooiiiiii e

Frédéric Lange, Luke Dunne, and Ilias Tachtsidis

Influence of Free Radicals on the Intrinsic

MRI Relaxation Properties ............c.cccooceeviiinieniiiinieniecieeieeeeee,

Rong-Wen Tain, Alessandro M. Scotti, Weiguo Li,
Xiaohong Joe Zhou, and Kejia Cai

Inter-individual Differences in Exercise-Induced
Spatial Working Memory Improvement:

A Near-Infrared Spectroscopy Study..........ccccoeveiviiienieniiiinieeninnnns

Yudai Yamazaki, Daisuke Sato, Koya Yamashiro, Atsuhiro Tsubaki,
Yui Yamaguchi, Nana Takehara, and Atsuo Maruyama

Part I Cancer Oxygenation and Metabolism

13

14

15

16

Tumor Oxygenation Status: Facts and Fallacies.............................

Peter Vaupel and Arnulf Mayer

Multiparametric Analysis of the Tumor Microenvironment:

Hypoxia Markers and Beyond...............cccccoovvviniiiiniieniecnieiieeeee,

Arnulf Mayer and Peter Vaupel

Computational Simulation of Tumor Hypoxia Based
on In Vivo Microvasculature Assessed in a Dorsal Skin

Window Chamber..............cooooviiiiiiiie e

Lina Xu, Peter Vaupel, Siwei Bai, Bjoern Menze, and Kuangyu Shi
Hypoxia-Related Tumor Acidosis Affects MicroRNA

Expression Pattern in Prostate and Breast Tumor Cells................

A. Riemann, S. Reime, and O. Thews

Part III Brain Oxygenation and Function

17

18

Cortical and Autonomic Stress Responses in Adults with High

Versus Low Levels of Trait Anxiety: A Pilot Study........................

A. Brugnera, C. Zarbo, R. Adorni, A. Compare, and K. Sakatani
Relation Between EEG Activity and Brain Oxygenation

in Preterm Neonates..............covvviiiiiiiiiiiiiiiiee e

Alexander Caicedo, Liesbeth Thewissen, Anne Smits,
Gunnar Naulaers, Karel Allegaert, and Sabine Van Huffel

Contents

e 67

w713

w81

w91



Contents XXVil

19

20

21

22

23

24

25

26

27

Functional NIRS Measurement of Cytochrome-C-Oxidase

Demonstrates a More Brain-Specific Marker of Frontal

Lobe Activation Compared to the Haemoglobins............................... 141
Isabel de Roever, Gemma Bale, Robert J. Cooper,

and Ilias Tachtsidis

Brain Tissue PO, Measurement During Normoxia

and Hypoxia Using Two-Photon Phosphorescence

Lifetime MICTOSCOPY .....ccceeevvieriiiiieiiieiieeiterte ettt 149
Kui Xu, David A. Boas, Sava SakadZi¢, and Joseph C. LaManna

Age-Related Changes in Physiological Reactivity

to a Stress Task: A Near-Infrared Spectroscopy Study ...................... 155
A. Brugnera, C. Zarbo, R. Adorni, A. Gatti, A. Compare,

and K. Sakatani

Development and Validation of a Sensor Prototype

for Near-Infrared Imaging of the Newborn Brain.............................. 163
Linda Ahnen, Helene Stachel, Stefan Kleiser, Cornelia Hagmann,

Jingjing Jiang, Alexander Kalyanov, Scott Lindner, Martin Wolf,

and Salvador Sanchez

Directional Migration of MDA-MB-231 Cells
Under Oo/pH Gradients...............cccoocvvviieiiieniiniienie e 169
Y. Enokida, Y. Tsuruno, K. Okubo, Y. Yamaoka, and E. Takahashi

Environmental Enrichment Induces Increased

Cerebral Capillary Density and Improved

Cognitive Function in Mice............ccooviniiiiiiniiiiiieeecc e 175
Chuan He, Constantinos P. Tsipis, Joseph C. LaManna, and Kui Xu

Improving Retinal Image Quality Using Registration

with an SIFT Algorithm in Quasi-Confocal Line Scanning
OphthalmoSCOPE. ..........coovvieiiiiiieieeeeee e 183
Yi He, Yuanyuan Wang, Ling Wei, Xiqi Li, Jinsheng Yang,

and Yudong Zhang

A New Method Based on Graphics Processing Units

for Fast Near-Infrared Optical Tomography.................ccccoovvvnninnnns 191
Jingjing Jiang, Linda Ahnen, Alexander Kalyanov, Scott Lindner,

Martin Wolf, and Salvador Sanchez Majos

PFC Blood Oxygenation Changes in Four Different

Cognitive TasKS..........cooviiiiiiiiiieiee e 199
Tomotaka Takeda, Yoshiaki Kawakami, Michiyo Konno,

Yoshiaki Matsuda, Masayasu Nishino, Yoshihiro Suzuki,

Yoshiaki Kawano, Kazunori Nakajima, Toshimitsu Ozawa,

Yoshihiro Kondo, and Kaoru Sakatani



XXViii Contents

28 Diet-Induced Ketosis Protects Against Focal Cerebral
Ischemia in MOUSE..............ccoiiiiiiiiiiicce e 205
Kui Xu, Lena Ye, Katyayini Sharma, Yongming Jin,
Matthew M. Harrison, Tylor Caldwell, Jessica M. Berthiaume,
Yu Luo, Joseph C. LaManna, and Michelle A. Puchowicz

29 Evaluation of Pleasure-Displeasure Induced by Use of Lipsticks
with Near-Infrared Spectroscopy (NIRS): Usefulness
of 2-Channel NIRS in Neuromarketing ..............ccccccooevvieniieniennnenne. 215
M. Tanida, M. Okabe, K. Tagai, and K. Sakatani

30 Relationships Between Gum Chewing and Stroop Test:
A PIIOt StUAY ......ocooiiiiiiiieecee e 221
Y. Kawakami, T. Takeda, M. Konno, Y. Suzuki, Y. Kawano,
T. Ozawa, Y. Kondo, and K. Sakatani

31 Effects of Motor Imagery on Cognitive Function and Prefrontal
Cortex Activity in Normal Adults Evaluated by NIRS..................... 227
M. Moriya and K. Sakatani

32 Site Specificity of Changes in Cortical Oxyhaemoglobin
Concentration Induced by Water Immersion ................ccccccooveneennnen. 233
D. Sato, K. Yamashiro, Y. Yamazaki, A. Tsubaki, H. Onishi,
N. Takehara, and A. Maruyama

33 Changes in Oxyhemoglobin Concentration in the Prefrontal Cortex
and Primary Motor Cortex During Low- and Moderate-Intensity
Exercise on a Cycle Ergometer ...............ccccoovviviiiiniiinieniieniiereeeee, 241
Nana Takehara, Atsuhiro Tsubaki, Yudai Yamazaki, Chiaki Kanaya,
Daisuke Sato, Shinichiro Morishita, and Hideaki Onishi

34 Tissue Blood Volume Parameters Measured by Continuous-Wave
and Spatially Resolved NIRS Show Different Changes During
Prolonged Cycling EXercise............ccccoovevviiiniiniinnieiiieniecieeseeeeees 249
Takuya Osawa, Keisuke Shiose, and Hideyuki Takahashi

35 Delayed Onset of Reoxygenation in Inactive Muscles After
High-Intensity EXercise ...........cccocoioniiiiniiiniiiniicieieneeeeen 255
Takuya Osawa, Keisuke Shiose, and Hideyuki Takahashi

36 Cortical Oxyhemoglobin Elevation Persists After
Moderate-Intensity Cycling Exercise: A Near-Infrared
SPectroScoOPY StUAY .......cccevviiiiiiiiieiiieeeeee e 261
Atsuhiro Tsubaki, Nana Takehara, Daisuke Sato, Shinichiro Morishita,
Yuta Tokunaga, Kazuhiro Sugawara, Sho Kojima, Hiroyuki Tamaki,
Yudai Yamazaki, and Hideaki Onishi



Contents XXiX

37

38

Relation Between Cognitive Function and Baseline Concentrations

of Hemoglobin in Prefrontal Cortex of Elderly People Measured

by Time-Resolved Near-Infrared Spectroscopy ..........cccccoecvvevvennnennne. 269
Y. Murayama, Y. Sato, L. Hu, A. Brugnera, A. Compare,

and Kaoru Sakatani

Physiological Effects of Continuous Colored Light Exposure

on Mayer Wave Activity in Cerebral Hemodynamics:

A Functional Near-Infrared Spectroscopy (fNIRS) Study................. 277
A.J. Metz, S.D. Klein, F. Scholkmann, and U. Wolf

Part IV EPR Oximetry and Imaging

39

40

41

42

43

44

Electron Paramagnetic Resonance pO, Image Tumor
Oxygen-Guided Radiation Therapy Optimization ............................ 287
Boris Epel, Matt Maggio, Charles Pelizzari, and Howard J. Halpern

Using India Ink as a Sensor for Oximetry: Evidence of its Safety
as a Medical Device............cccooovieiiiiiiiiiieieeee e 297
Ann Barry Flood, Victoria A. Wood, and Harold M. Swartz

Measurement of pO, in a Pre-clinical Model of Rabbit Tumor
Using OxyChip, a Paramagnetic Oxygen Sensor ...............c.ccccoeeunnnee. 313
H. Hou, N. Khan, and P. Kuppusamy

Correlation Between Hypoxia Proteins and EPR-Detected

Hypoxia in TUmoOrs...........c.coceoiiiininiiniiiceceeee 319
Martyna Krzykawska-Serda, Richard C. Miller, Martyna Elas,

Boris Epel, Eugene D. Barth, Mathew Maggio, and Howard J. Halpern

Triarylmethyl Radical 0X063d24 Oximetry: Electron Spin

Relaxation at 250 MHz and RF Frequency Dependence

of Relaxation and Signal-to-Noise ..............cccccoevieriiiiiinieniieieeee, 327
Yilin Shi, Richard W. Quine, George A. Rinard, Laura Buchanan,

Sandra S. Eaton, Gareth R. Eaton, Boris Epel, Simone Wanless Seagle,

and Howard J. Halpern

In Vivo EPR Resolution Enhancement Using Techniques Known
from Quantum Computing Spin Technology ..................ccoovvriinnins 335
Robabeh Rahimi, Howard J. Halpern, and Takeji Takui

PartV Blood Products and Substitutes

45

Hemoglobin-Based Oxygen Carrier (HBOC) Development

in Trauma: Previous Regulatory Challenges, Lessons

Learned, and a Path Forward.....................cc.coooiiiiiiiiniineee 343
Peter E. Keipert



XXX

46

47

48

Contents

The Penultimate Tyrosine Residues are Critical
for the Genotoxic Effect of Human Hemoglobin.................................
Sandeep Chakane, Vijay Markad, Kisan Kodam, and Leif Biilow

Methemoglobin: A New Way to Distinguish Burn Depth...................
Guennadi Saiko

Characterization of Protein-Protein Interactions

in Recombinant Hemoglobin Producing Escherichia

coli Cells Using Molecularly Imprinted Polymers..............................
Ka Zhang, Tongchang Zhou, Lei Ye, and Leif Biilow

Part VI Other

49

50

51

52

53

Tissue-Integrating Oxygen Sensors: Continuous Tracking

of Tissue Hypoxia..........ccccoevviiiiiiiiiiiiiiceeecee e
Natalie A. Wisniewski, Scott P. Nichols, Soya J. Gamsey,

Steve Pullins, Kit Y. Au-Yeung, Bruce Klitzman, and Kristen L. Helton

Optical Design of Adaptive Optics Confocal Scanning Laser
Ophthalmoscope with Two Deformable Mirrors.............cccocevenee.
Jinsheng Yang, Yuanyuan Wang, Xuejun Rao, Ling Wei,

Xiqi Li, and Yi He

Construction of 0.15 Tesla Overhauser Enhanced MRI.....................
Yuumi Tokunaga, Motonao Nakao, Tatsuya Naganuma,
and Kazuhiro Ichikawa

Gold Nanoparticle-Based Fluorescent Contrast Agent
with Enhanced Sensitivity .............ccccooviiiiiiiniiiniiie e
Kyung Aih Kang and Mai-Dung Nguyen

Potential Erythropoiesis in the Primo-Vascular System
in Heart Failure................ccoooiiiiiiccccc,
Chae Jeong Lim, Yiming Shen, So Yeong Lee, and Pan Dong Ryu

Addendum

54

Quantitative Biology of Exercise-Induced Signal Transduction
Pathways ......cccoooiiiiiieie e e
Timon Cheng-Yi Liu, Gang Liu, Shao-Juan Hu, Ling Zhu,

Xiang-Bo Yang, and Quan-Guang Zhang



Part I
Cell Metabolism, Tissue Oxygenation
and Treatment



Chapter 1
Oxygen Sensing by the Carotid Body: Past
and Present

Nanduri R. Prabhakar and Ying-Jie Peng

Abstract It is now well established that carotid bodies are sensory organs for
monitoring arterial blood oxygen levels and trigger reflexes that are critical for
maintaining homeostasis during hypoxemia. This review article provides a brief
account of the early studies leading to the discovery of the carotid body as a sensory
receptor and addresses current views of O, sensing mechanism(s) in the carotid
body and their physiological importance.

Keywords Gasotransmitters ® Carbon monoxide ¢ H,S ¢ Hypoxia ¢ Ion channels

1 Introduction

The carotid body (also called glomus caroticum) is a small organ located at the
bifurcation of the internal and external carotid artery. The discovery of carotid body
as a sensory organ for detecting arterial blood O, levels opened a new area in physi-
ology. This review article provides a brief account of the history of the discovery of
the carotid body as a sensory organ and current concepts of O, sensing by the carotid
body. A detailed account of the history of discovery of the carotid body and advances
in carotid body physiology can be found in recent review articles [1, 2].

2 Discovery of Carotid Bodies as an O, Sensing Organ

Pfliiger, a German physiologist, as early as 1868, reported that hypoxia stimulates
breathing [3]. This finding spurred investigations to identify the structures that
“sense” systemic O, levels and trigger physiological responses. Although studies
between the 18th and 20th centuries identified a structure resembling “ganglion”
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[4], or a “gland” [5] at the bifurcation of the common carotid artery, no physiologi-
cal function was assigned to this organ.

Fernando de Castro at the Cajal Institute, Madrid, Spain, showed that the carotid
body is a complex structure comprised of small blood vessels, axons of the sympa-
thetic nerves, glandular cells which were innervated by glossopharyngeal nerve
fibers. He concluded that the carotid sinus nerve innervating the carotid body is
sensory in nature and glomus cells are of secretory phenotype, and proposed that the
carotid body detects the chemical composition of arterial blood i.e., chemical sens-
ing, and that the information is transmitted to the nerve terminals [6—10].

In the 1920s, Jean-Francois Heymans and Corneille Heymans in Belgium, while
studying reflex regulation of blood pressure from the sino-aortic region, found that
hypoxia-induced stimulation of breathing was abolished after sectioning carotid
sinus nerves. Their studies led to the proposal that the carotid sinus was the seat of
pressor receptors, and the chemical composition of arterial blood is sensed by the
carotid body [11-18]. Thus, both Fernando De Castro and Heymans’ group inde-
pendently discovered the sensory nature of the carotid body. Cornielle Heymans
was awarded the Nobel Prize in Physiology & Medicine in 1938 and he was nomi-
nated by the Hungarian Professor Mansfeld. Unfortunately, nobody nominated De
Castro for the Nobel Prize. However, the Nobel Citation duly acknowledged the
contributions of Fernando De Castro [1].

Between 1930 and 1939, three groups of investigators including G. Stella from
Padova, Italy, Pierre Rijlants, Ghent, Belgium, Y. Zotterman, G. Lilljestrand, and
U.S. von Euler in Stockholm, independently recorded the electrical activity from
the carotid sinus nerve [19]. These studies showed that asphyxia, hypoxia and
hypercapnia, all increased carotid body sensory nerve activity. The study by von
Euler et al. [20] further established stimulus-response of the carotid body response
to hypoxia and CO,.

A prevailing view in the 1930s was that brain senses the chemical composition
of arterial blood and evokes physiological responses. Consequently, many physi-
ologists doubted the theory that the carotid body is a sensory organ for monitoring
arterial blood gas composition. Corneille Heymans, shortly after the discovery of
the carotid body function, joined the Western Reserve University in Cleveland to
work with Carl Wiggers, a renowned physiologist, who made seminal contribu-
tions to cardiovascular physiology. Upon hearing C.F. Heymans’ discovery of the
sensory nature of the carotid body, Wiggers commented that “no text book ever said
that”. However, Wiggers arranged an experiment for Heymans to prove his claim
about the sensory function of the carotid body. Heymans demonstrated hypoxia-
induced hyperventilation was abolished after bilateral ablation of carotid sinus
nerves. Seeing this experiment, Wiggers commented “Yes.... The dog is right ...
and text books are wrong”. Goran Liljestrand, who was Professor of Physiology
at Karolinska Institute, Stockholm also doubted the theory of chemical sensing by
the carotid body. In 1935, Zotterman presented recordings of the carotid body sen-
sory activity at the Physiological Society meeting in Stockholm, and Liljestrand
gave up his opposition and joined Zotterman and Ulf von Euler in the experiments
characterizing the carotid body sensory nerve response to hypoxia and CO,, which
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were published in 1939 [20]. In 1940, Henderson at Yale listened to Zottermans’
gramophone recordings of the carotid body sensory nerve activity and — he too
gave up his opposition. Carl F. Schmitt in Philadelphia, however, did not give up
his resistance until 1959. However, he subsequently withdrew his opposition at the
Montreal International Congress of Physiology [19].

3 Current Views on Carotid Body O, Sensing

A substantial body of evidence accumulated during the subsequent years suggests
that glomus cells are the primary site of transduction and they work in concert with
the nearby afferent nerve ending as a “sensory unit” [2]. Much attention has been
focused on delineating the mechanism(s) of hypoxic sensing by the carotid body
and identifying the potential O, sensor. Given that the carotid body responds to
hypoxia within a few seconds, it is likely that the transduction process involves
changes in existing proteins rather than de novo protein synthesis [21].

Emerging evidence in the past few years suggests that hypoxic sensing by the
carotid body chemoreceptor utilizes biochemical mechanisms involving O,-
dependent interplay between two gaseous messengers, carbon monoxide (CO) and
hydrogen sulfide (H,S). CO is generated during the enzymatic degradation of heme
by heme oxygenases 1 and 2(HO-1land HO-2) [22]. HO-1 is an inducible isoform
and HO-2 is constitutively expressed in various tissues, including the carotid body
[23-25]. HO-2 is the primary enzyme contributing to CO generation in the carotid
body [26]. Hypoxia leads to a graded reduction of CO levels in the carotid body
[27], suggesting that CO generation from HO-2 is sensitive to changes in O,. The
inherent O, sensitivity of HO-2 requires two cysteine residues (Cys?, and Cys®*?)
in the heme regulatory motif [26]. With intact Cys®**® and Cys*? residues, HO-2
exhibits low affinity for O, (K,, = 65 = 5 mmHg), whereas mutation of Cys** and
Cys?? dramatically increases O, affinity (K,, = 25 + 3 mmHg). Physiological studies
showed that CO signaling during normoxia inhibits CSN activity [25, 27].

Under hypoxic conditions, CO-dependent inhibition is released, leading to
carotid body activation. CO mediates carotid body activation by increasing the syn-
thesis of H,S. Glomus cells express cystathionine-y-lyase (CSE), an enzyme that
catalyzes H,S generation [28, 29]. Hypoxia increases H,S generation in the carotid
body in a graded manner, and this response is markedly attenuated or absent follow-
ing pharmacological blockade or genetic ablation of CSE activity [28]. However,
the increased H,S generation is not due to a direct effect of hypoxia on CSE, rather
it is due to reduced CO levels and the resulting decrease in protein kinase G (PKG)-
dependent phosphorylation of CSE (Fig. 1.1). Carotid body activation by hypoxia is
severely impaired with genetic or pharmacological blockade of CSE [28], suggest-
ing that CSE-derived H,S mediates increased carotid body sensory nerve activity by
hypoxia.

How might H,S stimulate the carotid body sensory nerve activity? The current
consensus is that hypoxia depolarizes glomus cells leading to Ca’*-dependent
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Fig. 1.1 The O, sensing and HYPOXIA
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release of excitatory neurotransmitters, which by stimulating the afferent nerve end-
ing increase carotid sinus nerve activity [2]. Consistent with this possibility, H,S
depolarizes glomus cells, which appears to be in part due to inhibition of either a
TASK-like K* conductance [30], or inhibition of Ca**-activated K* channel activity
[29, 31]. H,S increases [Ca*']; in glomus cells and hypoxia-induced transmitter
secretion is nearly absent in CSE —null glomus cells [32]. In addition, H,S might act
on mitochondrial electron transport chain glomus cells [30] (Fig. 1.1).

4 Physiological Implications of Carotid Body O, Sensing
by Gasotransmitters

The chemosensory reflex is a critical regulator of autonomic functions [2]. A recent
study examined the importance of gaso transmitter signaling in the carotid bodies in
Spontaneous Hypertensive (SH), Brown Norway (BN), and Sprague-Dawley (SD)
rats [27]. Compared to SD rats, SH rats displayed augmented and BN rats attenu-
ated carotid body responses to hypoxia. The exaggerated chemosensory response in
SH rats was associated with elevated basal and hypoxia-induced H,S levels and
markedly reduced CO levels in the carotid body. Treating SH rats, with
L-propargylglycine (L-PAG), an inhibitor of CSE, or with CORM-2, a CO donor,
eliminated hypersensitivity of the carotid body to hypoxia. Remarkably, L-PAG
treatment markedly reduced the magnitude of hypertension in SH rats, suggesting



