j % TR
? I
\ | A 15
Y

EYBEHRSE

Essential Bioimaging Methods

P. Michael Conn




Essential Bioimaging Methods
EWMEERARTE

Edited by
P. Michael Conn
Director, Office of Research Advocacy (OHSU)
Senior Scientist, Divisions of Reproductive Sciences and Neuroscience (ONPRC)
Professor, Departments of Pharmacology and Physiology.,
Cell and Developmental Biology, and Obstetrics and Gynecology (OHSU)

Beaverton, Oregon

S| Y



F:01-2011-3539 &

This is an annotated version of
Essential Bioimaging Methods
Edited by P. Michael Conn.

Copyright © 2010, Elsevier Inc.
ISBN. 978-0-12-375043-3

All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy. recording. or any information
storage and retrieval system, without permission in writing from the publisher.

AUTHORIZED EDITION FOR SALE IN P. R. CHINA ONLY
A A PR T A A RN S5 o9 i

BB 7R 4% B (CIP) #11F

H IR AR T 5T T 1 = Essential Bioimaging Methods: 95 3 /(3£) R (Conn.P. M. )
. —dbR Bl AL, 2011
LR E MR TS
ISBN 978-7-03-031877-0
I. @& 1. OFE- [ll. ORESE-WH-EdaflE-E s V. OQ-334
o [ R A (B A CTP Bl 4% 5 (201 D 55 149514 %5
TAEG 3 3N iT /AR ) AR R 5/ @it R it o E
Y k330 4,95 . 010-64006589

4 4 % B & Yy
AL ST RARAL T 16 %
BRI - 100717
http: //www. sciencep, com

24 AT R
Rl R AT & e I 2

*
2011 4E 8 A% — MR FFAC. 7871092 1/16
2011 4F- 8 F 55—k EP kil EiK .28 1/4
E%k:1—1 500 R 700 000

TEfr:128. 00 5T
Chany B ot B o) &L, FAL S TR 5)



g %

(R§*#771:) (Methods in Enzymology) FFIMAS M 1955 4EFF i th iR & AT, BIBAE
CZ2 R 500 %5, B EZME A me AR, I Y B2 5 ST 5T A
R . CEYIABM R %) (Essential Bioimaging Methods) — 35 1F J& i H h g
— AL (YR IEE) (Imaging in Biological Research) ¥ i 30 55 4
25T A

M85 FRFLIH X LB AREMAEYESEE RS, W CT, PET,
SPECT, MRI, Jt2Emig. 85, RO MARESE, AT LU R WL I T 78 X 4 1) 52
BRUTHIEAT CEARHBE ., X8 T HEEMULAT REEERAESAFER, &)
ISR CThRE 5 B, BIEXHE S MRI R, BFREA G EL &t E 21
UiefE BT RS HE, igsAR . MR E SR . U BUsR. 77 TR, EIhRERL
855 . TEXSEHOR H T 5 R, 2R 8UR ZR G0 E 8Ok B2 1 o thm PR E A B 2% 26 4E
YIRS R, RS AR 1 TR, JERR T 5 A G A T2
A TEZRERE, AT LURIET & 2 E R RS h IR T LER P H
HMIF 54 FI BN I BOR L 55 .

HEPARRE—T R X FER, AU — R R B AR R, TR, &
o TPRAL. AR ERL SRR AR, B B AT R Z R ROk X T
HIBFFR AT S B8 S H R B BAR ARG TR, IRl 1 1% 07 i i & AL Bk R
Pl R, RAFRF AT IR A, AREEER —AHNSE . X4
B2 RGESRAA, DL “SEHR” B XUBR —F AR T R W A AN A,
I S T AU A B o TTX A 4 U2 — 26 2 A 8 LA 110 5 i AR 0 AR B R
e A, R AR K7 M RGETE 2 ARG T ifiX L T 2 K
7. AT LAHE B TR AR T R k. 2B BIRUL, AR 3 AR 5 AKX
IMRI (DJREMEREIEIRALR) MRS, YEFBR T AR E AR SR, B
T maR T B RE . BB, SIRMRSEEIUETR, IR LLRARRTEEIE
IR O BRAR . 5 13 B KIS S BRI AR b, ER A T SEse i B,
i T bR aE . R ABMIEMN A TR TR TR, fFEAEYEFIOEE
A E BB A, WA TFRAARE . AR REE IR KRS L
o AT IR HERA AT 38 T i U S BRE B S T HY BT 89275 SCHRA AT LA
A T A B R 2T . FEX A, R BRI, (HEA RG]
M. HTEANF A FREEREATE K, A FA 0GR IX 2 5200 5 18 P 4] i i {2
#), BME2AEE T, ok R, MRS T REMRIE. SR, o ETy
(A A ST, MR T OBEY RN ES, XRABMARZA. AR5
%y AMUETER T &5 10 FRAEYEAR T BPIFRA G, AT LU A sl BRR N F X
SO AT N BL . SRR SR A KA AR A R S E .



o ETEAE AR DT P R TR R RO R ], BRF AR s 8 B 5 . R
s LR FEHTERIEKRZK ., i CT. PET. MRI %, 3 HIGEKE S
s ARMEMBENRA SEF R, HERTERA TRKEW, ERESE L R
SCRFA Al T A il ok 2 B 5 AR S BB SRR A, IR IESS ) SR St o . BT LAV
2 BRI B e & 28 IO B AR E R L T 1 R o vl (B BhX S &, MR
Bl XSSP, #EMR R KT i &R . XA O A b E R 2E B A
PIFRRRGCT . WA LA, ERR R, R ER K. P EBEREYIE
BEEEARB B . P ERERE RIS HCE R, ERIMEKE, URILKIEASER
(IR SE PSS (FEX AR ——F1128) . X S6RF 5% 0 (1918 4% i B A B B & KSE R ED
F23 E PR AE AT, BFFEXT RADFE NS Fhsh AR, o w] DUJF R AR i I K 2 Hh s
m%% HAT, PEMOFRRE FEREMERREN TREARLH, XymEZERE

A EDRHAESD; ERFF L, B AT R f A MR R ARG R BRI R s Bl
%ﬂﬁ*%ﬂﬁmmﬂﬁﬂi%o

PAE X TR TR 2 RGEE N FRIE RS . BBk, (A
EHAR ARSI P TR, AR S IE RS E ALY B2 S &L
=, MO BRSNS A AR S R YRR A T R, X—dEES
AR AL FREA B, Bt E AR A GR N EE LS. BT SR BT
FRRIFFE FP Ot oK 25 LU KB DR 22 Bty 20 o [ A ) s 2 SRR S A PR R R . A 2R AR
OB T | 0E o 2 AR U Lk 558, W RARHN e X, SRR AE AR R R

o M

A

H&
o
4
l.q.
¥
A
4%
e
N
3
&
o
¢



i

[E]]

AEKEH (BFFE:) (Methods in Enzymology) WP (EWFEARM) —
. YUAERE WA TTZR, E£E A Paul C. Lauterbur f13 [E A Peter Mansfield B
TR IR AR (MRD (9% BT VR 97 i ok, WIRI g 452 771 DR B 24
HHER,

(ARG Y 2003 4F 10 A 6 HB—fil, FA4 VizRmores). “mitic g
8 MRI, S BChE B EF W ANGTY k. Bl TR AR & JL-F A 5 4%
B JUHR X KB AVE RE 0 RN A B (B 0 SR S0 1R B I R AR B Al 5
PR HAER . IBaMIER AL, ATERRERARE,

IXTHE AL M R AN B AR B VR A BLE PUBMED (LA 59308, DL K
FE MG R A IZE AT A BT BR E3Z 45 T 7 A . MR AU A SR J5 124800
BAEMRGENTBIEOBCATRE, IFE—EAE0 TRl T FARANLE, i TRXEHEREA
BE RMMEMFFEER N, FRAITAEE @ 24EAR A (Academic Press) #iX H524%
T AL ERIE AR .

XPVE# BRI B T A B ok, JF B2 IS A 12 75 BB A8 LA TR B 5 1 1 Oy =0k
R HAER S ik Lotk IRATSE# 2 B I 5 AL I i e 7 e, i HR
RIBHA RIS A RE ., 15X et T HAL RS .

A5 H AR IR A L R N . R I BRI AE Tara Hoey FI2EAR HRRAEA TAEASL .

P. Michael Conn

(3r4e %)



CONTRIBUTORS

Numbers in parentheses indicate the pages on which the authors’ contributions begin.

Ellen Ackerstaff (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Shivani Agarwal (237), Department of Neurological Surgery, Columbia University,
New York, New York 10032-2699

Dmitri Artemov (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Nicolau Beckmann (135), Novartis Institute for Biomedical Research, Analytical and
Imaging Sciences Unit, CH-4002 Basel, Switzerland

Mark D. Bednarski (339), Department of Radiology, Lucas MRI Research Center,
Stanford University, Stanford, California 94305-5488

Jimmy D. Bell (373), Metabolic and Molecular Imaging Group, MRC Clinical
Sciences Centre, Imperial College London, Hammersmith Hospital, London W12
OHS, United Kingdom

Kishore K. Bhakoo (373), Translational Molecular Imaging Group, Singapore
Bioimaging Consortium, Agency for Science Technology and Research (ASTAR),
#02-02 Helios, Singapore 138667, Singapore

Zaver M. Bhujwalla (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Kevin J. Black (55), Departments of Psychiatry, Neurology, and Radiology, Washington
University School of Medicine, St. Louis, Missouri 63110-1093

Bradley T. Christian (105), PET Physics, Waisman Laboratory for Brain imaging
and Behavior, Departments of Medical Physics and Psychiatry, University of
Wisconsin-Madison, Madison

Stuart Clare (67), Department of Clinical Neurology, Centre for Functional Magnetic
Resonance Imaging of the Brain, John Radcliffe Hospital, University of Oxford,
Headington, Oxford OX39DU, United Kingdom

E. Sander Connolly, Jr. (237), Department of Neurological Surgery, Columbia
University, New York, New York 10032-2699

I. Jane Cox (373), Imaging Sciences Department, Division of Clinical Sciences, Imperial
College London, London W12 OHS, United Kingdom

Anthony L. D’Ambrosio (237), Department of Neurological Surgery, Columbia
University, New York, New York 10032-2699



X1i

Contributors

Bruce M. Damon (27), Department of Radiology and Radiological Sciences,
Vanderbilt University Institute of Imaging Science, Nashville, Tennessee 37232

Carmen S. Dence (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missouri 63110

Doris J. Doudet (85), Department of Medicine, Division of Neurology, and TRIUMEF,
University of British Columbia, Vancouver, British Columbia V6T 2A3, Canada

Barjor Gimi (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Kristine Glunde (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

John C. Gore (27), Department of Radiology and Radiological Sciences, Vanderbilt
University Institute of Imaging Science, Nashville, Tennessee 37232

Robert J. Gropler (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missouri 63110

Samira Guccione (339), Department of Radiology, Lucas MRI Research Center,
Stanford University, Stanford, California 94305-5488

Pilar Herrero (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missour: 63110

James E. Holden (85), Department of Medical Physics, University of Wisconsin,
Madison, Wisconsin 53705

Suman Jana (3), Cardiovascular Resecarch Center, University of Kentucky, Lexington,
Kentucky 40536-0200

Ryan G. King (237), Department of Neurological Surgery, Columbia University,
New York, New York 10032-2699

Jonathan M. Koller (55), Department of Psychiatry, Washington University School of
Medicine, St. Louis, Missouri 63110-1093

Rakesh Kumar (3), Department of Nuclear Medicine and PET, All India Institute of
Medical Sciences, New Delhi 110029, India

King C.P. Li (339), Department of Radiology, Stanford University, Stanford, California
94305-5488

Pengnian Charles Lin (251), Department of Pathology, Vanderbilt-Ingram Cancer
Center, Vanderbilt University Medical Center, Nashville, Tennessce 37232

Jia Lu (325), Defence Medical Research Institute, Singapore 117510, Singapore

Mark F. Lythgoe (269), Department of Medicine and Institute of Child Health, Centre
for Advanced Biomedical Imaging, University College London, London, United
Kingdom

Robert H. Mach (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missouri 63110

William J. Mack (237), Department of Neurological Surgery, Columbia University,
New York, New York 10032-2699

Pasquina Marzola (301), Department of Morphological and Biomedical Sciences,
Section of Anatomy, University of Verona, Verona, Italy



Contributors

xiil

J. Mocco (237), University of Florida, Gainesville, FL 32610-0261

Shabbir Moochhala (325), Defence Medical Research Institute, Singapore 117510,
Singapore

Evan D. Morris (105), Departments of Diagnostic Radiology and Biomedical
Engineering, Yale PET Center, Yale School of Medicine, New Haven, Connecticut
06510

Raymond F. Muzic, Jr. (105), Departments of Radiology, Biomedical Engineering,
and Oncology, Case Western Reserve University, Cleveland, Ohio

Rob Nabuurs (269), Department of Radiology, Molecular Imaging Laboratories
Leiden, Leiden University Medical Center, Leiden, The Netherlands

Kiyoshi Nakahara (47), Department of Physiology, The University of Tokyo School of
Medicine, Tokyo 113-0033, Japan

Arvind P. Pathak (183), JHU ICMIC Program, Russell H. Morgan Department
of Radiology and Radiological Science, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Joel S. Perlmutter (55), Departments of Neurology, Radiology, Anatomy and
Neurobiology, and the Program in Physical Therapy, Washington University School
of Medicine, St. Louis, Missouri 63110-1093

Martin Rausch (135), Novartis Institute for Biomedical Research, Analytical and
Imaging Sciences Unit, CH-4002 Basel, Switzerland

Richard L. Roberts (251), Department of Pathology, Vanderbilt-Ingram Cancer
Center, Vanderbilt University Medical Center, Nashville, Tennessee 37232

Markus Rudin (135), Novartis Institute for Biomedical Research, Analytical and
Imaging Sciences Unit, CH-4002 Basel, Switzerland

Andrea Sbarbati (301), Department of Morphological and Biomedical Sciences,
Section of Anatomy, University of Verona, Verona, Italy

Sally W. Schwarz (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missouri 63110

Daniel M. Sforza (399), Department of Molecular and Medical Pharmacology, Geffen
School of Medicine, UCLA, 23-120 CHS, Box 951735, Los Angeles, California
90095-1735

Desmond J. Smith (399), Department of Molecular and Medical Pharmacology,
Geften School of Medicine, UCLA, 23-120 CHS, Box 951735, Los Angeles,
California 90095-1735

Peter M. Smith-Jones (357), Nuclear Medicine Service, Department of Radiology,
Memorial Sloan-Kettering Cancer Center, New York, New York 10021

Abraham Z. Snyder (55), Departments of Radiology and Neurology, Washington
University School of Medicine, St. Louis, Missouri 63110-1093

Po-Wah So (373), Preclinical Imaging Unit, Department of Clinical Neuroscience,
King’s College London, Institute of Psychiatry, James Black Centre, London SE4
9NU, United Kingdom

David B. Solit (357), Department of Medicine, Memorial Sloan-Kettering Cancer
Center, New York, New York 10021



Contributors

Michael E. Sughrue (237), Department of Neurological Surgery, Columbia University,
New York, New York 10032-2699

Stefano Tambalo (301), Department of Morphological and Biomedical Sciences,
Section of Anatomy, University of Verona, Verona, Italy

Simon D. Taylor-Robinson (373), Department of Hepatology and Gastroenterology,
Division of Medicine, Faculty of Medicine, Imperial College London, St Mary’s
Hospital, London W2 INY, United Kingdom

David L. Thomas (269), Department of Medical Physics and Bioengineering,
University College London, London, United Kingdom

John S. Thornton (269), Lysholm Department of Neuroradiology, National Hospital
for Neurology and Neurosurgery, London, United Kingdom

Louise van der Weerd (269), Department of Anatomy and Embryology, Molecular
Imaging Laboratories Leiden, Leiden University Medical Center, Leiden, The
Netherlands and Department of Radiology, Molecular Imaging Laboratories Leiden,
Leiden University Medical Center, Leiden, The Netherlands

Michael J. Welch (151), Department of Radiology, School of Medicine, Washington
University, St. Louis, Missouri 63110

Karmen K. Yoder (105), Center for Neuroimaging, Stark Neurosciences Research
Institute, and Department of Radiology, Indiana University School of Medicine,
Indianapolis, Indiana



PREFACE

At the time that the Methods in Enzymology volumes from which this book was
taken were going to press, American Paul C. Lauterbur and Briton Sir Peter
Mansfield have just been selected for the Nobel Prize in Medicine and Physiology
for their discoveries leading to the development of the MRI.

The Washington Post ran a story on October 6, 2003, announcing the accolade
and noted. ““Magnetic resonance imaging, or MRI, has become a routine method
for medical diagnosis and treatment. It is used to examine almost all organs
without the need for surgery, but is especially valuable for detailed examination
of the brain and spinal cord.” The article would have been farsighted, had it
mentioned the additional role of this technique in basic research, but it did not.

The usefulness of this technology in both clinical and basic science is reflected in
tens of thousands of articles on PUBMED-—and more than tens of thousands of
people helped both in the clinics and by the new technologies that basic scientists
have developed.

MRI and other imaging methods have made it possible to glance inside living
systems and, for some, obviated the need for surgery. Because of the great value
and continuing utility of these approaches, we are pleased that Academic Press has
chosen to feature these methods in this new volume.

The authors were selected based on research contributions and their ability to
describe their methodological contributions in a clear and understandable way.
They have been encouraged to make use of graphics and comparisons to other
methods, and to provide insight into the tracks and approaches that make it
possible to adapt methods to other systems.

The editor expresses thanks to the contributors, and especially to Tara Hoey and
the staff at Academic Press, for facilitation of the book.

P. Michael Conn
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