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Preface

This volume represents the proceedings of the U.S.A.-Japan Binational
Conference, “Molecular and Cellular Aspects of Shock and Trauma,” held in
Kona, Hawaii, on June 21-24, 1982. The conference was jointly planned by
American and Japanese scientists and was scheduled in Hawaii, as a cultural as
well as geographical midpoint between East and West.

Presented here are the major contributions of this binational conference, which
was planned to include the most recent and important work in the vital field of
pathophysiology and treatment of circulatory shock and related trauma. Part I
reviews important concepts and new breakthroughs in the metabolism of shock.
This area covers cellular metabolism in shock as a separate entity, as well as other
aspects of the subject, such as the regulation of electron transport and the
metabolism of carbohydrates and lipids. A section on humoral mediators in shock
discusses new information on toxic factors and new concepts involving the cyclic
nucleotides and opiate peptides, which open up new approaches to the treatment
of shock.

Part II, on therapeutic avenues, synthesizes much of the early work in the field
and focuses on promising new leads in the treatment of shock states. Some of
these avenues are well established but not totally understood—for example, the
glucocorticoids and some protease inhibitors—whereas others represent entirely
new approaches: calcium channel blockers, reduced glutathione, and new protease
inhibitors.

The presentations from both Japan and the U.S.A. were well received on both
sides of the Pacific. Clearly, much innovative material has emanated from this
exciting synthesis of East and West. Those of us who helped to plan the conference
are justifiably proud of and pleased with the results.

Allan M. Lefer, PhD
William Schumer, mp

xiii



Acknowledgments

The Editors wish to acknowledge the valuable assistance of Drs. B.M. Altura,
K. Okada, T. Oyama, and H. Yamamura in planning the conference. We also
wish to thank Dr. S. Shibata for his valuable assistance in coordinating the
sessions. Very special thanks go to Ms. Rhoda Porter, who handled the travel
and hotel arrangements for the conference and performed invaluable work in
putting together this volume. The American delegation greatly appreciates finan-
cial assistance from Bayer AG, Miles Laboratories, Inc., Organon Inc., and The
Upjohn Company. The Japanese delegation greatly appreciates financial assist-
ance from Bayer Yakuhin, Ltd., Daiichi Seiyaku Co., Ltd., Eisai Co., Fukuda
Denshi Co., Ltd., Green Cross Co., Japan Upjohn Ltd., Mochida Pharmaceuti-
cal Co., Ltd., Nikken Chemicals Co., Ltd., Nippon Merck-Banyu K.K., Ohtsuka
Pharmaceutical, Ono Pharmaceutical, Sankyo Co., Ltd., Shionogi Co., and
Yamanouchi Pharmaceutical. We wish to thank all of these sponsors for their
support, without which the conference would not have been possible.



PATHOPHYSIOLOGY OF SHOCK
AND TRAUMA



PROGRESS IN CLINICAL AND BIOLOGICAL RESEARCH

Series Editors
Nathan Back
George J. Brewer
Vincent P. Eijsvoogel
Robert Grover

Vol 1: Erythrocyte Structure and Function,
George J. Brewer, Editor

Vol 2: Preventability of Perinatal Injury,
Karlis Adamsons, Howard A. Fox, Editors

Vol 3: Infections of the Fetus and the New-
born Infant, Saul Krugman, Anne A. Ger-
shon, Editors

Vol 4: Conflicts in Childhood Cancer: An
Evaluation of Current Management, Lucius
F. Sinks, John O. Godden, Editors

Vol 5: Trace Components of Plasma: Isola-
tion and Clinical Significance, G.A. Jamie-
son, T.J. Greenwalt, Edjtors

Vol 6: Prostatic Disease, H. Marberger, H.
Haschek, H.K.A. Schirmer, J.A.C. Colston, E.
Witkin, Ediitors

Vol 7: Blood Pressure, Edema and Protein-
uria in Pregnancy, Emanuel A. Friedman,
Editor

Vol 8: Cell Surface Receptors, Garth L. Ni-
colson, Michael A. Raftery, Martin Rodbell, C.
Fred Fox, Editors

Vol 9: Membranes and Neoplasia: New Ap-
proaches and Strategies, Vincent T. Mar-
chesi, Editor

Vol 10: Diabetes and Other Endocrine Dis-
orders During Pregnancy and in the New-
born, Maria |. New, Robert H. Fiser, Editors
Vol 11: Clinical Uses of Frozen-Thawed
Red Blood Cells, John A. Griep, Editor

Vol 12: Breast Cancer, Albert C.W. Monta-
gue, Geary L. Stonesifer, Jr., Edward F. Lewi-
son, Editors

Vol 13: The Granulocyte: Function and
Clinical Utilization, Tibor J. Greenwait, G.A.
Jamieson, Editors

Vol 14: Zinc Metabolism: Current Aspects
in Health and Disease, George J. Brewer,
Ananda S. Prasad, Editors

Vol 15: Cellular Neurobiology, Zach Hall,
Regis Kelly, C. Fred Fox, Edjtors

Vol 16: HLA and Malignancy, Gerald P. Mur-
phy, Editor

Kurt Hirschhorn
Seymour S. Kety
Sidney Udenfriend
Jonathan W. Uhr

Vol 17: Cell Shape and Surface Architec-
ture, Jean Paul Revel, UIf Henning, C. Fred
Fox, Editors

Vol 18: Tay-Sachs Disease: Screening and
Prevention, Michael M. Kaback, Editor

Vol 19: Blood Substitutes and Plasma Ex-
panders, G.A. Jamieson, T.J. Greenwalt,
Editors

Vol 20: Erythrocyte Membranes: Recent
Clinical and Experimental Advances, Wal-
ter C. Kruckeberg, John W. Eaton, George J.
Brewer, Editors

Vol 21: The Red Celi, George J. Brewer,
Editor

Volume 22: Molecular Aspects of Mem-
brane Transport, Dale Oxender, C. Fred
Fox, Editors

Vol 23: Cell Surface Carbohydrates and Bio-
logical Recognition, Vincent T. Marchesi,
Victor Ginsburg, Phillips W. Robbins, C. Fred
Fox, Editors

Vol 24: Twin Research, Proceedings of the
Second International Congress on Twin
Studies, Walter E. Nance, Editor Published in
3 volumes: Part A: Psychology and Method-
ology Part B: Biology and Epidemiology
Part C: Clinical Studies

Vol 25: Recent Advances in Clinical Oncol-
ogy, Tapan A. Hazra, Michael C. Beachley,
Editors

Vol 26: Origin and Natural History of Cell
Lines, Claudio Barigozzi, Edjtor

Vol 27: Membrane Mechanisms of Drugs of
Abuse, Charles W. Sharp, Leo G. Abood, Ed¢-
itors

Vol 28: The Blood Platelet in Transfusion
Therapy, G.A. Jamieson, Tibor J. Greenwalt,
Editors

Vol 29: Biomedical Applications of the
Horseshoe Crab (Limulidae), Elias Cohen,
Editor-in-Chief

Vol 30: Normal and Abnormal Red Cell
Membranes, Samuel E. Lux, Vincent T. Mar-
chesi, C. Fred Fox, Editors



Vol 31: Transmembrane Signaling, Mark Bi-
tensky, R. John Collier, Donald F. Steiner, C.
Fred Fox, Editors

Vol 32: Genetic Analysis of Common Dis-
eases: Applications to Predictive Factors
in Coronary Disease, Charles F. Sing, Mark
Skolnick, Editors

Vol 33: Prostate Cancer and Hormone Re-
ceptors, Gerald P. Murphy, Avery A. Sand-
berg, Editors

Vol 34: The Management of Genetic Disor-
ders, Constantine J. Papadatos, Christos S.
Bartsocas, Editors

Vol 35: Antibiotics and Hospitals, Cario
Grassi, Giuseppe Ostino, Editors

Vol 36: Drug and Chemical Risks to the Fe-
tus, Newborn, Richard H. Schwarz, Sumner
J. Yaffe, Editors

Vol 37: Models for Prostate Cancer, Gerald
P. Murphy, Editor

Vol 38: Ethics, Humanism, and Medicine,
Marc D. Basson, Editor

Vol 39: Neurochemistry and Clinical Neu-
rology, Leontino Battistin, George Hashim,
Abel Lajtha, Editors

Vol 40: Biological Recognition and Assem-
bly, David S. Eisenberg, James A. Lake, C.
Fred Fox, Ediitors

Vol 41: Tumor Cell Surfaces and Malig-
nancy, Richard O. Hynes, C. Fred Fox,
Editors

Vol 42: Membranes, Receptors, and the Im-
mune Response: 80 Years After Ehrlich’s
Side Chain Theory, Edward P. Cohen, Heinz
Kéhler, Editors

Vol 43: Immunobiology of the Erythrocyte,
S. Gerald Sandler, Jacob Nusbacher, Moses
S. Schanfield, Editors

Vol 44: Perinatal Medicine Today, Bruce K.
Young, Editor

Vol 45: Mammalian Genetics and Cancer:
The Jackson Laboratory Fiftieth Anniver-
sary Symposium, Elizabeth S. Russell,
Editor

Vol 46: Etiology of Cleft Lip and Cleft Pal-
ate, Michael Melnick, David Bixler, Edward D.
Shields, Editors

Vol 47: New Developments With Human
and Veterinary Vaccines, A. Mizrahi, |. Hert-
man, M.A. Klingberg, A. Kohn, Edltors

Vol 48: Cloning of Human Tumor Stem
Cells, Sidney E. Salmon, Editor

Vol 49: Myelin: Chemistry and Biology,
George A. Hashim, Editor

Vol 50: Rights and Responsibilities in Mod-
ern Medicine: The Second Volume in a Se-
ries on Ethics, Humanism, and Medicine,
Marc D. Basson, Editor

Vol 51: The Function of Red Blood Cells:
Erythrocyte Pathobiology, Donald F. H.
Wallach, Editor

Vol 52: Conduction Velocity Distributions:
A Population Approach to Electrophysiol-
ogy of Nerve, Leslie J. Dorfman, Kenneth L.
Cummins, Lary J. Leifer, Editors

Vol 53: Cancer Among Black Populations,
Curtis Mettlin, Gerald P. Murphy, Editors

Vol 54: Connective Tissue Research:
Chemistry, Biology, and Physiology, Zde-
nek Deyl, Milan Adam, Ediitors

Vol 55: The Red Cell: Fifth Ann Arbor Con-
ference, George J. Brewer, Editor

Vol 56: Erythrocyte Membranes 2: Recent
Clinical and Experimental Advances, Wal-
ter C. Kruckeberg, John W. Eaton, George J.
Brewer, Editors

Vol 57: Progress in Cancer Control, Curtis
Mettlin, Gerald P. Murphy, Editors

Vol 58: The Lymphocyte, Kenneth W. Sell,
William V. Miller, Editors

Vol 59: Eleventh International Congress of
Anatomy, Enrique Acosta Vidrio, Editor-in-
Chief, Published in 3 volumes: Part A: Glial
and Neuronal Cell Biology, Sergey Fedoroff,
Editor Part B: Advances in the Morphology
of Cells and Tissues, Miguel A. Galina, Edi-
tor Part C: Biological Rhythms in Structure
and Function, Heinz von Mayersbach, Law-
rence E. Scheving, John E. Pauly, Editors
Vol 60: Advances in Hemoglobin Analysis,
Samir M. Hanash, George J. Brewer, Editors
Vol 61: Nutrition and Child Health: Perspec-
tives for the 1980s, Reginald C. Tsang, Bu-
ford Lee Nichals, Jr., Editors

Vol 62: Pathophysiological Effects of Endo-
toxins at the Cellular Level, Jeannine A.
Majde, Robert J. Person, Editors

Vol 63: Membrane Transport and Neurore-
ceptors, Dale Oxender, Arthur Blume, lvan
Diamond, C. Fred Fox, Editors

Vol 64: Bacteriophage Assembly, Michael
S. DuBow, Editor

Vol 65: Apheresis: Development, Applica-
tions, and Collection Procedures, C. Har-
old Mielke, Jr., Editor



Vol 66: Control of Cellular Division and De-
velopment, Dennis Cunningham, Eugene
Goldwasser, James Watson, C. Fred Fox, Edi-
tors. Published in 2 volumes.

Vol 67: Nutrition in the 1980s: Contraints
on Our Knowledge, Nancy Selvey, Philip L.
White, Editors

Vol 68: The Role of Peptides and Amino
Acids as Neurotransmitters, J. Barry Lom-
bardini, Alexander D. Kenny, Editors

Vol 69: Twin Research 3, Proceedings of
the Third International Congress on Twin
Studies, Ligi Gedda, Paolo Parisi, Walter E.
Nance, Editors. Published in 3 volumes: Part
A: Twin Biology and Multiple Pregnancy
Part B: Intelligence, Personality, and De-
velopment Part C: Epidemiological and
Clinical Studies

Vol 70: Reproductive Immunology, Norbert
Gleicher, Editor

Vol 71: Psychopharmacology of Clonidine,
Harbans Lal, Stuart Fielding, Editors

Vol 72: Hemophilia and Hemostasis, Doris
Ménaché, D. MacN. Surgenor, Harlan D. An-
derson, Editors

Vol 73: Membrane Biophysics: Structure
and Function in Epithelia, Mumtaz A.
Dinno, Arthur B. Callahan, Editors

Vol 74: Physiopathology of Endocrine Dis-
eases and Mechanisms of Hormone Ac-
tion, Roberto J. Soto, Alejandro De Nicola,
Jorge Blaquier, Editors

Vol 75: The Prostatic Cell: Structure and
Function, Gerald P. Murphy, Avery A. Sand-
berg, James P. Karr, Edijtors. Published in 2
volumes: Part A: Morphologic, Secretory,
and Biochemical Aspects Part B: Prolactin,
Carcinogenesis, and Clinical Aspects

Vol 76: Troubling Problems in Medical Eth-
ics: The Third Volume in a Series on Eth-
ics, Humanism, and Medicine, Marc D.
Basson, Rachel E. Lipson, Doreen L. Ganos,
Edjtors

Vol 77: Nutrition in Health and Disease and
International Development: Symposia
From the Xil International Congress of Nu-
trition, Alfred E. Harper, George K. Davis Edi-
tors

Vol 78: Female Incontinence, Norman R.
Zinner, Arthur M. Sterling, Editors



Contents

Contributors . . . . . . .. ... ... ix
Preface

Allan M. Lefer and William Schumer . . . . . .. ... ... ... ...... xiii
Acknowledgments. . . . . .. ... ... ... ... ... . ... ... Xiv

PATHOPHYSIOLOGY OF SHOCK AND TRAUMA

Overall Cell Metabolism
William Schumer . . . . . . . . .. 1

Metabolic Deterioration in Shock State and Its Modulation
J. Yoshitake, Y. Nomoto, S. Kono, S. Takasugi, S. Tada,
N.Yoshimura,and T.Oda . . . . . .. ... . . i e 21

Biological Significance of Mitochondrial Redox Potential in

Shock and Multiple Organ Failure—Redox Theory

KazueOzawa . . . . . . .. .. .. ... .. .. .. .. 39
Alterations in Electron Transport and Cellular Metabolism With

Shock and Trauma
Irshad H. Chaudry, Masanori Ohkawa, Mark G. Clemens, and

ArthurE.Baue. . . . . .. ... .. .. .. ....... ... T 67
Energy Metabolism in Trauma and Sepsis: The Role of Fat
Robert R. Wolfe, James H.F. Shaw, and Michael J. Durkot . . . . ... ... 89

Pharmacologic and Surgical Modulation of Myocardial
Depressant Factor Formation and Action During Shock
AllanM. Lefer . . . . . ... ... . e 111

MDF: Its Participation in the Pathophysiology of Shock
Kazuo Okada, I. Kosugi, Y. Tanokura, K. Tajimi, A. Ohmura, H.
Innami, T. Tsukamoto, and T.Inaba . . . . .. ................. 125

Regulation of Lysosomal Membrane Stabilization via Cyclic

Nucleotides and Prostaglandins: The Effects of Steroids and

Iindomethacin

Roy D. Goldfarb and ThomasM. Glenn. . . . ... ... ... ........ 147

Endorphins in Shock and Spinal Injury; Therapeutic Effects of
Naloxone and Thyrotropin-Releasing Hormone
JohnW.Holaday . .. .. ... ... ... ... .. .. .. .. . ... ... 167

Effects of Hemorrhagic Shock and Endotoxin Shock on Plasma
Levels of B-Endorphin and B-Lipotropin
T. Oyama, M. Yao, H. Ishihara, T. Kudo, M. Kudo, and A. Matsuki . . . . . . 185

vii



viii / Contents

THERAPEUTICS OF SHOCK AND TRAUMA

Analysis of Potential Beneficial Actions of Prostaglandins in
Traumatic Shock
Allan M. LeferandHaruo Araki . . . . ... ... ... ............ 199

Experimental and Clinical Studies on the Hemodynamic and
Metabolic Effects of Dibutyryl Cyclic AMP

T. Yoshitake, K. Asano, H. Yamamura, J. Yoshitake, and T. Arai . . . . . . . 211
Use of Glucocorticoids in Shock

Hideo Yamamura, Isao Kosugi, and KazuoOkada . . . . .. ... ... ... 229
New Approaches to Shock Therapy: Steroids

William Schumer . . . . . .. .. ... 243
New Approaches to Shock Therapy: Reduced Glutathione

(GSH)

Isao Kosugi, Kimitaka Tajimi, Akito Ohmura, and Kazuo Okada. . . . . . . . 253
Calcium Channel Blockers in Shock

Michael L. Hess, Thomas M. Mahany, and Lazar J. Greenfield . . . . . . . . 27
Effect of Urinary Trypsin Inhibitor MR-20 in Shock

T. Oyama, T. Miyahara, H. Ishihara, M. Yao,and K. Honda . . . . ... ... 283

Antishock Effect of Gabexate Mesilate (FOY)
Toshiyuki Oda, Takenori Miyawaki, Teruko Sameshima,
Junko Miyao, Yasuo Arai, Kowa Yoshimine, and Nozomu Yoshimura. . . . . 293

The Effects of Aprotinin on the Phagocytic Activity of the
Reticuloendothelial System and Plasma Prekallikrein Levels

During Endotoxin Shock

Hiromaru Ogata, Shichiryu Kim, Takao Fukazawa,

Yukio Midorikawa, and Chiaki Yamashiro. . . . . ... .. ... .. ..... 309



