results might be reconciled by work, too
recent for this volume, that indicates that
the efficacy of NO synthetase inhibitors
depends on temperature or developmental
stage of the animal. Aside from a convinc-
ing postsynaptic role for calcium, the inter-
pretation of virtually every other experi-
ment in the pre- versus post- issue is con-
tested in a balanced fashion in the book.
The root of the problem may lie with the
myriad ways in which postsynaptic N-meth-
yl-D-aspartate (NMDA) receptors can be
modulated, as discussed by Malenka, be-
cause many if not all the various pharma-
cological treatments used to probe second-
messenger pathways can also affect the ac-
tivation of NMDA receptor channels and
thus influence the very first step in LTP.
We are reminded that pharmacological ev-
idence can be unsavory at times, but often it
is the best at hand.

The second major question addressed is
the following: does LTP as studied in re-
duced preparations actually participate in
the behavioral processes that we call
learning or memory? One message that
comes through very clear in this section is
that long-lasting changes in synaptic
strength are not limited to the hippocam-
pus but are encountered in nearly every
layered structure one examines from the
cerebellum to olfactory and neocortices, in
keeping with the expectation that memory
storage areas are distributed throughout
the brain. A particularly thoughtful set of
studies of the roles of LTP in olfactory
learning is presented by Otto and Eichen-
baum and by Roman and co-workers, from
which it appears that processing of odors
by olfactory circuits may be supplanting
hippocampus-dependent spatial learning
as a paradigm for uncovering the role of
LTP in memory consolidation.

Synthesis that attempts to go beyond
recounting of published work is perhaps
best achieved toward the end of the book,
where computational models of modifiable
computer algorithms are injected into the
fray. The going is predictably rough, but the
effort is stimulating and promising of things
to come. As Sarvey puts it, “The hope for
modeling is that eventually [experimental
results] will stop driving models and models
begin driving experimental searches for
novel mechanisms.”

What is missing? The level of analysis
achieved by this book is primarily cellular
rather than molecular. Memory research is
converging on a few simple molecular
mechanisms that appear to be cropping up
in several of the most widely used models.
From fruit flies to sea hares to the longer-
lasting forms of hippocampal LTP, genetic
cascades triggered by a rise in cyclic aden-
osine monophosphate seem to mediate
forms of synaptic plasticity that require pro-
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tein synthesis, and these persistent forms of
plasticity are probably responsible for mem-
ories lasting more than an hour or so. The
investigation of these genetic pathways by
gene knock-out or substitution is now a
major theme in memory research in several
species and should provide grist for a third
volume.
Raymond Dingledine
Department of Pharmacology,
Emory University School of Medicine,
Atlanta, GA 30322, USA

Cardiac Problems

lon Channels in the Cardiovascular System.
Function and Dysfunction. PETER M.
SPOONER, ARTHUR M. BROWN, WILLIAM A.
CATTERALL, GREGORY J. KACZOROWSKI,
and HAROLD C. STRAUSS, Eds. Futura, Ar-
monk, NY, 1993. xxx, 580 pp., illus. $85.

Decades of basic and clinical research have
advanced the treatment and prevention of
cardiovascular disease. Between 1981 and
1991 age-adjusted death rates for cardiovas-
cular disease fell by 25%. Despite this
progress, cardiovascular disease is still the
leading cause of death in the United States
for both men and women, accounting for
more than 900,000 deaths, or more than 40
percent of all deaths, in 1990. No price can
be placed on lives lost; however, the esti-
mated cost to this nation of cardiovascular
disease in terms of health care costs and lost
productivity is projected to be $128 billion
in 1994. (These figures were all provided by
the American Heart Association.) The only
hope for reducing this premature loss of
lives and the financial burden on our coun-
try is through cardiovascular research.

The pumping activity of the heart is
triggered and synchronized by precise con-
trol of the initiation, termination, and con-
duction of electrical impulses. The heart
exhibits electrical activity because there are
ion channels in the membrane that selec-
tively allow sodium, potassium, calcium, or
chloride ions to flow down their respective
electrochemical gradients. These channels
open and close in complex manners. The
opening and closing can depend on voltage,
time, intracellular metabolites or messen-
gers, and extracellular neurotransmitters or
hormones. Regional variation in the com-
plement of ion channels and the number of
electrical connections between cells is im-
portant for normal impulse initiation and
conduction. Cardiac arrhythmias can result
when the normal regulation of ion channels
is altered by disease or when structural ab-
normalities are present in the heart. When
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arrthythmias are severe, the heart cannot
contract in a coordinated fashion and loses
its ability to pump blood effectively. More
than 300,000 deaths annually are due to
sudden cardiac arrest, which is generally
presumed to be due to arrhythmias.

The editors of Ion Channels in the Car-
diovascular System called on nearly a hun-
dred clinicians and basic scientists to review
the state of knowledge regarding cardiac
electrical activity, ion channel function,
channel regulation, and drug development.
The book draws heavily on work presented
at a meeting held in September 1992. This
was a time of both apprehension and great
expectations for individuals interested in
ion channels and cardiovascular disease.
The results of the Cardiac Arrhythmia Sup-
pression Trial (CAST) were the cause of
the apprehension. This multicenter con-
trolled clinical trial indicated that when a
carefully selected group of patients who
were at increased risk for sudden cardiac
death were treated with encainide, flecain-
ide, moricizine, or a placebo more patients
died in each of the treatment groups than in
the placebo group. The increase in mortal-
ity occurred despite the demonstrated abil-
ity of the drugs to suppress one type of
arrhythmia (ventricular premature depolar-
izations) in these patients. This study
caused clinicians, drug companies, and ba-
sic scientists to rethink their strategies for
controlling cardiac arrhythmias.

The great expectations were based on
two factors. First, rapid progress was being
made in the understanding of ion channel
structure, function, and expression. Many
of these advances were made possible by
the cloning and expression of voltage-gat-
ed ion channels. Second, new antiarrhyth-
mic agents, with mechanisms of action
that differed from the drugs used for the
CAST study, were continuing to be devel-
oped. These new agents were primarily
agents that prolong the action potential
duration and the effective refractory peri-
od (Vaughan Williams class III), usually
by blocking potassium currents that assist
in the termination of a cardiac action
potential.

The book begins with a section on ion
channels and cardiac disease. The first
chapter in this section is a discussion of
CAST and its implications. Subsequent
chapters in the first section present clear
reviews of the epidemiology of, markers for,
and mechanisms of sudden cardiac death.
The middle four parts of the book describe
various aspects of cardiac ion channels in-
cluding their relation to cardiovascular
function, channel modulation and auto-
nomic control, channel structure and func-
tion, and molecular pharmacology. These
five sections include 19 of the 28 chapters
in the book. In general the chapters in them



combine reviews of the literature with the
presentation of research that was new and
exciting at the time of the meeting, al-
though the extent of review is variable from
chapter to chapter. Following the sections
on ion channels is a section on drug discov-
ery, composed of four chapters describing
strategies or experimental models that can
be used to find effective antiarrhythmic
agents.

The final chapter of the book consists of
research recommendations made by a panel
of eight leaders in cardiovascular research.
Individual clinicians and scientists will
have their own lists of directions in which
they believe research efforts should be
steered, but it is difficult to disagree with
the observation made in the final paragraph
of this book that the limited amount of
effective communication between basic,
clinical, and pharmacologic investigators
has “impeded an integrated practical under-
standing of channel dysfunction in disease.”
The development of effective antiarrhyth-
mic agents will be facilitated by increased
collaboration and exchange of insights be-
tween clinicians and scientists.

A final consideration not addressed by
the authors is that the complexity of the
problem will make it difficult to achieve
effective antiarrthythmic therapy in the very
near future. Therefore it is important to
provide stable sources for research support to
ensure continuity within this field of re-
search. Present funding realities have placed
serious strains on younger investigators and
discouraged many talented individuals from
pursuing careers in this field. This trend has
the potential to seriously inhibit future
progress in this clinically important field.

Steve Sorota
Department of Pharmacology,
Columbia University,

New York, NY 10032, USA
||
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