these bombardment by-products. Al-
though it is difficult to correlate age with
depth exactly, they point out, the sample
indicated three increases spaced about 100
to 200 million years apart and of similar
duration. All are too old for comparison
with known earthly ice epochs, but they
are evidence. O

Final nuclear study:
‘Risks still low’

After a year of collecting comments and
criticisms—more than 1,800 pages of
them—and following up with some revi-
sions on the draft report, the U.S. Nuclear
Regulatory Commission (NRC) has re-
leased the final version of the Rasmussen
Reactor Safety Study. And although many
of the projected consequences of a major
nuclear accident have been revised up-
ward, an NRC release concludes that ‘‘the
level of risk still remains very low relative
to existing non-nuclear risks.”’

The objective of the study, begun in
1972, was to make a ‘‘realistic’’ estimate
of risks inherent in the operation of com-
mercial light-water nuclear power plants,
and to compare these risks with others to
which society is already exposed. Many
critics were not surprised that the three-
year, $4-million Atomic Energy Commis-
sion-sponsored effort found the risks low
and the comparisons favorable (SN:
8/24/74, p. 117). The final report replaces
a 1957 risk estimate (the Brookhaven
report). It had been fertile ground for
nuclear critics for years due to the rela-
tively high risks estimated during the early
years of nuclear power.

The risk estimates in the study, directed
by Norman C. Rasmussen, a nuclear en-
gineer at Massachusetts Institute of Tech-
nology, are based on the operation of 100
large pressurized and boiling-water reac-
tors (the number projected for operation
in 1980). The study used ‘‘fault tree’’ and
‘‘event tree’’ analyses, methodologies
strongly attacked during the comment pe-
riod (SN: 5/3/75, p. 286). The report
estimates that an individual’s chances of
dying in a nuclear reactor accident would
be about 1 in 5 billion. The chance of
death during a hurricane is 1 in 2.5 mil-
lion; by lightning, 1 in 2 million; by air
travel 1 in 100,000, and by traffic acci-
dent, 1 in 4.000.

Upward shifts in the final report in-
clude, for the worst-case accident: early
fatalities, 2,300 to 3,300; early illness,
5,600 to 45,000; property damage, $6.2
billion to $14 billion; latent cancer fatali-
ties, 110 to 1,500; various other cancers
and genetic effects, up 50 to 300 percent.
Upward revisions notwithstanding, NRC
chairman William A. Anders says nuclear
power plants designed, built and operated
under NRC regulations ‘‘provide adequate
protection’’ to public health, safety and
the environment.
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Lungfish: Ins and outs and evolution

Lungfish: Living, breathing links in the evolutionary journey from water to land.

*‘Four hundred million years ago they
were the cream of life, lords of creation,
pioneers in a new way of living, escaping
the threat of death that lurks in droughts,
stagnant pools, poisoned waters, through
breathing air by means of their newly
invented lungs.”’ So wrote British physi-
ologist Homer W. Smith about lungfish
in his classic science novel of 1932, Ka-
mongo or The Lungfish and the Padre.

It turns out that Smith may have been
as prophetic as he was poetic in his no-
vella-treatise on evolution. Modern re-
searchers have just now provided ex-
perimental data to confirm the view that
Smith penned so eloquently—that true
breathing first appeared in the lungfish.

The great classes of terrestrial animals
owe an odd progenitor for that first step
taken in the evolutionary journey from
water to land. Modern lungfish, nearly
unchanged from those fossil pioneers,
look a bit like large eels with massive jaws
and rope-like fins. They live in swampy
areas in Africa, Australia and South
America, and when the dry season comes,
they dig into the mud and estivate (hiber-
nate in the heat). As the mud dries rock
hard, they are imprisoned, and lie fast-
ing—and breathing—until the rains wash
them free, sometimes months, sometimes
years later.

Three animal physiologists, J.P. Lom-
holt and K. Johansen of the University of
Aarhus (Denmark) and G.M.O. Maloiy of
the University of Nairobi (Kenya) have
studied the lungs of estivating lungfish.
Pressure pulses recorded in the buccal
cavity and the air space in front, along
with other evidences of forced inhalation,
convinced them that during estivation, the
lungfish draws air in forcibly. (Exhalation
is passive.) They state, in the Oct. 30
NATURE, that the first appearance of neg-
ative-pressure inhalation is credited to
now-extinct amphibians. Yet, no suctional
breathing has been seen in air-breathing
vertebrates below reptiles. *‘‘Suctional
breathing,”’ they conclude from their ex-
periments, ‘‘probably evolved first in the
estivating lungfishes.”’

The link, then, between water breathing
and air breathing, between swimming and
walking, was the strange, primitive lung-
fish, just as Smith wrote four decades ago
before much of the data were in. But what
of the evolutionary success of that living
link himself? ‘“When he dived into the
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mud,”” Smith wrote, ‘‘he dived into a
blind alley; a mode of life that must ulti-
mately end in extinction. . . . That lung
of his, which promised to bring him free-
dom from the old way of living, promised
to break the bonds that chained him to
a life beneath the water, but it only left
him chained alternately between the water
and the mud. If anything, he was worse
off than before.” O

Mars-bound Viking
survives an ordeal

No one said it would be easy. The first
of the two unspeakably complicated Vik-
ing spacecraft took off for Mars nine days
late on Aug. 20 due to pre-launch prob-
lems. Viking 2, similarly delayed because
it had to use the same launch pad, was
then further held up by a troublesome
antenna assembly, finally getting off the
ground on Sept. 9 instead of Aug. 21.
Now the ‘*lander’’ section of Viking 2 has
undergone another technical trauma, one
which flight officials at first feared could
prevent it from safely reaching the Mar-
tian surface. Yet not only has it survived,
but the Viking team at Jet Propulsion
Laboratory in Pasadena seem in better
spirits than did their predecessors during
the early stages of the trouble-plagued
Mariner 10 mission to Venus and Mer-
cury.

When the two Vikings were launched,
the batteries in the two landers were un-
charged, so as to prolong their lifetimes.
A few weeks ago, flight controllers sig-
naled Viking 1 to charge them up, and
on Oct. 31 attempted the same thing with
Viking 2. But the batteries on the second
lander would not charge. A vital role for
the batteries is to power a motor-driven
switch, which will enable the lander to
switch over to its own power supply just
before descending from its orbit around
Mars, instead of drawing its current from
the solar panels on the ‘‘orbiter’” vehicle
to which it is presently attached. Analysis
at JpL and at Martin-Marietta (the
spacecraft prime contractor) in Denver
showed a faulty component in the main
battery charger, so the vehicle was
switched to its backup system, which per-
formed perfectly.

As it turns out, engineers discovered, a
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small current in another circuit could have
charged the batteries in a day (its design-
ers thought it would take months), so the
peril was not nearly so great as it might
have been. But there are Mariner 10 vet-
erans (who only brought that spacecraft
through by the skin of its teeth), on the

Viking team, and a little paranoia would
be understandable in shepherding the most
expensive unmanned vehicle ever flown.
For now, the orbiters are A-OK and the
landers are to be checked out in flight later
this month. But no one is asleep at the
switch. O

Neuroscience and human health

The annual meeting of the Society for
Neuroscience was held in New York City
last week. Over a thousand research
papers were presented. Most of these
papers, however, dealt with discrete areas
of research. So it was refreshing when
several scientists integrated some of this
material and pointed out how it has made,
and continues to make, practical contri-
butions to mental and physical health.

Neuroscience’s contributions to mental
and physical health, as outlined by Fred
Plum, a Cornell University Medical Col-
lege neurologist, include learning how to
prevent phenylketonuria (PKU) in new-
borns; finding an effective treatment for
Parkinson’s disease: improving anti-con-
vulsant control of epilepsy so that it pre-
vents brain damage and mental retarda-
tion; discovering medicines to control
psychoses; controlling pain.

Although neuroscience has not yet
found the causes for two major mental
disorders—schizophrenia and manic de-
pression—it has at least pinpointed some
factors underlying them, Seymour S.
Kety, a Harvard Medical School psychia-
trist, reported. Recent neuroscience evi-
dence, for example, has shown that manic
depression occurs in families in associa-
tion with color blindness and a specific
blood group, both of which are known to
be controlled by genes on the X chromo-
some. Although the association does not
occur in all families with the disorders,
where it does occur it follows a pattern
so consistent that it cannot be explained
on a nongenetic basis.

As for schizophrenia, a new neuro-
science approach used over the past 10
years appears to have succeeded in
separating genetic from environmental
factors. The approach consists of studying
adopted persons who share their genetic
endowment with their biological relatives,
but their environment with their adoptive
family. In the several studies that have
been completed to date, the results are
consistent. Schizophrenia continues to run
in families, but now its high prevalence
is restricted to the genetic relatives of
schizophrenics who have not shared their
environments or life experiences. The
adoptive relatives of schizophrenics who
reared them and shared their environment
show no more tendencies to schizophrenia
than does the population at large.

Neuroscience is also contributing to
mental and physical health, Kety pointed
out, by unraveling the architecture and
structure of the human brain. During the
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past 20 years, neuroscience has revealed
that nerve cells send messages to each
other through junctions called synapses,
and that the messages are passed by
chemical transmitters present at these
synapses. A number of neurotransmitters
have been identified and found to be asso-
ciated with particular functions. For in-
stance, serotonin seems to play a crucial
role in sleep and wakefulness and in cer-

tain types of sexual activity. Acetylcho-
line has been found to be a crucial trans-
mitter between nerve and muscle. ‘‘There
are other transmitters, such as gamma
amino butyric acid, certain amino acids
and polypeptides discovered more re-
cently, and many that are yet to be dis-
covered,”’ Kety said.

Many mental and physical disorders
still cry out to be solved by neuroscience,
of course. Two major ones, in Plum’s
view, are stroke and senility, which im-
pair the lives of hundreds of thousands of
older people. Brain tumors are also high
on the list; their cause and treatment are
now almost a total mystery. Still another
vital, yet knotty challenge facing neuro-
science, Plum says, is coming up with
some way to accomplish nerve regener-
ation in patients with brain or spinal cord
injury. O

The Golgi method and mental disorders

Although the biochemistry of many
mental disorders has been worked out,
their neuropathology has not. Now a New
York City neuroscientist and his co-
workers are starting to unravel the neuro-
logical aberrations underlying two major
classes of mental conditions by resur-
recting a 100-year-old technique—the
Golgi method.

The conditions are profound, pre-
viously unexplained mental retardation
that inflicts one to two million American
children and Tay-Sachs and other
neuronal storage diseases which are in-
herited and lead to mental retardation. The
investigator is Dominick P. Purpora of
Albert Einstein College of Medicine in the
Bronx. He reported his team’s findings
last week at the annual meeting of the
Society for Neuroscience in New York.

The Golgi method was devised by Ca-
millo Golgi, an Italian pathologist, in
1873 for staining nervous tissue and
thereby learning about the structure of the
brain. He received a Nobel prize in 1906
for that work. The technique consists,
essentially, of fixing brain tissue with a
silver chromate solution. The compound
penetrates entire neurons and makes them
totally visible under the microscope. Dur-
ing subsequent years of the 20th century,
however, the technique fell into disfavor
for studying human brain neurons.
Neuropathologists declared that it was too
capricious. But in the past few years,
several groups of American investigators
have tried to see whether the technique
might uncover the pathology of certain
mental disorders. One group is headed by
Miguel Marin-Padilla of Dartmouth Med-
ical School; another, by Arnold and
Madge Scheibel of ucLa; the third, by
Purpora.

‘“We took a chance on it,”’ Purpora
explains, ‘‘because of total frustration in
trying to use other staining techniques to
study nerves in the infant brain. The rea-

son was that these techniques only show
up the cell body of the neuron, not its
axon and dendrites. To our delight, the
Golgi method worked for us whereas the
other techniques did not.”’

Thanks to the method, Purpora and his
team have found a significant nerve alter-
ation in the brains of children with pro-
found, previously unexplained mental re-
tardation—a microstructural pathology
that has been missed for decades. The
alteration consists of a reduction in the
number of dendritic spines or in the spines
being long and thin. Dendrites, or rather
the tiny spines on them, are what allow
nerves to communicate with one another.
A reduction in the number of these spines,
Purpora believes, could explain why in-
fants become profoundly retarded, be-
cause it would reduce communication
among billions of nerve cells in the brain.

The brain neuropathology underlying
Tay-Sachs and related diseases is dif-
ferent, the Golgi technique is revealing.
It consists of the development of new,
huge structures between the cell body and
the axon of the neuron. Purpora and his
colleagues have named these giant
neuronal processes ‘‘meganeurites.”’ Me-
ganeurites have spine-like processes and
synapses much like normal dendrites, so
they could interfere with nerves’ attempts
to communicate with each other, and lead
to mental retardation.

The basic cause of Tay-Sachs and re-
lated diseases is known to be an inherited
enzyme deficieny (SN: 3/29/75, p. 211).
It allows complex lipids and gangliosides
to build up in the brain and body. ‘‘This
abnormal accumulation,”” Purpora re-
ports, ‘‘appears to stimulate the incorpo-
ration of some of the material into mem-
branes forming meganeurites. At this
point the meganeurites may also have re-
ceptors for attracting axons of other cells
and give abnormal communication chan-
nels.”’ O
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