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from the editor

Every year on the same day that most people cele-
brate Christmas, my grandfather also celebrates his
birthday. | remember how old he is during most of the
year by subtracting two from the last two digits of the
year; he has seen 83 years outside the womb this last
Christmas. He is neither physically nor mentally debilita-
ted, and so | listen to him when he talks because | want
to, not because I'm polite or want to ease my conscience
by letting the old guy ramble and acting like I'm listening.
His brain is an amazing thing to pick.

He was born in a world that had czars, Prussia, and
horse-drawn carriages. He has lived to see a communist
Russia, a divided Germany, and space shuttles. Of
course, the world's countries have always been chang-
ing, but this century’s technological changes repre-
sented by the leap from carriages to shuttles have no
comparable precedent in history. My grandfather lives in
a world where a person must be careful not to wear his
pacemaker near a microwave oven, or not to place
floppy disks next to the phone with which he can dial
directly to a house in a suburb of Tokyo, or not to provoke
the Russians and cause us to blow up the world with
pinpoint accuracy with ten times more nuclear weapons
than necessary for the job.

Somehow my grandfather hasn't lost his marbles by
living in a world that bears no resemblance to that of his
youth. Even the vegetables he grows in his garden are
different, being products of genetic manipulation or hy-
bridization. He does often wonder out loud whether | will
see as many changes as he has. If technology pro-
gresses at the same rate as it has for the last 83 years, |
can't imagine the world in which [I'll celebrate my eighty-
third birthday. With advances in information transfer, for
example, perhaps printed matter will become obsolete,
and magazines like VERTICES may be art forms, as
antediluvian as calligraphy is now.

Until that time comes, though, VERTICES should be an
established and valuable form of information transfer.
This is the second issue of VERTICES, in existence be-
cause of the dedication of students and moral support
by administrators at Duke, as well as by the financial
support of advertisers in the Triangle area. The purpose
of our magazine is to bring our readers closer to an
understanding of the technological advances that are
changing the way we live. By understanding the implica-
tions of these advances, we will be better able to control
the course of our human destiny.

Happy birthday, Grandpa.
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Ballooning

Dodds Meddock has settled in North Carolina
after touching down in almost every continent

Playboy paid Dodds Meddock and his
company $45,000 for one which included a
fitted galley, platinum-inlay crystal glasses,
computerized telephone service, and a
VCR. The $45,000 product can withstand
maximum impact without breaking. Al-
though the chain of Playboy Pubs it was
designed to promote six years ago didn't
fly, Playboy's hot air balloon has graced the
skies over London, Atlantic City, and other
major cities sporting Playboy Clubs.

Meddock, who in 1983 gave up the chal-
lenges of running the largest manufacturer
of lighter-than-air craft in the world, leads a
relatively calm existence as business man-
ager of Duke's zoology department. Before
1983, though, he followed his avocation
with a passion, having established Balloon

A sphere has the smallest surface to unit
volume ratio of any container. However, in
the case of balloons, stress on the envelop
varies directly with the air pressure inside
the balloon, and the fabric must be thick
enough to withstand this stress. The neces-
sary thickness varies with the square of the
diameter of the balloon. Often, for high alti-
tude balloons in which weight must be mini-
mized, bundles of smaller balloons are
used instead of a single large one. For ex-
ample, while the total surface area of eight
smaller balloons with the same total volume
as a single one is twice that of the single
balloon, the total stress is only one-fourth as
great. Therefore, the total fabric weight of
the eight balloons is half that of the single
balloon.

Opposite: Meddock and his balloon
opened the British-American Festival at
Duke in June 1984, shown here in front of
the Duke chapel.

Steven White

Works with his partner, Tracy Barnes, in
Statesville, North Carolina in 1972. Only
months away from finishing a Ph.D. in phi-
losophy at the University of lllinois, oppor-
tunity knocked and Meddock founded the
company, along with Barnes. He and
Barnes before had shared in a very lucra-
tive part-time enterprise, hiring out their
store-bought balloon and their ballooning
skills for fairs, grand openings, and balloon
races.

Meddock and Barnes rode their com-
pany through some hard times initially, but
they “'built a better mousetrap,” a special-
ized high-output burner for balloons, and it
paid off. Until that time, balloons were filled
with either gas, such as helium or hydro-
gen, or hot air. Unless passing through Zur-
zach, Switzerland where the hydrogen is
free in a public park, or Augsburg, West
Germany where a balloon-full costs about
$20, you may have to pay about $250 for a
fill-up. United States insurance companies
wouldn't insure your balloon, however,
since hydrogen is very flammable and vi-
sions of the Hindenburg at Lakehurst burn
brightly in their memories. Gas balloons in
the states use non-flammable helium. A fill-
up, unless at a helium wellhead, costs
nearly $2,500. Considering such balloons
cost $45-50,000 and up, the helium cost is
similar to paying one-ninth the price of a car
for the gas to fill its tank.

Not only are gas balloons expensive to
operate, but control of their altitude is lim-
ited. Opening a simple 18-inch valve in the
top of the perfectly spherical balloon and
allowing helium to escape causes the bal-
loon to lose altitude. Throwing sandbag bal-
last overboard causes it to rise. At some
point, the gas or sandbags run out and the
flight is over.

Most hot air balloons use a burner to heat
air to fill the balloon. By adding more hot air
the balloon rises, while letting the air cool or
releasing some hot air causes it to sink.
Meddock and Barnes developed a high
output burner which blasts propane-fired

hot air into the balloon for two seconds
every two minutes. These balloons can cost
from $15-25,000, but the cost of the fuel to
fill the three or four 10-gallon propane tanks
Is perhaps $10 per tank. At its peak, Bal-
loon Works was manufacturing nearly 300
of its balloons per year

The sun can be used to heat air and
serve as a third, more environmentally ideal
source of lift power. In the early 1970's Med-
dock and other members of the Interna-
tional Explorers Society, which includes
Thor Heyerdahl, were contracted by the
Peruvian government to build a low altitude
balloon as part of its tourist trade develop-
ment. Tourists had been renting taxis and
driving around Peru’'s Atacoma desert to
see the acre-size drawings on the Plains of
Nazza, made famous in Chariots of the
Gods. Tourists were unable to see the draw-
ings in their entirety and were destroying
the drawings with tire tracks. Meddock and
the other members designed a solar-heated
hot air balloon, the Icarus, which tourists
could ride and see entire drawings without
destroying them. The Peruvian govern-
ment, being unstable, did not complete
their desert drawing preservation plans.
Though the Icarus flew several times, it is
not currently being used and taxis are still
driving over the drawings.

Meddock found that not only does North
Carolina’s weather suit ballooners’ needs,
but the state’s long tradition of textile and
fine furniture industries has made it a prime
balloon manufacturing area. Although the
85 people who worked for the- Balloon
Works did not initially have the specific skills
necessary to make the gas-holding envelop
or the carriages, they did have a feel for
quality craftsmanship. The envelop is a cut-
and-sewn product, and for the more deco-
rative balloons production can be quite an
elaborate operation. For his chateau in
France, Malcom Forbes contracted for a
balloon depicting six Greek myths of flight
on a background patterned after the Tem-

(to page 31)
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Primates

The Duke Primate Center serves as a refuge for endangered species

Snow covered the ground as | walked
down the path between the cages. Parting
the ice-covered bamboo, | looked through
the foliage into the outdoor, wire cages. My
gaze was met by the unflinching stare of a
ring-tailed lemur munching on a banana.
Short grey and white fur covered a primate
body about the size of a raccoon. The ani-
mal’s striped tail and black and white col-
oring made it look even more like a rac-
coon.

All the lemurs stayed above ground level.
Because lemurs normally live in tropical rain
forests, snow is probably a shocking sight.
Like Floridians seeing their first snowfall, the
lemurs did not know quite what to do.

Since those animals ignored me, | moved
toward the next cage which contained white
ruffed lemurs. Most were intelligently stay-
ing in the heated nesting box, but one
leaped onto the cage wire in front of my
face. | was not certain who was the obser-
ver and who was the observed. Keeping
scientific objectivity is not easy when a hu-
man-like hand is thrust through cage bars
toward you. The hand is the most startlingly
human feature of the lemurs. Even though
these animals at the Duke Primate Center
are only distantly related to man, their
hands, faces, and body expressions are
very human.

Some nocturnal animals, such as tar-
siers, eat mostly insects and lizards. Their
cages are reminiscent of tropical rain
forests, and as | stepped into one, the
warm, moist air and the sound of crickets
surrounded me. | watched a lizard crawl up
a nearby wall. Suddenly, in the red light, |
saw two huge yellow saucer eyes staring at
me. As my eyes adjusted to the light, |
realized that the large eyes were in a
mouse-sized body. This primate seemed
more closely related to mice than men

Containing the world's largest collection
of lemurs and other prosimians, the Duke
Primate Center is dedicated to researching

6

April Pulley

primates and establishing a breeding col-
ony of prosimians. Seventy percent of the
animals housed at the center are en-
dangered species. Lemurs are prosimians
found on the island of Madagascar, off the
east coast of Africa. Other animals at the
center, such as tarsiers, lorises, and gala-
gos, are found in Asia, Africa, and some
small Asian islands. Coming from tropical
rain forests to North Carolina, these animals
have had to make quite an adjustment.

Keeping scientific objectiv-
ity isn't easy when a hu-
man-like hand is thrust
through cage bars toward
you.

Located in the Duke forest, the primate
center is designed to give the animals the
most natural habitat possible. Most of the
animals live with family groups in spacious
cages. A special grant from World Wildlife
USA financed the construction of two natu-
ral habitat areas which enclose eleven
acres of Duke forest. These areas enable
the animals to roam quite freely. Conse-
quently, scientists can carry out much more
effective behavioral research. Because of
successful breeding attempts, more grants
and contributions are needed to provide
large cages for some animals. Galagos,
cat-size primates that look like small black
bears, are presently housed in cages inside
a trailer—they are waiting for space in
larger cages.

The population of the primate center was
built up by careful breeding of prosimians
and capture from the wild. The center was
begun at Yale in 1958 by John Buettner-
Janusch, and when he transferred to Duke

to teach in 1966 he brought the lemurs. The
current director, Dr. Elwyn Simons, became
chief in 1977.

Lemurs in the outdoor enclosures are fed
bananas and other fruits. The animals also
gather sweet gum leaves, crabapples,
mushrooms, and clover. Poison ivy even
suits their tastes. Researchers, such as Dr.
Kenneth Glander and Jorg Ganzhorn, have
studied how prosimians taste chemical tox-
ins in leaves. In the outdoor habitat, lemurs
have left toothmarks in poisonous toad-
stools, seeming to have tasted the toad-
stools and then left them alone. According
to Simons, "‘This has great implications for
conservation. If the animals are re-intro-
duced into a place not quite like their nor-
mal habitat, they will not eat poisonous
plants.”

The primate center provides an excellent
opportunity for graduate and undergradu-
ate research projects. Pat Wright, a Ph.D.
candidate, is studying the sound produc-
tion and social system of the tarsier. Her
project is one of the many research efforts
at the center. Behavioral studies are con-
ducted on many of the primates. Dr. Kay
|zzard, for example, is studying reproduc-
tion in galagos. Dan Gebo, an anthropo-
logy graduate student, is studying foot
structure in prosimians. By travelling to mu-
seums in Kenya and Germany, studying
Duke's extensive fossil collection, and ob-
serving living prosimians, he is learning
about primate locomotion. Another anthro-
pology graduate student, Joe Macedonia,
uses a movie camera to automatically sam-
ple one lemur species’ behavior at certain
time intervals.

Graduate students come from other
countries to study the primates. Peter Kap-
peler, from the University of Tuebinger in
Germany, is observing the reproductive be-
havior of Lemur coronatus. Only twenty of
these endangered lemurs are in captivity in
the world, and ten are at Duke’s center
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These ten are not reproducing very suc-
cessfully, however, and Kappeler is study-
ing them here and will return to Germany to
study the successfully reproducing colony
there. He hopes to discover why the Duke
primates are not breeding well.
Undergraduate students also work at the
primate center. The students in Glander’s
primate behavior class conduct research

projects for a major portion of their grade.
Susan Murray, a junior majoring in anthro-
pology, and Bruce Higinbothom, a junior
majoring in biology, are studying handed-
ness in Hapalemur griseus. Some students
opt for a semester-long independent study.
David Meyers, a senior majoring in zoology,
spent the fall studying the mating behavior
of certain lemurs in the outdoor enclosure.

Skeleton.

and exposes a new crop of fossils.

From left, Dr. Ross MacPhee, Elwyn Simons, and Prithijit Chatrath with a Paleopropithecus

Dr. Elwyn Simons

Pictures of fossils, African statues, and straw depictions of lemurs decorate Dr. Elwyn
Simons’ office. As | waited to interview him, | wondered what a world famous paleontologist
would look like. From behind a grey beard and under a cap, his sharp eyes peered.
Immediately his energy struck me. A month ago he was in Egypt; tomorrow he will be
galavanting off to South Africa for an anthropological conference celebrating Raymond
Dart’s discovery of the Tong Child skull sixty years ago.

Famous for his discovery of Aegyptopithecus in 1966, Simons leads yearly paleontologi-
cal expeditions to the Fayum area of Egypt. He invented a special process to harvest the
wealth of fossils from the desert sand. His expedition picks up the fossils which are sticking
out of the sand. After collecting and cataloging them, he and the other researchers get out
their brooms and sweep away the desert sand. Although sweeping up the desert may
sound like a fruitless venture, it has uncovered significant Oligocene fossil finds. The Fayum
is the only area that has fossils from the Oligocene, 35 million years ago. After sweeping up
the sand and carrying it away in baskets, the researchers leave the job to the desert wind.
During the rest of the year, when the researchers are away, the wind carves away the sand

e

Available at
The Duke University Bookstore
Bryan Center
684-6793

LISP, Second Edition
Patrick Henry Winston and Berthold
Horn

This is a companion book to Winston'’s
Artificial Intelligence, Second Edition,
from which all Lisp and programming
material has been removed. This book
serves both as an introduction to symbol
manipulation and basic programming,
and as a more in-depth study of Lisp in
practice. Numerous examples illustrate
ideas well known in artificial intelligence
and related fields. CommonLisp is the
dialect selected by the authors in this
second edition.

ARTIFICIAL INTELLIGENCE,
2nd ed.
Patrick Henry Winston

In this completely revised edition, Win-
ston explains the basic theoretical con-
cepts of Artificial Intelligence. Included
in this new edition are descriptions of
how to do Artificial-Intelligence work
and how to judge results, explanations of
successful applications programs in com-
mercial use, informally defined proce-
dures, and chapters on logic and
learning.

“Addison-Wesley

Reading, Massachusetts 01867
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A pregnant Lemur catta at the Duke Primate Center.
8
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Dr. Peter Klopfer

None of the research at the center hurts
the animals. Only blood samples or other
tests which do not harm the animal can be
done. According to Dr. Jonathan Pollock,
research at the primate center is “‘behav-
ioral and physiological but not surgical. We
engage in a variety of research directions,
but with a general theme of finding out more
about unknown animals, tracing evolu-
tionary relationships and studying repro-
ductive behavior.”

Reproductive behavior is a primary con-
cern because the center is trying to build a
breeding colony of animals. They have had
excellent success with most species. The
first ruffed lemur birth in captivity in forty
years took place at Duke's center, and the
only slender loris colony in the U.S. is kept
there, with seven lorises having been born
in the last two years.

Simons explained the reasons for estab-
lishing a breeding colony of prosimians. In
Madagascar and other parts of Africa,
slash-and-burn agriculture destroys the
tropical habitat of lemurs. ““Wherever |'ve
been in Madagascar, | can see they have
been hacking down the forest. Every year in
the world a piece of the land the size of
France is destroyed. Ninety percent of the
original forest is already destroyed.”

Once a tropical rain forest is cut down, it
is very difficult to restore. “'The tragedy of
slash-and-burn agriculture is that when you
do this and then grow crops for a while, the
fertility is depleted and subsistence farmers
must move on,”’ Simons said. Some refores-

tation has been attempted in Madagascar;
however, the trees which have been used
are not native types which can be used by
the birds, mammals, and insects. Accord-
ing to Simons, “'Once primary forest is cut
down, it can't be brought back without
generations of work.”

“The people who want to
return animals to the wild
are turning them in the
wrong direction. They need
to be rescued to captivity.”

“It's not only the problem of saving le-
murs,” he added. "'The forest is also a re-
source for the people.” The problem seems
to lie in education and resource manage-
ment. If the land is denuded, the erosion
and loss of soil fertility could create a barren
land. "'The forests of Ethiopia were once
fertile like those of Madagascar. But how do
you tell people that are starving not to hunt
an animal or cut the forest because of con-
servation?”’

How, then, can the lemurs, which come
only from the island of Madagascar, be
saved? According to Simons, the answer
lies in captive conservation, in which a cap-

tive breeding colony is established in order
to preserve the species. ‘‘Father David's
deer, 'he cites, ‘‘has survived only in captiv-
ity for the last 200 years. But some people
are stuck back in the nineteenth century.
They do not like to see the animals con-
fined—but it's not a primordial world. Even
the last haunts of the mountain gorillas are
constantly being assailed by poachers. The
people who want to return animals from
captivity to the wild are turning the animals
in the wrong direction. They need to be
rescued to captivity.”

On the optimistic side, most prosimians
are fairly easy to breed in captivity. Because
they are small, itis fairly inexpensive to feed
them and put them in quite large cages. As
Simons admits, ‘'Captive conservation is a
pitifully small effort, but manageable.”

He emphasized that libraries conserve
rare books because of the knowledge they
contain. “The animals and plants of the
tropical forests contain knowledge that we
may need.” Simons explained that many
disease-controlling substances have been
found in rare plants. *'If the forests had been
destroyed first, that bit of knowledge would
have been lost.”

“*Since man is a social animal himself, it's
interesting to study other social animals
than ourselves. That's part of the endless
fascination of the animal world.” Simons
calls the work at the primate center part of
“the growing interest in animal rights—the
ultimate right of a species not to be driven
extinct.”

HUMANITIES

TERM I: May 6-June 7

SUMMER TERMS | & II
SUMMER TERM |

In addition to the traditional CURRICULUMN THE MARINE‘SCIENCES
the following courses will also be offered: '

BIOLOGY 10Ls MAR!NESB{O;

PUBLIC POLICY. STUDIES #
Public Policy Studi&sﬁgmajors, :

DUKE MARINE.LABORATORY
SUMMER-AND FALL PROGRAMS

AT BEAUFORT

Providing educational oppertunities for beth.undergraduate & graduate students in
NATURAL SCIENCES

SOCIAL/'SCIENCES’

1985 SUMMER PROGRAR
TERM.II Jiine-#0-July 12

1985 FALL P

—~ATERM IIl: July 15-Aug. 16
istry,.Botany, Environmental Studies, Zoology),
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|-of Forestry and Environmental Studies students.)
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ADMISSIONS /
DUKE UNIVERSITLY. MARINE LABORATORY
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(Phone) 919-728-2111»
Duke University students may also obtain these materials from Dr. Virginia S. Bryan, Assistant Dean for the Natural Sciences (113
Allen Building) or from Dr. Martina J. Bryant, Assistant Dean for the Social Sciences (110 Allen Building).
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Education

How can physicians learn the humanistic side of health care?

In the United States the education of the
physician is divided by current convention
into two parts: “‘premedical,” undergradu-
ate experience and professional medical
school training. These parts have been sep-
arated in such a way that admission to a
medical school is dependent upon
successful completion of a number of pre-
medical courses. The curriculum of the
medical school part is, within limits, uniform
from school to school. There is no consen-
sus, however, about the desirable premedi-
cal curriculum; both its objective and the
curriculum required to achieve that objec
tive are the subject of controversy.

There is, in general, a prescribed set of
premedical courses which are prerequisites
to admission to medical school. These
usually encompass biology, inorganic
chemistry, organic chemistry, and physics.
Occasionally a course in higher methe-
matics, usually calculus, is required, and
sometimes, though rarely, a foreign lan-
guage. Although the prescribed science
courses appear to be relevant to medical
education, in their actual content, they often
are not. The biology course is generally
concerned with the details of lower, often
invertebrate, biology. The chemistry
courses are geared more to the chemical
engineer than to the student of human
biology.

The remainder of the undergraduate edu-
cation of the student of medicine is largely
left up to the student himself. (I use the
masculine pronouns for convenience,
realizing that one-third of all medical stu-
dents are women.) In most instances, he
must select a major in which he must take a
predominant number of courses, and most
choose a major in science. They do this for

Dr. Wendell Rosse

several reasons. In the first place, the pre-
scribed premedical courses usually may be
used in fulfiling the requirements of the
major. Second, many students believe that
good grades in science courses improve
their chances of admission to medical
school. Others think that such courses will
put them “one leg up’ once they are in
medical school. Finally, of course, others
have a sincere interest in science they wish
to pursue.

Is this sort of premedical curriculum the
best education for preparation for being a

o
AT

Dr. Wendell Rosse, Chief of Hemotology/
Oncology at the Duke Medical Center.

\

physician? Because of the many pre-
scribed and recommended courses, many
premedical students are unable to or dis-
couraged from taking a wide variety of
other courses. Usually they may take the
minimal requirements in the humanities,
and seldom take significant courses in his-
tory, social sciences, and least of all, philos-
ophy. In sum, they do not get a liberal edu-
cation.

The question is: Is a liberal education of
any use to the student of medicine? And, if it
is, how can it be attained within the pre-
scribed requirements for medical school
admission?

What is a “liberal education?" A liberal
education is one which ranges as widely as
possible in terms of subject matter. It com-
prehends the breadth and variety of human
knowledge. The nature of man, his works,
his world, and his place in that world are
explored. It need not have a practical end
other than the education of the student;
knowledge is its own end.

Many educators feel that a liberal educa-
tion should be the primary objective of all
undergraduate education because it pre-
pares the student to appreciate the world he
lives in. Hutchins of the University of Chi-
cago, Stringfellow of St. John's College,
and many others advocate a liberal educa-
tion as the primary curriculum for all college
students. In fact, most colleges require that
subjects in each of the major areas (hu-
manities, sciences, social sciences) must
be taken. However, these courses are often
of such narrow scope that they fail to give
the student a true appreciation of a liberal
education. For instance, the course desig-
nated to fulfill a history requirement may be
“Russia: 1905-1919" which is certainly in-

They seldom take significant courses in history, social sciences, and,
least of all, philosophy. In sum, they do not aet a liberal education.
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teresting but inadequate for giving the stu-
dent a sense of the panoply of human his-
tory.

If college is the end of an education that
must prepare the student in some practical
way, such as electrical engineering or the
teaching of history, then the concept and
practice of the major may have some valid-
ity, even though its fulfillment may erode the
time given to a liberal education. However,
college is not the end of education for the
student of medicine. Medical school pro-
vides the practical education needed to
practice medicine. Thus, the premedical
student, perhaps more than other students,
has the opportunity to use his undergradu-
ate years for a liberal education.

Furthermore, it is particularly important
for the student of medicine to get a liberal
education. His entire professional career
will center of dealing with people and their
problems. He will do this much better if he
has an understanding and appreciation of
the nature of man and his world. Knowl-
edge and appreciation of the works of man
makes each human more cherished and
valuable. The physician should know the
elements of the organization of society in
order to be able to understand his role and
the role of his patients in that society. With
knowledge of the nature of philosophy, the
physician would be better prepared to deal
with the ethical and philosophical decisions
so common in the practice of medicine.
Thus, for practical reasons, the physician
should have a liberal education.

One element of understanding the medi-
cal problem of a patient is understanding
his history—what has happened to the pa-
tient up to the time he sees the physician.
Although few physicians realize it, the pre-
cess of constructing the history of a patient
is the same as that of writing of history of
nations and societies. The historian gathers
data from a number of sources, evaluates
and collates that data, and eventually con-
structs an hypothesis to explain a given
event. The physician should do the same
thing in his approach to the history of each
patient. Often the patient is the main source
of data, so much so that physicians often
say ‘‘the patient was a poor historian’ to
explain why they, the physicians (the real
“historians”), were unable to construct a
reasonable view of the patient’s past. Data
from a number of sources (charts, family
members, other physicians, etc.) must be
used to construct a history that, in the end,
includes an hypothesis about what it is that
has made the patient as he is. To do this, the
physician draws not from his medical
school training, but from the skills and
knowledge he gained in the liberal part of
his education.

The physician must often express himself
in writing and in speech, as when writing
the patient’s history or giving a more formal
presentation about a patient or scientific
matters. He certainly is not trained to do this
in medical school; it is the role of the liberal
education to teach the student an apprecia-

(to page 30)
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Socialized systems

The health care systems in Britain and the United States
may not be as different as some people would like

Laurie Burton

The problem is the same everywhere: how to deliver health care
to millions of people. The solutions vary from country to country.
The health care systems of Great Britain and the United States are
often compared, usually starting with the assumption that Britain
has socialized medicine and the U.S. does not. But the fact is that
both countries are using socialized medicine, and using it widely.

Recent figures say that U.S. per capita health expenditures
exceed $1,400 per year. If health care costs seem exhorbitant
already, they are predicted to continue rising unless some major
changes in health care delivery are made. To avoid escalating
costs, more Americans may start to take advantage of alternate
types of health care, Health Maintenance Organizations (HMO's) in
particular. Also, as health care costs become less affordable for a
greater number of citizens, the federal government may take on a
larger role in financing health care and may use diagnostic-related
groupings to control how much doctors and hospitals can charge
patients. In addition, health care may have to be rationed to some

[

extent in this country to get medical costs under control, a practice
the British have been using for decades.

What sort of health care is available for British citizens? First and
foremost is the British National Health Service, funded by tax
revenues and of which every citizen is a member. The link between
the NHS and the public is the general practitioner (GP) who is on
salary and is assigned to a district. Most citizens go to the GP
nearest to them, but may choose any GP within their district.

A British citizen sees his GP for whatever ailment he has, whether
it be a sore throat, backache, anxiety attack, or yearly physical. If
the GP is unable to diagnose or treat the problem he refers the
patient to a specialist. While the GP is very accessible, it may take
months before a specialist is able to see a patient. Urgent cases are
seen immediately, but to be considered urgent the patient’s condi-
tion must be life-threatening.

Under the NHS no one is denied care for financial reasons, nor
does anyone receive preference or better quality care because of
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The doctor wishes to keep his patients healthy since he is on salary,
and the healthier everyone is, the less work he has to do to earn it.

financial status. For college students, children, senior citizens, and
needy persons, all health care under the NHS is free, including
visits to the doctor and dentist, medication, surgery, and hospital-
ization. For the working population, doctor’s visits and surgery are
free, but there are small fees for medication and dental work.

Not every British citizen relies fully on the NHS for health care
needs. Some may opt for private medical care, hospitals, or health
insurance. The main impetus for choosing the private route seems
to be to obtain prompt care. Since the NHS operates on a limited
budget, patients not requiring urgent care often must wait for
treatment or surgery. There are reports of patients waiting six years
to be admitted to a hospital for elective surgery. As British econo-
mist Michael Lee describes, the difference between private medi-
cine and NHS medicine is that ‘‘the private patient pays to avoid
waiting; the NHS patient waits to avoid paying.”

Socialized medicine is defined as “‘medical and hospital services
for the members of a class or population, administered by an
organized group and paid for from funds obtained usually by
assessments, philanthropy, or taxation." The NHS would certainly
fall under this definition, but so would two American health services
administered by the federal government, the IHS and OCHAM-
PUS. The IHS, or Indian Health Service, provides care for American
Indians and Alaska natives. The Office for the Civilian Health and
Medical Program of the Uniformed Services provides care for
families of those in the armed forces. Both are financed by federal
tax revenues and operate essentially like the NHS but for those
specific groups only.

Health maintenance organizations are private health services
and are fairly recent additions to American health care. An HMO
member pays a set fee in advance in return for various unlimited
medical services, including visits to a physician. Since financial
barriers to receiving care are removed, there is an emphasis on
prevention. Patients are likely to visit their doctor immediately after
suspecting something is wrong because they are not charged for
the visits. It is completely in the wishes of the doctor to keep his

patients healthy since he is on salary, and the healthier everyone is,
the less work he has to do to earn it.

Reports have been made of HMO's serving their subscribers
more cheaply and effectively than matched fee-for-service popula-
tions, and for such reasons, HMO's are growing in popularity. Only
weeks ago a California-based HMO opened offices in Raleigh,
North Carolina, and the firm has plans to come to Durham in a
matter of months.

Despite HMO's, the IHS, and OCHAMPUS, most of the health
care delivery in the U.S. is fee-for-service. Few people can afford to
pay such fees directly out of their pockets. One of the major parties
footing the bill for health care expenses is the federal government,
through its Medicare and Medicaid programs. Medicare enables
people 65 and older to be insured for medical and hospital services
for a monthly premium of $15.50. Medicaid, on the other hand,
subsidizes the medical expenses of needy people: a doctors visit,
for example, would cost the patient only two dollars.

How much are Americans paying for medical care? Eleven
percent of the U.S. gross national product currently goes toward
health care expenses. Dr. William Schwartz, an expert on health
policy issues, predicts that health care costs can be expected to
continue to escalate primarily because of technological innova-
tions. New diagnostic tools, therapeutic devices, and surgical pro-
cedures improve the quality and length of life, but often replace
cheaper methods of treatment.

With health care costs continually increasing, this country has
two alternatives. One is to leave the present system as it is and
accept ever-rising costs. In the words of Schwartz, “It is not en-
graved in stone that we as a society can't continue to increase the
fraction of gross national product invested in health care from the
current level to 15 or 20 percent.” The other alternative is to attempt
to control rising costs, and an effective way to do so is to ration
health care.

In Great Britain, where the NHS has rationed health care since its

(to page 3g)

Why are malpractice suits so uncommon in Britain, where health care
is rationed and patients sometimes denied potentially beneficial
therapy?
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Interview:

Janis Antonovics

Dr. Janis Antonovics

Terry Habacker

Along with more than 100 other students,
many with their noses pointed towards
medical school, | took Genetics 180 last fall.
Dr. Janis Antonovics, one of the two instruc-
tors for the course, would occassionally set
aside his lecture notes and for a few mo-
ments follow a tangent on such topics as
Dukies, science, and research. He seemed
to have definite opinions about education,
and the pursuit of a science education in
particular. One reason that | was so excited
about being involved in Vertices was that |
felt that many students majoring in the
sciences were missing a multitude of op-
portunities. Having never interviewed any-
one before, for example, it took me months
to find the nerve to approach Dr. An-
tonovics. What follows is a summary of our
discussion.

VERTICES: What is your role at Duke?

Antonovics: I'm basically an ecological
geneticist. In other words, I'm interested in
the impact of genetics on ecological proc-
esses. The area of research that | cover is
looking at mechanisms of evolutionary
change in populations and examining how
genetic differences amongst individuals in-
fluence their ecological success.

My current research is based on a very
simple question: Why do organisms pro-
duce variable progeny? There are tremen-
dous costs to variation, thus there must be
advantages which outweigh these costs.
Males, for instance, are created for variabil-
ity. Females which produced only females
would double their fecundity. It is rather
teleological to explain variability by saying it
is a phenomenon which is desirable be-
cause it results in evolution.

VERTICES: How can you answer this
question?

Antonovics: Well, what we're doing is
generating variable progeny from seeds of
plants and generating uniform progeny
through cloning. Then, we put them out in
nature.

VERTICES: How long will this research
take? two years?

Antonovics: Each experiment takes two
years, or perhaps four considering prepara-
tion, etc. There are organisms which repro-

duce faster, but you can't work with ani-
mals. Cloning is much harder and if you put
them out in the field . . .

VERTICES: . . . you lose them. So far,
what have your studies demonstrated?

Antonovics: That there is quite an ad-
vantage to variability. Why? We're not quite
sure. There is an avoidance of predatism,
essentially like an immune system to patho-
gens.

VERTICES: Have others studied this
question?

Antonovics: | think I'm not being immo-
dest when | say we're the first.

VERTICES: The Genetics Program itself
is unique, isn't it?

Antonovics: The program is an interdis-
ciplinary conglomerate—it incorporates
people from the medical center as well as
those of the school of Arts and Sciences.
Membership is by vote. It is essentially a
group of people who identify themselves as
geneticists, held together by seminars, re-
search interactions, and grants. Our main
thrust has been toward the graduate educa-
tion in genetics, but we're hoping to attract
undergrads who may be interested in
genetics but are not mathematically in-
clined. We're reviewing the curriculum;
people are interested in genetics and its
implications, but not necessarily the nitty-
gritty.

VERTICES: It seems that if students took
an intro course earlier in their careers, they
could take upper-level genetics. You've
mentioned this before in a more general
sense with reference to the typical pre-med
route.

Antonovics: | suppose that one criticism
of the pre-med route is that students often
believe they must take the required, broad,
basic science course immediately. Another
criticism is that students don't consider
other options—at least, not in a positive
sense. It's a shame if students take their
education at Duke as goal-oriented. Many
pre-meds are narrowing their opportunities.

VERTICES: This brings up other issues

Antonovics: Yes, because they attempt
to take the prerequisites within the first two
years, they don't develop other interests. It
would be to their advantage to specialize in
something other than medicine.

VERTICES: How?

Antonovics: Seek out a professor and
work on an independent study— basic re-
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search or a historical study. It's a shame
when students beginning their senior year
have not yet had a 200-level course.

VERTICES: The pre-med is too often
geared toward a high GPA.

Antonovics: Yes, and we who judge re-
cords—for scholarships, for instance—are
not interested in a high GPA if all a student’s
courses are 100-level or below. It is often
these students who are upset about the
lack of intellectual atmosphere. These stu-
dents have a mediocre attitude toward
Duke, and it's not completely the fault of
Duke. It's a problem of course selection.

VERTICES: Do you encourage focusing
on one subject as a prospective career?

Antonovics: Not to the extreme. | think
being career-oriented is a mistake. Any un-
dergraduate who comes to Duke is not go-
ing tobe on the streets after four years.
Being overly tense is foolish.

VERTICES: Regarding research, you've
mentioned that students neglect the plant
kingdom.

Antonovics: Yes, the botanical side of
research. Perhaps, more importantly, the
agricultural aspects of research. There's a
whole world out there which the incoming
freshmen who watches, uh, what are those
t.v. programs?

VERTICES: St. Elsewhere, and . . .

Antonovics: There are so many doctor
programs, you never see human disasters
of the farm. | suppose that's too quaint.
Unfortunately, it seems to be a forgotten

area, and with N.C. State so close, there is
opportunity to learn a great deal about agri-
culture as an undergrad or to consider a
master’s program. | don't think we need to
discourage students from entering medi-
cine; you can't deny that it's an interesting
profession.

VERTICES: Yes, but it isn't the profes-
sion.

Antonovics: Exactly! My mother was a
dentist and she wanted me to be a dentist. |
thought it would be boring to study one
organism.

VERTICES: So, what would you advise
incoming freshmen who are interested in
science to do?

Antonovics: Take the science courses
which he finds interesting, but take courses
in other areas as well. He should become
involved in his major, become acquainted
with professors. Consider medicine, but
consider also basic sciences and agri-
cultural research or the integration of public
policy and the sciences. One can pursue
research or go into industry.

VERTICES: Why do some students shy
from research other than medical research?

Antonovics: | don’t know why they don't
consider the alternatives. Perhaps it's a lack
of imagination on the part of parents. A lot
of it is just pop-sociology. It's true—there’s
nothing so desperate as when you're ill.
Graduate school is difficult, there are no
salary guarantees. It's almost impossible to
predict the next “hot topic,” although

there’s growing interest in plants at the mo-
lecular level.

VERTICES: How do you feel about Duke.

Antonovics: | don't have any place to
compare it to, but it's a good place. One
advantage is that it's relatively small—per-
sonal interactions with professors are possi-
ble, even though the system does not pro-
mote them.
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Body rebuilding

High-tech rehabilitation is bringing athletes back into action

Orthopedic surgeon Stan James was not
the only teary-eyed spectator of Joan Be-
noit's victory in the women’s Olympic
marathon last summer. With James, sports
fans across America rejoiced in the triumph
of a remarkable dedicated athlete. Yet, Ja-
mes felt especially proud of Benoit's accom-
plishment. Without the doctor’s victory in
the operating room just 18 days befor the
Olympic trials, Benoit would never have
made the squad.

The new technology in sports medicine
was as much a factor in her gold run as her
own determination. Call it a miracle?
Perhaps, but as modern sports medicine
and orthopedic science accelerate into the
1990’s, the scene will become less miracu-
lous and more common.

The driving force behind the recent ad-
vances in orthopedics has been the athle-
tes themselves. The need for expedient re-
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pair and recovery of injured joints has
escalated the research into the biome-
chanics of human joints, as well as the de-
velopment of new operative and rehabilita-
tion techniques. The arthroscopic surgery
used to remove a one-inch strand of carti-
lage in Benoit's knee, for example, has only
been available since the late 1970’s. The
arthroscope, a microscope-like viewing
device, enables surgeons to accurately
diagnose damage to an injured knee
without opening the joint. Today, approxi-
mately 90 percent of all knee surgery in the
U.S. involves the use of the arthroscope. As
new methods and devices are developed,
athletes whose careers might have been
ruined a decade ago are now likely to be
back on the playing field in as little as a
week’s time.

At Duke University's Sports Medicine
Orthopedic Rehabilitation Center (DUS-

MOR), injured triangle-area athletes are the
fortunate recipients of such high-tech reha-
bilitation. Functioning primarily as a post-
operative rehabilitation facility, DUSMOR
personel work closely with Duke Medical
Center's orthopedics division. ““We use an
accelerated method to rehabilitate our
athletes,” says Debbie Harned, physical
therapist at DUSMOR. ““The main idea is to
get the athlete back into action before such
adverse effects as muscle atrophy be-
comes a factor.”

Today, most orthopedic specialists stress
the importance of motion-aided healing. “‘In
the past, patients were allowed to sit back
and lick their wounds,” says Ross Rich,
Physician Assistant at DUSMOR. “Now we
realize the importance of mobilizing the in-
jured joint as soon as possible.”” According
to William Glancy, Jr., of the University of
Wisconsin's sports medicine division,
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“more detailed knowledge of the adverse
changes that occur in muscle has led to the
concept of early functional rehabilitation in
order to limit the deleterious effect that im-
mobilization has on muscle, ligament, and
articular cartilage.” Muscle atrophy is one
common effect of such immobilization.
There are cases, of course, such as after
major ligament repair in the knee, where itis
impossible to mobilize immediately. ““In
such cases, other aids, such as electrical
muscle stimulation, can be implemented,”
according to Rich.

The techniques and machines used at
the center are described as ‘‘state-of-the-
art”" Indeed, the entire therapy program
developed by Harned and Rich is just that.
“QOur staff offers an individualized, sport-
specific or job-specific program with full at-
tention to medical considerations,” says
Rich. “This is a long-term program which
seeks to restore the patient to the previous
level of activity.”

The attention given to the center's pa-
tients is especially individualized. Patients
observe their progress towards recovery via
the quantitative records kept on their daily
performances. Harned suggests that the
awareness of one’s progress makes the re-
habilitation process much easier and, in
many cases, more effective. Terri LaSalle, a
student assistant to Harned and Rich, has
also observed that an encouraging voice to
patients is an integral part of successful

physical therapy. According to Dr. Steven
Scott of the Mayo Clinic, *'treatment of the
psychological problems of the injured
athlete is one of the most important consid-
eration in rehabilitation. The psychological
preparation of an athlete to return to a sport-
ing event is as important as the retraining of
physical skills.”

The therapeutic machines used at the
center reflect the recent accomplishments
in modern sports medicine research. The
Ariel computerized leg exerciser, for exam-
ple, enables patients with injured or surgi-
cally repaired knee to view their progress
grapically on a video monitor. The machine
looks like a typical leg-extension exerciser
except that ther are no weights and there s
a computer terminal aside of it. It can be
programmed to operate on the isokinetic
principle in which the lever arm will move at
a constatn pre-programmed velocity and
no faster. The leg exerts force on the lever
arm throughout the range of motion, and
generates maximum torque possible at the
preset velocity. In other words, the lever
arm will push back with a force matching
that applied to it by the leg as long as the
leg moves the lever arm at the preset veloc-
ity.

The machine’'s functions vary from
measuring the average range of motion ob-
tained in a series of repetitions to
measuring the relative strengths of the legs’
quadriceps and hamstrings, all of which are
displayed graphically. The patient may be
asked to exert a certain level of output per
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repetition or to maintain a fixed level of
output per repetition for as many repetitions
as possible (a measure of fatigue). Thus,
patients with surgically repaired knee may
improve their range of motion, increase
muscle strength, reduce muscle atrophy,
and improve endurance depending on
which function is used.

Other therapeutic devices used at DUS-

MOR include a tilt board platform used to
increase the ankle's rotational flexibility. The

“In the past, injured athletes
were allowed to sit back and
lick their wounds.”

biomechanical ankle disk, manufactured by
Biomedical Proportionates, Inc., helps in-
crease the strength of the ankle muscles
and aids in redeveloping coordination. The
elliptical platform rests on a ball and rotates
when one foot is set on it. The device is
designed such that the malleolar axis of the
ankle, the axis about which the ankle rota-
tes, is aligned with the rocking rotation cen-
ter of the platform. Patients with ankle inju-
ries often perform the exercise on the disk
with their eyes closed in order to further
develop their coordination during therapy.

For injuries receiving post-operative knee

rehabilitation, such as for a tibial plateau
fracture, a continuous passive motion
device may be implemented. The device
repetitively extends and flexes the knee
throughout a prescribed range of motion. It
operates very slowly and may be used
while the patient is asleep. Continuous pas-
sive motion is usually used soon after injury
and subsequent surgery once the athlete
has obtained a reasonable level of comfort.
According to studies done at the Mayo
Clinic, early joint movement aids in healing
of tendons and ligaments and prevents con-
tractures when it is done in a controlled and
nonstressful manner. Such passive motion
exercising of the joint is often followed by
static or isometric strengthening. “The
amount of stretching needed to improve the
range of motion is related to the duration of
the stretch, the temperature of the tissue,
and the forces applied,” according to Scott.
The use of the continuous passive motion
machine is in accordance with the DUS-
MOR staff's view of sports injury rehabilita-
tion technique: begin exercise as soon as
possible.

As soon as the isometric and passive
exercising is complete, the-athlete may pro-
ceed to more dynamic forms of exercise,
such as on the computerized exerciser to
build strength and endurance. The final ap-
proach to full sport-specific recovery aims
at regaining and refining coordination skills.

(to page 29)
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Biomechanics

The often-injured knee is perhaps

the most complicated joint in an athlete’s body

More than 400 sports medicine clinics
exist in the U.S. today, and many, like DUS-
MOR. conduct experimental research into
rehabilitation methods. Most of the re-
search in sports medicine focuses on the
biomechanics of the knee joint. Itis the most
commonly injured joint in sports since sO
many sports present hazards to the knee.

Specifically, injury to the cruciate liga-
ments of the knee, both anterior and poste-
rior, presents the most controversial and
complex problem to surgeons and t}hera-
pists alike. There is no standard to dictate
when an operation Is necessary and which
surgical technique should be used. Thereis
atrend. however, towards establishing more
concrete clinical test results to enable the
clinician to make more accurate diagnoses,
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according to William Clancy, Jr., of the U_n@-
versity of Wisconsin sports medicine divi-
sion. The development of sophisticated test-
ing devices by bioengineers has made
available more detailed knowledge of the
function of the muscle cells after injury and
surgery and after rehabilitation. Together
with a better understanding of the multi-
directional laxity and instability that may oc-
cur after knee ligament injury, “‘we have
added significantly to our knowledge of the
knee joint, increased our clinical acumen,
and facilitated our surgical treatment and
rehabilitation, says Clancy.

The cruciate ligaments are considered t_>y
most orthopedic physicians to be the main
stabilizers of the knee joint. Other static liga-
ments and the posterior capsule are all ex-

tra-articular (outside the knee cavity) stabili-
zers, according to Dr. Simonet and Simm of
the Mayo clinic. A major dynamic stabilizer
in the joint is the quadriceps muscle which
is attached via the patellar (kneecap) ten-
don. The quadriceps work with the ham-
strings in providing dynamic stability.

The roles that the anterior (ACL) and pos-
terior (PCL) cruciate ligaments play in func-
tional knee stability are many and varied.
The ACL acts as the primary restraint to
anterior displacement of the tibia on the
femur, providing 86 percent of the total re-
sisting force to such partial dislocation. The
remaining 14 percent of this resistive force
is supplied by the surrounding extra-articu-
lar stabilizers. The PCL, whose tensile
strength is twice that of the anterior cruciate,
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provides 95 percent of the total force resist-
ing posterior displacement of the tibia.

The ACL is responsible for the prevention
of hyperextension of the knee. Only after
the ACL has been severed or severely
weakened does the PCL check against hy-
perextension. The ACL acts also as a sec-
ondary rotary stabilizer of the joint; a defi-
cient ACL thus could result in increases
internal rotation of the tibia during both fiex-
ion and extension of the knee joint.

The key to understanding rotational insta-
bility, however, is found in the PCL. *“When
the PCL is intact,” explains Simonet, “‘rota-
tional instability occurs around the posterior
cruciate axis; when the PCL is injured,
straight instabilities in one plane occur.”’

The anterior cruciate ligament runs from
the posterior part of the knee to the tibia in
front. It is composed of three bundles of
fiber: the antermodial, the intermediate, and
the posterolateral. ““Each of the bundles
has a specific function contributing to the
stability of the knee,” explain Drs. Rovere
and Adair of Wake Forest's sports medicine
unit. The anteromedial grouping primarily
supplies anterolateral stability. Severing this
bundle, which is taut in flexion and exten-
sion, will result in anterior dislocation of the
tibia. The posterolateral bundle provides
posterolateral stability, and its loss is difficult
to assess clinically, according to the Wake
doctors. As a whole, the ACL decreases in
tension from full extension to large flexion
angles, although there may be some in-
crease in tension at the greatest degree of
flexion. Biomechanically, the ACL will
elongate by 57 percent of its resting length
before ultimately failing. Large amounts of
plastic deformation will have occured be-
fore this, however.

The posterior cruciate ligament, which
runs from the front to the posterior section of
the knee, consists of anterolateral and pos-
teromedial bundles. As a whole, the liga-
ment increases in tension with inward rota-
tions. Unlike the ACL, ‘‘the posterior
cruciate receives no protection from the col-
lateral ligaments,” say Munich doctors
Worth and Jager, against posterior disloca-
tion of the tibia.

While injury of the PCL is less common
than that of the ACL in sports, its deficiency
results in a feeling of instability, especially
when making sharp turns, especially com-
mon in tennis and soccer. Acl ruptures are
very common in sports such as skiing. Of-
ten, the high stiffness of modern ski boots
cause the tibia to be pushed forward or the
knee hyperextended when skiers land off-
balance from a jump or mogul. The result is
an anterior cruciate tear.

The treatment of injured cruciate liga-
ments has improved dramatically in the last
decade. Arthroscopy, for example, enables
doctors to determine the precise cause of
knee instability or pain without opening the
entire knee. |deal for the athlete since it
provides quick and accurate diagnosis of
Intra-articular (within the knee cavity) dam-
age, arthroscopy does have limitations. It is
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rarely used to perform repair work in the
knee, and simply cannot be used to recon-
struct ligaments. However, because it does
provide a quick diagnosis, reconstructive
surgery, if necessary, can be performed im-
mediately after injury and rehabilitation be-
gun soon after this.

The decision to surgically repair a rup-
tured cruciate is a major one. For the non-
athlete, the patient’'s age and daily activity
must be considered to determine if such a
major reconstruction is necessary. For most
athletes, however, surgery is chosen if insta-
bility in the knee exists. As Clancy explains,
“the reports that those with severe func-
tional instability have a high probability of
developing significant early traumatic
arthritis have led to a more aggressive sur-
gical approach.” Most orthopedic physi-
cians feel that surgery is needed to correct
severe instability. In PCL injuries, resear-
chers have realized that severe degenera-
tive disease of the joint can result if left
untreated. Such realizations have been the
impetus for further advancement of knee
joint surgery techniques.

Surgical methods for cruciate repair
range from using tendons to using artificial
substitutions as replacements for the rup-
tured ligament. One method, the Slocum
procedure, involves a transplant of the pes
anserinus flexors. The flexors become pow-

erful tibial internal rotators resisting external
rotation. This method is used for anterior
rotary instability due to a cruciate tear. Other
methods include the O'Donoghue proce-
dure, in which the entire medial capsule
and ligamentous mass from the patient's
tibia is detached and advanced anteriorly in
order to regain stability. Such repairs are
termed ‘“‘extra-articular’” since they utilize
ligamentous materials outside of the knee
joint.

Intra-articular substitutions involve the
tendons or ligaments which are a part of the
complex knee joint. “In essence,”’
describes Rovere, “‘nearly all intra-articular
anterior cruciate ligament reconstructions
involve off-setting a piece of tendon or liga-
ment from the anatomic site of the cruciate
ligament.” Numerous substances have
been used with varied successes in the
past, including the patellar tendon and the
iliotibial band.

In using the patellar tendon, a drill hole in
the tibia is necessary. The tendon is passed
through the drill hole and then intra-articu-
larly. This method has a success rate of 70
to 90 percent. The use of artificial ligaments
is still in the developmental stages, and,
generally, has not been promising. One
substitution, however, has proven itself as a
viable candidate for future operations. The

(to page 29)
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As the potential benefits of genetic engineering increase,
so do the ethical considerations

In 1953 Watson and Crick elucidated the
structure of DNA, the complex double-
stranded molecule which governs human
heredity. DNA carries the genetic informa-
tion which influences nearly all physical
characteristics including sex, eye color, and
hair color, as well as whether or not one
possesses a genetic disease such as he-
mophilia or muscular dystrophy.

With the exception of identical twins,
each of us possesses a unique DNA code
sequence and therefore a unique set of
characteristics. Darwin’s theory of natural
selection explains that variety within a spe-
cies allows it to survive the threats of a
changing environment. Different DNA se-
quences confer different physical charac-
teristics which in turn determine survival
ability.

In the 1970's scientists learned how to
manipulate bacterial DNA so as to change
only selected regions of it. This technology
is commonly referred to as “‘genetic engi-
neering,” and DNA manipulated in this
fashion is known as ‘“‘recombinant’ DNA.
One of the greatest advances in genetic
engineering is that geneticists have been
able to induce bacterial organisms to pro-
duce proteins for which the gene sequence
is known. For example, in July of 1984 Eli
Lily began to manufacture Humulin, a syn-
thetic human insulin used by diabetics. It
was produced by bacterial organisms
which were made to contain the gene for
human insulin. Humulin is much purer than
other types of synthetic insulin and can be
produced more cheaply. Interferon and hu-
man growth hormone have also been pro-
duced using genetically engineered or-
ganisms. Theoretically, any protein could
be produced in this manner, and in the
future these techniques may be used to
manufacture vaccines and chemicals.

More recently researchers have begun to
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apply recombinant DNA technology to hu-
mans. Some of the research has centered
on finding genetic ‘probes.” A probe is an
isolated DNA sequence which binds to se-
lected genes.

Huntington’s disease, for example,is a fa-
tal neurological disorder that is genetically
determined. It is not manifested until after
age thirty and is currently untreatable. Re-
searchers at various institutions across the
nation, including Duke, have been search-
ing for the gene which causes the disease.
One group has developed a probe which
identifies DNA very near the gene, and
eventually a probe for the gene itself may
be developed. Huntington's is not the only
disease which is being investigated; the
team at Duke is also working on probes for
myotonic muscuiar dystrophy, Duchenne
muscular dystrophy, and amyotropic lateral
sclerosis.

Probes can also be used to screen un-
born fetuses for genetic diseases. Since itis
not possible to safely obtain fetal blood for a
DNA sample, DNA is obtained by am-
niocentesis or chorion biopsy. Amniocente-
sis involves taking a sample of the amniotic
fluid which surrounds the embryo. This
sample contains copies of the fetus’ DNA
which can then be analysed. First, the DNA
can be stained and examined for gross
defects such as abnormal chromosome
number. An abnormality of this sort usually
results in a lethal birth defect such as
Down’s syndrome.

As probes are developed, it will become
possible to detect disease-causing genes.
Amniocentesis is limited in that it cannot be
performed until the fourteenth week of
pregnancy, and results from DNA analysis
are not available until the seventeenth
week. Chorion biopsy, on the other hand,
allows a sample of fetal DNA to be obtained
as early as the sixth week.

Once a defect has been detected,
another possible application of genetic
engineering is treatment of diseases by
gene therapy. Gene therapy involves insert-
ing the correct DNA sequence for a given
gene into cells of a person who has a
genetic disease, essentially curing the dis-
ease. Though it has not yet been success-
fully performed on humans, tests done with
animals have been successful. Further re-
search may make gene therapy a reality for
humans, but the application of this tech-
nique is quite far in the future. The problem
is that not only must the correct gene be
inserted but it must also be regulated. If it
produces too much or too little of its prod-
uct, then the abnormality will not be cor-
rected.

Successful gene therapy would cure the
individual cells, but germ cells (sperm or
eggs) would not be altered. Since these
cells would continue to possess the abnor-
mal gene, the individual’s future children
would risk inheriting the disease. It may
someday become possible to alter the
genetic complement of sperm and egg
cells, or of fertilized eggs, so that all of an
individual's body cells will possess the cor-
rect gene.

At this point in time, some of the steps in
the series which would be neccessary to
effect the gene therapy have been
achieved. Still, complete gene therapy in
adults may not be possible since there are
too many cells into which correct genes
would have to be inserted. The insertion
can only be done to a small number of cells,
such as a newly fertilized embryo. However,
at the embryo stage the defect is not yet
known. In order to get to DNA from the
embryo for probe analysis, the embryo
must be accessible. This can be achieved
by fertilizing the egg outside of the woman’s
body.
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This screening procedure mimics the natural process of twinning, but
one of the embryos will die during testing. Does preventing a genetic
defect justify creating then destroying a human embryo?

In 1978 external fertilization proved pos-
sible when Louise Brown, the world’s first
test-tube baby, was born. The procedure
involved combining a sample of the male's
sperm and female's egg in a petri dish.
After fertilization occured, the young em-
bryo was implanted in the uterus where it
continued to develop normally. The tech-
nique, known as in vitro (in glass) fertiliza-
tion, has been improved greatly since 1978
and has allowed hundreds of previously
infertile couples to have children. There are

over sixty in vitro clinics in the United States,
including one at Duke. Since its opening in
1983 the Duke clinic has achieved ten preg-
nancies and one birth.

In vitro fertilization makes prenatal gene
therapy a possibility. The embryo’s DNA
can be screened and any abnormal genes
corrected before the embryo is implanted.

A sample of fetal DNA must therefore be
taken for analysis. At early stages (two or
four cells) there is not enough DNA to ex-
tract and examine. Even if such a minute

quantity could be examined, its removal
would kill the embryo. The solution would
be to make a copy of the embryo’s DNA for

testing, then implant the correct gene into

the embryo. In animals it is possible to du-
plicate an embryo; in 1984 twin colts were
born after reseachers surgically divided an
in vitro fertilized egg and implanted the em-
bryos into two different mares.

Although it has never been done, such a
procedure could be performed in humans.
The ethical considerations in this case are

A probe is too small to be
seen by itself, but it can be
detected when labelled with a
radioactive isotope. In order to
signal the presence of a certain
DNA sequence the labelled
probe must chemically bind to
the DNA sample being tested.
In its usual form, as a double
helix, the probe is bound to it-
self and cannot bind to any-
thing else. Heating the probe
upsets its chemical structure
and causes it to become
single-stranded. In this form it
can bind to another single-
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Genetic probes

stranded piece of DNA, but will
bind only if the other DNA con-
tains a region of the exact
same base pair sequence.

To test someone, a DNA
sample is needed. This sample
can be extracted from a blood
sample. The sample DNA is
made single-stranded by heat-
ing and is fixed to a piece of
filter paper. The single-

The arrows on this segment of DNA show the points at which the
DNA strand is replicating (magnification = 25,000x). A single
human cell will have over six feet of DNA in its nucleus.

stranded probe is applied to
the filter paper and the mixture
is incubated to allow binding of
complementary regions of
DNA. The filter paper is then
treated with various chemicals
so that copies of the probe
which are not bound to the
sample DNA are washed away.
The DNA sample remains at-
tached to the filter paper and
the labelled probe remains
bound to the sample wherever
the gene is present. The filter
paper is then photographed
with film that is sensitive to ra-
diation. Radioactivity will show
up as a white spot on the pic-
ture (called an autoradiograph)
and indicates the presence of
the probe. If the autoradio-
graph has any white spots, the
probe has bound to a comple-
mentary sequence and the in-
dividual has the disease being
tested. If no white spots ap-
pear, the probe did not bind
and the individual does not
possess the abnormal se-
quence. This procedure is
used if the probe represents
the exact gene which is re-
sponsible for a certain disease.
If the gene abnormality is
known it is possible to synthe-
size the probe working from
the gene sequence itself, but if
the gene is not known the
probe must be generated ex-
perimentally. This involves con-
structing and screening a num-
ber of candidate probes.

The candidate probes con-
sist of short, uniqgue DNA se-

quences taken from the chro-
mosome which carries the
gene. It is possible that one of
the candidates will contain the
gene itself. If not, the probe will
be a DNA sequence from a
region located some distance
from the gene, and some pro-
bes will be closer to the gene
than others. The candidate
probes are prepared and incu-
bated with DNA from individ-
uals who are known to have the
disease. A concordance be-
tween the presence of the dis-
ease (which is known) and the
binding of the probe (as indi-
cated by the autoradiograph) is
determined. The highest con-
cordance will be achieved by
the probe which resides clo-
sest to the gene. The candidate
probe which yields the greatest
concordance can be used
diagnostically. Since this probe
might not be the abnormal
gene itself its binding to the
sample being tested indicates
only that there is a high proba-
bility that the gene is present.
The nearer the probe is to the
gene the greater will be the
correlation between DNA sam-
ples which contain the abnor-
mal gene and the presence of
a white spot on the autoradio-
graph. If a person is already
manifesting the disease, the
probe can ascertain that the
basis of the disease is genetic.
Additionally, the diagnostic ca-
pability of genetic probes is of
great utility if a person is sus-
pected to be carrying a gene
for a disease which is not mani-
fested until later in life, or if
parents wish to screen their un-
born child.
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difficult: the procedure mimics the natural
process of twinning but testing will neces-
sarily kill one of the embryos. It must be
decided if the ends (preventing a prenatal
defect) justify the means (creating then de-
stroying a human embryo). Once a doctor
has two embryos, the development of one
would have to be arrested until tests on the
first one can be completed.

Researchers in Australia have managed
to store embryos by freezing them. When
frozen, the embryo ceases to grow and
divide and thus its development is halted. It
can be stored indefinitely and later thawed
and implanted. Freezing apparently does
no damage to the embryo, although if it is
stored for prolonged periods of time the
effects of radiation in the environment could
accumulate and cause genetic damage.
The technique of embryo storage is quite
new and thus far the University of Southern
California in vitro clinic is the only place in
the United States where human embryos
have been frozen.

This type of genetic engineering is not
currently possible. Although it may be pos-
sible to duplicate embryos, freeze them,
and screen for defects, it may not be possi-
ble to insert genes to effect a cure. Only
further research will prove if prenatal gene
therapy can be a reality. Even if this type of
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intervention were possible, many people
might consider it unethical. At present the
National Institute of Health (NIH) has im-
posed a moratorium on research with hu-
man embryos, and guidelines governing
research in this area will certainly be es-
tablished.

Before further guidelines can be es-
tablished, though, much thought and dis-
cussion concerning the ethics of genetic
intervention is necessary. Genetic interven-
tion is novel and it is feared by many. Some
feel that it is an intervention in the natural
order of things and therefore should be out-
lawed. However in a way, health care also
interferes with the natural order; it allows
survival to individuals who might otherwise
die if not treated. If humans felt morally
bound not to intervene in nature, then many
people who are alive today would not be. To
some extent, Darwin's theory of natural se-
lection does not hold in the human world,
for we can manipulate our environment and
compensate for our deleterious characteris-
tics. The exploitation and development of
genetic technology offers promise for the
future. If research in this area is determined
to be unethical then we lose one of the
greatest potentials ever in the prevention
and treatment of disease.
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The home stereo has been the layman’s
link to the revolution in electronics and com-
puting. The first advances in message
transmission were incorporated into the re-
ceiver, and recently magnetic information
storage has become manifest in tape re-
cording. Most recently, the successful at-
tempt to improve on information storage
devices for computers has been adapted to
the stereo industry in the form of laser-read
disks. A single 12-inch disk for computer
use, the form which should be commer-
cially available towards the end of 1985,
could store all of the information in 10,000
years worth of Scientific American maga-
zines. Thirty of them could store Duke’s
Perkins Library collection of over 14 million
books.

A compact disk, or CD, resembles a con-
ventional vinyl album except that the infor-
mation on the CD is stored digitally, or in
pieces. Other recording devices store infor-
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Compact disks

Lasers and microprocessors are producing
distortion-free music for the stereo world

Ted Alyea
Dave English

mation in analog, or continuous form. A
compact disk is about 4.25 inches in diame-
ter, consisting of a thin metal layer overlaid
by a glass or plastic later, and surrounded
by a protective acrylic layer. The tracks on a
CD are read from the inside toward the
outside, opposite that of a vinyl record. A
laser scans the tracks of the CD and re-
trieves the musical information stored there.
The information is then processed, filtered,
and finally converted to usuable form for
amplification.

Previously, sound had always been
recorded in some analog form, whether it
be on the grooves of a record or the varying
magnetic fields of reel-to-reel, cassette, and
other magnetic tapes. Since any sound can
be exactly represented by a single con-
stantly changing wave, the easiest way to
record this sound has been to duplicate the
shape of the wave in plastic or in a
magnetic medium. Analog recording was

the most obvious solution to the problem of
recording sound, and has therefore been
the standard of the industry since inception.

Unfortunately, analog recording has a
whole host of problems. The first major
problem is sound quality deterioration
during duplication. Whenever an analog re-
cording is copied, the copy is slightly dif-
ferent from the original. Since analog
sounds have no standard forms, error cor-
rection or detection is not possible. With
repeated copying, the deterioration accu-
mulates, making distortion audible. This
problem is similar to that encountered when
one tries to xerox a copy of a copy—each
copy becoming progressively worse than
the last.

The second major problem is sound qual-
ity deterioration due to damage or wear to
the recording medium. If a record groove is
scratched, or part of a magnetic tape de-
magnetized, the stereo system has no way
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of detecting the flaw and subsequently can-
not correct or ignore the errors. To minimize
this problem, an entire ancillary industry
has developed, selling tape cleaners, tape
head demagnetizers, record cleaning
fluids, static removers, and needle cleaning
kits.

The solution to these deterioration prob-
lems is to store the musical information in
digital rather than analog form. If sounds
can be stored as a sequence of digits, then
there would be no gradual deterioration
due to duplication since digits would be
read from the original and written on the
copy in pristine form. Digital recordings are
also less susceptible to bad playback from
handling damage since any unreadable or
obscured sections may be ignored or filled
in by interpolation to eliminate audible er-
rors. At their best, CD's can ignore all dust
and any fingerprints on a disk and give a
playback exactly identical to the playback
of a clean disk.

Why didn’t digital recordings and CD’s
become popular earlier? Unfortunately,
while there are many advantages to digital
recording, there is one significant problem
which has only been solved in the last few
years—the speed of information process-
ing. To record a pitch of 20,000 Hertz (the
highest sound that the average human can
hear) digitally, a minimum of 40,000 sam-
pling points per second must be taken, con-
verted into digital levels, and recorded. To
play back the pitch, a minimum of 40,000
digital levels would have to be read, con-
verted to analog levels, filtered, and output
at a perfectly steady rate every second.
Until the advent of microprocessors, there
was no way to handle the flow of this volume
of information. With the simultaneous devel-
opment of relatively simple scanning lasers,
the hardware became available for devel-
opment of laser disks.

After much experimentation, the current.

processing design used in CD systems was
developed and standardized. During re-
cording onto the disks, a writing laser burns
a pattern of holes, called pits, into the un-
derside of the glass or plastic layer. The
metal coating fills in these pits and covers
the base. When the disk is scanned from
the top side, the pits appear as a series of
raised bumps,while the spaces not pitted
are read as flat spaces. The presence or
absence of a pit represents a 0 or a 1,
respectively. Sixteen of these locations in a
row are grouped together to hold enough
information to record one digital level (16-bit
linear pulse code modulation). The 16-bit
groupings can be formed into 65,536 (2'°)
different patterns, and each pattern can
represent a digital level.

A digital level is equivalent to the ampli-
tude of the sound wave at the point in the
wave's cycle which the digital level is repre-
senting. The upper boundaries of a series
of these digital levels form the outline of a
sound wave.

The laser scans the tracks and through
techniques of optical refraction and reflec-
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tion determines, without ever touching the
track, whether it is scanning a pit or a flat
space. Every time sixteen pits are read,
they are processed by error-checking
devices, reconstructed to analog levels,
chained together, and sent out as a fully-
reconstructed analog signal.

The processing rate of the CD system is
enormous. The playback rate of the optical
laser is 1,411,200 bits, or pits, per second.
To read this much data accurately, the CD
must spit at a precise speed to pass exactly
the same number of bits per second under
the laser. The spinning rate required to
achieve this depends on how far out from
the middle of the disk the laser is reading. A
set of complicated circuitry is devoted ex-
clusively to keeping the disk spinning at the
correct speed, which varies from 200 rpm
at the outside of the disk to 500 rpm in the
middle. The tracks, or rows of pits, on a CD
are spaced only 1.6 thousandths of a milli-
meter apart, this width being the minimum
to insure accuracy. For a 4.25-inch disk, this
corresponds to a maximum of 75 minutes of
playing time, well over the duration of most
single albums. The Sony Corporation once
demonstrated a 12-inch disk with a playing
time of 14 hours, a length of time of limited
usefulness for the stereo industry.

The compact disk players produce es-
sentially no background noise and no dis-
tortion. Since the laser causes no disk wear
and dust and fingerprints are ignored, the
thousandth playing of the CD sounds the
same as the first. Compact disks eliminate
the need for the music purists to spend
extra time scrupulously cleaning recordings
and equipment to get optimum sound.

The laser, with a lifetime of approximately
5,000 hours of playing time, can presently
be replaced when it burns out for under
$100. Since the laser contains the only mov-
ing parts on the system, replacement of the
laser is a complete system overhaul.

Which brand is best, and what price
range is reasonable? Unlike analog audio
components which have completely dif-
ferent circuit layouts from brand to brand
and therefore slightly different sound pro-
duction, compact disks players are so rig-
idly formatted and standardized that all
manufacturers use effectively the same lay-
out for the laser playback system. Com-
bined with the fact that this new digital tech-
nology surpasses in accuracy what the ear
can detect, the various brands of CD play-
ers sound indistinguishable from one
another.

A sound wave is a continuous wave (A)
and is usually recorded as such by analog
devices. A compact disk recorder, however,
only takes points along the wave and as-
signs them sound level values relative to
each other (B). These levels (C) are re-
corded in binary form in 16-bit codes on the
compact disk. A compact disk player can
then read the codes, reconstruct an outline
of the original sound wave (D), and smooth
the curve to reproduce the original wave

(E).

A
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X-ray microscopy

An even stronger looking glass

has been lifted to the microscopic world

When Wilhelm Roentgen discovered x-
rays in 1895, a whole new dimension of
medical diagnosis opened up. Decades la-
ter, the development of the electron micro-
scope ushered in a new era of biological
microscopy. In recent years, the marriage of
these two technologies has resulted in a
unigue technique called contact x-ray mi-
croscopy. Combining the penetrating prop-
erties of x-rays with the resolving capabili-
ties of electron microscopes, it offers new
insights into cells, with exciting applications
in biology and medicine.

Contact x-ray microscopy evolved from a
technique used in the computer chip in-
dustry to transfer circuit patterns from a
master pattern onto a silicon chip. This tech-
nique involves aresist, a photosensitive car-
bon-based material, which covers the sili-
con chip and records an image of the
master circuit pattern. Scientists from the
IBM Watson Research Center in Yorktown
Heights, New York, and a team of medical
researchers have applied the idea of using
a resist to examining living cells.

Contact x-ray microscopy uses ‘‘soft’" x-
rays (with wavelengths of 10 angstroms or
longer) to form the image of a cell on an x-
ray sensitive resist. The resist is then devel-
oped and examined under an electron mi-
croscope. Using this technique, structures
as small as 5 nanometers in diameter can
be resolved. Because the specimen is not
directly examined under an electron micro-
scope, contact x-ray microscopy has
several advantages over conventional elec-
tron microscopy in biological studies. In or-
der for electrons to provide a high-contrast
image of a cell using transmission electron
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microscopy (TEM), the specimen must first
be ultrathinly sliced, dehydrated, stained
with electron-dense metals, and placed in a
high vacuum chamber.

On the other hand, contact x-ray micros-
copy has the distinct advantage that the
specimen can be in a relatively natural
state. Due to the penetrating ability of x-
rays, the specimens can be relatively thick.
Because the wavelengths of x-rays used to
image the specimen are between 24 and
43 nanometers, a region in which water
absorbs much less radiation than proteins,
the specimens can be hydrated and a good
contrast image produced without staining.
This technique can also yield unique infor-
mation about the subcellular distribution of
chemical elements within a cell by guanti-
tatively analyzing their absorbnce or
flourescence properties.

Human blood platelets, key factors in
blood clotting, were the first cells to be stud-
ied using contact x-ray microscopy. Air-
dried, whole mounts of platelets were cho-
sen for study because they have been
extensively studied by conventional elec-
tron microscopy. When the images pro-
duced by TEM and an x-ray resist were
compared, striking differences in the
amount and type of structural detail were
evident. Pseudopods, the finger-like projec-
tions which platelets send out during clot-
ting, appear to be fairly homogeneous
when viewed by TEM. Internal cellular
structures are more poorly defined, and
there is no evidence of an internal network.
The cell periphery is outlined by a promi-
nent rim of dried protein. In contrast, x-ray
resist/transmission electron micrographs

show that the pseudopods actually contain
a photon-absorbent core that intersects a
rim of similar material lying just inside the
cell's periphery. The x-ray images also re-
veal an internal cytoplasmic network of dark
filaments that surrounds vacuoles and con-
nects with structures called dense bodies.
Contact x-ray microscopy is able to high-
light cellular features undetectable in the
TEM because many molecules, like phos-
phate, are much more distinguishable by
their x-ray absorbing patterns than by their
electron scattering properties.

Recently, IBM has produced the first high
magnification images of live platelets using
a technique called flash x-ray microscopy.
This technique uses a brief, intense flash of
soft x-rays to expose the resist. Contact x-
ray microscopy previously used x-ray
sources that required exposure times rang-
ing from several minutes to several hours,
resulting in blurred images due to radiation-
induced movement of the specimens. Al-
though it was possible to examine wet spe-
cimens, air-dried whole mounts of dead
platelets had to be chosen for the original
studies in order to reduce exposure times.
Now, using an imploding gas jet plasma as
the x-ray source, a beam of x-rays can be
produced that is intense enough to form
resist images of hydrated specimens in one
trillionth of a second periods. The short
duration of the source is critical because it
ensures that an accurate, non-blurred im-
age of a live, wet specimen can be cap-
tured before the specimen dies of radiation
exposure. For the first time, living cell proc-
esses that occur in less than one millionth of
a second can be recorded and studied at
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X-ray microscopy allows pictures to be taken of living cells. This
can result in quite different pictures of the same type of cell, as in A
which shows a dead blood platelet and B which shows a live one.
These pictures were obtained using contact x-ray microscopy in
which x-rays pass through a platelet, make an image on an x-ray
sensitive resist, and then a scanning electron micrograph taken of
the resist.
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Titles of
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from

Duke University Press

Don’t Send Me Flowers
When I’m Dead

Voices of Rural Elderly
Eva ]J. Salber

“This extraordinary book is yet
another example of a growing tra-
dition—a tradition of compelling
and edifying oral history.

“This book represents an intense
and unyielding ethical as well as
medical and literary commitment
by a most impressive physician.”
—Robert Coles

$12.50 paperback

The Beaches Are Moving
The Drowning of
America’s Shoreline

Wallace Kaufman and
Orrin H. Pilkey, Jr.

“Both format and style make the
subject intelligible and fascinat-
ing. The volume goes beyond the
physical aspects of the growth
and change in beaches, and
includes the social, political, ethi-
cal, and economic impact of man’s
activities on beaches””— Choice
$9.75 paperback

From Currituck to Calabash
Living with North Carolina’s
Barrier Islands

Orrin H. Pilkey, Jr., et al.

“A very complete handbook of
information ranging from how
barrier islands form and evolve,
to details on hurricane-resistant
construction. Timely, useful, and
well-prepared.”— Geology
$9.75 paperback

These books are available from
the Duke University Bookstore
and other fine bookshops.

Duke University Press
6697 College Station

Durham, North Carolina 27708
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The above cross-section (A) of a baby rat lung is magnified no more than 50x, while the
single alveolar space (B) is magnified over 2,000x using thin-section transmission electron
microscopy. Oxygen and carbon dioxide are exchanged across the walls of the alveolus
and reach the red blood cells (dark and irregularly oblong) in the capillaries. The scanning
electron micrograph of finch heart muscle (C) is nearly the same magnification, with an oval
red blood cell situated in the fibers. All of these methods (prepared slides and transmission
and scanning electron microscopy) require dead, chemically preserved specimens, unlike

x-ray microscopy which can use living cells.

high resolution.

Flash x-ray images of live, wet platelets
have shown platelets in the process of ex-
tending their pseudopods. The absence of
an elevated rim of dried protein, charac-
teristic of air-dried platelets, proves that the
cells were hydrated at the instant of expo-
sure. New structures never before visual-
ized by electron microscopy or contact x-
ray microscopy of air-dried whole mounts
include bubble-like structures at the base of
the pseudopods and scattered throughout
the platelets. The very high quality of these
flash x-rays demonstrate that the technique
can provide good contrast when the cell is
covered by a layer of water as thick as one
micrometer or more. This ability to examine

cells in the presence of water is crucial for
biological studies because practically all
cell processes occur in an agueous en-
vironment.

Flash x-ray microscopy has useful appli-
cations in medical as well as biological re-
search. This technique enables blood dis-
ease researchers to make detailed studies
of the interaction of platelets with their en-
vironment. An understanding of the actual
mechanisms involved in blood clotting is
important for the study of several blood
diseases, including hemophilia, stroke, and
some heart diseases. Most importantly,
more detailed analyses of a wide variety of
cell types are now possible using the eyes
of flash x-ray MICroscopy.
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Devices such as the ankle disk are used at
this stage in recovery. As Scott explains
“Neuromuscular reduction necessitates the
development of proper mental awareness in
the patient in order to develop coordinated
movements gradually through repetitive ex-
ercises.”

Most of the programs available at DUS-

MOR are geared toward the rehabilitation of
injured knees, reflecting the fact in the
sports world that this is the most commonly
injured joint of the human body, and typi-
cally requires the most care in determining
the proper therapy method. Orthopedic
specialist Dr. Garrett of Duke’s medical cen-
ter keeps DUSMOR steadily supplied with
athletes who need repair work on liga-

ments, cartilage, and tendons in the knees.
While their conditions often require surgery,
Triangle area athletes are fortunate enough
to have in the area a modern, well-equiped
facility with knowledgeable personel in the
field of physical therapy and exercise phy-
siology.

ANNOUNCING

Sodeman’s PATHOLOGIC
PHYSIOLOGY:
Mechanisms of Disease, 7th Edition
Edited and with contributions by

William A. Sodeman, Jr., MD, FACP, and
Thomas M. Sodeman, MD, FC \P r—\LI‘

Ihx\ popular text succe

This v(lmm of Sode ATHOLOGIC
PHYSIOLOGY is tc rised with all-new
coverage of protective mechanisms of the lung,

. and diabetes. And there is also much new
material on endocrinology.

Acclaimed text bridges the gap
between pathology, physiology
and clinical medicine!

o Mechanisms of Dlsease

Available at  The Duke University Medical Center Bookstore

Your coileagues have praised this book: here are
excerpts of reviews of previous editions:
“It is a UNIQUE STOREHOUSE OF

P \HI()} HYSIOLOGIC INSIGHTS . . . belongs
in the library of EVERY MEDICAL STUDENT,
TE \LHI R, AND SCIENTIFICALLY
CURIOUS PHYSICIAN"

“_ .. many LUCID DIAGRAMS AND
PHOTOGRAPHS . . . HIGHLY
RECOMMENDED.”

Check These Outstanding Features

v Unquestioned authority, with

contributions from international experts

+ Touches all subspecialty areas

v Excellent new coverage of * hematology *
protective mechanisms of the lung * allergy *

congestive heart failure - diabetes * much more

O
7th Edition
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(from page 19)
use of freeze-dried fascia lata allografts
have been used as a substitute for knee
ligament reconstruction. Once the allografts
are reconstituted with water, their tension
does not vary significantly from that before
they were freeze-dried.

The modern athlete has reason to feel
more secure in the wake of sports medi-
cine’s accomplishments in the last decade.
More research is being done in this field
than ever before, and the result has been a
deluge of new operative techniques, thera-
peutic devices, and prolonged athletic ca-
reers. The revolution, according to Dr.
McElhaney of Duke's biomedical engi-
neering department, will help to put the field
in “‘a state of creative ferment,” where para-
lyzed muscles will be allowed to move
again, and artificial limbs will be used for
body implants. Electrical stimulation will ac-
celerate the healing of ligaments and ten-
dons. The future should bring more
success stories like those of Olympian Joan
Benoit, as well as more durable athletes
such as Gordie Howe and Phil Neikro.
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The premedical student, perhaps more than other students, has_ the
opportunity to use his undergraduate years for a liberal education.

(from page 17)
tion of language and the ability to use lan-
guage elegantly.

Finally, in the most personal sense, the
physician is an educated man or woman.
Although comfortable with his professional
expertise, the physician without a liberal
education may concern himself, and
others, about the narrowness of his outlook.

A few reformers would make a liberal
education accessible to the physician. In

the first place, some of the course require-
ments for admission to medical school
could be changed. The need to know if a
premedical student enjoys and has an apti-
tude for science could be assessed in two
year-long courses, one in biological
sciences and one in the physical sciences.
These could be taken during the first two
years of college. A third year of science,
including statistics, experimental design,
and a practicum in research could also be

Academic Press Continues to
Publish Outstanding Books in

Computer Science

Micro Database

Management

Robert H. Bonczek

Clyde W. Holsapple
Andrew B. Whinston
AVolume in the COMPUTER
SCIENCE AND APPLIED
MATHEMATICS Series...

1984, 536 pp., $55.00/ISBN: 0-12-746150-7
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of Mathematical Reasoning

Alan Bundy

1983, 320 pp.

Cloth $33.50/ISBN: 0-12-141250-4
Paper $15.00/ISBN: 0-12-141252-0

Distributed Computing
Edited by

Fred B. Chambers

David A. Duce

Gillian P. Jones

A Volume in the APIC

STUDIES IN DATA PROCESSING
series...

1984, 320 pp., $22.50/1SBN: 0-12-167350-2

Developments in Expert Systems
M. J. Coombs

From a Special Issue of the
INTERNATIONAL JOURNAL OF
MAN-MACHINE STUDIES

1984, 272 pp., $15.00/ISBN: 0-12-187570-6

Digital Image
Processing Techniques
Edited by

Michael P. Ekstrom

1984, 392 pp., $49.50/1SBN: 0-12-236760-X

New Applications
of Databases
Edited by
Georges Gardarin

Erol Gelenbe
1984, 288 pp., $23.00/ISBN: 0-12-27550-2

Distributed Computing Systems:
Synchronization, Control and
Communication

Edited by

Y. Paker

J. P.Verjus
1983, 305 pp., $29.50/ISBN: 0-12-543970-9

Algorithm-Structured Computer
Arrays and Networks

Leonard Uhr
1983, 363 pp., $37.50/ISBN: 0-12-706960-7

System Design with
Microprocessors
Second Edition

D. Zissos

1984, 200 pp., $19.50 (Paper)
ISBN: 0-12-781740-9

These titles are available at the Duke University Bookstore, or by calling
Academic Press, Inc. TOLL FREE at 1-800-321-5068.

Academic Press, Inc.

Harcourt Brace Jovanovich Publishers
Orlando Florida 32887 US A

24/28 Oval Road London NW1 7DX U K

Orlando San Diego New York London

Toronto Montreal Sydney Tokyo
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required in order to give the student a thor-
ough understanding of the bases of scien-
tific knowledge.

Preliminary admission to medical school,
contingent only upon successful comple-
tion of the undergraduate curriculum, could
be decided at the end of the second year of
college. This is already being done on a
limited scale at Duke and other places with
success. Performance in the two science
courses as well as the rest of the courses
taken during those two years should give
sufficient information about the interest and
aptitude of the student for medicine. Provi-
sions for the admission of “‘late bloomers
could easily be made.

Once the student has been admitted to
medical school, the usual requirements for
an undergraduate major could be removed,;
in practice, his major is medicine, to be
fulfilled in medical school, and now the stu-
dent is encouraged or required to take the
broad spectrum of courses needed to lay

Preliminary admission to
medical school could be
decided at the end of the
second year.

the foundation of a liberal education.

Finally, the college must devise a curricu-
lum that provides a liberal education
Courses which emphasize principles rather
than pure facts, which are broad in scope
rather than narrow, which teach how to
learn rather than how to memorize, should
be available. The environment of the educa-
tion must stimulate and reinforce the educa-
tional process.

Even as students continue to be admitted
to medical school at the end of four years of
college, the “liberality” of undergraduate
education could be used as a criterion of
admission, in addition to grade point
average and test scores. If students know
that getting a liberal education is an impor-
tant criterion for admission, those who do
not presently seek it out for philosophical
reasons would do so out of self-interest.

It would be complex to change the cur-
rent systems. Nevertheless, if the value of a
liberal education for the physician is clear,
steps can and should be taken to make it
easier for him to achieve it.
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On 11 April 1980 Dodds Meddock became the first man to fly a
balloon over the North Pole. Sponsored by Jensen, Meddock and
his assistants stayed for four days at a weather station in the

(from page 4 )

ple of the Winds in Athens. Four people
worked for five months designing, making
transparencies, and eventually sewing to-
gether quilt-like the six panels, with 73
pieces of fabric per panel, creating images
of Nike, Icarus, Hermes, Pegasus, and
others. Similar artistic creations of the Bal-
loon Works include Raggedy Ann, monarch
butterfly, and gumball machine motifs.

The carriages, usually some style of
wicker basket, benefit from the furniture
craftsmanship in the area. They must be not
only shock-absorbant and electrically non-
conductive, but also beautiful. Although
most carriages are open-air, some special-
ized ones are not, such as the Playboy
balloon’s carriage or those of high altitude
balloons which must be enclosed to protect
passengers from oxygen deprivation and
cold.

Early in his life, Meddock had a passion
for flying. He remembers watching air-
shows from his father’s shoulders, who him-
self was a fixed-wing pilot. In his teens he
built models and operated a war surplus
gas balloon, and in college he joined a
ballooning club.

Meddock has unwavering faith in the
safety of ballooning. *‘| don't view the risks
as being great” he says, claiming that in
over 202 years of ballooning history there
have been fewer that 200 casualties. And in
the ectasy of riding in one: ““The sensation
differs from soaring, where you're penetrat-
ing the air and making some noise, even in
a glider. In a balloon, you are moving with
the wind, and feel stable and stationary as
you move across the earth. There is no
other way you can have the experience of
gliding along and picking leaves from the
tops of trees and watching deer run under-
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Resolute Bay.

neath.”

Although it is possible to change altitude
fairly easily in hot air balloons, possibilities
for changing directions are much more lim-
ited. The wind does blow in different direc-
tions at different levels in the atmosphere,
but target landing is still very challenging,
and along with racing is *‘very rewarding on
the international level.”

“One of the most bizzare experiences
you can have, and one which even few
ballooners have had, is night flying.” As
Meddock describes it, *'If you drift at 8,000
to 12,000 feet, and if there are few cities
and only a few farmlights, and a few stars,

for a lifetime.

UNIVERSITY CAMERA, INC.

Leitz Trinovid® binoculars are the singular choice
of those who demand the absolute best. With
Trinovid binoculars, every movement, every
detail, every color hue becomes vividly real.
See for yourself why Leitz Trinovid’s have
earned the reputation as the world’s
finest, and why they are guaranteed

Ownalegend. -
Own a Leica. i

8x20- $225 less $25 REBATE

In-house Repair Service

286-2331
2830 Hillsborough Rd.

Northwest Territory. Six men serve six month tours of duty at the
weather station, with their closest contact to civilization being

you feel like you're in a sphere, in outer
space. You can't tell the difference between
the earthly and heavenly pinpoints of light.”
As when SCUBA diving at night or in dark
water, it is difficult to tell which way is up.

But for the time being, at least, Meddock
has settied down to a gentleman ballooner’s
lifestyle. He and his balloon did open the
British American Festival at Duke in June of
1984. Still, he says, 'ballooning and travel-
ling aren't my wife's cup of tea, and my
position here at Duke is ideal for my stage in
life.”

STORE HOURS
MON-FRI 10-6
SAT 10-4 |

I

31




Abstracts

Classroom textbook science can often be dry and uninteresting,
and although ideally labs are designed to give some hands-on
experience, cookbook procedures can make them boring For this
reason, many undergraduate students have delved into their own
scientific investigations. One of the primary purposes of VERTICES
is to report on new and interesting research being done in the
Triangle area. However, not only Ph.D.'s and M.D.’s do interesting
work. In the following pages are examples of what some under-
graduate students have been able to do

An unhatched egg and a zoea stage crab larvae.

Beach orientation

Intertidal organisms are
constantly subjected to en-
vironmental stresses caused
by variations in tides, tem-
perature, and salinity. Expo-
sure at low tide can lead to
desication or predation, while
submersion during high tide
might result in osmotic shock
or death by drowning. Celes-
tial cues, visual landmarks,
and sun compassing are ways
in which intertidal organisms
are able to orient themselves
in their environment. Beha-
viorial modifications, in-
fluenced by internal factors
and environmental cues, help
these organisms to adapt to
their changing environment.

Beach slope and tidal
changes are other physical
factors which could provide
directional cues. Slope as a
possible guide for directed
movement has not been ex-
tensively studied. The blue
crab, Callinectes sapidus, has
been found to combine slope
and water surge to direct itself
offshore. This behavior is
thought to be used as an es-
cape mechanism from preda-

Device to measure heart contraction

The contraction of a heart
muscle cell is triggered by the
movement of minute amounts
of calcium into the cell; when
the heart muscle relaxes, the
calcium leaves the cell. Since
both the amount of calcium
moving across the cell mem-
brane and the concentration
of calcium inside the cell are

very small, it is difficult to
measure these quantities. For
this reason, the strength of
muscle contraction is often
used as an indirect measure
of intracellular calcium con-
centrations.

| have recently built a
device that provides a
measure of the strength of
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concentration of a cultured
polystrand of heart muscle.
This device analyses the vi-
deo signal from a television
camera which tracks the edge
of the heart muscle as it
beats.

Since many drugs used to
treat heart disease affect the
migration of calcium into mus-

tion, allowing the crabs to
hide in the spartina marsh-
grass zone. The response of
small crustaceans to slope is
in part dependent on the dry-
ness of the sand. Certain
crustaceans, such as Orches-
toidea corniculata, Tylos punc-
tatus, and O. californian, move
uphill on a wet slope, and the
first two species move
downhill on a dry slope. This
result is expected if the ani-
mals are to remain close to
the water's edge.

Another variable that may
influence directed movement
on slopes is endogenous tidal
rhythmicity. | examined this
potential response factor in
Uca pugilator, the sand fiddler
crab, at varying degrees of
slope. Results from the experi-
ments proved the existence of
an endogenous rhythm which
coincides with tidal changes.
This important mechanism
also aids the intertidal or-
ganism to orient on the beach
slope.

Francine Donovan

cle cells, this device can be
used to investigate how these
drugs work. Such research
may help in developing new
and better drugs to improve
the treatment of heart disease.

Sanjay Desai
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A color petrograph of a thin slice of granite wewd under polarized

light and magnified 37x.

Press rolls and
petrography

Granite press rolls are used
in paper factories to press wa-
ter out of the paper. One of
these rolls recently failed in
service, killing one man and
injuring two others. The prob-
able causes for the failure
were determined in the Failure
Analysis Laboratory of the De-
partment of Mechanical Engi-
neering and Materials Science
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and in the geology depart-
ment of Duke University. The
failure was investigated by
performing a detailed stress
analysis of the press roll itself
and then examining the
granite by thin-sectioned pe-
trography and scanning elec-
tron microscopy. Based upon
results from these tests and ci-
tations in the rock mechanics
literature, it appears that the
failure of the granite press roll
could be explained in terms of
mechanical considerations of
the press roll and crystallo-
graphic structure of the
granite used.

Dennis Brickman

Abstracts

VERTICES encourages submission of abstracts describing ori-
ginal undergraduate research projects. Any students interested in
submitting an abstract should send a double-spaced, typed copy
between 100 and 250 words to VERTICES, Office of Student
Activities, Bryan Center, Duke University, Durham, NC 27706

Glucagon and bile

The effects of the gastroin-
testinal hormone glucagon
were studied in intact rats and
in isolated perfused rat livers.
In the intact rats, administra-
tion of glucagon was followed
by a significant rise in bile
flow. Results also suggested
that the bile salt fraction of bile
secretion was stimulated.
However, in the isolated per-
fused rat liver, no stimulation
of bile flow occured in re-

sponse to glucagon. Since the
isolated model tested for
direct effects of glucagon
within the liver, the overall re-
sults of the study suggest that
glucagon acts at some site
outside of the liver to produce
its effects on increased bile
flow.

David Spiegel
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Schlieren images

Schlieren photography is a
relatively simple technique
which can be used to visual-
ize density variations in a col-
umn of gas. For this reason it
has become an important tool
for use in the study of gas
flow. Schlieren techniques are
routinely applied in aeronauti-
cal engineering to study high
velocity airflow patterns over
surfaces. These techniques
are also used to study heat
transfer, combustion, and gas
turbulence in an effort to
make engines and automo-
biles more efficient. Recently,
schlieren photography has
been applied to the human
body to investigate heat loss,
respiration, perspiration, and
metabolism. In general, any
phenomenon that involves gas
density variations can be ana-
lysed by using schlieren pho-
tography.

Schlieren photography
makes use of the phenome-

Chemical cues

The release of larvae from
certain female marine inverte-
brates is accompanied by ab-
dominal pumping. Studies
concerned with this response
have demonstrated several
reasons for this behavior. In
the marine crab Rhithropano-
peus harrisii the pumping ac-
tion synchronizes the hatching
process, causing all the larvae
to be released together. Since
the female crab must expose
herself at her burrow’s en-
trance during hatching, syn-
chronized larval release allows
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non that density gradients in a
gas diffract light rays passing
through the gas according to
density. This diffraction causes
variations in the brightness of
light when it reaches an im-
age plane, which in most
cases is a photosensitive film.
In this way, an image is
formed in which variations in
brightness depict gas density
gradients in the light's path.
These variations in brightness
can easily be seen in the col-
umn of hot air rising from a
flame.

The purpose of my project
was to determine the feasibil-
ity of using schlieren photog-
raphy to study pheromone re-
lease by female arctiid moths.
When ready to mate, female
moths release a chemical sex
pheromone into the air for the
purpose of attracting males.
The pheromone is released in
short, discrete pulses which
may help males locate the fe-

for hatching

this period of vulnerability to
be as brief as possible.
Control over hatching ap-
pears to belong not to the fe-
male crab, but to the larvae
themselves. Larval control
over the pumping mechanism
takes the from of a chemical
cue which is released at the
time of hatching. Initially, low
concentrations of the chemi-
cal at the beginning of the
hatching process induce the
female to begin to pump. The
pumping in turn causes
further larval hatching which

male quickly and precisely. To
fully understand the role
played by these pulses, it is
necessary to investigate the
structure of the pheromone
plume. Preliminary studies us-
ing acetone as a substitute for
the pheromones suggest that
the schlieren technique could
easily be used to visualize the
structure of pheromone plu-
mes.

David Mott

releases more of the pumping
stimulant, causing even more
vigorous pumping to occur.
Thus, the chemical works in
the form of a feedback cycle
until all of the eggs which are
ready have hatched.

Isolation of the chemical
cue which causes abdomen
pumping in R. harrisii have
proved successful. Using a
polyacrylate resin, | was able
to extract the stimulant from
larval hatch water. The chemi-
cal could then be eluted from
the resin with methyl alcohol

Schlieren photography
produces images of density
variations in a column of gas.

and purified further. Initial

characterization of the chemi-

cal cue using proteases sug-

gests it is probably a peptide.

David Mott

VERTICES/SPRING 1985

Biological timing for survival

So prevalent is the rhythmic
nature of life on earth that we
frequently tend to overlook the
fundamental significance of
many of the earth’s rhythms.
Tides ebb and flow, the sun
rises and sets, the moon
changes phase, and we go
about our dalily lives often
without even bothering to
notice. Yet, the earth’s
rhythms are known to induce
biological rhythms in many
plants and animals; the tulip
opens its petals at first morn-
ing light and closes them as
the sun fades below the hori-
zon, the Canadian goose mi-
grates south each winter, the
blue crab releases its eggs
according to the phase of the
moon. Why? The persistence
of biological rhythms in the
laboratory, where the sun, the
moon, the tides, and other
major rhythms of the earth are
absent, suggests that biologi-
cal rhythms (biorhythms) are
under the control of an en-
dogenous (internal) timing
mechanism called the biologi-
cal clock. In marine or-
ganisms, coupling of biologi-
cal rhythms to environmental
rhythms may enable the indi-
vidual to more fully utilize its
fundamental niche through
temporal adaptation to the cy-
clic parameters of its ambient
environment.

The functional significance
of biological clocks in crusta-
ceans has been extensively
demonstrated. To date, how-
ever, no rhythm studies have
been done on the reproduc-
tive cycle of the grass shrimp
Palaemonetes pugio, one of
the most hardy and abundant
organisms found in estuarine
tidal marsh ecosystems. P pu-
gio is an ideal organism for
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biorhythm studies due to its
broad distribution (from Mas-
sachusetts to the southern
coast of Texas), its ability to
tolerate wide fluctuations in
salinity, temperature, and oxy-
gen, and its adaptable food
habits.

The purpose of my study
was to investigate the correla-
tion of larval release (egg-
hatching) in P pugio to: 1) the
lunar phase, 2)the tidal cycle,
and 3) the time of the solar
day, with the ultimate goal of
fostering new understanding
of the functional significance
of biological timing as a
mechanism for increasing the
survival chances of the larvae.

My findings indicate that P
pugio exhibits no long term
reproductive rhythm correla-
ted to the lunar phase and re-
leases larvae in the lab one
and one-half to three hours af-
ter the predicted time of night-
time high tide in the field on
five consecutive nights, if held
under constant conditions of
light, temperature, and salinity.
This finding indicates a circati-
dal (24 hours, 38 minutes)
rhythm of larval release. Since
larvae were only released in
single bursts at night, there is
also a circadian (24 hour)
component of this circatidal
rhythm. They exhibit a solar
day rhythm in larval release if
the egg-bearing females are
maintained in the laboratory
under a light/dark cycle
without tides. | must note,
however, that the data col-
lected on the solar day rhythm
were insufficient to draw any
conclusions.

The significance of larval re-
lease rhythms of P pugio
needs to be more fully investi-
gated. The absence of a lunar

Abstracts

larval release rhythm indicates
that it is not advantageous for
P pugio to release its larvae at
any one particular phase of
the moon. Why, then, does P
pugio release larvae soon af-
ter nighttime high tide?
Perhaps nighttime larval re-
lease provides protection to
the egg-laden females, as well
as newly-hatched larvae, by
making them less susceptible
to visually-orienting predators.
In addition, the release of lar-
vae into the water column
shortly after high tide, as the
tide recedes, may be a mech-
anism for larval transport out
of the estuary and may pre-
vent stranding of larvae in

anoxic mud or stagnant, low
salinity pools.

It is feasible that in all or-
ganisms the capacity for
rhythmic anticipatory re-
sponse confers increased indi-
vidual survival as well as in-
creased genetic fitness by
synchronizing the appropriate
response at an advantageous
place and time. Further bioch-
ronometry research should
center around the concept of
biological timing as an evolu-
tionary adaptation to periodic
fluctuations in the time struc-
ture of the earth’s rhythms.

David Shreffler

Crabs detect sugars

The fiddler crab Uca pugila-
tor is a semi-terrestrial crusta-
cean which uses its chelae
(claws) to obtain food. First,
the crab probes the sand with
its claws, using chemorecep-
tors on the chelae and legs to
locate edible items such as
diatoms, algae, protozoans,
and other organic matter
brought inshore by the tides.
Then it uses its minor chelae
to bring sand and food to its
mouth region, and non-edible
items such as sand and mud
are removed from the mixture.

Previous studies have dem-
onstrated that the fiddler crab
uses a variety of factors to sort
the edible items from the non-
edible sand and mud. Certain
amino acids, such as alanine,
serine, and asparagine, ap-

pear to increase foraging ac-
tivity. The foraging response is
also increased by a variety of
sugars, such as sucrose,
maltose, glucose, and dextrin.

It is interesting to note that
the only sugars to yield signifi-
cant responses were sugars
which contained a glucose
ring, with higher responses
from sugars with more than
one ring. The response of U.
pugilator to stimuli such as
amino acids and sugars may
be related to detection of gly-
coproteins and mucopolysac-
charides secreted by the or-
ganisms upon which the crab
feeds.

Eric Desman
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computer system, ora seasoned programmer searching for the obscure software package.
Through our training classes and seminars, we offer in-depth information to help you
expand the power of your software packages.

You can counton us to be showing the latestin microcomputer enhancements at the
LOWEST prices in town. Please call us for a FREE price list.

Take advantage of our experience.
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