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The University of
Kentucky, the Com-
monwealth’s graduate
education and
research institution,
exists to provide op-
portunities for the
education, personal
growth and develop-
ment of individuals
and to contribute to
the improvement of
society.

With this mission as
its premise, one goal
of the University is to
conduct programs of
basic and applied re-
search which support
graduate and profes-
sional education, pro-
vide for the advance-
ment of knowledge,
and seek solutions to
the acute problems of
society.

The University’s re-
search mission also
acts as a magnet for
attracting top grad-
uate students who
want to participate
in nationally-
competitive research
projects. This research
experience can offer
them a significant ad-
vantage in their edu-

cation while laying
the foundation for fu-
ture research and de-
velopment.
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Magazine, through
articles about various
research projects and
graduate education
programs, reflects the
breadth of the Uni-
versity’s search for
new knowledge and
the myriad of re-
search endeavors un-
derway. The progress
the University has
made toward achiev-
ing its research mis-
sion, and securing the
extramural funds re-
quired to support
these types of endeav-
ors, would have been
impossible without
the talents and dedi-
cation of our research-
ers.

The goal of ODYS-
SEY Magazine is to
offer the reader the
opportunity to share
in some of the excite-
ment, curiosity and
creativity evident in
the research underway
at the University of
Kentucky.
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by Jeff Worley

he saboteurs rush the wall and

are through in almost no time.

Encountering little resistance,
they work their way toward their ob-
jective—the “big machine”—and cap-
ture it. Stage one of the subversion is
completed.

The story line may sound familiar,
reminiscent perhaps of the
commando raid in The Guns of
Navarone. The “actors” in this sce-
nario, however, are viruses—tiny
blueprints encased in a protective
“coat.” Dr. Judith Lesnaw and her as-
sociates, Dr. David Hammond and
pre-doctoral student Andy Feldhaus,
hope to rewrite the script so that in
the future these saboteurs find them-
selves on Mission Impossible.

Viruses are small, so small that they
can be seen only through an electron
microscope. The simplest viruses con-
sist merely of nucleic acids, pieces of
genetic information which can be ei-
ther DNA or RNA, wrapped in a
protein package. Unlike cells, viruses
contain no machines for protein syn-
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thesis; viruses cannot, by themselves,
make the energy or building blocks
needed to sustain their existence.
Unique parasites, viruses exist on the
threshold of life, totally dependent on
the host cell for replication.

The process by which a virus
replicates is a fascinating one. To
compensate for its deficiencies, the vi-
rus must take over the cellular ma-
chinery and subvert it to its own use.
The virus does so by first attaching it-
self to specific sites on the cell’s sur-
face, where it is enveloped by the cell
membrane and drawn inside. Once
inside, the virus removes its protein
coat, and the viral blueprints instruct
the cell to make two kinds of pro-
teins: structural proteins that form
new viral coats and a viral enzyme,
the replicase, which makes new
blueprints.

Newly assembled viruses then begin
to make their escape from the cell.
Some types burst dramatically
through the cell wall; others bud out
of the cell more gently. Hundreds, or
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An electron microscope produced this greatly
magnified photograph which shows the virion
with the “lid” popped off. Note the little dot-
ted line trail which is the genetic information
spilling out of the virion. This photograph,
along with the other magnified photographs in
this article, was taken in 1973. With the new
electron microscope planned for the Markey
Cancer Center as part of the Core Facilities,
the capability for producing these types of
photographs will be infinitely improved.

thousands, of new viruses begin the
life cycle again in a new cell.

“We want to find out exactly how
the virus multiplies within the cell—
what part of the cell it borrows. We
also want to understand how the vi-
rus damages the living cell,” Lesnaw
says. “The virus, though small, clev-
erly changes the cell’s machinery.
The altered machinery now responds
to the viruses’ instructions, not those
of the host.”
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To underscore the relative difficulty
of combatting viral infection, Lesnaw
contrasts it with bacterial infection.
Bacteria, like the hosts they infect,
are cells; but the bacterial machinery
differs from the host cell’s machinery.
Bacterial infection can be combatted
with antibiotics that inactivate the
bacterias but not the host machines.

“The virus, however, uses the cell’s
materials and machinery. We cannot
destroy the machines that make these
viral particles because the machines
are us. This kind of cure would kill
the patient,” Lesnaw explained. In-
stead, virologists seek to identify a
crucial part of the virus that makes it
different from the host.

Lesnaw’s research is focused on the
study of the vesicular stomatitis virus
(VSV), first isolated from small le-
sions on the tongues of cattle. VSV is
a negative-strand virus, a category
which includes rabies, influenza, mea-
sles, and mumps. It serves as an excel-
lent model system for studying this
group of viruses because it’s very sim-
ilar to the deadly viruses, yet is not
itself a deadly human pathogen.
Moreover, it’s easy to grow in tissue
culture and easy to purify. Lesnaw
has been probing the secrets of VSV
since 1970.

In her research, Lesnaw studies
how the negative-strand VSV uses
the host cell to reproduce itself.
When in its latent state as a virion—a
metabolically inert particle composed
of an inner core of nucleic acid and
protein, and a bullet-shaped mem-
brane of protein and fat—VSV en-
counters a host cell, the outer
membrane of the virion is stripped off
and the inner core enters the cell.

Now the virus runs into a problem:
host cells are unable to copy RNA
into RNA. The virus solves this di-
lemma by bringing into the cell its
own enzymes to copy the necessary
genetic information into mRNA.
This new strand then directs the host
cell’s ribosomes to make new viral
proteins, some of which produce new
inner cores and others of which pro-
duce new outer membranes. The
cores and membranes then assemble

and these new virions bud out of the
cell, ready to infect other cells.

To understand how the virus
replicates, Lesnaw is attempting to
discover some property of the virus
that differs from its host. “A likely
target is the viral enzymes used to
make the viral nucleic acid, the
replicases and transcriptases that
make the messenger RNA,” Lesnaw
says. “If we can understand these en-
zymes, we can design a ‘magic bullet,’
a drug that will be able to distinguish
between viral material and cellular
material.”

Lesnaw and her research team are
now focusing their attention on
VSV’s largest enzyme, the L protein.
This enzyme catalyzes six chemical
reactions, each of which might be car-
ried out by a separate enzyme in a dif-
ferent virus-host cell system. “This
enzyme is unique to the virus,”
Lesnaw explained, “so if we can find
the active regions on the molecule—
for example, areas where the binding
of building blocks takes place or re-
gions that interact with the original
blueprint that’s being copied—then
we can develop magic bullets that will
go to these specific regions and inacti-
vate them. If we can block the virus-
es’ replication process, we’ll have a
cure for the infection.” The informa-
tion gleaned from the VSV studies
will suggest strategies for prevention
and treatment of other negative-
strand viruses.

The researchers are pursuing two
related approaches to solve the mys-
teries of the L protein. One involves
the analysis of VSV mutants whose
genetic information has been altered
in such a way that the L protein it
specifies can no longer carry out all its
normal functions. This approach is
part of the dissertation research of
doctoral student Andrew Feldhaus.
He is using techniques called nucleo-
tide sequencing to identify the se-
quences of bases on the viral RNA
that specify the structure of the viral
proteins. His goal is to find the active
sites in the L protein by mapping the
location of functional mutations.

“Mutants help us out,” Feldhaus

Examining a film of sequencing gell are Dr.
David Hammond, left, native of Midland,
Michigan, and pre-doctoral student Andrew
Feldhaus, from Covington, Kentucky.

“We cannot destroy the ma-
chines that make these viral
particles because the machines
are us. This kind of cure
would kill the patient.”

continued on page 4
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“If we can block the viruses’
replication process, we’ll have
a cure for the infection.”

This is a pure virus particle. Shaped like a
bullet with whiskers, it’s Greek name is
“Rhabdovirus.”
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explains. “Once we discover in what
ways a molecule is deficient, we can
begin to determine how this deficien-
cy alters the function of the three-di-
mensional structure of the protein.”

A second approach exploits the
technological innovation of light-acti-
vated radioactive probes. One of the
originators of this technique is Dr.
Boyd Haley, who is now a member of
the UK faculty in the Lucille Parker
Markey Cancer Center. This ap-
proach is being used by post-doctoral
fellow Dr. David Hammond. “We
know that enzymes carry out specific
functions—they interact and bind,”
Hammond explained. “To attempt to
determine which enzymes are in-
volved in virus reproduction, we have
designed a radioactive molecule that
is structurally specific, similar to the
substrate, but altered so that it binds
tightly.”

The light-activated radioactive
probe, then, is a normal enzyme sub-
strate into which both an atom of ra-
dioactivity and a highly unstable
azide bond have been incorporated.
In the presence of the enzyme, the
probe can bind to the enzyme’s active
site. If, when it’s bound, the probe is
exposed to certain frequencies of
light, the azide bond breaks and
forms an irreversible bond between
the enzyme and the probe.

The enzyme can then be cut into
small fragments, called peptides,
which can be separated on the basis
of size and charge. The peptide to
which the probe is attached can be
identified by the decay of the radioac-
tivity incorporated into the probe.
Using these probes, then, Hammond
hopes to identify the active sites in
the L protein. The analysis of pep-
tides is carried out in the Markey
Cancer Center Macromolecular
Structure Facility.

“Hopefully, we’ll find that one of
these areas, when ‘shot,” will no long-
er be active in the replication pro-
cess,” Hammond says. “We’ll be able
to make magic bullets to neutralize
this action.”
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These are examples of the virus, the black
bullet-shaped objects at the edge of the cell
wall, budding from a cell membrane—the fi-
nal step in the virus assembly process. There

Lesnaw points out that another
major benefit of viral research is the
discovery of how cellular machines
work and the ways in which multi-
functional proteins carry out their as-
signed tasks. “Viruses, in this view,
are not altogether nasty. We are using
the virus itself as a probe to examine
normal cellular functions: the virus
becomes a window to the cell.”

Although Lesnaw devotes much of
her time and energy to the study of
viruses, she also enjoys interaction
with students—she teaches courses in
virology and microbiology—and with
investigators from other disciplines. “I
was attracted to UK initially,” she
says, “because there is such a wide va-
riety of activity at one campus—the

are one million cells in one square inch of
human skin and approximately 500 of these
viruses could fit into one cell.

College of Arts and Sciences, a fine
medical center, and the Lucille Parker
Markey Cancer Center. Here, I can
carry on a research program and be
involved in teaching at the same
time.” She also gives lectures in com-
munity programs, such as UK’s Sat-
urday Seminar Series which brings
“science to the public.”

With a generous grant from the Na-
tional Institute of Health, the
research team will continue to probe
the secrets of VSV. Lesnaw em-
phasizes the point that their research
may have far-reaching significance:
“Many of the most important biologi-
cal breakthroughs, our understanding
of life itself, has come from the study
of viruses.”

JUDITH
LESNAW:

MICROBE
HUNTER

s a sixth-grader Judith
Lesnaw thought that she had
already read every science fic-

tion book in the school library. Then
she found one, obviously mis-shelved,
that she hadn’t read: Microbe Hunt-
ers. The book may have changed
her life.

Microbe Hunters, it turned out,
was not science fiction, but science
fact—the story of the history of
microbiology. “Actually, the story is
somewhat in the vein of science
fiction, the actions of small creatures
you can’t see causing devastating ef-
fects on the human population. I was
entirely captivated by the idea of a
life form so small and simple, by the
concept of an entire universe in a
drop of water,” Lesnaw says.

Her interest in the study of viruses
led her to the University of Illinois,
where Lesnaw completed an under-
graduate degree in microbiology and
graduate degrees in botany and biolo-
gy. In graduate school she took a class
from the well-known virologist Sol
Spiegelman, and under the direction
of Eli Reichmann focused her re-
search on the tobacco necrosis virus
and its satellite, a relatively small and
simple plant system.

By 1971, her primary interest had
shifted to the study of the animal vi-
rus vesicular stomatitius virus, or

continued on page 6
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VSV. “In preparation for my studies
of VSV, I spent one month in the
laboratory of Dr. Craig Pringle at the
Institute of Virology in Glasgow,
Scotland. Armed with a battery of
new techniques learned from Dr.
Pringle, I returned to Eli Reichmann’s
laboratory,” Lesnaw explains. Three
years later, she came to UK and set
up an independent laboratory to
continue her studies of VSV.

In her 13 years at UK, Lesnaw has
seen significant changes. “First of all,
there has been a tremendous increase
in the number of basic scientists hired

ODYSSEY I§

“The virus, though small,
cleverly changes the cell’s
machinery. The altered ma-
chinery now responds to the
viruses’ instructions, not those

of the host.”
Judith Lesnaw

in molecular cell biology. There has
also been a definite movement to-
ward interdisciplinary collaboration—
this is a wonderful thing. My collabo-
rations with the departments of Bio-
chemistry and Plant Pathology have
continued to develop.”

One indication of this movement
toward interdisciplinary study is the
molecular cell biology weekly research
forum. Lesnaw is the program coordi-
nator for this group. “Fifty to 60 peo-
ple—professors, graduate students,
and post-doctoral fellows—meet ev-
ery week to exchange ideas and dis-
cuss problems with research projects.

We also update each other concern-
ing new technological break-
throughs,” Lesnaw says.

Many of the scientists in this group
will also benefit from another project
that Lesnaw worked on—the writing
of the recently funded Core Grant
which brought national recognition
to the Lucille Parker Markey Cancer
Center. She says that these funds will
help to support some of the existing
Core facilities, such as the macromo-
lecular structure facility, and to build
the electron microscope facility. This
funding will benefit scientists all
across the campus and in the Lexing-
ton region.

In addition to her activities as
researcher, coordinator of the re-
search forum, and grant writer, Les-
naw teaches courses in virology and
microbiology. “I enjoy teaching, in-
teracting with students and discuss-
ing their questions. It’s a learning
experience for me as well as for
them,” she says.

Lesnaw also enjoys extending the
scope of her work beyond the bound-
aries of the campus. Last fall she gave
a lecture in the Saturday Seminar Se-
ries, a forum which allows UK faculty
to present and discuss their ideas with
the general public. “I believe that it’s
exciting and important to bring sci-
ence to the public.”

What Lesnaw brings to science is a
fiery enthusiasm. “I like working with
Judy because she adds a lot of excite-
ment and enthusiasm to our work.
It’s easy to get caught up in that,”
says Andrew Feldhaus, a doctoral
candidate who works with researcher
David Hammond and Lesnaw in
their study of VSV.

Lesnaw is excited about the chal-
lenges virologists face as the 21st cen-
tury grows nearer. “There’s so much
that needs to be done. My hope is
that by the year 2000 we will have
learned a great deal about how model
systems such as VSV function so that
we can translate the strategies we've
devised into ways of looking at more
complex systems.” —Jeff Worley
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anging conspicuously on a wall of
HPolitical Science Professor Daniel

Nelson’s office 16 floors above the
University of Kentucky campus is an M.C.
Escher print. As usual, Escher is playing tricks
on us: pillars connect floors to ceilings at
impossible angles; a winding staircase seems to
rise perceptibly step by step, but when we look
again we see that it is taking the two climbers
no higher at all.

Escher makes the point that things are not
what they appear to be at first glance. His art-
ful deception is, in a sense, a visual analogy to
another type of duplicity which Nelson has
been studying for several years—the deceptive
use of language, especially when utilized by
representatives of different political systems.

In order to document differences in meaning
behind political concepts, Nelson and a team
of graduate assistants have researched the use
of 40 words and concepts common in interna-

The Russian newspaper
Pravda.

ODYSSEY i

SUPERPOWER SEMANTICS

tional discourse. The study is focused on polit-
ical language as used by authoritative speakers
in the United States and the Soviet Union.

“To insure accuracy, we have utilized only
original sources—quotes by Soviet and Ameri-
can leaders from established publications. We
have purposely varied our citations from any
one source, Pravda or Izvestia, for example,
or any one spokesman,” Nelson says. “This is
an academic project which is generating even-
handed essays that state succinctly what U.S.
and Soviet usages are.”

Nelson stresses the point that the purpose is
not to create any anti-Soviet statement; the
objective is to provide useful information.

Although there are dictionaries and other
reference tools that deal with such political
concepts as “disarmament,” “freedom,”
“peace,” and “terrorism,” this is the first proj-

continued on page 8
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ect which explicitly compares and juxtaposes
usage by representatives of the Superpowers.
Nelson sends each two-page essay, detailing
U.S. and Soviet use of a recurrent political
concept, to the U.S. Information Agency,
which is funding the research. Charles Wick,
director of the USIA, must approve Nelson’s
draft in conjunction with the Policy Guidance
Staff, an in-house think tank, before the infor-
mation is translated into French, Spanish, and
Arabic. The essays are then collected and sent
to diplomatic posts around the world.

A major purpose of these short papers is to
alert recipients to the manipulation and abuse
of political concepts. “There are many ways,”
Nelson says, “in which any Superpower—not
just the U.S.S.R. but any Superpower—can
use and abuse key concepts. Both Superpow-
ers use propaganda and disinformation in
order to attempt to change the behavior of
others. In the battle of ideas the necessary
ammunition is the manipulation of words and
concepts.”

In the essays he writes and sends to the
USIA, Nelson deliberately avoids citing
specific instances. “The inclusion of examples
might easily offend some officials in diplomatic
offices, who would then be much less receptive
to the entire project,” he explained. In previ-
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ous research, however, Nelson has included
discussion of specific instances in order to
show how these concepts are understood by
the Superpowers.

Nelson mentions the concept of human
rights as perhaps the best example of language
manipulation by the Soviets. Although the
United Nations’ Universal Declaration of
Human Rights (1948) and the Helsinki Agree-
ment (1975) enumerate the rights to “human
contact,” the “reunification of families,” and
other rights to freedom of movement, the
Soviet Union has restricted the meaning of
human rights when the discussion turns to
conditions within its country.

The U.S.S.R. speaks of guarantees of social
and economic equality and justice when
defending the Communist Party’s record on
human rights in the Soviet Union, asserting
that the Party has ensured a right to work, lei-
sure, health, well-being, and education. This
statement includes only a few of the many
rights listed in the U.N. Declaration, forget-
ting entirely those which emphasize political
and religious expression or due process
under law.

Nelson goes on to say that dissent and criti-
cism of the Communist Party by Soviet citi-
zens are not regarded as a human right but as
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“subversive activity.” Such political and legal
aspects of human rights are, however, often
discussed by Soviet leaders or journalists when
commenting on conditions within the U.S.
For example, Soviet journalists seek to portray
cases such as the arrest or conviction of black,
American Indian, or other minorities as de
facto “political repression.”

Put simply, the U.S.S.R. expands or
contracts the meaning of human rights as
needed in an attempt to fortify its position.

Although not a part of the Nelson study,
others maintain that similar language manipu-
lation is evident in U.S. policies. For example,
in a recent article investigative reporter Tim
Weiner of Knight Rider, points out that the
Pentagon’s recently publicized interpretation
of the “use of space for peaceful purposes” has
been extended to include military uses of
space.

International treaties, signed by the U.S.
and U.S.S.R., forbid the military use of space.
When Congress asked Pentagon officials
whether the installation of the C3I systems (a
communications network of orbiting satellites
that could command and control the nation’s
nuclear forces during and after World War III)
would violate these agreements, the Pentagon
replied, Weiner reported, that the U.S. inter-
prets “the right to use space for peaceful
purposes to include military uses of space to
promote peace in the world.”

In his study of semantic corruption, Nelson
has had his “worst fears confirmed.” “In look-
ing over great amounts of material, I believe
that the two Superpowers are still very far
apart in terms of speaking to each other;
instead, they continue to talk past each
other.”

The problem, Nelson says, is not in the
denotation, or dictionary meaning, of words,
but in their connotations, the meanings sug-
gested by or associated with the words. “Even
when the denotation of a word is identical
(‘unemployment’ is when people are out of
work), the Superpowers accuse each other of
failing to take into consideration the needs of
the workers. And connotation can be manipu-
lated for political purposes regardless of
denotation.”

Connotation especially breaks down when
sides begin to cite examples. “Genocide.”
Where does it exist, under what conditions?
When has it occurred? The U.S. and U.S.S.R.
would agree about genocide during the Nazi
period, but there is no agreement about other

instances in which thousands of people were
systematically killed. In discussing Idi Amin’s
reign in Uganda, for example, the U.S. refers
to the deaths of hundreds of thousands of
Ugandans as genocide; the U.S.S.R. does not
use the term to refer to these same deaths. The
Soviets, on the other hand, characterize as
genocidal those South African policies that
have led to the killing of thousands of blacks;
the Reagan Administration does not see it
that way.

“The lack of agreement about meanings
is sometimes quite purposeful. To ac-
knowledge differences in meaning is to
acknowledge that there are two valid interpre-
tations,” Nelson pointed out.

Problems of communication are not just a
function of language use, but a function of
entrenched mistrust. The conceptualization of
language is merely symptomatic of underlying
differences, and its use is modified according
to the exigencies of events.

Nelson adds that the gulf of understanding
widens when the Superpowers take hard-line
positions, for example, the Soviet Union on
Czechoslovakia in 1968 and Afghanistan in
1979, or when leaders take strong ideological
stances. “Ronald Reagan’s use of language in
his ‘Evil Empire’ speech was clearly inflamma-
tory. The choice of modifiers was not designed
to calm nerves,” Nelson said.

Although there might seem to be indica-
tions that the problem of communication is
worsening, Nelson believes that this is not the
case. “The capabilities to communicate are
greater than they’ve ever been. Many universi-
ties around the U.S. are now receiving, on a
daily basis, the Soviet’s evening news program
Vremya on satellite dish. The long-range
prognosis is that the two sides will have a
greater understanding of these terms they use
in the political arena,” Nelson commented.

He hopes that this project will lead to a
stronger concordance between the Superpow-
ers. Research has been completed on 35 of the
40 terms selected by the U.S. Information
Agency, and 20 have been sent to diplomatic
posts in booklet form. “Soon,” Nelson says,
“all 40 essays will be available in thousands of
copies, handed out or mailed out all over the
world.”

Dan Nelson, Political Science




A REVOLUTIONARY
IN AEROSOL SCIENCE

by Lissa D. Atkins

r. Asit Ray is a modern pioneer. His
D frontier is not the wide open range but

the minute realm of molecular layers;
his tools are not an ax and plow but an elec-
trodynamic balance and laser. However, like
the determined settlers who discovered new
lands to inhabit, the chemical engineering pro-
fessor has opened up a previously unknown
area in the field of aerosol science.

Ray is studying aerosol systems, a name
which, for most people, conjures images of
spray cans. However, in Ray’s research, aero-
sols are the suspension of small particles in air
or gas. The particles are the intermediate stage
in a vapor to liquid or vapor to solid transfor-
mation process. Typically between .01-25
microns in diameter (a human hair is approxi-
mately 25 microns), the particles cannot be
seen with the naked eye. A cubic centimeter
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Asit Ray, Chemical Engineering

(the equivalent of five teaspoons) may contain
as many as 100 million particles.

Examples of the vapor to liquid and vapor
to solid transformation processes are the for-
mation of water and ice. As water vapor in
clouds begins to cool, small nuclei or clusters
of typically less than 100 molecules begin to
form. These nuclei are thermodynamically
unstable and may continue to grow or evapo-
rate. If they do continue growing, the clusters
reach an aerosol stage and are approximately
several hundred molecular layers thick. With
continued growth, the particles form liquid
droplets which then may fall as rain, or at
very cold temperatures, form solid ice. Aerosol
systems are also found in air pollution and in
the formation of cigarette smoke and paint
pigments.

Ray’s work in aerosol science began in 1975
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when he was a graduate student at Clarkson
University (formerly Clarkson College of
Technology) in New York. Because of the lack
of technology at that time, most aerosol stud-
ies were carried out by researchers who had to
look at the entire cloud. Isolating one particle
and watching it grow or evaporate couldn’t be
done. Ray and doctoral advisor E. ]J. Davis
conquered these limitations by developing a
combination electrodynamic balance and laser
scattering device.

“This technology revolutionized the field of
aerosol science,” says Dr. Len Peters, UK asso-
ciate dean for research. “Every major aerosol
lab, industrial or academic, has one or is con-
templating getting one. The number of pub-
lished papers about experiments in which this
device was used has doubled, maybe tripled,
each year since Ray first introduced it.”

With the electrodynamic balance, Ray iso-
lates a particle by charging it and then placing
it in an electrical field. The balance is housed
inside a vacuum chamber which evacuates
through a turbomolecular pump. The environ-
ment is precisely controlled: the temperature is
maintained within 0.1 degrees C and the pres-
sure is controlled with an accuracy of 1 part in
10,000. In this state, a particle can be stably
suspended (without any vibrations) for several
days. An improved version of an earlier drop-
let suspension technique, Ray’s chamber pre-
vents the horizontal drifting of a particle and
allows him to precisely control its position.
This ability is crucial for him to obtain accu-
rate results with the second aspect of his
device—the laser.

By modifying other scientists’ ideas about
the properties of scattered light, Ray uses the
laser to “see” the submicron particle. After
stably suspending the particle in the chamber,
Ray strikes it with the laser beam; exact posi-
tioning of the particle in the chamber enables
Ray to do this precisely. Some of the radiation
is absorbed by the particle while the rest is
scattered at different angles. By measuring the
intensity of the radiation that is scattered as a
function of angle, Ray determines the parti-
cle’s shape and size; the index of refraction
reveals its chemical composition. These differ-
ent properties reflect the various behaviors of
the particles. For example, in smog the parti-
cles’ size determines how they will scatter light
and thus affect atmospheric visibility. Since
smog particles are constantly changing, it is
important to understand how they behave at
various sizes. With smoke particles, their size

determines where they will settle in the respi-
ratory system. The chemical composition indi-
cates how reactive and chemically toxic a
particle is.

Since finishing his graduate work and com-
ing to UK in 1980, Ray has continued to mod-
ify his techniques and begun to apply them to
specific aerosol systems. His improvements
include a better electrodynamic balance,
increased scattered light resolution, and the
stable suspension of a particle at pressures less
than one billionth of atmosphere. With these
improvements, Ray can study smaller parti-
cles, gather more accurate data, and examine
the surface molecular layer of a particle, typi-
cally several hundred molecular layers thick,
to determine if it is homogenous or of two
distinct phases.

Since 1981, Ray has been concentrating on
the study of smoke particles. In cigarettes, the
combustion of tobacco generates vapor. When
it starts to cool, such as in the humid air in
the lungs, particles begin to form. They may
continue to grow or evaporate. If the particles
do grow, then depending upon their size, they
will deposit in different regions of the respira-
tory system.

“So many things are happening in this one
small smoke particle,” says Ray. “It provides a
really good picture of phenomena in aerosols.
With my techniques, we can experimentally
examine each phenomena in isolation from
others. This has really not been done before
because the techniques have not been there.
In this area, the research used to be more
empirical, but now we are looking at things
from a fundamental point of view.”

continued on page 12
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One application of Ray’s research
may be learning how to remove
undesirable components from ciga-
rette smoke while increasing the
desirable ones.

LT L i

11 [EN B




Besides the basic science—size, shape, chemi-
cal composition and mass of a smoke parti-
cle—Ray is studying fundamental processes
associated with an aerosol system. These
include the formation of particles, the transfer
of material to and from the particle and vapor
phases, and the particle’s surface actions. He’s
also introducing various concentrations of
reactive gases or vapor and watching their
interaction with the particle.

A variety of industries would benefit from
the understanding and improvement of these
fundamental processes. For example, in the
paint pigment industry, the particles must be
of a certain size; accelerating their rate of
growth would save time, manpower, and
money. Furthermore, aerosols could be used
to dramatically increase the efficiency of cer-
tain chemical reactions.

T
When Ray began his work, research-

ers had to look at an entire cloud—
they couldn’t isolate one particle and
watch it grow or evaporate. Ray and
his doctoral advisor conquered these
limitations by developing a combina-
tion electrodynamic balance and
laser scattering device. This technol-
ogy revolutionized the field of aero-

sol science.
IR RN,

Other applications of Ray’s cigarette smoke
research suggest a variety of possibilities. One
specific result would be learning how to
remove undesirable components from the
smoke while increasing the desirable ones.
Another goal is to use aerosols to selectively
control the separation of a component from a
vapor phase. An example of this process is the
present use of silver iodide to create artificial
rain. Particles of the appropriate size and
chemical composition are introduced into a
cloud. These particles promote the condensa-
tion of water on their surface at a lower
humidity than normal. This action triggers
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the process of forming droplets; if they grow
big enough they will fall as rain. Scientists
have had limited success with this process.

The pharmaceutical industry is interested in
Ray’s work too. The goal is to generate a drug
as particles which are then inhaled. Based on
the size of the particles, the drug would go to
certain parts of the body. Patients would bene-
fit because the drug would reach its target
more quickly.

Ray is no longer a sole pioneer in his
research. Although he’s been working with his
electrodynamic balance and laser technique
for about 10 years, he says it has been only in
the last couple of years that many other peo-
ple have also begun this research. Presently
about seven of the 20 major aerosol labs in the
U.S. have the device; approximately five are
associated with a university. Assisting Ray at
UK are nine graduate and two postdoctoral
students. Other UK faculty, such as Drs. Len
Peters and Tate Tsang, are also conducting
research in this area.

In recognition of his accomplishments, Ray
has the distinction of being Kentucky’s first
and only Young Presidential Investigators
recipient. Chosen from 2,000 people, Ray was
one of 200 faculty nationwide to win in 1984,
the first year of competition. His five-year
award includes $25,000 in annual National
Science Foundation (NSF) funding; the NSF is
also matching up to $37,500 in grants from
industrial sources which, for Ray, have
included Brown and Williamson Tobacco
Company, Amoco Foundation, and Ashland
Oil. The support has enabled him to set up a
laboratory, buy equipment, and fund graduate
students. “It has given me a tremendous boost
in my work, but now I have internal pressure
to live up to the award.”

Ray sees no end in sight for his experiments.
“Since my doctoral work, I have been examin-
ing single particles but have developed new
technology and expanded the applications.
Each time I do something, there are new prob-
lems that must be solved. It’s a developing
thing. Every day we look at the experiments
and find the existing theories don’t explain
them. So we do more experiments and are
developing theories as we go.”
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A STUDY

IN ADAPTING

hemical engineering professor Dr. Asit

Ray, a specialist in aerosol science, is

not in the field he had chosen as a
college student. Nor is he in the area he had
chosen in graduate school. Instead, he seems
to have had to make the best of a number of
plans that went awry.

As a senior in high school, Ray, a native of
Calcutta, India, wanted to attend a physics-
oriented university in his hometown. But
because of campus unrest, admissions to the
school were being postponed for several
months. Instead of delaying his education,
Ray enrolled in the engineering-oriented
Indian Institute of Technology in Kharagpur
with the understanding that his parents would
send in the application to the Calcutta school.
However, his parents missed the deadline and
he was stuck at the engineering school
because, as Ray explains, “it’s not possible to
transfer like you do here.”

After getting his chemical engineering
degree in 1975, Ray decided, like many of his
friends, to come to the United States to do
graduate work. “Everything is so exciting, so
many stories,” says Ray. He was accepted at
Clarkson University (formerly Clarkson Col-
lege of Technology) in Potsdam, N.Y. Think-
ing he was going to a big city, Ray was
surprised to find himself among-a population
of 10,000 people, 300 miles away from New
York City, a dramatic contrast to his native
city of more than seven million people. And
none of his friends from India were there
either.

“In retrospect 1 think it was the best thing
for me,” says Ray. “Being in a small commu-
nity, I was really exposed to the culture very
intimately. I had to get to know them, even if
I didn’t want to. In a big city, it’s easier to iso-
late oneself.”

As a student at Clarkson, Ray received a full
fellowship. After arriving on campus, he
selected three areas that he wanted to study;
his first choice was mathematical modeling but
again he got something other than what he
expected—his third choice, light scattering
and colloid and interfacial phenomena

research, which is similar to aerosol liquid sus-

pension research. “I was initially reluctant to
get started on my masters,” admits Ray.

Yet despite being alone in a foreign country
and studying something other than his first or
second choice, Ray became adjusted to his
new home. He made so many friends that he
confesses to having partied too much and to
not being productive.

After Ray’s second year, his thesis adviser,
E. J. Davis, became the chairman of the chem-
ical engineering department at the University
of New Mexico. With another full fellowship,
Ray went to Albuquerque too. Not knowing
anyone except Davis, Ray concentrated on his
research. “That first year there was my most
productive time during my graduate work,
maybe so far even.”

In 1980, Ray moved to UK; he had
originally planned to accept a position at New
Mexico but at the last minute changed his
mind. Instead of waiting a semester to
begin working at another institution, Ray ac-
cepted a UK position negotiated by Dr. Len
Peters, then chairman of the chemical engineer-
ing department, despite a UK hiring freeze.

“We saw the potential for what he was
doing, how unique and novel it was and that
he stood at the forefront of his field,” says
Peters. “It was one of those things where if we
didn’t act quickly, somebody else would have
taken him.”

Ray’s research contributions have been out-
standing but he’s modest about his success. “I
like what I'm doing and apparently others
think it’s good work. It’s mainly intuitive; I
have these hunches about something and so L.
test it and it comes out.” —Lissa D. Atkins
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HELPING NEWBORNS TO BREATHE

by Susan H. Donohew and Lissa D. Atkins

“ immy” was born too soon.

Weighing only 600 grams (1

Ib. 5 ozs.), he arrived at 26
weeks, 14 weeks early of being full-
term. Today, three weeks later, his
eyelids are still fused, and he can’t
maintain his body temperature. His
most serious problems are his inabili-
ty to breathe and to digest food prop-
erly. Five years ago he probably
would have died.

Instead he is surviving because of
advances in neonatal care, specifically
in the use of ventilators and
improved formulas. Not all babies,
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however, respond to the new tech-
niques; others improve but still
develop serious complications. Par-
tially supported by funding through
the Infant Intensive Care Program
(IICP), the UK Medical Center’s
three neonatologists: M. Douglas
Cunningham, head of neonatology;
Nirmala Desai; and Thomas Pauly
are finding new ways to treat these
infants.

Managing the Neonatal Intensive
Care Unit (NICU), the neonatolo-
gists treat 650 to 700 premature and
full-term infants each year. According

to Dr. Pauly, 60 percent of all the ba-
bies have respiratory disorders. For
premature infants, their respiratory
problems arise from lung immaturity.

“The lung is the last organ to
become fully developed in the fetus,”
says Dr. Cunningham. “When babies
are born early, their lungs don’t have
the mechanical or chemical maturity
required to sustain their respiratory
needs.”

Normally, babies’ lungs secrete a
substance, surfactant, which keeps
the walls of the alveoli from adhering.
Surfactant is a mixture of chemicals




that reduces the tension produced
when two surfaces rub together.
Phosphate detergents have some of
the same properties as surfactant. For
example, when you wash two smooth
glasses—dipping them into water,
then stacking them—they’re difficult
to separate while they’re still wet.
But, if you mix a detergent with the
water, the glasses are easily pulled
apart.

Surfactant serves a similar function
in the lungs because it allows the
lungs to remain pliable. However,
this chemical isn’t fully developed in
the fetus until the 35th week (eight
months into the pregnancy), so a pre-
mature baby’s lungs, lacking this “oil-
ing” substance, are stiff and difficult
to open and force air into. The in-
fants have the additional
biomechanical liability of thin mus-
cles and a limited energy supply.
Hence, the infants need help in
breathing to survive.

The full-term babies in NICU, like
many premature ones, can be born
with or quickly develop a respiratory
disease such as pneumonia. The re-
sult is that the infants must be helped
with oxygen and a ventilator which
blows tiny puffs of air into their
lungs. A major problem with infant
ventilators is that while the baby

The NICU babies sometimes
weigh as little as 21 ozs.

Left
A NICU baby lies protected in an incubator.

Nirmala Desai, neonatologist, checks the re-
sults of a pulmonary function test. Such tests
enable mneonatologists to more accurately
choose the appropriate settings on ventilators
connected to infants.

must have the air forced into its
lungs, that pressure often causes tis-
sue damage. Like an overextended
balloon, the alveoli may rupture and
allow air to escape into the chest cavi-
ty or cause a lung to collapse.

Ventilators for infants were devel-
oped in the late 1960s and designed
to accommodate 6-8 Ib. infants. How-
ever, the expectations for the survival
of a premature baby have increased
dramatically. In the late 1960s, pre-
mature babies who survived weighed
at least 3-5 lbs. In the mid-to late
1970s, success in saving a 2-3 Ib.
baby was just short of a miracle. To-
day Cunningham says, “There’s a 90
percent chance of survival for a 2 lb.
infant. We even expect a fair chance
of survival for a 1 3/4 lb. baby and
we expect to save a few of the 1 and a
1 1/2 b. infants.”

A More Delicate Touch Needed

The dramatic decline in the weight
of babies who are now surviving has
made the 1960s ventilator equipment
obsolete for saving these tiny infants.
The amount of pressure needed to ex-
pand a 6 Ib. infant’s lungs is consider-
ably greater than what is needed for a
1 1/2 Ib. infant. As Dr. Cunningham

explains, “The tolerances and capaci-

ty of the lungs of these infants vary
greatly.”

Cunningham and Desai are devel-
oping methods of application for ven-
tilators sensitive enough for use on
1-1 1/2 Ib. and larger infants and are
establishing a data base so that physi-
cians can more accurately determine
the correct setting for the ventilator.
Presently, physicians set the ventila-
tors—choosing pressure, amount and
rate at which the respiratory gases are
administered—based on indirect
methods of lung assessment. As Cun-
ningham says, “The state of the art
right now is to rely on x-ray pictures
of the lungs, blood samples for car-
bon dioxide and oxygen levels, and
an examination by stethoscope.
There is no match up with how the
ventilator mechanics are set with re-
gard to the actual lung mechanics.”

Beginning their work in 1978, Cun-
ningham and Desai spent four years
building their own pulmonary func-
tion testing device with the help of
pulmonary specialist Deborah Myn-
heir, computer programmer Diane
Gagel, and a consultant, Peter Bur-
bank, from the UK bioengineering
and medical instrumentation
department. The researchers also em-
ployed techniques used by the UK
College of Pharmacy faculty in pul-

continued on page 16
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monary function testing of small
animals.

“] knew nothing about computers
or electronics and my colleagues
knew nothing about neonatology,
but together we were able to success-
fully assemble the parts purchased
from various companies to reach the
minaturization and sensitivity re-
quired to study our tiny patients,”
says Cunningham.

In 1981, the researchers used the in-
strumentation for measuring lung
mechanics on an infant for the first
time. The instruments measure air-
flow, transpulmonary pressure,
intrathoracic and airway pressures,
and tidal volume (volume of each
breath respired). This information re-
veals two important mechanical prop-
erties of the newborn lung: compli-
ance and resistance. Lung compliance
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refers to how inflatable the lungs are
and how easily, by elastic recoil, they
return to a deflated state; resistance
reflects the narrowness of the infants’
airways. With both sets of data, the
neonatologist can now begin to
accurately set the mechanics of the
ventilator to match the biophysical
properties of the baby’s lungs and
support their respiratory needs more
safely.

Similar instruments are used and
research is underway at Columbia
University, the University of Miami,
Indiana University, and the Universi-
ty of Pennsylvania Children’s Hospi-
tal. However, the UK instrument is
programmed to record the mechani-
cal ventilator breaths, or the sponta-
neous breaths of the infant separately
and provide separate calculations for
each breath. Other instruments used

in similar research do not make sepa-
rate calculations for each but average
them together, thus offering less pre-
cise data. The UK researchers stress
that their breath-to-breath assess-
ments at the bedside enables them to
monitor the baby throughout the
critical first week of life—the most
unique aspect of their research.

Developing the instruments was dif-
ficult. The researchers proceeded
slowly in working out the difficul-
ties—testing 20 infants by 1983. The
first instrument was unwieldy and
time-consuming so, in 1984, the team
began building a second one. More
compact and easier to use, the new
equipment again consisted of parts
obtained from different manufactur-
ers. To date, with this new equip-
ment, the neonatologists have
measured pulmonary functions in
more than 100 infants.

During this time, the neonatolo-
gists developed guidelines for which
patients should be tested and the ap-
propriate time and method for test-
ing so that the ongoing care for the
patients was not disturbed. They also
correlated the pulmonary function
testing results with x-rays and the
various disease states. The result is
that they have a data base of values
for babies at different ages and
weights.

The questions being addressed now
include the correlation between the
improvement of nutrition and the ef-
fect of various drugs with pulmonary
function testing. The research team is
also beginning to use the testing to
determine the best time to wean the
babies from the ventilators.

Another project for the neonatolo-
gists concerns improving the testing
equipment. Presently, it cannot be at-
tached to the babies for more than 80
minutes—enough time for only one
complete study. Yet “lung mechanics
are constantly changing and we can’t
be continually calibrating and setting

M. Douglas Cunningham, chief of neonatolo-
gy, examines one of the NICU patients.
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Ventilators to help newborns
with breathing difficulties
were developed in the late
1960s and designed for 6-8 Ib.
infants. Today there is an ex-
cellent chance of survival for
a 2 Ib. infant so the ventila-
tors have had to be redesigned
to be sensitive enough for use

on these tiny survivors.
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up the equipment each time the ven-
tilators require resetting,” explains
Cunningham. Rather, he says, they
are working toward ‘‘real-time”
monitoring for the infants with servo-
control ventilators. These ventilators
would be interfaced between the pul-
monary function testing instruments
and microcomputers, one which
would make the necessary calcula-
tions and also automate ventilator
adjustments based on those calcu-
lations.

“My suspicion is that we overuse
ventilators and that some, if not all,
of the chronic lung disease of in-
fancy is incurred by them,” says
Cunningham. “With servocontrol
ventilators, the treatment would be
safer, more accurate and more
effective.”

Cunningham says he anticipates
the development of pharmaceutical
agents that will make up for the
chemical deficiency in premature
infants that leads to their respiratory
problems. They will contain some of
the properties found in surfactant
and will enable the infant to breathe
until its body has matured enough to
breathe on its own—without the help
of ventilators. Until then, Cunning-
ham, Pauly, Desai and other re-
searchers around the country are
buying time for some very sick
infants.

0000
THE CHEETAH MODEL

he long-legged cheetah springs forward, racing and bounding in a long

I chase across the African plain in pursuit of the tawny gazelle. Pounce.

The gazelle is dragged down and the cheetah comes to an abrupt halt,

savoring his conquest. But he is doing something else too—something more

subtle. He is panting—quick short pants—almost a vibrating motion and most

certainly a different way of breathing than a marathon runner at the conclu-
sion of a race.

This observation inspired medical researchers to think that perhaps there
are others ways to breathe than the ways we normally do. And, for premature
infants who have such difficulty breathing, the implications have led to a new
approach in ventilators.

Dr. Thomas Pauly, the first doctoral fellow funded through the IICP,
returned to UK from West Virginia University last summer. In October, he
and physicians from eight other institutions—Children’s Hospital of the Uni-
versity of Pennsylvania, Denver Children’s Hospital, Primary Children’s
Hospital in Salt Lake City, Temple University, University of Tennessee,
Georgetown University, Louisiana State University, and Jefferson Hospital in
Hershey, Pennsylvania—began testing a high frequency jet ventilator.

It, like the cheetah, pants or vibrates—delicately and rapidly. UK’s instru-
ment, the only such ventilator in use in Kentucky, breathes at 240-900 breaths
per minute compared to 20-80 breaths per minute for a conventional ventila-
tor. It also uses less pressure and may therefore cause less trauma to the lungs.
In this two-year study, Pauly has successfully ventilated 12 patients, infants
who had failed to respond to conventional ventilators and would have died.

The instrument is used as a “rescue” device because, just as the cheetah can’t
continue to breathe in rapid pants, the infant also can’t maintain the panting
stimulated by the jet ventilator. The panting results in the lungs continuing to
expand because gas accumulates and is not completely expelled during the
short rapid breaths. An infant is, generally, placed on the instrument from
eight to 36 hours and then put on a conventional ventilator that provides a
more normal type of breathing and complete expulsion of gases from the lungs.

“I think the jet ventilator may have more promise than the conventional
ones in the treatment of certain disorders,” says Pauly. “But we’ve only got
preliminary data and haven’t made any conclusions yet.”—Susan H. Donohew

Thomas Pauly is studying NICU infants and the use of high frequency jet ventilators, a machine
that forces air into the lungs of babies who otherwise couldn’t breathe.
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Derrick Deaton sleeps as the heart rate moni-
tor keeps track of his pulse.

O
INTENSIVE
CARING

by Lissa D. Atkins

ven to the casual observer, this
Ehospital nursery is unusual.

Although, like any such nur-
sery, there are babies in bassinets
dotting the room—proud relatives
coming by to visit their off-spring—
nurses chatting with doctors—and an
occasional laugh interrupting the
sound of fretting infants—the similari-
ties with other nurseries ends there.

In the University of Kentucky’s
Neonatal Intensive Care Unit
(NICU), tiny feet and hands do not
energetically reach, stretch and poke
the air. These tiny babies don’t spend
the day being fed and cuddled by
their mothers. There are no sched-
uled viewing times when they’re
brought to a window to be admired
by family and friends. They will not
be going home in two to four days
with their parents.

Instead, these infants stay enclosed
in plastic incubators, sheltered from
activity. Tubes and intravenous
pumps are attached to their arms and
mouths to supply medicine, nutrition
and oxygen. Nearby, monitors flash
data and ventilators force air into the
babies’ lungs. Dressed in starchy
white hospital gowns, parents ap-
proach cautiously. Some hope that
theyll be able to take their baby
home in a couple of weeks; others re-
alize that such a homecoming will not
be celebrated soon.

These are the sickest infants—about
700 per year—from 61 central and
eastern Kentucky counties. These ba-
bies come to UK because the NICU
provides the best care possible in the
region. According to Dr. M. Douglas
Cunningham, chief of neonatology,
part of the unit’s success is due to the
Infant Intensive Care Program (IICP).

The IICP began 13 years ago after
the passage of the Social Security Act
of 1974. The purpose of the act is to




provide federal funds which are
matched by state grants to foster and
perpetuate infant intensive care. The
funding is provided through an annu-
ally renewed contract extended to
UK from the state Cabinet of Human
Resources.

As a supplement to the neonato-
logy department budget, the IICP
funding means that UK can offer a
complete program for infants requir-
ing intensive care. In 1974, UK had a
high risk nursery but not an intensive
care unit. The only such unit in the
state was at the University of Louis-
ville’s hospital. Cunningham, recruit-
ed from the University of California
at San Diego, joined the UK Medical
Center staff to establish UK’s NICU.
Arriving in Lexington in the summer
of 1974, he received approval for the
IICP that December.

With just over $200,000 from the
IICP that first year, Cunningham and
the other neonatologist, Dr. Nirmala
Desai, began adding equipment and
personnel. By 1976, the 26-bed NICU
was established and a social worker,
dietician, respiratory therapist and
three doctoral fellows were supported.

Today, the IICP funding—$462,000
for 1986-87 fiscal year—together with
Medical Center support mean that
three neonatologists, 87 intensive
care nurses and a 45-bed unit are
available. Furthermore, a discharge
planning coordinator, follow-up
coordinator, a transport team, and
an administrative staff of 12 are fund-
ed. This group of professionals pro-
vides the most complete intensive
care possible—getting the babies to
the unit, treating them, educating
their parents, ensuring healthy home
environments, and offering post-hos-
pital clinic services.

On the average, the babies stay in
NICU for 21 days; although a few are
treated in 3 days and others need six
months of constant attention. The
NICU patients range in age and size
from 24 weeks gestation, 600 gram (21
ozs.) premature babies to 40 weeks
gestation, 7-8.5 lb. full term infants.
Their health problems are numerous
and include seizures, low heart rates,

.(\?"

Nurse Judy Hoppin, transport coordinator, ar-
ranges transports of neonatal patients for 47
hospitals in central and eastern Kentucky.

and various handicapping conditions.
The two most serious and common
difficulties are respiratory disorders
because of lung immaturity or disease
and feeding intolerances because of
gut immaturity.

For babies born at UK, moving
them to the unit is no problem. How-
ever, 50 percent of the NICU patients
come from outside of the Medical
Center. Helping to get those babies
there is the job of a transport team
which has access to a private ambu-
lance service and a Military Assist-
ance to Safety and Traffic (MAST)
helicopter based in Fort Knox. Begun
in 1979, the transport team receives
calls from physicians throughout
central and eastern Kentucky. After
arranging the pick-up time and trans-
portation, the transport takes any-
where from one hour for service in
town to 14 hours from Pikeville dur-
ing bad weather.

From 1979-1981, the transport
team was strictly volunteer with per-
sonnel available during their off

The nurses have to be wvery
attentive to the infants and
sense small changes that
aren’t reflected in the moni-
tors. For example, a drop in
the temperature of the baby’s
feet is a sign of a worsening
blood flow to the extremities.

W o
The bulletin board behind Lisa McGee,
follow-up coordinator, shows some of the
healthy, recovered children who have spent
time in UK’s NICU.

continued on page 20
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shifts. In 1981, nurses dedicated to
transport were hired, although each
transport required a physician. In
March of 1986, three nurses went
through extensive classroom training
and worked with doctors on actual
transports. With this training, the
nurses began what is known as
nurse/nurse transport last October.
The trained nurses can often handle
a transport without the help of a
physician.

According to Nurse Judy Hoppin,
transport coordinator, the reasons for
implementing the advanced nurse
transport training were to reduce the
load of physicians who were doing
transport in addition to their regular
work and to provide a challenge and
a chance for advancement for the
nurses. “Of course, there are still situ-
ations when a physician is required,
but the nurse/nurse transport has
greatly reduced those times.” Three
more nurses are expected to begin
training this spring.

Once in NICU, the babies receive
round the clock attention by one of
87 NICU nurses. Caring for one to
four infants, depending upon the
severity of illness, the nurses are
responsible for the infants’ minute by
minute assessment. This means, for
example, that they coordinate the
five or six intravenous pumps of nec-
essary medication so that the baby
gets the right amount but at a rate of
no more than a teaspoon of fluid per
hour because that is all the baby can
tolerate.

According to Nurse Sally Kinnaird,
clinical specialist, the nurses must
have “incredible attention to minute
details, to sense small changes that
are not reflected in the monitors and
other objective data.” A drop in the
temperature of the baby’s feet is a
sign of a worsening blood flow to the
extremities. Other factors such as
noise, light, or touch may cause the
baby to react negatively.

The nurse has an equally important
responsibility to the parents and fami-
ly. “This is a big crisis time for them
and may affect how they perceive the
baby for the rest of their life,” says
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“Parents with handicapped
children often don’t realize
what that handicap means
when the baby is small and
can be easily carried around.”

Molly Patchell, Social Worker

Kinnaird. She says the nurses must
constantly help the parents defuse the
attitudes of having failed, of having
been unable to protect their babies,
because their expectations of what a
baby should look like have been
shattered.

“They may think the baby will
have blue eyes or blond hair, but no-
body expects their baby to be this
tiny, critically ill infant hooked to
monitors and tubes. Often somebody
will say something to the mother like
‘I told you you shouldn’t have scrub-
bed the floors at eight months,’
which is a devastating thing to say.
We're always telling the parents that
nobody knows what causes babies to
be born prematurely,” Kinnaird
explains.

To help the parents adjust and be-
gin bonding with their baby, the
nurses use a number of strategies. To
overcome their fear of handling the
baby, parents may wash its face, ap-
ply lotion, or change its diaper. The
cribs are personalized with name tags,
mobiles, cards, and small toys. When
the babies are well enough, they have
their own blankets and wear their
own clothes. These touches help the
parents to begin creating positive
memories unique to that baby, as

they would do at home. Furthermore,
this attention helps make the sick in-
fants seem more like the baby
anticipated by the parents.

“The idea is to get them past all
their guilt, shattered expectations,
and fear so they can focus on the care
of the baby,” says Kinnaird.

Once the babies are well enough to
leave the hospital, staff participation
in the IICP doesn’t end. Follow up is
a very important part of their recov-
ery. “We make sure that every baby
who comes through receives health
care maintenance,” says Lisa Mc-
Gee, follow-up coordinator. For some
babies, this means visits to cardiolo-
gy, ophthalmology, physical therapy
or neurosurgery specialists. Others re-
quire CAT scans or neurode-
velopment checks.

Each week, about 30 babies are
seen for their one year checkup.
Babies with more severe problems are
seen more frequently. Infants who are
healthy and have no problems are re-
ferred to a primary care physician
with the understanding that the fami-
ly can call to talk or be reactivated at
any time. For those who do not show
up, McGee is on the phone making
sure the infants are being seen by a
physician and the physician is aware
of special problems.

Many of the families have little or
no resources to care for the baby.
Molly Patchell, a social worker at
UK, attempts to solve this problem
by working with local agencies to ob-
tain formula, clothing, blankets, and
baby beds. “I can spend hours mak-
ing sure a baby has food,” says
Patchell. A lot of the families don’t
have phones so finding and commu-
nicating with them is difficult. Both
Patchell and McGee often rely on the
health department or agency in the
local community to find the family.

Patchell’s counseling work involves
a variety of situations. Mothers who
are giving up their sick babies for
adoption experience a double grief.
Support is provided for when a baby
dies or is likely to die after a long ill-
ness. In other situations, counseling is
not needed until after the babies are a




little older. “Parents with handi-
capped children often don’t realize
what that handicap means when the
baby is small and can be easily carried
around,” says Patchell.

Other counseling situations may in-
volve discussion of alcohol, drug or
child abuse. She says that most fami-
lies are very open about their prob-
lems and estimates that 80 percent of
them need physical or emotional
support.

Patchell’s role also involves repre-
senting the family to the staff and
doctors, making sure they are aware
of any limitations. For example, a
doctor may give the family written in-
structions to follow. But if the parents
can’t read, these instructions have to
be orally communicated. She also
speaks to community groups, provid-
ing them with information and ideas
about ways to help.

The NICU and IICP are working.
The NICU mortality rate has
dropped from 21.8 percent in 1974 to
9.6 percent in 1986—the lowest rate
ever. This rate has declined despite
the increase in the number of sick in-
fants and in the severity of illness.
From 1974-81 the NICU annually re-
ceived 500-600 admissions; of every
ten babies, three would be critically
ill. For the past six years, the unit has
been receiving 700 admissions per
year with five or six of every ten be-
ing critically ill.

According to the neonatologists,
the reasons for the increases include
better care by local doctors so that
the mildly ill babies stay in the
regional hospitals and only the se-
verely ill are sent to UK, better
techniques for stabilizing and trans-
porting critically ill infants, and bet-
ter obstetric management so that
more babies are surviving who
previously would have died.

The neonatologists have another
encouraging sign that points to suc-
cess. Despite the higher number of
NICU infants, “studies have shown
that with the increased rate of surviv-
al, the handicapping rate has not in-
creased,” says Desai. “The majority of

the babies do well.”

Nurse Sally Kinnaird watches Michael Freder-

ick who is recovering well but at 14 weeks
weighs only 3 Ibs., 15 ozs.
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by Jeff Worley

s an undergraduate at Brooklyn Col-
Alege in the late 60s and early 70s,

Robert Shapiro would sometimes put
his books aside and spend an evening in the
bleachers at Yankee Stadium or Shea, watch-
ing the best pitchers in the world do their
stuff.

He saw Stan Bahnsen go 17-12 for the
Yanks in ’68 on his way to The Rookie of the
Year Award. He watched Tom Seaver post a
remarkable 25-7 record in ’69, the Mets’
pitcher a runaway winner of the Cy Young
Award.

Over a dozen years and three academic
degrees later, Professor Shapiro found himself
face-to-face with Seaver, then with the Chi-
cago White Sox, on a regular basis. They
talked about (as one might well imagine) pitch-
ing. More specifically, they discussed the
biomechanical movements of pitchers, the
focus of Shapiro’s research project which he is
continuing at the University of Kentucky.

“My interest in the study of pitching styles
grew naturally from my lifelong love of base-
ball and from the work I had done at Penn
State and the University of Illinois in
Urbana,” Shapiro says. His doctoral work in

ToM SERVER
"OROF AMD DRIVE"

A digitized computer representation of the pitching
motion of now retired baseball player Tom Seaver. From
the drawing, a coach can determine various information
such as length of stride and knee angle which reveal if
the pitcher might be in jeopardy of hurting his shoulder.
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PITCHER SCIENCE

Physical Education involved intense study and
analysis of the biomechanics of batting.

“In 1977, I met with Bill Veeck, club presi-
dent of the Chicago White Sox. He was very
open to the idea of my filming White Sox bat-
ters. With the cooperation of General Man-
ager Roland Heman, I began filming that
year,” Shapiro explained. After analysis of a
number of high-speed films of each White Sox
hitter, he was able to pinpoint any irregularity
in the player’s stance and swing at the plate.

Veeck sold the team in 1979 and a new staff
was brought in. Since White Sox pitching
coach Dave Duncan was so enthusiastic about
continuing the project, Shapiro’s focus shifted
to the filming of pitchers. “I had good access
to the team in '83 during spring training,”
Shapiro says. “I also had an open-ended pass
to Comiskey Park, where I took films during
the season and analyzed variables for each
pitcher. For a kid who always wanted to be a
Major League Baseball player, this was a
dream come true.”

Shapiro would set up his camera in the pho-
tographer’s booth in the first base or third
base dugout in order to be at a 90-degree angle
to the pitcher’s motion. (Sometimes a research

PARAMETERS TAKEN FROM FRONT VIEW

ANGLE A- ELBOW EXTENSION
ANGLE B- ARM ELEUATION
ANGLE C- HOR. FOREARRM

This representation shows different angles of the pitching
motion and can be used as a guideline for potentially
dangerous movements.




assistant would use a second camera in the
box seats directly behind home plate). Shapiro
used a high-speed camera which recorded at a
rate of 250 frames per second so that the dif-
ferent phases of the pitching process could be
captured.

“In analyzing the films I could relate the five
phases of throwing—wind-up, cocking, accel-
eration, release, and follow-through—to other
bodily movements. I could accurately measure
the length of a pitcher’s stride to see whether
or not his movement was consistent,” Shapiro
explained.

White Sox pitcher Jerry Koosman was per-
haps the chief beneficiary of Shapiro’s analysis
that summer. As the season progressed,
Koosman complained of tiring in the fifth or
sixth inning of games he pitched. Based on
Shapiro’s films, which showed that Koosman’s
stride during the release phase had gotten
longer, the coaches had Koosman shorten his
stride so that he would use his legs more dur-
ing the release and follow-through phases, a
change that apparently eliminated some arm
strain. Koosman’s pitching improved during
the remaining weeks of the season.

Since joining the University of Kentucky
faculty last year, Shapiro has been involved in
a new, more advanced phase—one could say,
literally, angle—of this biomechanical
research. With funding from the Kentucky
Sports Medicine Clinic and strong support
from Keith Madison, UK baseball coach, Sha-
piro has been developing a three-dimensional
method for pitching analysis.

“We’ve taken high-speed film of UK pitchers
in order to develop a co-ordinate system for
different body landmarks,” Shapiro explained.
Two cameras, which remain in set locations,
are used in order to create a three-dimensional
model. The pitchers wear no shirts so that dif-
ferent spots, on the throwing arm for example,
can be “marked” during film analysis. Shapiro
will then be able to connect lines from various
points on the pitcher’s body to discover the
angles of movement during a pitch.

“What we get are two views slightly dis-
placed that create a stereo depth, similar to
what civil engineers do when they create an
aerial photograph. This technique, the direct
linear transformation method, is a standard
3-D technique,” Shapiro pointed out.

After analyzing the films, he will be able to
determine how body joints interact and get a
clear idea about the forces at the joints. Sha-

piro will then correlate his results concerning
elbow and shoulder actions with findings of
orthopedic surgeons in order to attempt to dis-
cover the causes of certain injuries.

“Doctors who've found a certain kind of
tear in an athlete’s anterior rotator cuff
muscle, for instance, have been able to make
only an educated guess about the causes for
this damage. What we’re attempting to do is
to determine what such an injury correlates to
in the actual motion of the arm—the causes
for the tear,” Shapiro explained.

Shapiro says that the results of this research
may help surgeons to become more knowl-
edgeable about how bodily joints function and
that such information could allow athletes to
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extend their careers. “Years ago, if a baseball
player or a swimmer hurt his shoulder, he was
finished. Open surgery was required—a sur-
geon had to make an incision and cut right
into the muscle. Now, a surgeon using an
arthroscope can make a small puncture in the
skin and go directly into the joint cavity to
repair a frayed tendon or rotator cuff, allowing
the athlete to be back in competition in a
month.” His findings, in their preventative
applications, may help some athletes avoid the
operating table entirely.

Another application of the research project
pertains to an athlete’s rehabilitation progress.
In the past it has been difficult to measure to
what extent a player has “come back” from an

injury. Teams that have films of players in
action before an impairment, however, can
now more accurately measure rehabilitation
because there is an objective record of pre-
injury performance. “When professional ath-
letes make so much money, management
wants them back; also, since it’s not uncom-
mon for players to re-negotiate their contracts
yearly, it's in the player’s best interest to
return to the field as soon as possible to prove
he can still play,” Shapiro pointed out.

So far, under Shapiro’s direction, ten rolls of
film have been taken of UK pitchers. Kinetic
analysis, which involves numerical measure-
ment of data, began in January.

Because the manual digitizing process is so
time-consuming, Shapiro is excited about the
possibility of a new high-speed video system
which will be used for a wide variety of human
and animal studies related to performance and
injury. Some components of the system have
already been funded as part of the recent $20
million bond issue. Shapiro says, “This system
will track high-contrast ‘points,’ reflective tape
that will be placed over various body land-
marks in order to mark pitchers. The com-
puter—which can distinguish among the tape,
the player’s body, and the background—will
do the analysis for us, eliminating hours of
manual digitizing.” The system is also useful
for a variety of other human and animal stud-
ies related to performance and injury.

After filming (using three cameras) with this
new system in place, Shapiro will be able to
show the computer which points to track and
which co-ordinates to record. Then, using the
three-dimensional algorithm he has developed,
the system will take each view and tabulate
co-ordinates of all individual points. Shapiro
says that the new system should be in place by
mid-summer if some needed additional fund-
ing comes through.

When research is completed, Shapiro plans
to write an article detailing his findings. By
that time, baseball will be in full swing; the
White Sox may be surging toward the Divi-
sion title and the World Series. Shapiro hopes
so. His pass to Comiskey Park is still good.




WHO MAKES
THE CHOICES FOR THE ELDERLY?

by Markel D. Tumlin
(

¢ y three daughters and
l\ /I wife . . . They all
would have a hand in

it,” responded an 86-year-old man
when asked who would make the de-
cisions about his health care in the
event that he became unable to do so
for himself. His comment reflects a
prevalent attitude of the elderly con-
cerning surrogate decision-making.
There are clear-cut choices as to
whom they would prefer to have as-
sume the responsibility of their health
care. But, according to Dallas M.
High of the University of Kentucky’s
Department of Philosophy, patients

rarely make definite plans concerning
the course of their care, and the relat-
ed laws are not always consistent with
patients’ preferences. Now that the el-
derly are the fastest-growing age
group in the United States, it is quite
likely that these types of issues will
take on great significance over the
next several years.

Dr. High received a research grant
in March 1986 from the Retirement
Research Foundation, a private foun-
dation located in Park Ridge, Illinois,
to study the options available to the
elderly and to make recommenda-
tions concerning what changes could
be made to increase this group’s au-
tonomy. His research is part of the

2

first phase of a large, loosely knit se-
ries of studies being funded by the
foundation throughout the United
States.

“We used an interdisciplinary
approach,” says High, whose project
included a review of the literature
available on the subject, a study of
the attitudes of the elderly them-
selves, and an appraisal of related le-
gal matters. One goal was to discover
areas where more research needs to
be done. The review of literature in-
cluded a wide spectrum of published
research—philosophical, medical, eth-
ical, theological, and gerontological.
Many perspectives on the issue were
addressed, and at least one major gap
continued on page 26
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in the literature was uncovered.
“There’s a lot available concerning
personal autonomy,” High says, “but
very little about the part that the
family plays in the decision-making
process.”

High’s field research indicates that
the role of family members is an area
that needs more attention. Aided by
graduate research assistant Howard
B. Turner, High conducted a series of
in-depth interviews with 40 people
who ranged in age from 67 to 91. The
process of selecting interviewees was
aided by services available at UK’s
Sanders-Brown Research Center on
Aging. “We tried, as closely as possi-
ble, to mirror the makeup of the gen-
eral population of people over age
65,” High explains.

Interview questions centered on
what the elderly’s expectations would
be should they become unable to
make decisions for themselves. The
UK researchers found that, among
the subjects they studied, people gen-
erally expect that decisions concern-
ing their health care would be made
by close family members, usually a
spouse or adult children, in the event
that these elderly are unable to do so
themselves. A typical response was
given by a 76-year-old widow: “I
think, really, the way I have lived
with my children it would be sort of
wrong to appoint somebody besides
the family to do these things . . . I
am very firm about that.”

According to High, these expecta-
tions are common regardless of
whether or not they have been talked
about explicitly with the family. And,
in most cases, any discussion on the
topic between family members is very
casual. Of those interviewed by the
UK research team, only 17 percent
had put, in writing, any sort of in-
structions concerning surrogate
decision-making.

An exception to this tendency
occurs when an elderly person has no
family. This individual is more likely
to have made definite arrangements
concerning future health care. As one
76-year-old widow without children
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Howard Turner is a Ph.D. candidate in soci-
ology, specializing in gerontology. He is a na-
tive of Stanford, Kentucky.

or siblings summed it up, “That’s the
reason | had to appoint a power of
attorney because I didn’t have any-
body to make a decision for me.” Em-
phasizing the difference that having
a family makes, one man responded,
“If my wife died before I do, then I'd
have to rethink this thing com-
pletely.”

A field research discovery that dis-
agreed with one of High’s pre-re-
search hypotheses concerned the
relationship between decision-making
and the geographical distance be-
tween family members. “We hypothe-
sized that the greater the distance
between family members, the less

likely the potentially incapacitated
person would depend on the relative’s
input into the decision-making pro-
cess.” However, this was not found to
be the case. Instead, the researchers
discovered that many of the subjects
studied expect their relatives (particu-
larly adult children) who live far away
to assist in surrogate decision-making.
This is true even when the adult child
lives several hundred miles away.

The legal component of the re-
search included a review of the state
laws of all 50 states. Federal lawmak-
ers generally leave this type of legisla-
tion to the discretion of state officials.
Assisted by his wife Diane, an attor-
ney, High studied laws concerning
the use of advanced directives in sur-
rogate decision-making as well as the
important court cases related to the
issue. One area researched pertained
to the statutory living will laws which
39 states have enacted. High says
that, as a result of his studies, he is
less of a proponent of such laws be-
cause he has found that there are less
formal ways of accomplishing the
same goals.

High also found that some legal
commentators argue against the fami-
ly’s legal authority to become surro-
gate decision-makers, particularly in
cases where there have been no ad-
vanced directives or guardianship.

As a result of his research, High has
come up with several recommenda-
tions concerning the issue of
decision-making and also concerning
the directions that future research
needs to take. He hopes his findings
will influence the kind of attention
given to the elderly by lawyers and
doctors. Additionally, he would like
to see the elderly become better edu-
cated about their options regarding
the planning of future health care.

A second phase of research current-
ly being planned includes a further
review of the literature and of legal
aspects. Also, more empirical research
is in the works. High also plans more
interviews with those who partici-
pated in the first phase of research as
well as interviews with new
participants.
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SMOKELESS TOBACCO-
AN UNSAFE ALTERNATIVE

0000000 OO

by Jeff Worley r. Grossmouth is not a pretty sight.
An uneven reddish-pink line, like a
slow flame burning, covers his gum
line. His teeth, those that remain, are a syrupy
yellow-brown. Cancer has eaten away part of
his tongue and has hollowed out a small crater
in his palate.

Although hideous to behold, Mr.
Grossmouth (made of hard plastic) serves a
purpose: placed conspicuously in front of a
classroom of junior high school students, the
“model” warns adolescents of the long-term
dangers of smokeless tobacco use.

In their research project on smokeless
tobacco, Dr. Melody Noland and her associ-
ates—professors Richard Riggs, Lea Perritt,
Thomas Tucker, Dick Kryscio, and Linda Lin-
ville, coordinator of community programs at
the McDowell Cancer Network—have been
informing junior high and high school stu-
dents in the Lexington area about the effects
of snorting, chewing and dipping tobacco.
“Researchers, educators, and public health
officials in Kentucky are concerned that
smokeless tobacco use among adolescents is
increasing. Unless some program of interven-
tion is initiated, many young people will
develop a lifelong habit which may present
substantial health risks,” Noland explained.

She says that since the early 1970s the use of
all forms of smokeless tobacco in the United
States has greatly increased, especially among
children and adolescents. Estimates are that
the number of users will double over the next
ten years. Why this dramatic increase?

“Fifteen years ago smokeless tobacco was
perceived as something only farmers and some
baseball players used; now it is marketed suc-
cessfully to a wider group. It is a fad among
young boys and is not difficult for them to
get—free samples are often given out at the
State Fair in Louisville,” Noland says.

Although there has been little research on
smokeless tobacco use among children and
adolescents, one study found that 13 percent
of third-grade males used smokeless tobacco
and that this rate increased steadily to 39 per-
cent by grade 11. Smokeless tobacco use is lim-
ited primarily to males, although some studies
show that 20 percent of teenage girls try
smokeless tobacco and two percent go on to
regular use.

“A common misconception a number of
these kids have is that smokeless tobacco is a
safe alternative to smoking. They have been
told in school for years how dangerous ciga-

continued on page 28 91 ODYSSEY




Smokeless tobacco
is now a fad
among young boys
and is readily
available to them.

rette smoking is, but little is said about other
forms of tobacco,” Noland added.

She goes on to say that smokeless tobacco is
detrimental to a person’s health in many ways.
Usage can result in bad breath, discolored
teeth, oral lesions and tooth abrasion. And
there is evidence that the chance of oral can-
cer increases with length of smokeless tobacco
use. The circulatory system of the user is also
affected: blood pressure ultimately rises,
increasing the risk of strokes and heart attack.

With a grant from the National Cancer
Institute, Noland and the research team are in
the process of conducting a one-year pilot
study to identify characteristics of adolescents
who use smokeless tobacco and to develop an
effective intervention program.

Two of the researchers, Riggs and Perritt,
have devised a 12-page questionnaire, a health
practices survey with questions that range
from a student’s beliefs about the health
effects of smokeless tobacco to factors that
influenced the adolescent to begin using
smokeless tobacco.

The questions on the survey are based on
the theoretical “Precede Model” of Public
Health Educator Lawrence Green, which
examines three types of factors to discover an
individual’s health practices: predisposing fac-
tors, which concern the motivation of an indi-
vidual to act; enabling factors, the skills and
resources necessary to perform a health behav-
ior; and reinforcing factors, which determine
whether health actions will be supported.

In addition, demographic variables were

included because of their possible impact on
the study. “Several studies,” Noland says,
“have found higher prevalence of smokeless
tobacco use reported in rural areas and in
tobacco-production areas. Kentucky has not
been included in these studies, but since Ken-
tucky has a large number of rural areas and
produces a large amount of tobacco, it is likely
that the state also has a higher incidence of
smokeless tobacco use.”

Since the fall of 1986, the researchers have
been field-testing the questionnaire. After
receiving letters of support from officials in the
Montgomery County and Fayette County
school districts, Noland and her co-
investigators surveyed 1200 male and female
students enrolled in grades 7 to 11.

These two districts were chosen primarily
because of their demographic differences—the
Fayette County School District is a result of
the city of Lexington government merging
with the county government, while the Mont-
gomery School District is a rural area approxi-
mately 40 miles east of Fayette County.

“The administration and faculty in both
school districts have been extremely coopera-
tive about letting us come in. We usually
stayed in one classroom and surveyed five
classes during the day so that the schedule of
only one teacher would be disrupted,” Noland
explained. She and her associates used an
overhead projector to preview the question-
naire for students who needed to have words
and questions explained. Two of the goals in
this feasibility study are to find out how well
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the questions are accepted and understood by
the students and how the researchers’ program
works in the classroom.

Part of this methodology, the most unusual
part from the students’ point of view, involves
taking saliva samples from the students. “Each
student was given a numbered vial—the same
number that appeared on the student’s ques-
tionnaire— and was asked to fill the vial to a
certain mark (2 ml),” says Noland. “There
was, of course, some giggling during this pro-
cess. Sometimes, there were a couple of stu-
dents, usually girls, who didn’t want to spit;
the students weren’t forced to participate if
they really didn’t want to.”

These samples were then stored in vials, fro-
zen, and sent to the American Health Foun-
dation in New York for analysis of cotinine
and thiocyanate levels, tests capable not only
of indicating overall tobacco use, but also of
differentiating between smokeless tobacco use
and cigarette smoking. For detecting smokeless
tobacco use, Noland explains, cotinine is the
most reliable measure because it detects any
type of tobacco usage while thiocyanate will
detect only smoking. Therefore, by using both
tests, the researchers can attempt to dis-
tinguish between smokeless use and ciga-
rette use.

One purpose of this analysis is to encourage
honesty in the responses to the ques-
tionnaire. A second purpose is to validate the
students’ responses on the survey concerning
tobacco use. “After some of the samples are
analyzed,” Noland explains, “we can correlate
these to the students’ responses to see how

many match up. This is a necessary verifica-
tion process because some of the kids don’t
respond truthfully—they say they use tobacco
when they don’t or vice-versa.”

All of the completed questionnaires have
now been collected, and the results will be
analyzed to determine which of the factors of
Green’s theoretical model predict the proba-
bility that a teenager will use smokeless
tobacco. Currently, the responses are being
coded for computer analysis. Though the com-
plete findings will not be available for several
months, the researchers have tabulated by
hand the responses from males concerning fre-
quency of tobacco use. At Montgomery
County High School, 41 percent claimed to be
smokeless tobacco users, while at Tates Creek
High School in Fayette County, 17 percent
said they used smokeless tobacco either every
day or once in a while. At Montgomery
County Middle School (7th to 9th grades), 31
percent of the boys purported to be users,
compared to 10 percent at Tates Creek Junior
High School.

How does Noland account for the greater
amount of usage in Montgomery County?
“Montgomery County High School is in the
middle of tobacco-farming country. Tobacco
is a livelihood—part of the community’s life
style. There is even a tobacco barn on campus
where the students in an agriculture course
learn the process of curing tobacco.”

This demographic reason for the high per-
centage of tobacco use by these teenagers is
only one of several reasons why adolescent use

continued on page 30
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The research of, left to right,
Melody Noland, Richard Riggs,
Thomas Tucker, Lea Perritt,
Linda Linville, and Richard
Kryscio indicates the use of
smokeless tobacco is on the rise
among young people. Part of
their project involves a three-day
intervention program to educate
junior high students about the
oral lesions, tooth abrasion, oral
cancer and other effects from
smokeless tobacco use.




One 13-year-old user of smokeless
tobacco said that if a small part of
his tongue did become cancerous,
“that piece could just be cut out.”

is increasing so rapidly. Noland suggests a sec-
ond cause—the media image of tobacco use.
“Although there is little hard evidence, adver-
tising probably does contribute to a positive
view of use, indirectly creating pressure on
young people to use smokeless tobacco,” she
said. “The actors in smokeless tobacco com-
mercials on t.v., for example, are attractive,
healthy-looking people having fun,” Noland
added.

She suspects that survey results will show
peer influence and widespread beliefs about
the harmlessness of smokeless tobacco to be
other reasons for usage. “Many teenage boys
begin using snuff because it’s perceived to be
the ‘macho’ thing to do. The peer group also
operates under the false impression that
smokeless tobacco is risk-free, a safe alterna-
tive to smoking cigarettes.” Noland recalls a
discussion with one 13-year-old user who told
her that if a small part of his tongue did
become cancerous, “that piece could just be
cut out.”

The final phase of this project was con-
ducted at Morton Junior High School in Fay-
ette County where a three-day intervention
program was taught. A regular teacher at the
school and “peer educators,” student leaders
with strong communications skills, were
trained to present information concerning
smokeless tobacco, and its short-term and
long-term effects. Emphasis was placed on
group discussion by the students.

“In our intervention program we included a
demonstration with smokeless tobacco, using
a college student who regularly chews or dips.
Heart rate and blood pressure were measured
both before and after the student volunteer
used smokeless tobacco,” Noland explained.
The in-class demonstration clearly exhibited
some of the immediate effects of smokeless
tobacco use. Noland hopes to test the practi-
cality of this approach and identify any prob-
lems associated with it so that in the future
such an intervention program can be given as
a health unit at the eighth-grade level.

In May the researchers will return to the
junior high school to administer the question-
naire again. “This final survey,” Noland says,
“will allow us to measure short-term changes
in knowledge, attitudes, and behaviors which
may have resulted from the implementation of
the intervention program.”

She stresses the need for such research proj-
ects that have the direct and immediate result
of preventing health problems associated with
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tobacco use. “If teenagers understand the
potential effects of smokeless tobacco use,
some may not try it in the first place. Other
obvious benefits are lower health care costs for
society and the avoidance of emotional stress
for family members who also suffer when the
user gets sick.”

Chewing Tobacco—loose leaf tobacco
found either in pouch or in a plug of
compressed tobacco. The “chaw” is
placed in the side of the mouth
between the cheek and gums.

Dipping—the user takes a pinch of
snuff, powdered tobacco, and places it
in the gutter of the mouth between
the cheek and gums. Locations vary
from the front to the side depending
upon the user’s preference.

Quid—a small portion of any smoke-
less tobacco that is held in the mouth
for dipping or chewing.

Snuffing—a pinch of finely ground
tobacco is sniffed through the nose, a
practice more common in England
than in the U.S. This form of smoke-
less tobacco usage is not included in
this current research.




SMOKING AND THE

owr. IMMUNE RESPONSE

SURGEON GENERAL’S
WARNING: Smoking
Causes Lung Cancer,
Heart Disease, Emphyse-
ma, And May Complicate
Pregnancy.

obody knows why smokers
N are more prone to disease, or

why they tend to get bronchi-
tis or the flu or other lung infections
more frequently than non-smokers.

But a University of Kentucky
researcher believes he is on the
threshold of finding out. Dr. Mohan
Sopori, an assistant professor in the
Department of Microbiology and Im-
munology, says cigarette smoking
may affect the ability of the lymph
nodes near the lungs to produce anti-
bodies that fight disease.

Using rats as experimental animals,
Sopori has found that after smoking
for a relatively short time, 20 weeks,
the animals show “a very serious loss
of immune response.” The body’s
immune response renders harmless
invading agents, such as viruses or
bacteria, by using white blood cells
and antibodies.

Over a longer period of time, 35
weeks—the equivalent of a person
smoking for 20-30 years—the rats
showed a general decline in the
immune response.

Layton Davis, head of the Tobacco
and Health Research Institute, says
Sopori’s research “is an excellent
project. It deals with the issue at the
center of the smoking and health
problem, especially with respect to its
effect on the pulmonary system.

“That’s what’s been missing,” Davis
continued, “a good examination of
the mechanism that leads to the de-
velopment of diseases . . . We know
the risks associated with cigarette
smoking, but we don’t know the
mechanism involved in pulmonary
changes and disorders. Once we
know this, the next step is to
determine what can be done.”

Davis says Sopori’s results have
been encouraging. Sopori himself is
even more optimistic. He says he’s
close to solving the cellular puzzle,
and hopes to find the major cells
involved in the mechanism within
a year.

“Our main aim as immunologists is
to establish what happens to the im-
mune response . . . which cells are
mainly involved . . . why is the im-

mune system suppressed?

“Immune cells are not a single pop-
ulation. It’s a very complex
interaction between different cell
types,” he says. “To find the
mechanism responsible for decreased
immune resporisiveness is a real chal-
lenge, but hopefully we should be
able to do that. Within the next three
to four years we should know how
cigarette smoking affects the function
of cells in this whole system.”

Sopori has been a leader in
assessing the effects of cigarette smoke
on the pulmonary immune system,
according to Dr. Alan Kaplan,
Sopori’s colleague and chairman of
the Department of Microbiology and
Immunology.

“His particularly unique contribu-
tion has been to focus on the lung as
a target of immunologic damage,”
Kaplan says. “In the past, many in-
vestigators have evaluated the effects
of smoking on the whole organism
largely by evaluating the peripheral
blood. The results of those studies
were mixed because the effects on the
whole organism are only seen after
prolonged smoking insult.”

Sopori undertook a difficult task—
to detect how the lung as an immu-
nologic organ fits into the entire
immune system, Kaplan says. Little
research has been done in the area,
partly because it is so hard to get
enough lung cells to study. Recent
technological advances have made it
possible to get cells from the lung,
but, even so, the yield is far smaller
than with other organs. A mouse, for
example, will yield only two million
lung cells, compared with some 100
million cells from an organ like the
spleen.

Rats, which Sopori uses as ex-
perimental animals, yield slightly
more tissue than mice. When he first
came to UK from Wisconsin seven
years ago, he had hoped to use mice
in his research, but found that start-
ing a breeding colony was prohibi-
tively expensive. Rats were more
readily available, and, as it turned
out, proved to be ideal model animals
for researchers to use in their study of

continued on page 32
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Mohan Sopori, assistant professor in the
Department of Microbiology and Immunolo-
gy, is studying the effect of smoking on the
antibody-producing ability of the lymph nodes
near the lungs. Within a year, he hopes to
identify the major cells of the mechanism in-
volved in the pulmonary changes and disor-
ders found in smokers.

the effects of smoking.

Sopori had not come to UK with
the idea of doing smoking-related re-
search, but in his reading on immu-
nology became fascinated with the
controversy over the immunologic ef-
fect of smoking. “There was lots of
literature, yet there were so many ar-
guments,” he recalled. “The whole
area was very debatable.”

Researchers who had used rats had
found certain kinds of changes in
lung cells similar to what is found in
humans, Sopori says. “Since we knew
quite a bit about the immune re-
sponse in this animal, we decided
that we should go ahead and could
do something [in this area].”

He began by trying to repeat
experiments reported by other scien-
tists, a process he describes as initially
very frustrating and very difficult.
“What was the problem? Why were
we not seeing the things that people
had reported?”

In humans, researchers had looked
primarily at blood cells, since that’s
usually the tissue easily obtainable
from human smokers. He knew that
smokers get tumors, but wasn’t inter-
ested in that aspect since tumors take
such a long time to develop and there
is no satisfactory animal model sys-
tem in which smoke induces tumor
formation reproducibly.

What struck him was that human
smokers are prone to lung infections.
He thought there might be changes
in the smoker’s immune response, but
that, in other experimental tests of
the immune response of smokers—
such as a skin tuberculin test—had
turned out normal.

“So on one side, people seem sus-
ceptible to infections and on the oth-
er the immune response seems fine,”
Sopori says. He wanted to resolve the
contradiction.

In Albuquerque, New Mexico,
Sopori got to know David Bice, a
researcher who had been looking at
the lung’s immune response and who
had reported that it starts not in the
lung but in the lymph nodes associat-
ed with the lung.

=

“We started thinking, ‘is it possible
that any kinds of changes in the im-
mune response are primarily restrict-
ed to the lymph nodes associated
with the lung?”” Sopori asked. He
went to Albuquerque to learn Bice’s
technique of depositing antigens in
the lung to initiate the immune re-
sponse. In 1984, he repeated Bice’s
experiments. The Albuquerque re-
searchers had identified three lymph
nodes. Sopori found the fourth. He
says the fact that the immune re-
sponse starts within the lymph node
and migrates out into the lung is now
well documented.

Currently, Sopori is trying to iden-
tify the specific cell type or types
involved in the change in immune re-
sponse. The long-term goal of his
studies is to identify the nature of
chemical compounds in cigarette
smoke responsible for the change—
and to see whether those compounds
could be altered or removed.

The rats used in Sopori’s experi-
ments are obviously not exposed to
conditions identical to those of hu-
man smokers: the rats are “smoked”
in special machines at the Tobacco
and Health Research Institute for 10-
minute periods daily—what re-
searchers figure is the equivalent of a
person smoking a pack of cigarettes
over a 12-hour period. “This is the
closest we can get, given the con-
straints of our experimental system,”
Sopori says.

But the experimental system has
been vastly improved just within the
last couple of years—an advance
which has enabled both Sopori and
Kaplan, who uses mice in his re-
search—to make more accurate mea-
surements. The development of
improved smoking machines at the
Institute—what Kaplan calls “non-in-
vasive’’ machines—has enabled
searchers to “smoke” their experi-
mental animals in “a highly reproduc-
ible manner,” Kaplan says.

“The Institute has been a great
help,” according to Kaplan. “It’s part-
ly because of them and the facilities
that (Sopori) could do work that oth-

TR
Within the next three to four
years researchers should know
how cigarette smoking affects
the function of cells in the im-

mune response system.
T

ers tried and failed to do.”

The highly sterile environment that
the rats are kept in at the Institute
has allowed Sopori to see how they
react after a long period of smoking—
50 weeks or more. They have been
able to maintain the animals for the
last three years without any of the vi-
ruses that often affect rats and mice.
Sopori hopes to increase the experi-
mental period to 80 weeks.

One of the spinoff research proj-
ects he is interested in involves smok-
ing the rats for 35-40 weeks, until the
most intense changes in the immune
system are seen, and then to stop ex-
posing them to cigarette smoke. Will
their immune response return to
normal?

Another related project that inter-
ests him involves studying the effect
of cigarette smoking on reducing
stress. Sopori has found a “very sig-
nificant increase” in endorphins—
hormones produced by the brain that
make people feel better—in animals
that have smoked.

“l don’t know what it means . . .
but I feel that it’s possible that people
smoke because they get pacified,”
Sopori says. “People might laugh at
me, but cigarettes calm you when
you're agitated . . .”

Sopori also wants to look at the ef-
fect of passive smoking—exposure to
the cigarette smoke of others—on the
immune system and his experimental
system is already in place. Animals
breathe smoke mixed with fresh air
on a delayed basis. This procedure is
called “sidestream smoking.”

Sopori’s research is supported by
grants from the National Institutes of
Health, the Council for Tobacco Re-
search and the Tobacco and Health
Research Institute.




HELPING TO
BREAK THE HABIT

by Maria Braden

r. Philip Moody, who with
D Dr. Doris Wilkinson received

a National Cancer Institute
contract last fall to study cigarette
smoking behavior, recalls that a sim-
ilar proposal he made three years ago
was turned down. One factor he attri-
butes to this proposal’s success is the
involvement of Dr. Wilkinson in the
project.

Wilkinson, a medical sociologist,
came to the University of Kentucky
in 1985. Within two months she and
Moody, also a medical sociologist,
had begun work on a new proposal
for NCI, aimed at preventing
smoking-related cancers.

Five months of intense work paid
off. They submitted their proposal in
February 1986 and in September,
Moody and Wilkinson received the
$1.7 million five-year NCI contract to
study smoking behavior and smoking
cessation programs and to develop
their own interventions. They are
now in the pilot phase of the project.

Their proposal came in response to
a call by the National Cancer In-
stitute for projects that would focus
on certain populations—Hispanics,
Blacks, women and others—in terms
of smoking-related cancer incidence
and cancer mortality. Wilkinson told

Moody she thought they should
respond.

Moody attended a meeting in
Atlanta in December 1985 for re-
searchers interested in making pro-
posals to NCI. “From then on, I saw
Phil every day,” Wilkinson said with
a laugh. “After he came back we
talked and mapped out strategies. We
worked very, very hard, from Octo-
ber to February, intensively for five
months. It was not easy to do.”

While their research focuses on
smoking cessation in black smokers,
Wilkinson said it would have implica-
tions for smoking behavior in other
groups. It should also provide a data
base that could be used to predict
who is likely to stop smoking.

The purpose of their project is
threefold: to develop a strategy for re-
cruiting black smokers into a smoking
cessation intervention program and
maintaining them as nonsmokers for
18 months; to evaluate the immedi-
ate and long-term (18 months) effec-
tiveness of two smoking cessation
intervention programs; and to devel-
op smoking characterization and atti-
tude profiles of volunteer smokers.

“The focus of the proposal is the
primary prevention of smoking-attrib-
utable cancers in black populations in
Kentucky,” says Wilkinson, “but it
has ramifications among any popula-
tions.”

The project should produce useful
results says Dr. Gary King, a medical
sociologist at WESTAT, Inc., a pri-
vate survey research firm in Rock-
ville, Maryland. King received a
five-year NCI contract to provide
technical assistance and to monitor
the various smoking cessation proj-
ects. “It is one of the more valuable
projects, in the sense that it’s going to
provide a lot of data that we need,”
he says.

King says the “smoking profiles” of
black smokers that will be developed
by the UK team will help predict
health risks: “No one really has that
data. No one knows if (various
smoking characteristics, such as puff
duration or puff frequency) are con-
tributing factors in blacks.”
continued on page 34
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Doris Wilkinson, Sociology.

To measure smoking characteristics
and compile a smoker’s profile, the
UK researchers will use a computer-
based machine called a pneumotach-
ograph. A person smokes a cigarette
placed in a three-inch long plastic
holder which is connected to a pres-
sure transducer. This transducer sens-
es how many puffs a smoker takes,
how long each puff is, how much
time is taken between each puff, and
the volume of the smoke/air mixture
a smoker inhales. The transducer is
connected to a computer which re-
cords the data. The device was first
developed by Dr. Robert B. Griffith,
former director of the UK Institute of
Tobacco and Health Research.

Moody says the smokers’ profiles
will be used analytically, to determine
if they predict success in smoking ces-
sation. They will not be usedinthe
smoking intervention programs. “We
are trying to find out if how people
smoke (indicated by smokers’ profiles)
is a predictor variable in who is likely
to quit.”

Moody has been studying smoking
behavior since the early 1970s, and
has published work outlining the dif-
ferences in how people smoke. Ac-
cording to King, Moody’s work with
the sophisticated pneumotachograph
was an important factor in securing
the NCI contract.

A second part of the project
involves a two-pronged treatment
strategy for intervening, using the
American Cancer Society’s Fresh-
Start program and one Moody and
Wilkinson developed themselves,
called the Social Support Group.
Wilkinson says they created their
approach on the basis of the theoreti-
cal literature in social psychology and
in sociology, and are interested in
subjecting the theory to an empirical
test.

The Social Support intervention
will be unstructured and will involve
an individual using “significant oth-
ers” to help control his or her smok-
ing. The Moody/Wilkinson program
involves an individual using others to
help control his or her smoking. The
FreshStart group, however, is more

organized or structured, using a
facilitator to direct interaction about
smoking behavior.

A third objective of the project is to
find effective ways to recruit special
populations, such as low-income per-
sons or blacks, into smoking inter-
vention groups. In such groups, the
persons learn about smoking and its
effect on their health and about self-
discipline since they are required to
quit smoking.

In their first year the two research-
ers are refining protocol procedures,
establishing a smoking cessation of-
fice in Louisville, hiring personnel,
developing reporting forms, and final-
izing questionnaires. They are also
putting together a state-of-the-art
pneumotachograph. They will utilize
the smoking machine and begin
studies on volunteers to refine their
questionnaires.

The UK project is one of six in the
nation funded by NCI that focus on
smoking behavior. King says investi-
gators from the various projects will
be collaborating and are meeting reg-
ularly to exchange ideas and data.
He says the two UK researchers have
a great deal of expertise in their areas
and that, working together, they are
an impressive combination.

Their project goes beyond pure re-
search, he says: “It’s not just a
research project—it’s more that that:
it’s research and intervention.”

The American Cancer Society’s
smoking intervention program has
not been as successful with blacks as
whites, and King says that the strate-
gies proposed by the UK investigators
appear “very interesting and useful.”

For their part, Moody and Wilkin-
son hope that what they find will
have implications for smoking behav-
ior in other population groups and
for the effectiveness of smoking inter-
vention programs, such as their own
Smoking Support Group.

“We're hoping to make generaliza-
tions to the larger population from
the sample we study,” Wilkinson
says. They also hope their research
will have implications for understand-
ing other types of substance abuse.




WALKING TALL

“Which animal walks on four legs
in the morning, two legs in the after-

noon and three legs at night?”’
the riddle of the Sphinx

The answer is man.

by Pam Fahey

he riddle of the Sphinx may no longer
| hold. It may be circumvented because
of what we know today about calcium.

It is not a foregone conclusion that man will
only walk in later years with the aid of a cane.
Because we understand more today about cal-
cium and such crippling maladies as osteopo-
rosis, much can be done to prevent this awful
disease.

In the recent past there has been a lot of
popular publicity on osteoporosis—the
condition which is held responsible for the
stooping posture and crippling of older Ameri-
cans, especially women. Actually, osteoporosis
is an abnormal porosity or rarefaction (becom-
ing less dense) of bone. Hip bone and spine
are particularly affected by this condition,
which may account for the high incidence of
fractures of these bones in older persons.

What happens to make the bones vulnerable
to trauma involves calcium. It is known that
calcium is moved within the body. It comes
from bones when needed elsewhere in the
body and is replaced in normal functioning.
This whole process involves several hormones,
especially 1.25 dihydroxy vitamin D3, the bio-
logically active form of vitamin D. Without
the normal hormone status, calcium alone will
not repair or heal bones.

Based on current popularization of osteopo-
rosis research, many people, particularly
women, are advised to take calcium supple-
ments to protect themselves against this
disease. Yet, taking supplements may be
counter-productive.

According to Dr. Hartmut Malluche,
professor of medicine at the University of
Kentucky Chandler Medical Center, and
director of the Division of Nephrology, Bone
and Mineral Metabolism, “A calcium load will
suppress the production of 1.25 vitamin D3,
which is necessary for the normal mainte-
nance of skeletal function.” He also says that
too much calcium in the diet can be related to

kidney stone formation since many of those
stones are comprised of calcium.

He adds that bone density can be increased
during the formative years, so calcium-rich
diets are important for youngsters. After an
individual reaches maturity, though, calcium
can only be replaced in bone tissue when the
proper hormones are in balance.

Post-menopausal women, however, are a dis-
tinct case. Dr. Malluche says estrogen, the
female sex hormone which falls progressively
after the menopause, is very important in the
1.25 D3 story. It is at this point that women
may benefit from supplementation, but should
be assessed prior to prescribing calcium for
themselves.

continued on page 36
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Malluche says there are at least two kinds of
osteoporosis: high and low turnover osteopo-
rosis. It is not yet clear whether they are
different phases of the same disease entity.
Regardless, treatment is possible for either
type, but the treatments are quite different.
“There are medications that address both
high and low turnover rates,” Malluche adds.

Determining which phase is taking place can
be done at University Hospital. UK has a new
instrument—a bone densitometer—which
non-invasively can assess the status of certain
bones. Malluche says post-menopausal women
can be evaluated and pre-menopausal women
also can be assessed and guided to future good
health.

For definitive diagnosis of the established
disease, bone histology is required. Dr.
Malluche’s service includes a laboratory
equipped for superior histological assessment
of bone. The techniques employed at UK are
unique in the country because therapeutic reg-
imens are tailored to the type of the underly-
ing disorder.

“Though osteoporosis isn’t directly fatal,”
Malluche says, “it is extremely important in
the quality of life of those affected.” He says
there are billions of dollars spent nationally
each year to treat and relieve discomfort for
osteoporosis-related fractures. People are living
longer, resulting in an increase in the number
of these types of fractures. “There are more
than one million fractures per year in this
country because of osteoporosis.”

Aside from the cost factor of treating this
disease symptomatically for those people
afflicted, the quality of life is often demeaned.
Malluche points out that those people who are
crippled because of the loss of bone integrity
lose more than just perfect health. He says
many of these people are relegated to being in
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There are more than one million fractures per year in
the U.S. because of osteoporosis. Funded by a six-year
National Institute of Health grant, Dr. Hartmut
Malluche is studying the pathogenesis of bone loss after
cessation of ovarian function and new avenues for

therapy.
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the care of others. He says for a person who
has lived a full, active life, losing that freedom
is devastating and demeaning.

“And if this is preventable,” Malluche says,
“why should we allow it to continue happen-
ing?”” He adds that University Hospital is the
only hospital in the Lexington and Lousiville
areas that is equipped with the full spectrum
of diagnostic and therapeutic methods for
osteoporosis.

Malluche also says people can do a lot to
help themselves prevent this crippling disease.
He emphasizes the need for moderation.
“Without sounding like a preacher,” he says.
“I instruct any patients I see, and I talk with
medical students and residents.

“It has become quite an American trait, and
it is spreading to other countries as well, to
consume copious amounts of protein and salt
in the diet. Moderation is the Key! What these
protein and/or salt over-indulgers don’t realize
is that when protein or salt intake is dramati-
cally increased beyond what is necessary for
functioning, calcium is lost in the body. We
don’t totally understand why this happens,
but it does.”

He also stresses the importance of moderate
exercise, a balanced diet—without excesses in
alcohol, salt, protein or calcium—and avoid-
ing deficiencies in one’s diet, such as those
found in many austere weight-loss diets.

Malluche adds that he would like to see phy-
sicians prescribe assessment on a routine basis.
He says that women traditionally are advised
to have a gynecological exam and that he
would like to see an osteoporosis-prevention
screening exam become part of that regimen.

Malluche’s research is supported by the
National Institute of Arthritis, Diabetes,
Digestive and Kidney Diseases.
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