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Dedication

r. Emest C. Villere’s dedication and untiring efforts toward the establishment

and advancement of retinal research led to the endowment of the Emest C.

and Yvette C. Villere Program on Retinal Degenerations at the Eye, Ear, Nose
and Throat Hospital, with the support of the EENT Foundation. A decisive force for the
establishment of this Chair was the influence and inspiration provided by Professor
Herbert E. Kaufman. Since 1981, I have carried research supported by this program. It
is both an honor and a privilege for me to accept today the Emest C. and Yvette C.
Villere Professorship of Ophthalmology, and [ am grateful that [ can use it for the
betterment of humankind.

Mr. Emest Villere's keen insight and sensitivity allowed him to recognize the fact
that retinal degenerations are a leading cause of blindness, and that the only way to
prevent and treat these blinding diseases is through research. For it is only through
studies such as those funded by the Chair that discoveries about the ultimate mecha-
nisms of blinding disease are made. The findings from this research may eventually lead
to the development of effective treatments, and perhaps even preventive regimens and
cures, for these devastating diseases.

| would like to express my deep gratitude to the family of Mr. and Mrs. Villere for
all that they have done over the past years to establish the retinal degeneration research
program. Through their enthusiastic pursuit of funding for this program, as well as
through the family’s own generous donations, a significant amount of progress in this
field has been accomplished. Mr. Villere had an uncanny understanding of the myriad
details involved in launching a highly specialized research program that is rarely seen in
people who are not scientists. The human greatness that he personified has inspired our
research team to work even harder 1o achieve the goals that were so important to him.
Our commutment has been strengthened, and we aspire to return as much knowledge to
humanity as we can through our research programs.

The friendliness, sensitivity, and creativity of Mr. Villere have been admired by all
those whose lives he has touched. Because of the personal quality of foresight, he was a
true visionary. The result of his vision is our research laboratory, a laboratory where
great strides have been made to alleviate some of humankind's most tragic diseases.
Although the world has lost a great benefactor and humanitarian, the death of Mr. Villere
does not stop us all from benefiting from the fruits of his zealous campaign against
blinding diseases. Mr. Villere served humankind well through his generosity and
altruism; he continues to do so through the research performed under the auspices of
the Villere Chair.

It is to Ernest C. and Yvette C. Villere that this book is dedicated.

Nicolas G. Bazan, M.D., Ph.D.

Ermest C. and Yvette C. Villere Professor of Ophthalmology
Professor of Neurology and

Biochemistry and Molecular Biology

Director Newroscience Center of Excellence
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Ernest Caliste Villere

mest Caliste Villere was born in New Orleans in 1904. After attending Tulane

University, he went to work for Burroughs Adding Machine Company as a

salesman. In 1927 he joined St. Denis ). Villere and Company, an investment
counseling firm founded by his father in 1911. He became a partner a year later and
remained there untl his death at age 82 in 1986. Mr. Villere married Yvette Chequelin,
and they raised two sons and a daughter, St. Denis, George, and Mathilde, who gave
them thirteen grandchildren and four great-grandchildren.

Mr. Villere, who was Vice-President and served on the Board of Directors of the
Historic New Orleans Collection, was an avid New Orleans historian. This is partly due
to the fact that the Villere family played a major role in the establishment and growth
of New Orleans. For example, his great-great-great-grandfather, Etienne Roy de Villere,
accompanied Pierre Le Moyne, Sieur d’Iberville, on his first voyage to the Mississippi
River in 1699, and his great-great-grandfather, Jacques Philippe Villere, was Louisiaria’s
first native Governor. The Governor’s son was the one who, after seeing troops
approaching from the family plantation in Chalmette, warned General Andrew Jackson in
New Orleans that the British were approaching the City.

Mr. Emest Villere was instrumental in obtaming for the Historic New Orleans
Collection the papers of Pierre Clement de Laussat, the French administrator who
helped transfer the Lowsiana Temitory from France to the United States in 1803, Mr.
Villere was also a member of the Society of the Founders of New Orleans, the Society of
the War of 1812, and the Society of the Sons of the American Revolution.

Throughout his lifetime, Mr. Villere served on numerous educational and govern-
mental boards and committees, and was very active in the Roman Catholic Church.
He was the founder and first president of the Financial Analysts of New Orleans, a
member of the New York Society of Financial Analysts, a founder and treasurer
of Valencia, Inc., a social club for teenagers, a treasurer of the Sierra Club, a founder
and director of the Public Affairs Research Council and the Bureau of Governmental
Research, a director of the Metropolitan Area Committee, the Information Council of
America, and St. Mary’s Dominican College, and a trustee of the Holy Name of Jesus
Pansh. His philanthropic activities were acknowledged repeatedly, and he received many
commendations and awards for service rendered to these various groups, including the
Pro Ecclesia el Pontifice medal, an award for service to the Church and the Papacy,
and the Order of St. Louis IX, King of France, for his work in the Archdiocese. He was
the vice-chairman of the fund-raising drive for Hotel Dieu Hospital, a trustee of the
Alton Ochsner Medical Foundation and the Libby-Dufour Foundation, and a board
member and secretary of the Eye, Ear, Nose and Throat Hospital. He reigned as Rex,
King of Carnival, in 1968.

Mr. Villere died November 1, 1986 at the age of 82.



Yvette Chequelin Villere

lifelong resident of New Orleans. She attended the University of Wisconsin and
graduated from Newcomb College in 1928. She studied social work at Tulane
University in 1929 and participated in a summer program at the University of Sorbonne
tn Parts in 1931. She taught French at the Newcomb Nursery School and the Metairie
Park Couritry Day School from 1930-35. She was a medical volunteer at Touro Infirmary
Chnic, a volunteer social worker for the Bureau of Transients and Homeless, a board
member of the Travelers’ Aid Society, a board member of Le Petit Salon, a board
member and founding member of Valencia, chairwoman of the Women'’s Division Com-
munity Chest in 1942 and a volunteer chairwoman for the Tulane and Newcomb Foreign
Students Hospitality organization. She headed the Junior League Thrift Shop in 1934,
headed the summer play session for the Junior League Community Center, headed the
Junior Series for the Junior League, started a Cub Scouts organization at Holy Name
School, started a Junior Girl Scouts (Brownie) organization at Sacred Heart Academy,
headed the Mercy Hospital fund drive, and started the Friday night square dances at
Holy Name School.
Mrs. Villere died April 23, 1991 at the age of 83.
Mr. and Mrs. Villere established the Emest C. and Yvette C. Villere Chair for the
Study of Retinal Degeneration to study retinitis pigmentosa, a degenerative disease of
the retina that leads to blindness. Their son George has suffered from this disease.

‘Yveﬂe Chequelin Villere, a volunteer for numerous charitable organizations, was a

Photoreceptor cells seen by the
scanning electron microscape. In ¢ an
abnormal cell affected by retinal
degeneration. Compare with the nor-
mal cell in b.
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OVERVIEW

Introduction

The Emest C. and Yvette C. Villere Program for the Study of Retinal Degeneration was
established in 1981 at the Eye, Ear, Nose and Throat Hospital headed by Dr. Nicolas G.
Bazan. He has been actively involved in retinal research for over twenty years and is
recognized as an expert in the field of retinal degenerative diseases and neurochemistry
A native Argentine, he moved to New Orleans in 1981, and in a very short time has
established a state-of-the-art [aboratory facility and assembled an outstanding team of
scientists at the LSU Eye Center. White at LSU, Dr. Bazan has distinguished himself by
his work on retinitis pigmentosa and on several fundamental issues of the biochemistry
of the retina.

Grants from other institutions, particularly the National Eye Institute, National
Institutes of Health, have strengthened the research funding of the program.

ERNEST C. AND YVETTE C. VILLERE CHAIRS
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recognized as an expert in the field of retinal degenerative diseases and neurochemistry.
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ACCOMPLISHMENTS TO DATE

Report of the Program

degenerative diseases, and 3,000,000 worldwide. There currently exists

no treatment to arrest or even to slow down the blinding consequences of retinal
degeneration. Certam forms of these diseases, such as retinitis pigmentosa and Usher's
syndrome, are inherited, while others occur as the result of aging, as in senile macular
degeneration. Other conditions, for example, diabetic retinopathy, can also lead to
blindness. Very little is presently known about the underlying abnormal mechanisms of
these disorders. The major goal of the research conducted under the auspices of the
Villere Chair is to study the metabolism and function of the retina in order to identify the
alterations that lead to retinal degenerations such as retinitis pigmentosa. The research
involves the use of biochemical, cell biological and molecular approaches to obtain msight
into degeneration and regeneration. The knowledge emerging from this research
represents the hope for the development of drugs and strategies for the treatment or
prevention of the loss of sight in these patients.

In the past ten years sophisticated analytical capabilities were set up at the
laboratories of the program including capillary gas-liquid chromatography, high-perform-
ance liquid chromatography, gas chromatography-mass spectrometry, thin-layer chroma-
tography, and autoradiography, and access to both transmission and scanning electron
microscopy. Twenty-six people are now working in the laboratories, including one
full professor, two associate professors, one assistant professor, three instructors, five
postdoctoral research fellows, one medical student, four research associates, three
research assistants, three graduate students, and three administrative and editorial
associates. Because Dr. Bazan recognized early the importance of a multidisciplinary
approach, he has established collaborations with scientists both within and outside
New Orleans.

Grants from other institutions have strengthened the research of the program. In
particular, seven grants from the National Eye Institute have been awarded to Dr. Bazan
m a ten-year period. Two of these grants will extend to 1992 and one of them provides
support to 1996. Together these grants have brought several million dollars into the
research on degenerative diseases of the eye. Dr. Bazan was also awarded the Program
Development Award by the National Retinitis Pigmentosa Foundation, Inc., to help
establish a clinical research program on retinal degeneration, and a large grant from the
Schlieder Education Foundation to study membrane metabolism in inherited retinal
degeneration. He has recently been named Senior Scientific Investigator by Research to
Prevent Blindness, Inc., a recognition that carries support to start new projects.

These funds have primarily been used to establish molecular biology and tissue culture
as additional program research capabilities.

4 m:@oday there are about 400,000 people in the United States affected by retinal
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The scientific breakthrough of the identification of a biochemical defect in the blood
of Usher’s syndrome patients is but one example of the research advancements made
by Dr. Bazan and his colfaborators since he became the head of this program. Usher's
syndrome, an autosomal recessive disorder, leads to blindness due to an inherited
degeneration of the rod photoreceptor cells of the retina. Persons with these genes are
born deaf and become blind early in life due to retinitis pigmentosa. This disease has
special impact in Louisiana because of its relatively high incidence in the southeastern
part of the State. The blindness of Usher’s syndrome develops gradually, leaving many
children with functional vision through their schoo! years; nevertheless, whether the
disease is diagnosed in infancy or in adulthood, nothing can be done to prevent or treat
the ultimate loss of sight. The discovery of the biochemical alteration, which may be
either the cause of or a consequence of Usher's syndrome, has opened many new
avenues of research into retinal degeneration.

Group of isolated photoreceptor cells.



Research Collaborators

Christophe Baudouin Samt-Roch Hospital, Nice, France

Elaine Berman Hadassah Hospital, Jerusalem, Israel

Pierre Braquet Institut Henn Beaufour, Paris, France

Gerald Chader National Eye Institute, Bethesda, MD

William Connor University of Oregon Health Sciences Center, Portland, OR

Lynette Feeney-Burns  Universily of Missourt School of Medicine, Columbia, MO

Pierre Gastaud Sainl-Roch Hospital, Nice, France

Carole Jelsema National Inslilules of Health, Bethesda, MD

Richard Lolley Velerans Administration Medical Center, Sepulveda, CA and
Universily of California af Los Angeles, CA

Jacques Mallet CNRS, Gif-sur-Yvelte, France

Martha Neuringer Universily of Oregon Health Sciences Centex, Porlland, OR

Paul O'Brien National Eye Institule, Bethesda, MD

M.Z. Pelias LSU Medical Center, New Orleans, LA

Gholam Peyman LSU Eye Center New Orleans, LA

Jon Polansky Universily of Califorma al San Francisco, CA

Bo Siesjo Untversity of Lund, Lund, Sweden

Howard Sprecher University of Missourt School of Medicine, Colimbia, MO

Barbara Wiggert National Eye Institule, Bethesda, MD

VISUAL CELL

DHA
(Essential fatty acid) —-




Research Synopsis

diversity to pursue several important scientific leads simultaneously. These major

The research laboratories of the Villere Program have achieved the capacity and
initiatives can be summarized as follows:

Large amounts of one fatty acid-DHA-are necessary for the retina’s visual
cells to function. The body does not produce this fatty acid. Dr. Bazan and his
collaborators discovered that we get a piece of this fatty acid in our diets which
our livers then enlarge to a usable form and subsequently shuttle to the retina.
They also discovered that in the blood of patients with retinal degeneration there
is a shortage of DHA. This finding led them to demonstrate a vital inter-organ
connection that sustains retinal function. When this delivery system breaks down,
as in retinal degenerative diseases, many of the essential building blocks of the
visual cells are missing. These findings target a new area of drug research
and development that may rebuild that important delivery system.

Research to understand the biological events that underlie the normal
function of the retina: Almost half of the wisual cell (photoreceptor) membranes are
composed of lipids; in particular, docosahexaenoic acid (DHA) is especially prevalent and
has been found to be more concentrated in the retina and synaptic membranes than in
any other part of the body. Mammals must synthesize docosahexaenoic acid from
precursor molecules in the diet such as linolenic acid; therefore it is an essential fatty
acid family The work of the Villere Program has focused on several aspects of docosa-
hexaenoic acid metabolism, supply, and uptake in the eye to identify the role of these
polyunsaturated fatty acids in the development, renewal, and function of visual cells. By
using a combination of cell biological techniques, highly sensitive and specific biochemical
procedures, and advanced analytical instrumentation, this research has contributed to
an understanding of the role of docosahexaenoic acid in the eye.

Research to determine how cells of the retina communicate with each other:
Recent research has uncovered new clues to the manner by which visual cells and
adjacent pigment epithelial cells communicate with each other. Every moming the visual
cells shed the posterior tips of the cells, and the adjacent pigment epithelial cells engulf
these tips of the visual cells. Under normal conditions, the visual cells remain unchanged
in size because, at the same time as shedding, new cell material is forming at the
anterior ends of the visual cells. How both kinds of cells communicate to regulate this
relationship is unknown. Dr. Bazan and collaborators have uncovered new signaling
chemicals that allow one cell to “talk” to the other. When this Iine of communication fails,
sight fails.



Research to define the biochemical steps that are altered in retinal degener-
ation: The goal of these mvestigations has been to pinpoint the biochemical pathways
that are disrupted in retinat degenerations. Dr. Bazan’s [aboratory has been able to
isolate the visual cells from an animal mutant with blindness and directly measure the
phospholipids and fatty acids of the cells. Because a colony of control animals is also
kept, the laboratory can compare and contrast the profiles of visual cells in mutants to
those of healthy visual cells. It was found that visual cells from mutants had higher levels
of saturated and monotmsaturated fatty acids and lower levels of polyunsaturated fatty
acids, such as docosahexaenoic and arachidonic acids, when compared to normal. These
studies have established for the first time a deficit in the make up of the visual cells

that correlates with blindness.

Research to identify the relationship between nutrition and the composition
and dynamics of the retinal photoreceptors: One of the most exciting discoveries
emerging from Dr. Bazan'’s research revolves around a particular protein molecule

that proves effective in helping the visual cells retain the important polyunsaturated fatty
acid, docosahexaenoic acid. ft may be that retinal degeneration is in some way related

to the loss of docosahexaenoic acid or to an inability of the retina to maintain its supply of
this essential molecule, Ultimately, it is the goal of the research conducted by the

Villere Chair that an increased understanding of the biochemical pathways of docosahex-
aenoic acid turnover will make possible the design of drugs to shift these pathways in
order to slow down or prevent the progressive retinal damage associated with degenera-
tive disorders.

|<_ PHOTORECEPTOR CELL
(VISUAL CELL)

Retinal
pigment
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The Villere Chair and the LSU Neuroscience Center
of Excellence

i ' r r. Bazan’s other research projects involve learning exactly how retinal cells talk

| | toeach other and to the other parts of the brain, the role nutrition plays in
S vision, and degeneration and regeneration of the brain itself. Even though the
retina is closely associated with the eye, it 1s an integral part of the brain as well. It just
faces outward as the mirror of man's soul. In 1991, the LSU Neuroscience Center of
Excellence was funded by the state of Louisiana. As Director of the Neuroscience
Center, Dr. Bazan continues his innovative research in the protection and regeneration of
brain cells after injury from epilepsy, stroke and trauma. A team of basic and clinical
nvestigators in many specialties will also expand research in neurodegenerative diseases
such as ALS (Lou Gehrig's disease), Alzheimer's Disease, Parkinson’s Disease, and
others. The Neuroscience Center of Excellence is a direct outgrowth of the Emest C.
and Yvette C. Villere Retinal Degeneration Research Program. In addition, a second
Emest C. and Yvette C. Villere Chair for Neuroscience Research at the University of
New Orleans will be funded later this year. Through the leadership of Chancellor
Gregory O'Brien, Chancellor Perry Rigby and Dr. Nicolas Bazan, an interactive netwark
of programs is being developed which includes the Villere Chairs, the LSU
Neuroscience Center of Excellence, and the UNO Research & Technology Park. The
collaboration of these complementary urits will create a synergy greatly enhancing their
success and their ability to conquer the last frontier of medicine—the brain.

BULDING BLOCKS OF THE VISUAL CELL

Liver

Diet Metabplism

* Construction



Technical Research Summary

Role of Polyunsaturated Fatty Acids in the Retina: Polyunsaturated fatty acids
are mvolved in both the structure and function of the retina. They play a role in membrane
fluidity, in the interaction of membrane lipids with proteins, and as the precursors of
biologically active metabolites such as prostaglandins and leukotrienes. Arachtdonic
(20:4, n-6) and docosahexaenoic (22:6, n-3) acids are the major polyunsaturated fatty
acids in the excitable membranes of photoreceptor cells and synapses. Arachidonic acid
is also found in the lipids of all tissues; therefore, studies of arachidonic acid metabolism
in ponneural tissues have created a foundation of information that has been used as a
basis for studies in the retma and the brain. In the case of docosahexaenoic acid,
peripheral tissues contain much smaller quantities of this fatty acid compared to the
central nervous system.

Dietary deprivation of essential fatty acids for prolonged periods leads to drastic
reductions in retina function.

In the newborn where the bulk of the formation of photoreceptor cells and synapses
occurs, large requirements for DHA may be first met by the placenta and then by
maternal milk. Linolenic aad, the precursor of DHA, 1s the most prevalent fatty acid of
the n-3 sertes in the milk. In one research project, we used developing newborn mice as
models for investigating the metabolism of DHA by studymg the fate of injected,
actively radiolabeled fatty acids. This work led to the discovery that the liver is a major
source of this essential fatty acid for the formation of photoreceptor cells (in the retina)
and synapses (in retina and brain). Further work supported by the Villere program led to
the demonstration of two fundamental processes responsible for the maintenance of
DHA in the central nervous system. First, a signaling mechanism may exist, through
which the nervous system communicates to the liver the need for DHA, resulting in the
secretion by the liver of a DHA-containing lipoprotein into the bloodstream. Although
all organs are exposed to this DHA carrier, the central nervous system (retina and brain)
takes up most of the DHA. The retina and/or retinal pigment epithelium and nervous
tissue microvasculature may be endowed with a receptor-recognition mechanism which
mediates the sequestering of DHA from the blood. Other tissues may express only a
small number of such receptors and hence are capable of retaining smaller amounts of
DHA than the central nervous system.

Visual cells renew their outer segment membranes daily through a bipolar process
consisting of sheddng of outer segment tips and membrane biogenesis at the outer
segment base. These two processes combine to maintain outer segment length.
Shedding of outer segment membranes occurs simultaneously with phagocytosis by the
retinal pigment cells. Despite this daily turnover of their membranes, visual cells
avidly retain DHA.
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Work supported by the Villere Program led also to a new understanding of DHA in
rod outer segment renewal. This work shows that DHA builds photoreceptors in two
ways: 1) by a process of molecular replacement producing an overall diffuse appearance
and; 2) by a continuous protein-associated pathway from the rod inner segment that
produces enriched patches of membranes and matches the rate of disc synthess.

A DHA-retrieval mechanism analogous to the liver-blood transport system may also
operate in the interphotoreceptor matrix. Here, the major protein, interphotoreceptor
retinoid binding protein, and other matrx components have been shown to contain
endogenous DHA, suggesting that they may serve as interceliular transporters for fatty
acid retrieval by visual cells. The molecular basis of the metabolic handling of essential
fatty acids likely involves: 1) intercellular retrieval mechanisms through fatty actd binding
proteins; 2) rapid formation of thiol esters by activating enzymes that trap DHA
intracellularly; and 3) interorgan delivery through blood lipoproteins.

Hdentification of Biochemical Alterations Early in the Differentiation of
Visual Cells in Inherited Retinal Degeneration: Rod photoreceptors of the retina
develop and differentiate during the first two weeks after birth. In the inhented retmnal
degeneration of rd mutant mice, developing photoreceptor cells degenerate before

they reach maturity. This degeneration can be detected at approximately day 12 after
birth.

In this study, we applied capillary gas-liquid chromatography to the analysis of
individual phospholipid classes in photoreceptor cells dissociated from normal and rd
mouse retinas at different ages of postnatal development. Our compositional studies of
photoreceptor cells have focused upon two ages: 5-6 days, prior to onset of rod outer
segment disk membrane formation; 10-13 days, after rod outer segments have reached
their mature length, and the photoreceptors are fully developed. We found that the
total phospholipid content and mole percent distribution of individual phospholipid classes
in immature rd photoreceptors were similar to values for normat cells. We documented
that, concomitant with the onset of outer segment biogenesis, normal photoreceptor
cells undergo a dramatic increase in the accumulation of DHA. In contrast, the content
of another important polyunsaturated fatty acid, arachidonic acid, remains fairly stable
during development. We found that the amounts of saturated fatty acids such as mynistate
and palmitate and of monounsaturated fatty acids such as oleate decrease in normal
cells.

These studies shows that immature rd photoreceptors may be retarded in the
devetopment of lipid metabolism and that fatty acid metabolism is altered by expression
of the rd gene or by the associated impairment of photoreceptor cell differentiation.

To establish whether early defects in DHA metabolism are due to alterations in the
biosynthesis of DHA (or in its packaging into lipoproteins), or perhaps to alterations in
the transport from the liver to the photoreceptors or within the photoreceptors them-
selves, several further studies were conducted. These studies shows that early defects
in DHA metabolism may be due to alterations in transport from the liver to the
photoreceptors or o alterations within the photoreceptors, and not in the synthesis of
DHA.

Studies Aimed at Determining Therapeutic Approaches for Retinal Degener-
ative Diseases: In retinitis pigmentosa variably progressive visual loss due to retinal
photoreceptor deterioration takes place. With the aim of gaining insight into possible



agents that might retard or stop the deterioration, the first clinical study of a possible
new treatment in humans was conducted by the Villere Program by administering
ganglioside GM, in a prospective, double-blind, randomized, placebo-controlled trial in
30 persons with retinitis pigmentosa with or without congenital deafness. In comparing
baseline performance on the two principal study outcomes, visual field area and
electroretinographic response amplitudes, a marginally statistically significant increase
in visual field area in the ganglioside-treated group was found. The subgroup of subjects
who had recordable electroretinograms at baseline and who received the drug showed an
increase in amplitude to all stimuli in three of five cases. The results are encouraging
and suggest that further studies of the possible benefits of ganglioside administration to
retinitis pigmentosa patients are warranted.

Usher’s syndrome is an autosomal recessive disorder that Jeads to blindness due to
degeneration of the rod photoreceptor cells. A study of the fatty acid composition of
plasma phospholipids and triacylglycerols from Usher’s syndrome patients has led to the
discovery that there is a decreased content of docosahexaenoate and arachidonate of
plasma phospholipids. The major finding from this study is that plasma phospholipids
from Usher's syndrome patients contain significantly less docosahexaenoate and arachi-
donate than controls. It has been found that in triacylglycerols, there are no differences
in either the total fatty acid content or the levels of mdividual fatty acyl groups between \ W
control and affected individuals. However, plasma phospholipids in Usber's patients _ 3_ B 3
contain 70% of control levels of arachidonate and 64% of control levels of docosahexae- a r ? ‘2 = ?
noate. While plasma triacylglycerols are directly related to energy metabolism and to fat - )
absorption through the gastrointestinal tract, phospholipids represent to a large extent Bleckmn miirascopy shows dirk
molecules, comprising lipoproteins, being transported through the bloodstream. The trails that mark the location of the
lowered level of docosahexaenoate and arachidonate in plasma phospholipids of Usher’s fatty acid, DHA, in a single cone
patients may reflect an altered metabolism of these lipids by affected individuals. The photoreceptor cell.
reported changes may reflect alterations in polyunsaturated fatty acid metabolism that
may be involved in the pathogenesis of the disease.

Oxygenated Products of Arachidonic and Docosahexaenoic Acids: Eicosanoids
are oxygenated products of arachidonic acid with very powerful biological effects.
Prostaglandins (PGs) are synthesized by cyclooxygenase; hydroxyeicosatetraenoic acids
(HETEs) and leukotrienes (LTs) are synthesized by lipoxygenase. These compounds
act as mediators and modulators of inflammation by influencing chemotaxis, phagocytosis,
and lysosomal enzyme release. They have potent vascular effects, causing vasoditation,
vasoconstriction, changes in capillary permeability, and platelet aggregation. Prostaglan-
dins are important mediators of thermoregulation, gastric acid secretion, and various
aspects of the reproductive cycle. Leukotrienes are extremely potent bronchoconstric-
tors and are mediators of asthma and anaphylaxis. There is increasing evidence that
eicosanoids are modulators of central and peripheral neurotransmission.

As mentioned earlier, the physiological significance of docosahexaenoic acd in the
retina is not clearly understood. For this reason, studies were conducted to explore the
possibility that oxygenated metabolites may arise from this fatty acid. Analogous to
biologically active metabolites of the n-6 fatty acid, arachidonic acid, which synthesizes
eicosanoids, DHA may lead to the synthesis of docosanoids in the retina. In fact the
retina was found to be able to make lipoxygenase reaction products. Indeed. a correlation
was also found between retinal degeneration and alterations in the capacity to synthesize
docosanoids in the retina and retinal pigment epithelium.
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Messengers in the Retina: Excitable membranes, with specialized presynaptic and
postsynaptic domains, represent a large surface area in nervous tissue, including the
retina. The role of membrane fatly acids in neurotransmitter release and action is
not fully understood. In the postsynaptic membrane, target responses are specified
mnitially by interaction with receptors at the outer leaflet, coupled to transducer proteins
that provide a link with a chain of chemical events leading to the physiological actions
on the postsynaptic neuron and then in circuits of neurons. The physiological significance
of excitable membrane phospholipids is not well understood. There is curtently being
generated, however, a profusion of information on inositol lipids and cell signaling.
_ ) p . The retina upon K+ depolanzation activates the synthesis of prostaglandins (PGs)
:lh‘fi'J;."I{flti,i.if-‘fllf{{}",'_T'H-'iH..‘v‘ ;:_u‘:‘.rr_:m!l.‘s.e'.rqn and hydroxyeicosatetra-(5,8,11,14)-enoic acids (HETEs).

of the fatty acid building blocks in o . L ) )

tha vieal calls: In a continuing study of the metabolism of arachidonic acid in the retina, evidence

was obtained that short-term exposure to light increases synthesis of HETE and
prostaglandin D2 (PGD2) and stimulates the uptake and metabolism of arachidonic acid
in phospholipids and triacylglycerols m rat retina. In the light-exposed groups there
was a large increase in the conversion of arachidonic acid to leukotriene B,, 5-HETE,
15-HETE, and PGD,. The peroxidation of arachidonic acid in isolated rod outer
segments was also studied. There was more oxidation of arachidonic acid in light-
exposed rod outer segments, as compared to rod outer segments incubated in the dark.
Vitamin E and nordihydroguaiaretic acid inhibited the light-induced formation of some
of these products. The data indicate that photooxidation of arachidonic acid in rod outer
segments is accompanied by enzymatic oxidation that is stimulated by light.

The process of photoreceptor shedding is continuous and complex and involves the
neural reting, the visual cells (the rods and cones), and the retinal pigment epithelium.
The process is tnggered by light and 1s dependent on a dark phase. Although the
histological charactenstics of photoreceptor shedding have been studied extensively, the
biochemical mechanisms behind this process are not defined. The basic steps in the
shedding process are 1) detachment of the outer segment disks; 2) recognition and
attachment of shed disks to the retinal pigment epithelium; 3) internalization of the disks
by the retinal pigment epithelium; 4) fusion of the disks with lysosomes to form the
phagosome; and 5) digestion of the disk components. It is not clear whether disks detach
due to a signal from the retina or if disks are broken off by the retinal pigment epithe-
lium. The signals involved In these processes are not defined.

Products of the 5-lipoxygenase-mediated oxygenation of arachidonic acid, the
leukotrienes, are well-known to be mportant mediators of the phagocytic processes.
The possibility that leukotrienes are involved in the phagocytosis of shed disks by
the retinal pigment epithelium was explored under the auspices of the Villere Program.
Levels of LTC, were stimulated 5 minutes after light onset (prior to detectable shedding)
and declned below dark levels as sheddmg progressed. These data suggest a correlation
between 5-lipoxygenase activity and the events of photoreceptor shedding and
phagocytosis.

Also demonstrated was the capability of the retina and retinal pigment epithelium
for synthesis of leukotrienes and other eicosanoids. It has been shown that there is
indeed an active leukotriene accumulation in isolated rod outer segments.
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Methodology: The development of suitable analytical techniques and methodology
applicable to the study of fatty acid composition of phospholipids and to the isofation and
identification of oxygenated metabolites of arachidonic and docosahexaenoic acids, in
particular, was a prerequisite to the research described in the previous sections.

A methodological problem that has been encountered in the past is the normal
phase high-performance liquid chromatography (HPLC) of hydroxylated products
of docosahexaenoic and arachidomic acids. Diacylglycerols present in lipid extracts of rat
retina coelute with monohydraxy derivatives of docosahexaenoic and arachidonic acid.
This coelution of diacylglycerols with monohydraxypolyunsaturated fatty acids can lead
to a significant error in estimation of lipoxygenation activity by conversion of radiotabeled
precursors, because the incorporation of fatty acids nto diacylglycerols is very active in
many tissues. We have developed an alternative extraction scheme and reverse-phase
HPLC procedures that result in the complete separation of hydroxy fatty acids and diacylglycerols.

High-performance liquid chromatography (HPLC) offers several advantages over
analysis of fatty acids and eicosanoids by the alternative techniques, gas-liquid chroma-
tography (GLC) and thin-layer chromatography (TLC).

HPLC provides a convenient method for the purification and collection of fatty acids
and eicosanoids because it is a nondestructive technique. HPLC has much greater
resolving power than TLC and the recovery of compounds by the collection of HPLC
eluent is much simpler and more efficient than recovery from a TLC plate, which
requires scrapmg the silica gel and eluting the compounds from the scrapmgs. Quantita-
tion of labeled metabolites can be done very conveniently by on-line flow scintillation
detection. HPLC is also a necessary and efficient cleanup procedure used prior to the
quantitative or qualitative analysis of eicosanoids by gas chromatography-mass spectrometry.

Oxygenated metabolites of arachidonic and dacosabexaenoic acids, the eicosanoids
and docosanoids, are produced in extremely small quantities in any given tissue;
therefore, qualitative and quantitative analyses present an important challenge. The
major problems in such analyses involve extraction of the compounds of interest, with
appropriate removal of water-soluble contaminants and interferg lipids, and separation
of the various classes of eicosanoids, the chemically similar isomers and derivatives, and
the docosanoids. Some breakthroughs and advances m these procedures have already
been mentioned. Aside from problems of quantitative extraction and isolation, the rapid
postmortem stimulation of eicosanoid synthesis has confounded the results of many
studies. The technique of head-focused microwave radiation has reduced the complica-
tions agsing from postmortem effects. Because of the potential therapeutic importance
of manipulation of the arachidonic acid cascade in cerebral ischemia, stroke and edema,
epilepsy, and aging disorders, and future possible uses of oxygenated products of
docosahexaenoic acid, we are continuing our efforts to refine our methodology.

During the past years the laboratories of the Villere Program have expanded their
cell biology facilities, includmg equipment for molecular biological investigation of the
expression of individual genes. Also microscopic methods were expanded, including
autoradiography, which is capable of indicatmg the precise cellular location of radioactive
tracer molecules applied to the retina. Improved tissue culture facilities have permitted
the maintenance of highly specialized cell lines for studies on retinal degeneration mutants.
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First Ernest C. and Yvette C. Villere Professor
of Ophthalmology

Neuroscience Center of Excellence and Emest C. and Yvette C. Villere
Professor of Ophthalmotogy, Biochemistry and Molecular Biology and Neurology
at LSU Medical Center School of Medicine, New Orleans.

Dr. Bazan received hus M. D. and D.Med. Sci from the Facultad de Medicina,
Universidad de Tucuman, Argentina.

Dr. Bazan is a member of the Neurosciences and Behavior Study Section, Division
of Research Grants. He has served on several federal advisory committees of the
National Institutes of Health. He is a member of the Scientific Advisory Board of the
Giovanni Lorenzini Medical Research Foundation. He has been involved with organiza-
Hon, advisory boards and chairmanships of several major symposiums in this field
ncluding the “Brain 91" symposium satellite on neurotransmitters in brain injury (Key
West, Florida). He lectures extensively and is internationally recognized for his expertise
1n brain injury, stroke, basic mechanisms of epilepsy, hpid second messengers and
retinal degeneration. He is the recipient of a Jacob Jawnits Neuroscience Investigator
Award from the National Institute of Neurological Disorders and Stroke. He is the author
of several highly quoted landmark papers such as the one that was chosen to be a
Citation Classic in Current Contents (30:10, 1991).

He is active in several facuity service positions at LSU including the co-direction of
the Neuroscience Training Program. Dr Bazan has published over 220 papers in
refereed journals, 350 abstracts, over 100 reviews and book chapters and has edited 13
books. He currently serves on the program committee of the Amencan Society of
Neurochemistry and International Society of Neurochemistry. He is a Council member of
the International Society for Pathophysiology, member of the International Advisory
Board of the International Conference of Prostaglandins and Related Compounds,
member of the organizing committee of the Ocular Cell and Molecular Biology conference
and a member of the International Advisory Committee of the International Symposium
on Retinal Degeneration.

Dr. Bazan and Dr. David U'Prichard of Johns Hopkins University founded Molecular
Neurobiology, a journal providing up-to-date reviews of hot topics regarding function and
diseases of the nervous system. Advances in pathogenesis and therapeutics of retinal
degenerative diseases as well as other disorders affecting the nervous system are
covered by Moleculay Neurobiology.

The recognition of Dr. Bazan’s activities is reflected in invitations to major interna-
tional meetings to speak about the work conducted under the auspices of the Chair.

Nicolas G. Bazan, M.D., Ph.D., is the Director of the Louisiana State University



Dr. Bazan has been an invited speaker at the international conferences on retnal
degenerations held in Alicante, Spain (1984), Sendai, Japan (1986), San Francisco (1988)
and Stockholm, Sweden (1990). These conferences gather scientists and clinicians
working on retinal degenerations from all over the world to present their latest findings.
The meetings provide an unusual opportunity to discuss research results, exchange
information and ideas, establish collaborations with other scientists, and define new leads
to advance our understanding of retinal degenerations, with the aim of developing
effective treatments.

These invited lectures have been published as chapters in the books emerging from
each of these conferences, for worldwide distribution. Those chapters and books are:

+ Bazan NG, Birkle DL, Reddy TS: Biochemical and nutritional aspects of the metabolism
of polyunsaturated fatty acids and phospholipids in experimental models of retinal
degeneratior. In Rettnal Degeneration: Experimental and Clinical Studies, MM LaVall,
G Anderson, ] Hollyfield (eds), Alan R. Liss, Inc., New York, pp 159-187 1985.

» Bazan NG, Scott BL: Docosahexaenoic acid metabolism and inherited retinal degenera-
tion. In Degenerative Relinal Disorders: Clinucal and Laboratory Investigations, ]G
Hollyfield, RE Anderson, MM Lavail (eds), Alan R. Liss, New York, pp 103-118, 1987

» Bazan NG: The identification of a new biochemical alteration early in the differentiation
of visual cells in inherited retinal degeneration. In Inhented and Environmentally
Induced Retinal Degenerations, Alan R. Liss, New York, pp 191-215, 1989.

* Bazan NG, Rodriguez de Turco EB, Gordon WC: Docosahexaenoic acid and phospho-
lipid metabolism in photoreceptor cells and in retmal degeneration. In Reftnal Degener-
ahions, Chapter 14, RE Anderson, JG Hollyfield, MM LaVail (eds), CRC Press, Boca
Raton, Florida, pp. 151-165, 199L

In September of 1992 the Fourth International Congress of this series will be held.
Dr. Bazan has been ask to present a lecture on retinitis pigmentosa and to join the
international advisory board that oversees the scientific organization of the event.

Dr. Bazan’s research has been subjected to intense peer review at the national level
on each of the several occasions that he submitted grant proposals for the mitiation and
extension of research programs. The following are his funded grants from the National
Eye Institute, National Institutes of Health, United States Public Health Service:

« Biosynthesis of Phosphatidic Acid in the Retina, pilot project, 1981-1982 ($15,000).

* Role of Lipids in Retinal Degenerative Diseases, 1982-1986 ($287,516).

» Prostaglandins and Lipoxygenase Metabolites in Retma, 1984-1987 ($232,911).

+ Docosahexaenoic Acd Metabolism in Retina, 1987-1992 ($497,537).

» Role of Docosahexaenoic Acid Metabolism in Retina, 1992-1397 ($1,278,988).

* Leukotrienes and Prostaglandms in Photoreceptor Renewal, 1987-1992 ($576,552).

« Leukotrienes and Messengers in Photoreceptor Renewal, 1992-1997 ($508,000).

Since the retina is an mtegral part of the central nervous system, much can also be
gained by study of the bram. Thus complementary studies on brain are supported by a
grant from the National Institute on Neurological and Communicative Diseases and
Stroke, National Institutes of Health, United States Public Health Service. These
projects explore important problems of the brain and neurology and at the same time



provide a unique depth and breadth to the overall neurobiological research activities of

the Chair's laboratories. This grant is:

« Role of Phospholipids and Arachidonic Acid in Epilepsy, 1986-1996 ($1,302,887).
Dr. Bazan’s research has also been acknowledged several times by awards of a

competitive nature from other agencies or associations:

« March of Dimes, 1982-1983 ($7,000).

« Research to Prevent Blindness, 1982-1983 ($35,000).

« Fight for Sight, 1982-1983 ($9,000).

« William and Mary Greve Award, 1984 ($35,000).

« Baton Rouge Evening Lions Club, 1984-1985 ($25,000).

« National Retinitis Pigmentosa Foundation, Inc., Program Development Award, 1984-

1986 ($70,000).

» American Diabetes Assodation, 1984-1986 ($50,000).

+ Edward G. Schiieder Educational Foundation Award, 1986-1989 ($99,000).

» Research to Prevent Blindness Senior Scientific Investigator, 1988-1989 ($40,000).

» Glaxo Research Laboratories, 1989-1990 ($300,000)
Dr. Bazan was invited to join the editorial boards of the following prestigious

scientific publications:

Journal of Neurochemistry, 1981-1989.

Neurochemical Pathology, 1983-; co-founder.

Journal of Neuroscience Research, 1985-.

Neurochemical Research, 1986-.

Molecular Neurobiology, 1987-; editor-founder.

Journal of Lipid Medators, 1988-; associate editor-founder.

Journal of Cerebral Blood Flow and Metabolism, 1988-.

Jourmal of Molecular Neuroscience, 1989-.

Journal of Nutriltonal Biochemistyy, 1990-; co-founder.

Isolated photoreceptor cell (visual cells).



1. Bazan HEP, Careaga MM, Bazan NG. (1982) Biosynthesis of docosahexaenoate from eicosapentae-
noale in the retina m vivo. Suppl Invest Ophthalmol Vis Sa 22:67

2. Bazan NG, Bazan HER, Sprecher H, Careaga MM. (1982) Biosynthesis of docosahexaenoic acid from
eicssapentaenoic add and acylation in phospbolipids of retinal membranes. Fed Proc 41:625.

3. Giusto NM, Bazan NG. (1982) Highly active phosphatic acid pool in microsomal and photoreceptor
membranes of vertebrate retinas. Suppl Invest Ophthalmol Vis Sa 22:183.

4. Giusto NM, ltincheta de Boschero MG, Bazan NG. (1982) Phosphatidic acid in photereceptor mem-
branes. 5th Int Congress of Eye Res, Nijmegan, The Netherlands.

5. Bazan NG. (1982) Docosahexaenoic acid acylation and metabolism in retinal phospholipids. 5th Int Con-
gress of Eye Res, Nijmegan. The Netherlands,

6. Bazan NG, liincheta de Boschero MG, Giusto NM. (1982) Effect of cationic amphophilic drugs on the
synthesis of membrane lipids in retina. 5th Int Congress of Eye Res, Nijmegan, The Netherlands.

7. Giusto NM, Bazan NG. (1983) Accumulation of fatty acid methyl esters in anoxic retina and brain. 14th
Annval Meeting, ASN, Honolulu, Hawaii, 14:104.

8. Ridenour BD. Bazan NG. (1983) Drug-induced changes in the metabolism of docosahexaenoate con-
tained in photoreceptor and synaptic membranes in the in vivo rat retina. Nall Student Res Forum,
Galveston, Texas.

9. Reddy TS, Bazan NG. (1983) Docosahexaenoyl coenzyme A synthetase in frog retina. Suppl Invest
Ophthalmol Vis Sa 24: 162.

10. de Garcia SP, Giusto NM, Bazan NG. (1983} Phasphohydrolase in bovine rod oater segments (ROS).
Suppl Invest Ophthalmot Vis Sci 24:163.

11. Bazan HEP, Bazan NG. (1983) New pathway for the esterification of docosahexaenoate in bovine retina
microsomes. Suppl Invest Ophthalmoi Vis Sci 24:163,

12, Birkle DL, Bazan NG. (1983) Conversion of arachidonic acid (AA) to cyclooxygenase (CO) and lipox-
ygenase (LO) reaction products and incorporation into membrane lipids in the intact bovine retina in
vitro. Suppl [nvest Ophthalmol Vis Sa 24:163.

13. Bazan HEP, Bazan NG. (1983) Biosynthesis of docosahexaenoyl-phosphatidic add in bovine retinal
roicrosomes. Fed Proc 42:1864.

14. Bazan NG. (1583) Arachidonoyl-coenzyme A synthesis, eicosanord refease and phosphoinositide me-
tabolism in the retina. § Neurochem 41:590.

15. Birkie DL, Bazan NG. (1983} Synthesis of prostaglanding and related eicosanoids in the mammalian
retina. [nt Symp on Physiological Role of Phospholipids in the Nervous System. Harrison Hot Springs,
B.C.. Canada,

Dark spots show where the fatty
acid “bricks” accumulate in the
visual cells as seen by the
electromicroscope.



20

16.

17.

18.

19.

20.

21.

22

23.

24.

25

26.

27.

28.

29,

30.

31

32.

Reddy TS, Bazan NG. (1983) Arachidonoy] coenzyme A synthetase of frog retinal membranes. Int
Symp on Physiological Role of Phospholipids in the Nervous System. Harrison Hot Springs, B.C.,
Canada.

Bazan NG, Birkle DL. (1983) Arachidonoyl chains of retinal phospholipids and synthesis of lipoxygen-
ase-reaction products. Int Symp on Physiological Role of Phospholipids in the Nervous System. Har-
nson Hot Springs. B.C., Canada.

Bazan NG. (1983) Biosynthesis of phosphatidylinositol 4-phosphate and phosphatidylinositol 4, 5-bis-
phosphate and the control of their hydrolysis to arachidonoyl diglyceride in the retina, Chilton Conf.
on [nositol and Phosphoinasitides, Dallas, Texas,

Reddy TS, Birkle D, Armstrong D, Bazan NG. (1984) Metabolism of docosahexaenoic acid (22:6) to
lipoxygenase reaction products in the retina and pigment epithelium (PE) in canine ceroid lipofusci-
nosis (CL). Suppl nvest Ophthalmol Vis Sci 25(3); 114.

Birkle DL, Reddy TS, Anmstrong D, Koppang N, Bazan NG. (1984) Arachidonic acid (AA) metabolism
and its conversion to eicosanoids in retina and pigment epithelium (PE) in canine ceroid lipofuscmosis
(CL). Suppl [nvest Ophthalmol Vis Sa 25(3):62.

Tang W. Birkle DL, King D, Bazan NG. (1984) Free [atty acid (FFA) composition and metabolism in
the ral retina: effect of hypoxia. Suppt Invest Ophthalmol Vis Sci 25(3):6L

. Bazan NG, Reddy TS, Dobard P. (1984) Metabolic and structural alterations in retinal membrane lipids

in mice with inherited blindness. Suppl lnvest Ophthalmol Vis Sai 25(3):114.

Bazan NG, Reddy TS, Birkle DL, Dobard DP (1984) Lipid metabolism in experimental models of ret-
mal degenerabion. 6th Int Congr on Eye Res, Alicante, Spain, p. 34.

Birkie DL, Bazan NG. (1984) Effect of K * depolarization on arachidonic acid metabolism in the rat
retina. 6th Int Congr on Eye Res, Alicante, Spain, p. 40.

. Birkle DL, Bazan NG. (1984) Eicosanoid synthesis is stimulated in the retina ip canine ceroid lipofus-

cnosis (CCL). Kyoto Conf on Prostaglandins, Kyoto, Japan, Nov 25-28.

Bazan NG. (1984) Arachidonic acid cascade, prostaglandins and lipoxygenase-leukotrienes in oph-
thalmology. Res Symp on Prostaglandins and Eye, Tokyo, Japan, Nov 23, pp. 10-12.

Bazan NG. (1984) Prostaglandins and lipoxygenase metabolites m experimental models of inherited
retinal degeneration. Res Syrup on Prostaglandins and Eye, Tokyo. Japan, Nov 23, p 16.

Birkle DL, Reddy TS, Armstrong D, Bazan NG. (1985) PGD, and HETESs in retina are increased in
a model of Batten's disease. Trans Amer Soc Neurochem 16:297,

Reddy TS, Bazan NG. (1985) Fatty acid compesition of (U-"C)docosahexaencic acid metabolism in
glycerolipids of human retina. J Neurochem 44:524.

Van Rooijlen LAA, Bazan NG. (1985) Metabolism of inositides and phosphatidate in bovine photore-
ceptor membranes and the effect of cationic amphophilic drugs. ISN Satellite Meeting, Phospholipids
in the Nervous Systerm: Biochemical and Molecular Pharmacology, Mantova, ltaly, May 26-29.

Bazan NG. (1985) Unsaturated diacylglycerol and arachidonic acid in the molecular pathogenesis of
brain and retinal mjury. ISN Satellite Meetmg on Phosphotipids in the Nervous System: Biochemical
and Molecular Pharmacology, Mantova, Italy, May 26-29.

Bazan NG, Birkle DL, Reddy TS. (1985) Metabelic profiles of arachidonic and docasahexaenoic acid
m the retina. 2nd Int Cong on Essential Fatty Acids ang Prostaglandins, London, England, March 24-
27 p 201



33. Dobard P, Reddy TS, Birkle DL, Packer AJ, Gebhardt PC, Bazan NG. (1985) Fatty acid composition
and arachidonate metabolism in vitreous. Suppl Invest Ophthatmol Vis Sai 26:231.

34. Birkle DL, Reddy TS, Bazan NG. (1985) Metabolism of docosabexaenoic acid in rod-cone dysplasia in
Irish setters. Suppl Invest Ophthalmol Vis Sci 26:63.

35. Bazan NG, Reddy TS, Birkle DL. (1985) Arachidonic acid metabolism in membrane glycerolipids and
synthesis of prostaglandins and leukotrienes in hereditary retinal degeneration. Suppl Invest Ophthal-
mol Vis Sci 26:63.

36. Reddy TS, Bazan NG, Wiggert B, Lee L. Redmond M, O’Brien B Aguirre G, Chader G. (1985) En-
dogenous binding of fatty acids to monkey retina interphotoreceptor retinoid-binding protein (IRBP).
Suppl Invest Ophthalmol Vis Sci 26:17

37. Zatz M, Bazan NG, Reddy TS, Somers R, O'Brien P (1985) Rhodopsin acylation by palmitoyt coen-
zyme A in solubilized bovine rod outer segments. Suppl Invest Ophthalmol Vis Sci 26:44.

38. Birkle DL, Reddy TS, Acland G, Bazan NG. (1986) Polyunsaturated fatty acid metabolism in rod-cone
dysplastic retina. Trans Amer Soc Neurochem 17: 194,

39. Scott BL, Reddy TS, Bazan NG. (1986) Docosahexaencate in developing retinas of visual cell mutant
mice, Trans Amer Soc Newrochem 17:305.

40. Dugan L, Bazan NG, Horrocks LA. (1986) Extraction/HPLC separation of polyphosphomositides by
neutral solvents. Trans Amer Soc Neurochem 17:38,

41. Reddy TS, Birkle DL, Bazan NG. (1986) Lipaxygenation of docosahexaenoic add in brain and retina,
6th Lnt Conf on Prostaglandins and Related Compounds, Florence, Italy, June 3-6.

42, Birkie DL, Bazan NG. (1986) Light exposure increases eicosanoid production in the rat retina. 6th
Int Conf on Prestaglandins and Related Compounds, Florence, Italy, June 3-6.

43, Birkle DL, Bazan NG. (1986) Effects of light exposure on the arachidonic acid (20:4) cascade in the
rat retina. Suppl Invest Ophthalmol Vis Sci 27:240.

44. Van Rooijen LAA, Rossowska M, Dobard P, Bazan NG. (1986) Phosphoinositides in bovine photore-
ceptors and retina. Suppl lovest Ophthalmot Vis Sai 27:218.

45. Reddy TS, Bazan NG, Dobard B, Wiggert B, Chader CJ. (1986) Enhanced 3H-retinol labeling of in-
terphotoreceptor retinoid-binding proten (IRBP) in frog retina i1 vivo after light onset. Suppl [nvest
Ophthalmol Vis Sci 27:239.

46. Rossowska M, Claeys M, Birkle DL.. Bazan HEP, Bazan NG. (1986) 5 v1iro metabolism of docosah-
exaenoic acid (22:6) by lipaxygenase i the rat retina. Suppl Invest Ophthalmol Vis Sei 27:296.

47. Bazan NG, Reddy TS, Bazan HEP, Berman ER, Feeney-Burns L. (1986) Phospholipids and fatty acids
of a lipofuscin-enriched fraction from retinal pigment epithelium (RPE) and rod outer segments (ROS)
of human retina. Suppi Invest Ophthalmo! Vis Sci 27:249.

48. Bazan NG, Dobard P, Wallingford J, Wiggert B, Chader GJ. (1986) Binding of docosahexaenoic acid
and retinol to mterphotoreceptor retinoid-binding protein in the frog retina i1 sivo. Soc Neurosa
12:673.

49, Bazan NG. (1986) The arachidonic acid cascade, inositol phaspholipids and protein kinase C in cell

signaling in the eye. [nt Symp on Prostaglandins and Related Compounds in Ophthalmol. Tokyo, Japan,
Oct 2-3.

i#

1]
TInT AMaLLL

H

!

]
=
L
e
A
;"IC-"' "
A=
=
HE
o= | By
et
WG i
( 3 / |
o) L
-L“‘:":_'_._._.‘—u




50. Bazan NG, Rossowska M, Van Rooijen LAA. (1986) Inositol phosphalipids and phosphatidic acid me-
tabolism in retinal and photoreceptor membranes. 7th Int Cong of Eye Res. Nagoya, Japan, Sept 25-
Ot 1.

51. Pelias MZ, Scott BL, Reddy TS, Bazan NG. (1987) Altered falty acid composition of plasma phos-
pholipids in patients with Usher’s syndrome. Suppl Invest Ophthalmot Vis Sci, 28:112,

52. Scott BL, Moises ], Lolley RN, Bazan NG. (1987) Selective accumulation of docosahexaenoic acid
(DHA) in dissociated rod photoreceptor cells during mouse postiatal development. Suppl lnvest
Ophthatmeol Vis Sdi, 28:340.

53, Dobard G, Scott BL, Gebhardt PC, Reddy ST, Bazan NG. (1987) Syuthesis of docosahexaenoic acid
in the developing mouse retina. Suppl Invest Ophthaimol Vis Sci, 28:340.

54. Bazan NG, Rossowska M, Woodland JM, Bazan HEP, Birkle DL. (1987) Changes in peptide and non-
peptide leukotrienes of the retinal epithelium correlate with photoreceptor shedding and phagocytosis
in Xenopus laevis. Suppl Irvest Ophthalmol Vis Sci 28: 185.

55. Birkle DL, Bazan HEP, Rossowska M, Krzymowski ED, Bazan NG. (1987) Synthesis of leukotriene
(LT) €4 m retina, isolated rod outer segments (ROS) and retinal pigment epithelium (RPE) from
Rana pipiens. Suppl Invest Ophthalmel Vis Sd, 28:340.

56. Scott BL, Bazan NG. (1987) Polyunsaturated fatty aqds in retinal developraent. Proc Am Oil Chem
Soc pp S34-539.

57. Scott BL, Bazan NG. (1987) Synthesis of docosahexaencate and its delivery 1o the developing retina.
Satellite Symp on Extracellular and Intracellular Messengers in the Vertebrate Retina, La Guaira,
Venezuela, May 30-31.

58. Bazan HEP, Bazan NG, Rossowska M. (1987) Bradykinin and tumor-promoting phorbol diesters dif-
ferentially activates docosabexaeony] metabolism in retinal phospholipids. Int Soc Neurochem-Joimt
Meeting with Am Soc Neurocher, La Guaira, Venezuela, May 3-June 6.

59, Bazan NG, Bazan HEP, Birkle DL, Rossowska M. (1987) Synthesis of C, sulfidopeptide feukotriene
C4 in frog retina. Int Soc Neurochem-Joint Meeting with Am Soc Neurochem, La Guaira, Venezuela,
May 3l-June 6.

60. Birkle DL, Reddy TS, Bazan NG. (1987) Metabolism of docosahexaenoic acid in neurodegenerative
disorders of the retina. Satellite Symp of the ISN-ASN Joim Meeting. Phospholipids in the Nervous
System: Biochemical and Molecular Pathology, Puerto La Cruz, Venezuela, June 6-9.

61. Bazan NG, Scott BL, Reddy TS, Pelias MZ. (1987) Decreased plasma docosahexaenoic acid in pa-
tients with an inherited retinal degeneration. Satellite Symp of the [ISN-Asn Joint Meet, Phospbolipids
in the Nervous System: Biochemical and Molecular Pathology, Puerto La Cruz, Venezuela, hme 6-9.

62. Scott, BL, Bazan NG. (1987) Synthesis of long-chain n-3 polyunsaturated fatty acids in the developing
mouse refina. Satellite Symp of the ISN-ASN Joint Meet, Phosphotipids in the Nerveus System: Bio-
chemical and Molecular Pathology, Puerto La Cruz, Venezuela, June 6-9.

63. Birkle DL, Bazan NG. (1987) Light-induced changes in arachidonic acid metabolism in rat retina and
isolated rod outer segments. Satellite Symp of the Joint Meet, Phospholipids m the Nervous System:
Biochemical and Molecular Pathology, Puerto La Cruz, Venezuels, June 6-9.

64. Scott BL, Lolley RN, Bazan NG. (1987) Docosahexzencate in the developing mouse photoreceplor
cell. Satellite Symp of the ISN-ASN Joint Meet, Phospholipids in the Nervous System: Biochemical
and Motecular Pathology, Puerto La Cruz, Venezuela, June 6-9.

65. Scott BL, Moises J, Bazan NG. (1987) Maternal supply of n-3 essential fatty acids to the developing
mouse retina. Soc Neurosdi 13:239.



66. Bazan NG, Marcheselli VL, Ma AD, lelsema C. (1988) The role of GTP binding proteins (G-proteins)
m the hydrolysis of docoszhexaenoyl (22: 6)-phospholipids in photoreceptor. Suppl Invest Ophthatmol
Vis Sq 29:98.

67. Scott BL. Wiggert B, Chader G, Redmond TM, Bazan NG. (1988) Docosahexaenoic acid binding to
proteins of interphotoreceptor matrix and cytosol of pigrment epithelium and retina. Suppl Invest
Ophthalmel Vis Sci, 29:107

68. Cai E Scott BL, Bazan NG. (1988) Delivery of omega-3 fatty acids to developing photoreceptor cells,
Suppl Invest Ophthalmol Vis Sdi, 29:245.

69. Marcheselli VL, Scott BL, Racz E, Lolley R, Bazan NG. (1988) Early changes in membrane fatty acids
of developing photoreceptor cells or rd mice. Suppl Invest Ophthalmol Vis Sei, 29:383.

70. Liu GM, Gordon WC, Song MK, Polansky J, Bazan NG. (1988) Human retinal pigment epithelial
(RPE) cells in culture - quantitative growth analysis and preservation of morphological features. Suppl
lnvest Ophthalmol Vis Sci, 29:415.

71. Scott BL,, Bazan NG. (1988) Developing retinal photoreceptor cells accurnulate polyunsaturated fatty
acids. Trans Amer Soc Neurochem, New Orleans, Lovisiana, March 6-1L

72. Lee CH, Bazan NG. (1988) Docosahexaenoic acid (DHA) delivery and metabolism in isolated photo-
receptor cells (IPC). Natl Student Res Forum, Galveston, Texas, April 6-8.

73. Penfeeld JG, Bazan NG, Birkle DL. (1988) Retinal 12-HETE synthesis by cytochrome P450, Natl Stu-
dent Res Forum, Galveston, Texas, April 6-8,

74. Bazan NG, Scott BL. (1988) Omega-3 fatty acid metabolism in the developmg mouse retina. 8th Int
Cong of Eye Res, San Francisco, California, Sept 4-8.

75. Bazan NG. (1988) Free radical damage to the retinal pigroent epithelium and to the phagocytosis and
shedding of photoreceptors. 8th Int Cong of Eye Res, San Francisco, California, Sept. 4-8.

76. Bazan NG, Moises J, Dobard G, Scott BL. (1988) The identification of a new biochemical alteration
early in the differentiation of visual cells in inherited retinal degenerations, Satellite Symp of the 8th
int Cong of Eye Res on Lipids in Humans with Retinitis Pigmentosa, San Francisco, California, Sep-
tember L

77. Bazan NG. (1988) Dietary omega-3 fatty acids and accumulation of docosahexaenoic acid (22:6) io rod
photoreceptor cells of the retina and at synapses. The Swedish Soc of Medicine Symp, Stockbolm,
Sweden, Nov 2-3.

78. Bazan NG, Cai F, Scott BL. (1988) Omega-3 fatty acids in the developing photoreceptor cell Soc Neu-
rosa 14:1200.

79. Bazan NG. (1989) Supply of docosahexaenoic acid to rod photoreceptor celis and synapses. Trans
Amer Soc Neurochem, Chicago, 1L, March 5-10, 20:90.

80. Bazan NG. (1989) Retinal degenerations and polyunsaturated fatty acids. Les Workshops Ophthat-
maologiques D'Ipsen, “Biological Mechanisms in Ophthalmology,” Paris, France, March 6-8.

81. Gordon WC, Bazan NG. (1989) Docosahexaenoic acid in rod outer segment renewal Suppl Lovest
Ophthalmal Vis Sci, 30:294.

82. Baudouin C, Gordon WC, Fredj-Reygrobellet D, Baudouin F, Peyman G, Gastaud B Bazan NG. (1989)
Class Il antigen expression in diabetic epiretinal membranes. Suppl Invest Ophthalmol Vis Sei,
30:512.




83. Gordon WC, Bazan NG. (1989) Docosahexaenoic acid in rod ouler segment renewal. Southeast Re-
gional Meeting Sodety for Neuroscience, New Orleans, Louisiana, April 7-8.

84, Gordon WC, Bazan NG. (1989) Docosahexaenoic acid (DHA) uptake and distribution within the frog
retina. Soc Neurosd 15:494.

85. Cai F, Bazan NG. (1989) Metabolism of docosabexaenoic acid (DHA) in brain and retina in neonatal
mouse. Soc Neurosa 15:295.

86. Bazan NG. (1989) Molecular and pharmacological studies in retinal degeneration. Showcase Louisiana
Research Abstracts, New Orleans, Louisiana, May 26.

87. Bazan NG. (1989) Drug discovery in blinding eye diseases. Showcase Louisiana Research Abstracts,
New Orleans, Louisiana, May 26.

88. Baudouin C, Gordon WC, Fredj-Reygrobeliet D, Lapalus P, Peyman GA, Bazan NG, Gastaud P. (1989)
Immunchistological findings in intraocular profiferative tissues. 30th Meeting of Asseciation for Eye
Research, October 3-7 Montpelier, France.

89, Bazan NG. (1990) New insights in retnal degenerative diseases: The role of polyunsaturated fatty
acids in visual cells function. XXVI International Congress of Ophthalmology, March 18-24,
Singapore.

90. Bazan NG. (1590) Arachidonic acxd (AA) lipoxygenation in retina. Trans Amer Soc Neurochem, Phoe-
nix, AZ, March 4-9, 21:95.

91. Bazan NG. (1990) New insights in retinal degenerative diseases: The role of polyunsaturated (atty
acids in visual cell function. XXV Int) Cong of Ophthalmology, March 18-24, Singapore.

92. Baudouin C, Gordon WC, Fredj-Reygrobellet D, Baudouin E Peyman GA, Lapalus P Bazan NG.
(1990) Immunohistologic study of subretinal membranes in age-related macular degeneration. Suppl
Invest Ophthalmol Vis Sci, 31:463.

93. Bazan NG, Cai F. (1990) Internalization of apolipoprotein E (APO E) in rod photoreceptor cells by a
low density lipoprotein receptor. Suppl Invest Ophthalmol Vis Sqi, 31:47L

94. Cai F Gordon WC, Bazan NG. (1990) Docosahexaenoic add (22:6, n-3) is utilized for the synthesis of
photoreceptor membrane phospholipid through a monensin-insensitive route. Suppl Invest Ophthal-
mol Vis Sa, 31:47L

95. Cluzel ], Doly M, Braquet E Bazan NG. {1950) Platelet-activating factor (PAF) and lyso-PAF metab-
olism in the retina. Suppl Lnvest Ophthatmol Vis Sd, 31:580.

96. Doucet JP. Bazan NG. (1990) Docosahexaenoic acid (22:6, n-3) potentiates phorbol ester induction of
Jfos expression in human Y79 retinoblastoma cells. Suppl Invest Ophthalmol Vis Sci, 31:586.

97. Gordon WC, Bazan NG. (1990) Rhodopsin and sorne docosahexanoyl (22:6)-phospholipids are jointly
displaced during rod outer segment renewal. Suppl Invest Ophthalmol Vis Sei, 31:284.

98. Rodriguez de Turco E, Gordon WC, Bazan NG. (1990) Light stimulates polyphosphoinositide bydrol-
ysis by phospholipase C in frog retinal pigment epithelial cells (RPE). Suppt Invest Ophthalmal Vis
Say,31:370.

99. Strand VC, Bazan NG. (1990) The developing mouse retina has the capacity for desaturation (4 4
desaturase) ard retroconversion of docesapentaenoic acid. Suppl Invest Ophthalmol Vis Sci, 31:579.



100. Allan G, Bazan NG. (1990) Platelet-activating factor and the noo-bydrolyzable derivative carbonyl
platelet-activating factor elevate levels of calcyclin mRNA in a human neuroblastoma cell line. FASEB
J 4:A2149.

101. Doucet JP. Bazan NG. (1990) Platelet-activating factor stmulates immediate-early gene expression
in proliferating human Y70 retinoblastoma cells. FASEB ] 4:A1815.

102. Bazan NG, Gordon WC, Cai E Strand V. (1990) Supply and utilization of docosabexaenoic acd (DHA)
in photoreceptor cells. Satellite Mtg of 9th ICER on “Retinal Degeneration”, July 24-28, Stockholm,
Sweden.

103. Bazan NG, De Turco ER, Doucet J. (1990) Signal transduction by lipids in retinal cell systems. Sat-
ellite Symp of 9th ICER on “Human Ocular Cell Culture”, August 2, Helsinki, Finland.

104. Bazan NG. (1890) Arachidonic acid (AA) lipoxygenation in the retina. Sateflite of the 9th ICER, In-
ternational Symposium of “The Ocular Functions of Eicosanoids and Other Lipid Mediators™, August
4-6, Haikko, Finland.

105. Bazan NG, Gordon WC, Rodriguez de Turco EB. (1990) Differential incorporation of docosahexanoyl
(22:6)-phospholipids in rod and cone photoreceptor cells of the frog retina. Satellite of the 9th ICER,
International Symposium of “The Ocular Functions of Eicosanoids and Other Lipid Mediators”, Au-
gust 4-6, Haikko, Finland.

106, Cai § Mims MP. Rodriguez de Turco EB, Bazan NG. (1990) ApoE- mediated delivery of docosah-
exaenoyl-phospholipids mto peural retina and photoreceptor cells (PRC). Satellite of the 9th ICER,
International Symposium of “The Ocular Functions of Eicosanoids and Other Lipid Mediators™, Au-

gust 4-6, Haikko, Finland. @ »
oo 25
107. Cluzel ], Doly M, Braquet P, Bazan NG. (1990) Platelet-activating factor and lyso-PAF metabolism AV (P
in the retina. Satellite of the 9th ICER, International Symposium of “The Ocular Functions of Eicos- (A0 (NG
anoids and Other Lipid Mediators”, August 4-6, Haikko, Finland. i : Al (MUl
/A | N
108. Allan G, Moerschbaecher JM 111, Bazan NG. (1990) Elevated levels of expression of GAP-43 and 1 N :‘ |
caleyelin mRNAs during TPA-induced differentiation of a human neuroblastoma cell line. Soc Neurosci =1 8
16:514. =l
109. Bazan NG, Gordon WC, Shivers BD, Rodriguez de Turco EB. (1990) Differential incorporation of a-;‘_._..u...;»;‘:f'-‘;!,;;==r'-I )14
docosabexaenoy (22:6)- prospholipids in rod and cone photoreceptor cells of the frog retina. Soc Neu- e @l
rosci 16:407 (H | ‘ I {
130. Cai F. Miws MP Rodriguez de Tarco EB, Webster D, Bazan NG. (1990) ApoE-mediated delivery of L (A |

docosahexaenoyl-phospholipids into neural retina and photoreceptor cells. Soc Neurosci 16:407 NS0

111. Martin RE, Kline D, Bazan NG. (1990) Endogenous fatty acids of phospholipids in growth cones:
Incorporation and metabolism of docosahexaenoic acid (22:6) during development. Soc Neurosa
16:458,

112. Baudowin C, Gordon WC, Fredj-Reygrobellet D, Baudouin E Peyman G, Gastaud P Bazan NG.
(1990) Expression von Klasse-11-Antigen in diabetischen prretinalen Mernbranen. Ophthalmolagical

2

1=
et

5| A
Digest 4:7-8. A=
e
113. Rodriguez de Turco EB, Gordon WC, Bazan NG. (1991) *H-DHA uptake and esterification into Pl =
are coupled in photoreceptors. Trans Amer Soc Neurochem 22: 188. =& P
TRl W)
\_'-—' f .
114, Bazan NG, Gordon WC, Rodriguez de Turco EB. (1991) Delivery of docosahexaenoic acid (GH-22:6) "] ¢
by the liver to the retina in the frog. Suppl Invest Ophthalmol Vis Sci 32:70L e =y



26

115. Gordon WC, Rodriguez de Turco EB, Peyman GA, Bazan NG. (1991) Uptake and distribution of do-
cosahexaenoic acid (*H-22:6, n-3) in detached and attached human retina. Suppl Invest Ophthalmo!
Vis Sci 32:702.

116. Martin RE, Rodriguez de Turco EB, Bazan NG. (1991) Systemic alterations in docosahexaenoic acid
(22:6) metabolism in the retinal degeneration (rd) mouse. Suppl Invest Ophthalmo) Vis Sci 32:703.

117. Rodriguez de Turco EB, Gordon WC, Bazan NG. (1991) Modulation of uptake and metabolism of 2H-
DHA in retina as a function of extracelluiar concentration of free DHA. Supp! [nvest Ophthalmol Vis
Sa 32:702.

118. Baudoun C, Fredj D. Brignole F Bazan NG, Peyman GA. (1991) Growth factors in vitreous. epi-
retinal membranes, and subretinal fluid in proliferative vitreoretinopathy. Amer Acad of Ophthal
(submitted).

119. Rodriguez de Turco EB, Gordon WC, Martin RE, Bazan NG. (1991) Liver supply and delivery of
docosahexaenoic acid to photoreceptor cells and other neural cells: Systemic afterations in retinal de-
generative diseases. Satellite Meeting of the 13th Internatonal Society for Nevrochemistry “Neu-
robiclogy of Essential Fatty Acids”, July 10-12, Cairns, Australia.

120. Bazan HEP, Hurst JS, Bazan NG. (1991) The platelet-activating factor precursor cholinephospholi-
pids of the retina enriched in docosahexaenoate. Satellite Meeting of the 13th International Society
for Neurochemistry "Neurobiology of Essential Fatty Acids”, July 10- 12, Cairns, Australia.

121. Cluzel ], Doly M, Torbabi D, Bazan NG. (1991) Autoradiographic and biochemical studies of platelet-
activating factor m rat and frog retina. Soc Neurosa 17:95, 199].

122. Doucet JP Marcheselli VL, Bazan NG. (1991) Thazolobenzodiazepine- based antagonism of platelet -
activating factor and induction of fos expression in human SH-SYSY neuroblastoma cells. Soc Neurosci
17:170, 1991

123. Hurst IS, Bazan HEP, Bazan NG. (1991) The isolation of diradyl choline phosphoglycerides, including
the precursor of platelet-activating factor, from retina. Soc Neurosd 17:1564.

124. Martin RE, Bazan NG. (1991) Delivery of docosahexaenoic acid (22:6) 10 membrane phospholipids
during synaptogenesis. So¢ Neurosci 17:36.

125. Bazan NG, Rodriguez de Turco EB, Richardson FO, Gordon WC. (1992) Retinal pigment epithelium
contributes to the conservation of docosahexaenoic acid by photoreceptor cells. Suppl Invest Ophthal-
mol Vis Sd (submitted).

126. Gordon WC, Rodriguez de Threo EB, Bazan NG. (1992) Ultrastructural and light microscopy auto-
radiography or [*H]JDHA- containign phagosomes in the RPE. Suppl Invest Ophthalmol Vis Sci
(submitted).

127. Martin RE, Redriguez de Turco EB, Gordon WC, Acland GM, Aguirre GVMD, Bazan NG. (1992)
Docosahexaenoic acid (DHA) metabotism in poodles with progressive rod-cone degenerations (pred).
Supp! Invest Ophthalmol Vis Sa (submitted).

128. Rodriguez de Turco EB, Gordon WC, Parkins N, Bazan NG. (1992) Contribution of de nove and turn-
over pathways to the synthesis of DHA-lipids i frog retinal cells. Suppt Invest Ophthalmeol Vis Sci
(submitted).

129. Santos FE Rodniguez de Turco EB, Gordon WC, Peyman G, Bazan NG. (1992) Pertubation in do-
cosahexaenoic acid metabolism im rabbit retina due to experimental detachment. Suppl Invest
Ophithalmol Vis Sct (submitted).

130. Strand VC, Bazan NG. (1992) Supply of docosahexaenoic acd- containing lipoproteins to the retina:
The role of the liver in the miniature poodle. Suppl Invest Optithatmol Vis Sci (submitted).



Published Papers on Retinal Research Conducted by Dr.,
Bazan before 1981, but Written After the Establishment
of the Program,

1. Bazan HEP, Bazan NG. (1982) Lipid synthesis in retmas. Methods in Enzymology, 81:788-794.

2, lincheta de Boschero MG, Bazan NG. (1982) Selective modification in the de novo biosynthesis of ret-
inal phospholipids and glycendes by propranclol or phentolamine. Biochem Pharmacol 31: 1049-1055.

3. Bazan HEP, Careaga MM, Sprecher H, Bazan NG. (1982) Chain elongation and desaturation of eico-
sapentaencate to docosahexaencate ard phospholipid labeling in Lbe rat retina in vivo. Biochim Bio-
phys Acta 712:123-128,

4. Bazan NG, di Fazio de Escalante MS, Careaga MM, Bazan HEP, Giusto NM. (1982) High content of
22:6 (docosahexaenoate) and active [2-"H]glycerol metabolism of phosphatidic acid from photorecep-
tor membranes. Biochim Biophys Acta 712:702-706. Avia =

5. Bazan NG. (1982) Biosynthesis of phasphatidic acid and polyenoic phospholipids in the central nervous '.; i
system. Phospholipids in the Nervous System 1:49-62.

6. lincheta de Boschero MG, Bazan NG. (1983) Reversibility of propranolol-induced changes in the bio- ’

somes from propranolol-treated retinas during short-term incubations. J Newrochem 40:563-568.

synthesis of moncacylglycerol, diacylglycerol, triacylglycerol, and pbospholipids in the retina. § Neu- Il
rochem 40:260-266. Al
7. Giusto NM, llincheta de Boschero MG, Bazan NG. (1983) Accumulation of phosphatidic acid in micro- | ??‘ ‘
‘ L

8. Aveldano MI, Bazan NG. (1983) Molecular species of phosphatidylcholine, -ethanolamine, -serine, and RDJINS B
-inositol in microsomat and photoreceptor mernbranes of bovine retina. J Lipid Res 24:620-627,

9. Giusto NM, Bazan NG. (1983) Anaxda-induced production of methylated and free fatty acids n retina,
cerebral cortex and white matter. Companson with triglycendes and with other tissues. Neurochem
Pathol 1: 1741

10. Aveldano M1, Pasquare de Garcia SJ, Bazan NG. (1983) Biosynthesis of molecular species of inositol,
choline, serine, and ethanolamine glycerophospholipids in the bovine retina. J Lipid Res 24:628-638.

11. Bazan NG, Roccamo RM, Giusto NM, llincheta de Boschero MG. (1985) Propranolol-induced mem-
brane perturbation and the metabolism of phosphoinositides and arachidonoyl diacylglycerols the ret-
na. In: Inositol and Phosphoinositides: Metabolism and Regulation (Bleasdale JE, Eichberg], Hauser
G, eds), Humana Press, New Jersey, pp 67-82.




Published Scientific Papers Resulting from Research
Supported by the Program, 1982-1992

1. Bazan NG. (1982) Metabolism of phospbolipids In the retina. Vision Res 22: 1539-1548.

2. Reddy TS, Bazan NG. (1983) Kinetic properties of arachidonoyl- coenzyme A synithetase i rat brain
microsomes. Arch Biochem Biophys 226:125-133.

3. Birkle DL, Bazan NG. (1984) Lipoxygenase and cyclooxygenase reaction products and incorporation
mto glycerolipids of radiolabeled arachidonic acid in the bovine retina. Prostaglandins 27:203-216.

4. Bazan HEP, Sprecher H, Bazan NG. (1984) De novo biosynthesis of docosahexaenoyl phosphatidic acid
i bovine retinal microsomes. Biochim Biophys Acta 796 11-16.

5. Birkle DL, Bazan NG. (1984) Effects of K = depolarization on the synthesis of prostaglandins and hy-
droxyeicosatetra(5,8,11,14)envic acid (HETE) in the rat retina. Evidence for esterification of 12-
HETE in lipids. Biochim Biophys Acta 795:564-573.

6. Reddy TS, Bazan NG. (1984) Synthesis of arachidonoyl coenzyme A and docosahexaenoyl coenzyme A
in retina. Curr Eye Res 3:1225-1232.

7. Reddy TS, Bazan NG. (1984) Activation of polyunsaturated fatty acids by rat lissues in vitro. Lipids
19;987-989.

8. Bazan NG, Birkle DL, Reddy TS. (1984) Docosahexaenoic acid (22:6,n-3) is metabolized to lipoxygen-
ase reaction products in the retina. Biochem Biophys Res Commun 125: 741-747,

9. Van Rooijen’ LAA, Rossowska M, Bazan NG. (1985) Inhibition of phosphatidylinositol-4-phosphate ki-
nase by its preduct phosphatidylinositol-4, 5-bisphosphate. Biochem Biophys Res Coramun 126: 150-
155.

10. Reddy TS, Bazan NG. (1985) Synthesis of docosahexaenoyl-. arachidonoyl- and palmitoyl-coenzyme
A in ocular tissues. Exp Eye Res 41:87-95.

11. Reddy TS, Armstrong D, Bazan NG. (1985) Arachidonic acid and other Jong-chain fatty acids in canine
ceroid lipofuscinosis; Distribution in glycerolipids, metabolism and pathophysiological correlations.
Neurochem Pathol 3:83-98.

12. Bazan HEP. Careaga MM, Bazan NG. (1985) Decreased utilization of [2-*H]glycerol in phospholipid
and neutral glyceride biosynthesis in the retina of streptozotocin-diabetic rats. Neurochem Patho!
3:109-118.

13. Reddy TS, Birkle D. Armstrong D, Bazan NG. (1985) Change in content, incorporation and lipoxy-
genation of docosahexaenoic acid in retina and retinal pigment epithelium in canire ceroig lipofusd-
nosis. Neurosa Lett 59:67-72.

14. Bazan NG, Reddy TS, Redmond TM, Wiggert B, Chader GJ. (1985) Endogenous fatty acids are cov-
alently and non covalently bound to interpholoreceptor retinoid-binding protein in the monkey retina.
] Biol Chern 260:13677-13680.



15. Bazan NG, Reddy TS, Bazan HEP, Birkle DL. (1986) Metabolism of arachidonic and docosahexaenoic
acids in the retina. Prog Lipid Res 25:595-606.

16. Birkde DL, Reddy TS, Armstrong D, Bazan NG. (1986} Enhanced synthesis of prostaglandins and
hydroxyeicosatetraenoic zcids in retina from a canine mode! of Batten's disease. Neurochem Pathol
4:77-88.

17. Van Rooijen LAA, Bazan NG. (1986) Cationic amphophilic drugs perturb the metabolism of inositides
and phosphatidic acid in photoreceptor membranes. Biochem Biophys Res Commun 134:378-385,

18. Van Rooijen LAA, Bazan NG. (1986) The mositide cycle in bovine photoreceptor membranes. Life Sci
38:1685-1693.

19. Reddy TS, Birkle DL, Packer AJ, Dobard B Bazan NG. (1986) Fatty acid composition and [I-
N(larachidonic acid metabolism in vitreous lipids from canine and human eyes. Curr Eye Res 5:441-
447

20. Bazan NG, Scott BL, Reddy TS, Pelias MZ. (1986) Decreased content of docosahexaenoate and ar-
achidonate in plasma phospholipids in Usher’s Syndrome. Biochem Biophys Res Commun 141:600-
604.

21. Claeys M, Bazan HER, Birkle DL, Bazan NG, (1986) Diacylglycerols interfere in normal phase HPLC
analysis of lipoxygenase products of docosabexaenoic or arachidonic acids. Prostaglandins 32:813-
827

22. Scott BL, Reddy TS, Bazan NG. (1987) Docosahexaenoate metabolism and fatty-acd composition in
developing retinas of normal and rd mutant mice. Exp Eye Res 44:101-113.

23. Bazan NG, Bazan HEP, Blrkle DL, Rossowska M. (1987) Synthesis of leukotrienes in frog retina and
retinal pigment epithelium. ] Neurosci Res 18:591-596.

24. O'Brien PJ, St Jules R, Reddy TS, Bazan NG, Zatz M. (1987) Acylation of disc membrane rhodopsin
may be non-enzymatic. ] Biol Chem 262:5210-5215.

25. Scott BL. Bazan NG. (1987) Potyumsaturated fatty acids in retinal development. Proc Am Oil Chem
Soc pp 534-539.

26. Gebhardt GM, Braquet P Bazan HEP, Bazan NG. (1988) Modulation of in vifro immune reactions by
platelet-activating factor and a platelet-activating factor anlagonist. Immunopharmacoi 15: 11-20.

27. Newsome DA, Dorsey FC, May ]G, Bergsma DR, Bazan NG. (1987) Ganglioside administration in
retinitis pigmentosa. ] Ocul Pharmacol 3:323-332.

28. Scott BL, Racz E, Lolley RN, Bazan NG. (1988) Developing rod photoreceptors from normal and mu-
tant yd mouse retmas: Altered fatty acid composition early m development of the mutant. ) Neurosci
Res 20:202-211.

29, Birkle DL. Bazan NG. (1989) Light exposure stimulates arachidonic acid metabolism in intact rat ret-
ina and isolated rod outer segments. Neurochem Res 14: 185-190.

30. Scott BL, Bazan NG. (1989) Membrane docosahexaenoate is supplied o the developing brain and ret-
ina by the liver. Proc Natl Acad Sci 86:2903-2907

31. Birkle DL, Rossowska M, Woodland ], Bazan NG. (1989) Increased levels of leukotriene C, in retimal
pigrent epitbelium are correlated with early events in photoreceptor shedding inXenopus laevis. Curr
Eye Res 8:357-36L

(Vs 1=

aRine

\l

)

T
AN

i\

29



32,

33.

35.

36.

37.

38.

39.

40.

41.

43.

44.

Bazan NG, Scoit BL. (1990) Dietary omega-3 fatty acids and accomulation of docosahexaenoic acid
in rod photoreceptor cells of the retina and at synapses. Uppsala ] Med Sci, Suppl 48:97-107

Gordon WC, Bazan NG. (1990) Docosahexaenoic acid utilization during rod photoreceptor cell re-
newal. ] Neurosci 10:2190-2204.

. Bazan NG. (1989) Arachidonic acid (AA) in the modulation of exclable membrane function and at the

onset of brain damage. Ann N Y Acad Sci 559:1-16.

Bazan HEP, Feeny-Burns L, Berman ER. Bazan NG. (1990) Lipids in tmman lipofuscin-enriched sub-
cellular fractions of two age populations: Comparison rod outer segments and neural retina. Invest
Ophthalmol Vis Sci 31:1433-1443.

Baudouin C, Gordon WC, Fredi- Reygrobellet D, Baudouin F, Peyman G, Gastaud P, Bazan NG. (1990)
Class I1 antigen expression in diabetic preretinal membranes Am J Ophthalmol 109;70-74.

Marcheselli VL, Rossowska M, Domingo MT, Braquet P Bazan NG. (1990) Distinct platelet-activat-
g factor binding sites in synaptic endings and in intracellular membranes of rat cerebral cortex. ] Biol
Chem 265:9140-9145.

Hurst JS, Balazy M, Bazan HEP, Bazan NG. (1991) The epithelium, endothelium, ard stroma of the
rabbit cornea generate 12-S- hydroxyeicosatetraenoic acid as the main lipaxygenase metabolite in re-
sponse to injury. ] Biol Chem 266:6726-6730.

Rodriguez de Turco EB, Gordon WC, Peyman GA, Bazan NG. (1990) Preferential uptake and metab-
olism of docosahexaenoic acid in membrane phosphotipids from rod and cone photoreceptor cells of
human and monkey retinas. ] Neurosa Res 27:522-532.

Balazy M, Braquet P, Bazan NG. (1991) Determination of platelet-activating factor and alkyl-ester
phospholipids by gas chromatography- mass spectrometry via direct derivation. Analytical Biochem
196:1-10.

Rodriguez de Turco, EB, Gordon WC, Bazan NG. (1991) Rapid and selective uptake, metabolism, and
cellular distribution of docosahexaenoic acid among rod and cone photoreceptor cells in the frog ret-
ina. | Newrosci 11:3667-3678.

. Martin RE, Bazan NG. (in press) Changing fatty acdd content of grawth cone lipids prior to synapto-

genesis, ] Neurochem.

Martin RE, Bazan NG. (n press) Growth-assocated protein GAP-43 and nerve cell adhesion mole-
cule in sensory nerves in cornea. Exp Eye Res.

Gordon WC, Rodriguez de Turco EB, Bazan NG. (in press) Retinal pigment epithelial cells play a cen-
tral role in the conservation of docosahexaenoic acid by photoreceptor cells after shedding and phag-
ocytosis. Curr Eye Res. Published Book Chapters Resulting from Research Supported by the
Program, 1982-1992



Published Book Chapters Resulting from Research
Supported by the Program, 1982-1992

1. Bazan NG. (1983} Metabolism of phosphatidic acid. In: Handbook of Neurochermistry, 3:17-39.

2. Sun GY, Bazan NG, WuJY, Porcellati G, Sun A (eds). (1983) Neural Membranes, Humana Press, Clin-
ton, NJ.

3. Bazan NG, Reddy TS. (1985) Retina. Handbook of Neurochemistry, 8:507-575.

4, Birkle DL. Bazan NG. (1985) Metabolism of arachidenic acid in the central nervous system. The en-
zZymatic cyclooxygenation and hpaxygenation of arachidonic acid in the mammalian retina. Phospho-
lipids in the Nervous System, 2:193-208.

5. Bazan HEP, Bazan NG. (1985) Metabolism of docosabexaenoy! groups in phosphatidic acid and in other
phospholipids of the retma. Phospholipids in the Nervous System, 2:209-217

6. Bazan NG, Birkle DL, Reddy TS. (1985) Biochemical and nutritional aspects of the metabolism of po-
lyunsaturated fatty acids and phospholipids in experimental models of retina degeneration. In: Retinat
Degeneration Contemporary Experimental and Clinical Studies (LaVail MM, Anderson G, Holtyfield
J, eds), Alan R Liss, New York, pp 159-187

7. Bazan NG, Birkle DL, Tang W, Reddy TS. (1986) The accumulation of free arachidonic acid and the

formation of prostagtandins and lipaxygenase reaction products in the brain during experimental epi- ! @ 3 {i-; '
lepsy. Advances in Neurology, 44:879-902. Y - /4 7 A
FN AT

8. Birkde DL, Bazan NG. (1986) The arachidonic acid cascade and phospholipid and docosahexaenoic acid | '_"; I;.' Kl il

metabotism in the retina. Progress in Retinal Research, 5:309-322. L Wt
el (M)

9. Bazan HEP Ridenour B, Birkle DL, Bazan NG. (1986) Unique metabolic features of docosahexaencate o
metabolism related to functional roles in bram and retina. In: Phospholipids Research and the Nervous () u
System. Biochemical and Molecular Pharmacology, (Horrocks L, Freysz L, Toffano G, eds), Liviana g‘] ‘
Press, pp 67-78. L] il

10. Bazan NG, Birkle DL. (1387) Polyunsaturated fatty acids in inositol phospholipids at the synapse in W -
neuronal responsiveness. In Molecular Mechanisms of Neuronal Responsiveness, Y Ehrlich, RH ) @ ‘
Lennax, E Kornecki, OW Berry (eds), Plenum Press, New York, pp 45-68. hd

11. Bazan NG, Scott BL. (1987) Docosahexaenoic acid metabolism and inherited retinal degeneration. [n | !
Degeneration Retinal Disorders: Clinical and Laboratory Investigations (Hollyfeld JG, Anderson Re, i ‘, % i
LaVail MM, eds), Alan R. Liss, New York, pp 103-118. L

12. Scott BL, Bazan NG. (1987) Potyunsaturated fatty acids in retinal developrent. Proceedings of the
American Ofl Chemists’ Society, pp. 534-539.

13. Marcheselli VL, Scott BL, Reddy TS and Bazan NG. (1988) Quantitative analysis of acyl group com-
position of brain phospholipids, neutrai lipids, and free fatty acids. Lipids and Related Compounds,
Neuromethods 7:83-110.

14. Birkle DL, Bazan HEP, Bazan NG. (1988) Use of radiotracer techniques and HPLC with flow scintil-
Lation detection in the analysis of free fatty acids and eicosanoids. Progress in HPLC, 3:11-26.

15. Gebhardt BM, Braguet P Bazan HEP, Bazan NG. (1988) Ginkgolide BN 52021 blocks platelet -acti-
vating factor mediated suppression of cellular immumity. In: Ginkgolides - Chemistry, Biology, Phar-
macology and Clinical Perspectives (Braquet B ed), J.R. Prous Science, Barcelona, Spain, pp 719-
729.




16.

17.

Gebhardt BM, Braquet P Bazan HEP, Bazap NG. (1988) Platelet-aclivating factor suppresses cell-
mediated immune reactions in vitro. New Trends m Lipid Mediators Research, Platelet-Activating
Factor and Cell Immunology, Vol. | (Braquet P, ed), Karger, Basel, Switzerland, pp 99-107

Birkle DL, Bazan HEP, Bazan NG. (1988) Analysis of prostaglandins, leukotrienes.and related com-
pounds in retina and brain. Lipids and Related Compounds, Neuromethods, 7:227-244,

18. Bazan NG. (1989) The supply of omega-3 polyunsaturated fatty acids to photoreceplors and synapses.

19.

20.

21,

In Dietary w3 and w36 Fatty Acids, C. Galli, A P Simopoulos (Eds. ), Plenum Publishing Corpora-
tion, New York, pps. 227-239.

Bazan NG. (1989) Lipid-derived metabolites as possible retina messengers: Arachidonic add, leu-
kotrienes, docosanoids, and platelet- activating factor. In: Extracellular and mtracellular messengers
in the vertebrate retina neurobiology (Redbum D, Pasantes Morales H, eds), Alan R. Liss, New York,
pp 269-300.

Bazan NG. (1989) The metabolism of omega-3 polyunsaturated fatty acids in the eye: The possible
role of docosahexaenoic acid and docosanoids in retinal physiology and ocular pathology. In: The ocu-
lar effects of prostaglandins and other eicosanoids (Bito LZ, Stiemschantz ], eds) New York, Alan R.
Liss Inc, pp 95-112.

Bazan NG. (1989) Metaholism of arachidonic acid in the retina and retinal pigment epithelium: Bio-
logical effects of axygenated metabolites of arachidonic acid. In: The ocular effects of prostaglandins
and other eicosanoids (Bito LZ, Stiernschantz ] eds), Alan R. Liss, New York, pp 15-37

22. Bazan NG. (1989) The identification of a new biochemical alteration early in the differentiation of visual

cells in inherited retinal degeneration. In: Inhented and Environmental Induced Retinal Degeneration
(LaVail MM, Anderson RE, Hollyfield ]G, eds), Alan R. Liss Inc. New York, pp 191-215.

. Bazan NG, Gordon WC. (1989) The role of essential polyunsaturaled fatty acids in retinal photore-

ceptor cell function and in degenerative diseases. In Aspects Rcents en Biologie et Pharmacologie
Oculaire, (Droy-Lefarx, MT et al., eds) [PSEN, pp 95-113.

24. Bazan NG. (1989) The supply of omega-3 polyunsaturated fatty acids to photoreceptors and synapses.

25.

In Dietary 3 and w6 Fatty Acids, C. Galli, A.P. Smopoutos (Eds.), Plerum Publishing Corporation,
New York, pps. 227-239.

Bazan NG. (1990) Lipaxygenation of arachidonic acid (AA) in retina. In Proceedings of the 17th Col-
legium Internationale Neuro- Psychopharmacologicum Congress. Clinical Neuropharmacology
13:651-652, Raven Press, New York. '

26. Bazan NG. (1990) Supply of n-3 polyunsaturated fatty acids and their significance in the central nerv-

27.

ous system. Nutrition and the Brain, 8:1-24.

Bazan NG. (1990) Lipoxygenation of arachidonic acid (AA) in retina. In Proceedings of the 17th Col-
legium Internationale Neuro- Psychopharmacologicum Congress. Clinical Neuropharmacology
13:651-652, Raven Press, New York.

. Bazan NG, Rodriguez de Turco EB, Gordon WC. (1991) Docosahexaencic acid and phospholipid me-

tabolism in photoreceptor cells and in retinal degeneration. In Retinal Degenerations, Chapter 14, RE
Anderson, JG Hollyheld, MM LaVail (eds), CRC Press, Boca Raton, Florida, pp. 151-165.

. Bazan NG. (1991) Supply, uptake and utilization of docosahexaenoic acid (DHA) during the perinatal

development of retina and brain: Synaptogenesis and photoreceptor cell differentiation. In “Long
Chain Fatty Acid: New Perspectives in Human Nutrition” Nestlé Nutrition Workshop Series Volume
28, Raven Press, New York.



The Ernest C. and Yvette C. Villere Program Team

This brochure was produced wilh non-federal funds oblained oulside the slate of Loussiana.



Louisiana State University Medical Center, School of Medicine, New Orleans

For information contact the LSU Neuroscience Center
2020 Gravier Street, Suite B, New Orleans, LA 70112
Telephone: (504) 568-6700, ext. 321 FAX: (504) 568-5801




