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ABSTRACT

Presented is an annual report of research and
supported by the National Eye Institute (NEI) during the 1974 fiscal
vyear. It is explained that the purpose of NEI research prograams is to
develop scientific knowledge which can be applied to the improved
preverntion, diagnosis, and treatment of visual disorders. The section
on extrasural and collaborative programs focuses on research relating
to retinal and choroidal diseases, corneal diseases, cataract,
glaucoma, and sensory-motor disorders and rehabilitation. Described
in the section on intramural research are programs of the Clinical
Branch (such as laboratory study of ocular disease in patient);
projects of the Laboratory of Vision Research related to
biochemistry, experimental eambryology, experimental pathology, and
neurcopnysiology; activities of the Office of Biometry and
Epideamiology related to diagnostic methods, incidence of disease,
identification of risk factors, and comparison of alternative
treatments; and public information and program planning efforts. Also
included are lists of references or publications (given at the end of
each subsection) and a list of intramural research projects. (LH)
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with the release of FY 1% nahled the lastiture o
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award a4 total of ¥ 2
tnciading SuSL 000 of

Fellowship suppur? contaisoel o0 17€ azeunt af $362,000 for comnmisr

“or 30 awards made pricr ot.

The aselLt of traicing programs. pius
531,300,000 for the suppert of & [impjeting swards.

1. Resvarch Contracis

ring FY 197«, 1% contrag
wrenteen of these were exclusive
to evaluate treatment moedaliz:
coatrartis were awarded Icor :
*ne Preparaticn of Rod wter Sepmen
of Data obtained from the 01 -

e at a total cost of SI,20 v,
institute’s collaharative stodv

retinopathy. The remainiaor

£ a Large-Scale Method :or

5 27i The Sicostatistical Analvsis

(1)

droanjzation and Staffing

L. Program Structure

wer the past vear, the Ixiram.ral ;TizTams nave been rescructured 1o
reflest mere accurately the IreTiv.te s trogram priorities. The new martor

“rogsra™ areas, with estimartes ¢
are as follows:

L* 7. sozeerrs levels for research grants

Progranm Y _.97% Resgearch Grant Funds

. Retinal and Choroidal Disezses 89,687,000

Jorneal NDiseases 5,148,000
v. ataract 2,718,000
.. flaucoma 3,348,000
3. Sensorv-Motor and Rehatilitaillc 6,604,000

To acnieve this ?TOSYdﬂTdZi' cr.entzilin at the cperating level, pro-
orim iiTeCtOra have been assignesd o7 12 2asii 2% che revised structure,
it will e respensible for coorZizgzizz Toth contract and grant supported
resesr . in their Jlesignated prograts. fia:larly, the responsibilities
Lf management personnel In the Tomtrezits 2ns Crasts Branch have been
veriae !l to reflect the same TrofrET TarzremenI framework.



2. Naticnal Advisory Eve Council

In nrder to establish a sound basis for Institute program planning
activities in each program area, a subcommittee of the National Advisory
Fve touncil has been established to review current research support and,
with the advice of scientific and technical experts in specific program
arvas, tormulate recommendations regarding program balance to be trans-
mirted to the full Council. Review of all programs is expected to be
compieted by November 1974,

3. Yision Research Program Committee

As part of the recent review of Federal advisory committees, the
Institute proposed to eliminate training grant and fellowship review from
the functions of the Vision Research and Training Committee, and broadcn
1ts sphere of activity to include not only the review of special project
yrant applications, but also participation in the analysis of extramural
programs and in advising the Institute in its support of specific research
areas, It was also proposed that the committee be renamed the Vision
Research Program Committee, and a revised charter reflecting these changes
was approved by the Secretary, HEW.

4. Fstablishment of Data and Analysis Unit

In response to increased data requirements for analysis, reporting,
and management of Institute programs, a data and analysis unit has been
established in the Office of the Associate Director. Initial efforts have
bezun to develop a comprehensive information system which will serve as a
resource for extramural operations as well as provide analytical data for
program planning, budget formulation, and reports.

5. Staff Changes

The following personnel have been appointed to key positions in the
Extramural and Collaborative Programs during the past year:

Dr. Wilford L. Nusser Chief, Scientific Programs Branch
and Acting Program Director,
Glaucoma Program

Dr. Luigil Giacometti Program Director for Cataract and
Corneal Disease Program

Dr. lsrael A. Goldberg Assistant to Acting Program Director,
Glaucoma Program

Dr. John B. Mathis Program Director for Sensory-Motor

and Rehagbilitation Program

réq



RETINAL AND CHOROIDAL DISEASES

The NE1 Retinal and Choroidal Diseases Program is divided into six dis-
order areas: Circulatory Abnormalities, Vitreous Degeneration and Retinal
™ tachment, Developmental and Degenerative Abnormalities, Maculopathiles,
Tusors, and lveitis,

CIRCULATORY. ABNORMALITIES

Thene disorders, which may be due to environmental influences or heredity,
include development, obliteration, tortuosity, occlusion of blood vessels, and
hemorrhage,  They may include such clinical diseases as retrolental fibroplasia,
diabet i¢ retinopathy, and macular degeneration.

Preretinal vitreous monitoring of oxygpen has been proposed as a useful
method of studying a variety of conditions of retinal toxicity and degenera-
tion in wh{cg setinal blood flow is an important factor. Dr, Noble David and
associates *™*7 at the University of Miami have continued to use fluorescein
densitometry for studying the relationship of blood oxygenation to retinal
blood flow. The rhesus monkey has served as the animal model in which con-
striction of major retinal arteries and veins during hyperoxia and dilation
during hypoxia were demonstrated. Retinal blood flow increased con.iderably
in hvpoxia and showed a moderate decrease in hyperoxia. These findings indi-
cate that the retinal circulation parallels that of the brain in adjusting to
chanpes in the arterial oxygen partial pressure (pOj) with compensatory changes
in blood flow. These investigators continue to apply techniques for guantita-
tive measurement of relative retinal blood flow compared to such variables as
blood pressure, blood volume, hemorrhagic shock, and optic nerve atrophy.

The pathogenesis factors which determine the evolution of different vas~
ctular patterns and techniques of altering hemodynamics to prevent retinal
complications in patients with branch retinal vein obstruction are being studied
bv Dr. Frank W. Newell and his colleague84’5 at the University of Chicago.

The retinal vasculature of patients in these studies have been followed for
periods of up to five years utilizing fundus photography, fluorescein angio-
praphy, and measurement of arterial perfusion pressure. The lung-term
fluorescein angiographic assessment and vascular dynamics of these patients indi-
cate that they can be classified into four major groups: Group I includes
patients in whom arterial perfusion pressure, retinal circulation time, and
visual functions remain normal; Group II includes patients in whom arterial per-
fusion pressure is normal, but there is some delay in the retinal circulation
time: Group III includes patients who demonstrate an impaired arterial perfusion
and retinal circulation time demonstrating marked venous stasis; and Group IV
includes patients in whom arterial perfusion is grossly impaired and retinal
circulation time shows gross venous stagnation.

Careful quantitation of an experimental model of retinal eachemia and
vascular proliferation may assist in the identification of factors associated
with retinal vascularization and proliferation. Dr. Arnall Patz and associates
at Johns Hopkins Medical School are conducting a study to determine the optimal
pdy levels associated with production of retinal capillary and small vessel

5



Aoa-pertasion,  The response i velaticely rear up to a py ot appererimarely
Sy ey sustained pon Jevels dn this raange produced changrs with the e
eTite ot canillary noa-pertusion, as determined be Fluorescein angiopiapliv,

coprepepting to the deervee of retical {schemia produced,

n the erarse of stadv of retinal blood flow in choroidal and retioed
casvuaatares, br, o Arnall Pat:7‘8 and assoviates, in collaboration with 1 h
Anplied Phesies Laboratory at Jobos Liopadns niversity, bave derenniratel that
ind «ocansme ereen dve wiil pevmit irtrared absorption anpiogpraphy of tie (har-
cidal 1 tlimy. The limitations of 1 lnorescein dye are eliminated by use 20 ane-
Jocvantne cteen,  The applicarion of {ufrared absorption anglonraphy to the
cimult ineous study of chorefdal and retinal eirculation s in propress and will
permit an drvestization af the contribution of the choroidal and recinal circu-
Tation (o retinal oxveenation, Routire choroidal circulation can boe ohoeryved
throucht sirtltancous photopraphy of chereidal and retinal cireulation-,
Swelling ¢ the optie rup. called papilledema, has been produced in cxnerimevtal
models by the use of intracranial surgery. Dr. Mark 0, Tso” and assorfatesr at
the Arae ! Forces Institute of Pathology have been using cxperimental models
created by facreasing intracranial pressare nonsurglically or by loweris ) intra-
acutar pressure.  The mechanism of breaskdown of the optic nerve-blocd barrier
in the optle diwe is currently being studied. The leakage of flufd trom the
vasculature of the optic disc and possible from the peripapillary chioroadal
nlenas 1o papilledema is bedng investipated by use of histochemical techniques
which ¢mnlos horseradish peroxidase as a tracer substance. Intravascular
intection of this enzvme as a tracer will show areas of localized disruption
ot hilocdoptic nerve barrier.

“he wmimil model for papilledema has been produced by x-irradiation of
the r.2hit oc-ipital lobes of rhesus monkeys. Of thirteen monkeys irradiated,
four Jdeveloped tull papilledema, three showed mold edema of the optic digr
while the remaining six developed atrophy of the optic disc. Those animals with
papilledrma also showed an increase in intracranial pressure. Electrem micro-
scom¢ - antudw of the optic disc of animals with papilledema demonstrated swelling
as well as f'uid accumelation in the intercellular space. Extension of this
work by use of animal models will be of assistance in understanding the patho~
aepest: of papilledema. The relationship between the puripapillary choreidal
and the ceatral retinal circulations with increases In intracranial pressure or
Jucreased {ntracocular tension may be defined.

Dr. bavid J. Applelo and assoclates at the University of Illinois have
dewipned a studv to analyze the efficiency of argon laser burns of blood vessel
closure or ohliteration and to analyze factors relating the movement of {luid
botween varicus retinal and choroidal components. Monkeys have been subjected
to photocoagulation treatment wirth subsequent histopathological and electron
microscopic analvses. The results show that specificity of vascular effects
ascribed to the arpon laser is unfounded. The investigators have never found
a destroved or occluded vessel in the absence of significantly destroved nerve
tihor laver parenchyma. In addition, choriocapillaris closure has been a
con<tant Ttnding,.

9
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VITKEOUS DECENERATION AND RETINAL DETACHMENT

Thewe disnrders include rhegmatogenous and other retinal detachmerts= due
t» vitreous tiber formatien and shrinkage, and vitreous liquification and opa=
ciricatinn,

therteas Development

An increased understanding of the biologiecal role of hyaluroenic acid in
e vizreous mav lead to the possible use of this blopolvmer to contrel inflam-
matlen and regenerative processes. Further characterization of the structure
wf hvaluronie acid in solution and as a solid could be important in the possible
therapentic use of hyvaluronic acid. 1n addition, the vitreous is useful in
the studvy of hiosyntheals of blopolymers. It may be viewed as a simple connea-
tive tissue. »r. Endre A. Balazsll and assoclates at the Boston Blomedical
Research Inatitute have been studving enzymes involved in the synthesis of
vitreal components. They have also been investigating the role of salts such
a» s:dium chloride on the swelling properties of vitreous gel. It has been
sucnestsd that the biopolymers may serve as volume regulators for gels such
as vitreous,

Memnrane Developrent

Investigation of vitreous membrane formation development as a consequence
of hemorrbage and intraocular inflammation is in propress under Dr. David A,
“wan ! and associates at the Retina Foundation in Boston. Thay find that
viireous membranes may develop because of plasma clotting or aggregation of
platelets, This group of investigators has conducted studies which document
the eifects of injecting platelets with or without plasma inte the vitreous
cavity, Tt now appears that when blood components are released into the
vitreous cavity, intact platelets play a role in the instantaneous formatiuvn
ol membranes. The vitreous membranes can be formed in the absence of plasma
proteins provided the platelets are physiologically functional. In some re-
spects, platelet membranes resemble vitreous floaters which are seen clinically.
Platelet-induced membranes are.not accompanied by a proliferation of fibroblasts
and Yibroblastic membranes which may lead to retinal detachment.

Lnucleated human eyes are being examined by Dr. Robert Y, Foosl3d and
astociates at UCLA. He has observed a prevalence of proliferative vitreo~
retinopathies which resulted from complications of ocular disease or surgery.
This high {ncidence indicates the need for a better understanding of the under-
lving events and the relationship of these events to more complex lesions which
lead to blindness., The proliferative lesions at the juncture of the vitreous
and retina range from simple epiretinal membranes to processes in which both
fibrous and vascular components lead to retinal detachment. Epiretinal membranes
are delicate strands on the surface of the retina. Their cause is poorly under-
stocd and has been the subject of study by Dr, Foos, They are found in
asuociarion with developmental, inflammatory, vascular,and mechanically produced
lesions. The experience in Dr. Foos' latoratory indicates that the membranes
crivinate {n the glial cells which become mitotic through a variety of stimuli,

il



br. Miguel F. Rufajal“ and associates at the Retina Foundation, Boston,
paint out that in cases of severe vitreous traction these is need for a material
which will tamponade the retina against the choroid during formation of choroi-
retinal adhesion and will not pass through a retinal break. Dr. Refojo has
been developing synthetic polvmers similar to the natural vitreous body of the
eve., The gel must be injectable and must not hinder vision by scatterinpg light.

DEVELOPMENTAL AND DEGENERATIVE ABNORMALITIES

Pigment Epithelium

This is a single layer of cells in the retina which contain varying
amounts ot pigment. These cells are firmly bound to Bruch's membrane which
{% bound to the choriocapillaris. The intimate relationship between the photo-
receptors and their blood supply suggests that the pigment epithelium has a
critical role in the maintenance of the photoreceptors. The pigment epithelium
has been implicated in clinical problems of maculopathies, retinal detachment,
visual pigment synthesis, removal of ro¢ outer segment debris, and information
processing as implied by its contribution to the electroretinogram. Due to an
awareness of the implications and critical role of the pigment epithelium,
new concepts of the pigment epithelium involvement in retinal degenerative
disorders are developing.

It is unclear whether the pigment epithelium follows the general biological
phenomenan of phagozytosis or whether this structure had additional speciali-
zations wnich are characteristic of these cells. Dr. Joe G. Hollyfie1d15 and
associates at Columbia University have shown that phagocytic activity begins
earlv in the amphibian embryo and is responsible for the removal of egg pigment
which is e¢liminated from cells of retinal neurcepithelium. These investigators
have explored the question of whether the phagocytic activity of the pigment
epithelium is specific or an indiscriminate scavenging. The study has shown
that pigment epithelial cells will phagocytize poiystyrene spheres which have
been injected into the space between the retina and pigment epithelium in the
frog embrvo, tadpole, and adult; and, therefore, the phagocytic activity is not
restricted to roed outer segment discs.

The Interphotoreceptor matrix appears to be synthesjized by the neural
retina and the Rpigment epithellum with possible gonsributions from the photo-
receptors and Muller cells., Dr. Lynette Feeney1 o1 and associates at the
I'miversity of Oregon Medical School have used radiocactive precursors of protein
glvcaproteins and glvcosaminoglycans, which are components of the interphoto-
receptor matrix, to produce autoradiographs in an attempt to v rify the site
of matrix micromolecules. Autoradiographs of 10-day old and adult mice were
prepared for light and electron microscopy. Pulse label techniques show that
although the apical microvilli and their cell coats in the 10-day old mice are
proliferating maximally, the adult microvilli show a more intense labelling
which probably relates to increased phagocytic activity.

Most of the studies of pigment epithelium have involved embryonic eyes as

a source of explants or in situ observations of phagocytosis, proliferation,
or cell movement. Conclusions with regard to potential activities of these

s 11



cells have heen based upon histopathologic ohservations. Dr. Mark O. TsolB

an! assoclates at the Armed Forces Institure of Pathology collaborated with

Dr. Daniel Albert and associates at Yale University and developed a method of
organ cultute of human pigment epithelium and choroid in an effort to study

the reactlions of this tissue to various stimuli, These investigators have
alawn that prepardtions ol human tissue obtained postmortem and during surgical
procedures mav be maintaived in culture fer at least two weeks, The tissue
does not proliferrte or depencrate and appears to remain active and suitable
tor morphologleal studiles. I'he culture system employed produced pigment epi-
thellum which resembled the in situ tissue in that there was a persistence of
apical villi, terminal bars, infoldings of basal plasma membranes, intact base-
ment membranes, and velanin and lipofuscin granules, The techniques may be
uselul in studving the cytological behavior of pigment epithelium in vitro
during various stages of retinal diseases.

r. Kenneth Brown19’20 and associates at the University of California
have concentrated their efforts upon the functional relations of photoreceptors
te the pigment enithelium. They have described the anatomic relationship
between the pigment epithelial cell and photoreceptors in frog retina., The
pigment epithelium forms apical processes which, in the cat, ensheath the cone
outer segment. Although the functional significance of this sheath is not
understond, it 1s evidenc that the pigment 2pithelial cell relaces to the cone
as well as the rod. These investigators point to the similarities of the choroid
plexuses of the brain and the retinal pigmen epithelium and choroid. A series
of i{ntracellular microelectrode experiments Indicate differences and similari-
ties in {on permeability and flux at apical and basal membranes of the pigment
epithelial cell., Ouabain placed ou the epithelial side of the tissue was found
to depolarize the apical membrane but was ineffective when placel on the choroi-
dal side, These observations indicate that the apical memtrane, but not the
basal membrane, contains a sodium-potassium pump. The physicel condition of
the pigment epithelium used in transport studies is examined by scanning electron
microscopy. These in ectigators have developed a technijue for vertically
cracking the epithelial layer at cell junctions so that late-al surfaces of
individual cells can be visualized.

Membranes

The production of an electrical response to the absorption of light by
photoreceptors is related to a system of light-induced membrane reorganization.
‘nvestigation of intact membranes and relevant membrsne models may further our
knowledge of the mechanism of energy-transduction and tranafer in photoreceptor
membranes. The structure of photrreceptor membranes and visual pigment proper-
ties are the subjects of current investigations,

Dr. Kent Blasiezl and assoclates at the University of Pennsylvania have
approached the description of membrane structure and light-induced membrane
phenomena at the submolecular level, These investigators have determined by
x-ray diffractien the location of rhodopsin within the profile of photoreceptor
disc membranes, the torces responsible for this location, and ti~ local
arrangement of rhodopsin over the suiface of the disc membranes. It is anti-
cipated that analysis of diffraction data from the disc membrane profilc will

12
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permit a4 2rtatled evaluation of it -0« Shamees o (e membrane stracture
Az the wuhsclecular level,  To odate, fato o owar oo it oa moael of angl o ached
hotepiament molecules which protrude vt the aueous layer and invo the tipid

¥ P b4
core ., Bleawiry catses the rhoetopiy ot Uy e desmer inte the lip‘:d Core
and in a transmembrane direction.

an

Dr. o wa.nie L. Hubbell™T and a- . o cvs out the Undversity of Califorais have
been inrterested in the location U e’ e n the disc membrane. They lLave
ghownr that the surface of the rooteraie o lecunle $s in direct eontact with the

hedrecarbon chains of the phosprolipid ot rhe 1ise membranes which it penetrates,
e distribution of rhedepsin rolecule: i the plane of the membrancs has veen
stulied by techniques whicl vaveal me=' i surfaces, It has been feuwa thar
the rhodopsin behaves as a solute whilh {s rexulated in dts sclution bv light,
Careful stucies by this group indicute that rhodopsin completely viaveiscs the
thickress of the memhranes. The process bv which the light energy is trawsduced
to produce the electrical response mav relate to a permeability change in the
disc membrane. The model svatems of rhodepain in a phospholipid biliaver permits
the investigation of light-activated ion wovement in membranes. Resulrs of
model membranes appear te be consistent with current interpretations ol veray
stulies of {ntact photorecepter membranes.
23
Tr. Richard A. Cone and assnciates at the Johns Hopkins University are
studving the effect of rhodopsin moiecule cn tne general disc membrane cherac-
teristics. The rapid lateral dirffusion of rhodopsin within the disc membrane
“Yas heen observed by micrespectrophntometric techrniques. Theilr results indicate
effective viscosity of the membrane permits rhodopsin to float tfreely
in the lipid phase. These investigaters find that rod outer segments offer the
1 for the study of rapid lateral diffusion of proteins in membranes.
v observing diffusion comstants or rhodopsin, it will be possible to determine
the efrective radius of the molecule within che lipia phase of the membrane.
This work implies that in the planc of the membrane, the rhodopsin molecule
muit he siightly elliptical or nearly circular in shape. Rhodopsin may be
thought of as a neuronal prosein, in a neural nembrane, and knowledge of its
structure and fuaction will reveal factors which influence tramnsport of drugs,
nytritienal components,and the spread of electrical energy in photoreception.

The question of rod outer segment disc organization and tbz localization
of rhodcps;n have also been investigated by Dr. Edward A, Dratz and asscclates
at the University f California. Preparaticns of intact disecs and rcd ourer
segment fractions were exposed to membrane-permeable and membrane~impermeable
reagents which labal aminn acids. Thev found that half of the rhodopsin aminc
groups were labelled by the membrane impermeatle reagent. These data indicate
that thodopsin must protrude into the aqueous medium between discs., It seems
clear that rhodopsin exposes a hvdrophilic surface on the outside of the disc,
It i{s stil) unclear whether a single rhedopsin molecule transverses the disc
memhrane or whather rhodopsin molecules rre situated on both sides of the
membrane. Factors which influence membrane structure and function will be more
easilv understuod as more information about membrane proteins and ion transport
is obtained.



‘tsyal Pigments

The question posed is how changes in molecular structure of visual pigment
moleculey relate with nervous excitation of the pheotoreceptor. Since structural
changes in the photopigments are the first events in the transduction process,
compretonsion of visual pigment phetochemistry will help to understand visual
excitation. Correlations between ionization and hydrogen-ion concentration
changes of rhodopsin and the late receptor potential have been investigated by
Dr, santovrd E, Dstroy“s and associates at Purdue University. They have isolated
thermal intermediates of visual pigment bleaching. Their experiments show
proton uptake during illumination and proton release during later processes.
These reversable effects implicate hivirogen ion changes in visual adaptation.
Furthermory, ionization changes may be a controlling factor for the existence
of photopigment intermediates.

Dr. Bruce E, Goldstein26 and assoclates at the University of Pit.sburgh
emphasize that in addition to morphological differences between rods and cones,
rod and cone pigment regeneration in isolated retinas are different. Perhaps
the observed effects are due to chemical differences between rod and cone
photosegments. They have used the early receptor potential to show that the
frop's green-rod and cone photopigments regenerate in the isolated retina
whereas rhodopsin does not. It appears that photoproducts of cone pigment
hleaching may decay faster than rod photoproducts. Microspectrophotometric
methods will detect rod photoproducts, but in the absence of cone photoproducts,
thev mav have decayed to a non-visible portion of the spectrum. Differences
between rod and cone photoproduct chemistry may be important in understanding
why some degenerative diseases, such as retinitis pigmentosa, appear to be
initially selective for rods.

MACULOPATHIES

Dr. Edward Norton27 and associates at the University of Miami continue
to studv macular diseases in selected groups of patients with special emphasis
on diagnosis, classification, natural history, and hereditary and familial as-
pects. wherever possible, histological correlations are made with the clinical
observations. These investigators have contributed to the understanding of the
pathophvsiology of macular diseases. Among the specific diseases studied are
cystoid macular edema, idiopathic central serous choroidopathy, and senile
disciform macular degeneration.

Pr. John D. M, Gasszs, Bascom Palmer Eye Institute has reviewed 200 pa-
tients with macular drusen and disciform degenerative changes. He has concluded
that all of these patients have familial diseases which affect the choriocapil-
iaris and pigment epithelium. The involvement of the overlying retina is
secondary. It is important to continue the study to determine whether there is
evidence that any form of medical treatment alters its natural course.

Some clinicians have advocated a therapeutic approach to the problem of
central serous choroidopathy and have employed photocoagulators. Dr. Ephraim
Friedman?? and associates at Boston University Medical Center are among those
who have emphasized the need for controlled studies of '"nontreatment". These
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investigators have presented clinical data from 27 patients with documented
central sercus choreocidopathy who were not photocoagulated and whose condition
was followed bv fluorescein angiography. These investigators believe that in

most cases the disease is benign and self-limiting, and therefore, may require

no treatment bv photocoagulation., They do recognize that in some cases photo-
cpagulation may shorten the duration of a given episode of central serous
choroidopathv; however, there are potential hazards in the treatment.

Dr. Samuel V. Vainisi30 and associates at the University of Illinois
have been concerned with the establishment of a breeding colony of babcons
with hevedomacular degeneration. They have been interested in the inbred colony
of sixty baboons at the Brookfield Zoo. These animals are being examined, and
behavioral, photographic, electroretinographic and fluorescein studies will be
conducted in order to describe progressive lesions which might be detected in
the macular region. These investigators observed behavioral abnormalities in
a batoon which led them to suspect that the animal had visual acuity deficien-
cles. Clinical tests indicated that the animal had juvenile macular degenera-
tion., It was planned that the animal would be useful in establishment of a
breeding colony, however, she died of unknown causes. Histopathologic apalysis
confirmed the clinical diagnosis. It is assumed that the lesion may be inher-
ited and indicates that the baboon may provide a nonhuman primate model for
investigation of macular degeneration.

Further studies which involve the creation of experimental models in
rhesus monkev in order to study various pathogenic mechanisms of macular degen-
eration are being conducted by Dr. Mark O. M. Tso3l and associates at the Armed
Forces Institute of Pathology. These investigators believe that one of the
possible pathogenic factors of macular degeneration is chronic exposure to an
excessive amount of light. They produced an experimental model in several
stages of development by exposure of the macular region to the light of an
indirect ophthalmoscope. The light provides a mild photic insult. Fluorescein
angiography showed that leakage of fluorescein is the first clinical sign of
damage to the macula. The leakage started 24 to 48 hours after exposure and is
probably caused by a mechanism other than photocoagulation. These experiments
demonstrate that a good experimental model can be produced.

TUMORS

Biochemical Developments

Retinoblastoma resembles other tumors such as lymphoma for which there
is evidence which suggests a viral cause. Althogsh direct evidence for the
role of a virus is lacking, Dr. Daniel M. Albert”“ and associates at Yale
Universitv School of Medicine argue for a viral etiology in retinoblastoma.
Electron microscopic examination and immunologic methods have yielded little
evidence of viral infection. Based on biochemical methods, these investigators
have been studving the RNA-directed DNA-polymerase activity in human ocular
tumors, This enzvme {s important because of its presence in animal RNA onco-
genic viruses which have been analyzed. This enzyme activity has not been de~
minstrated in normal, rapidly dividing tissues but has been found to be present
in ten specimens of retinoblastoma.
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Ultrasonic Developments

At Case Western Reserve Universicy, tﬂg,ﬂww*.gg ami sgatzalmd
have been combined under the directicem c‘ I.. onar Sowalln-
Purnell. These investigators have cevelcrpel z *ene 2alf I-3zcam yltrascuic
pulse-echo apparatus for the two-dimensional viscalirzatizm 2% zoular tissue.
The scan mechanism and displayv unit are sufficiertlT morianle ¢ that thev can
be rolled to the patient's bedside or intc the 2perziing rzem.  The use of this
portable unit in the operating roonm is the fiver zpolizatioa ¢f B-scanmning
techniques in surgery. The B-scan ul rasonag'a,“:: 2Tt L3 egpecially he
ful in explorations of tissues behind the eve gliote. i complete examinaticn
is made possible because the flexitle hand nel: zevize zatalizng the capabill
of larger scanners to differentiate finer tissus detalls.

L)

¥

Further work on improving capabilities i LliTzsooic zlagncestic systems
to ensure a more reliable diagnosis of peuler znl moTital TUmOTY :gykei“g con-
ducted through the collaborative effcerts of Dr. I. Jacescc Zoleman-™ and
Dr. Frederick L. Lizzi at Columbia Universitr znc x'vu'szzt Segaarch I:stitute
in New York City. A large number of paiiernts heve ez axamizac clirascunically,
and clinical studies have demconstrated the valuse =f ‘ws.au slzrascaic methods
for patient evaluation. These investipators nEpre sezigiac a 2ual beam scanning
system. The equipment being developed dv this grows will exhance tissue reflec-
tance levels and separate tissue planes, both of wihizs are useful In demeonsira-
ting variations in ocular rumor patlterns &nd YITTad.E amoTTrnagse. The ultra-
sonic measurement of tissue characteristizs Is Delmf $TLILa2 Lo ITIET IC improve
the diagnostic usefulness of these methocs.

UVEITIS

Studies in progress in experimental znimals I1zdizale thar prostaglandins
are important in the development of .nflamma::r: 1T oTid Tuman 27ve. AS a
response to mechanical trauma or Incurec vvellis, ;:t‘tiil meiz-11x2 substances
are released into the aquecus humor. Substzences Vit -a;.a:c'*-‘;ka activ-
ity are not detected in uninflamed eyes. DTr. Femmelr I. Zax: 128°° anc asscciates
at Columbia University have been exploring the Tols oI zTidlaglancizns iz che
physiology and pathology of the antericr uves. These xT#3713a7¢Ts have used
the rabbit to demonstrate that fluorescein—iris mplIgTaszt¥y Iachinigues ars: use-
ful for recordin; alterations in the diamezer ami permeaniliey ¢ the uveal

e “ b

be of value in the control of the clinical

2
[ 34
4 0

blood vessels. Topical application of prostepizniizs sTicwieg vasadilation

and an increase in permeability cf blood vessels 2T T2 Tase i Ihe iris which

are more sensitive to the actions of the prostaplgEnsizs.  The vascular altera-

tions produced by prostaglandins in the antericr rvei maT Te diminished by

prostaglandin antagonists. The action of prostaplismriz—TiIcXing agants nay
DOnILILTT

“
1% 4

. A
T ¥ o@roTe ImZaTisT uvairis.

Dr. Laszlo Z. Bito36 and associ

{EtEs T Trlomeii Cooversicy have been
investigating the mechanism and characteris:;:s 5 7t prToslaglanclin (Tansport
system. It appears that a single episoce cf cvelzis 13 zagails of Zamaging
an absorptive prostaglandin tramspert and Yes zroam.siille LI Tl@ anTericor
chamber. The evidence suggests that theTe If s.rsizziial ramoval 7 frista-
glandins from the aqueous humor in the POSIETIIT TiamoeT 17 TTe 1i.i3Tvy
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CORNFAI DISFASES

The cornea is composed of three main layers. The outermost consists of
typical stratified epithelium; the middle, central portion or stroma, consists
of a connective tissue, consisting of collagen fibers embedded in mucopoly~-
saccharides. The third or inner membrane, called the endothelium, consists of
one laver of flat cells bathed by the agueous humor. Accumulation of water
occurs in the stroma, while the outer epithelium or the inner endothelium
provides the metabolic activities necessary to maintain the dehydrated cornea.
The site of the transport process, as well as the mechanism by which water is
removed normally from the stroma, are of critical importance for the under-
standing of corneal physiology. It is now established that a fluid pump which
is concerned with the maintenance of the hvdration of the stroma is located in
the cornea endothelium. The mechanism driving this pump and how this pump
operates are not understood. Dr. Jorge Fischbarg, Columbia Universitylhas,
Lowever, recently discovered that the endothelium layer generates a small
electric potential. Electrical potential across biological membranes are
usually associated with active transport ions. This could form the basis for
the water pump which is present in the endothelium. In support of this idea,
Dr. Fischbarg has noted that several drugs which inhibit the fluid pump of the
cornea also depress electrical potential., The electrical potential developed
by the endothelium of the cornea has also bcen measured by Dr. David M. Maurice,
Stanford University2, The magnitude and size of the pump sccording to
Dr. Maurice suggests that {t could be related to the active transport of ions.

The cornea is the only tissue with high collagen content that is trans-
parent. The collagenous material of the stroma is made up of small fibrils
which occupy about 1/10 of the total thickness of the cornea. The trans-
parency of the stroma of the cornea was first explained as an interference
effect based on the perfect regularity of the collagen fibrils-~the lattice
theory. According to this theory, the cornea is transparent because there is
a "destructive'interference of the light scattered by the individual fibers.

Recent work by Dr. George B. Benedek has discounted the need for perfect
regularity in the collagen fibers in order for the interference mechanism to
succeed and has indicated that the comea is transparent because the size of
the fibrils and the spaces between them are of such values that the incident
visible light is not scattered. The findings of electron microscopy substan-
tiate this view, but the effects of fixation and embedment on the regularity
of the fibrils are uncertain., Clouding of the cornea was ascribed to a dis-
organization of the fibril lattice and Benedek considered it a result of the
formation of open spaces in the structure, the so-called lakes,

This question was partially solved by measurement of the angular and
spectral distribution of the scartered light by Dr. Frederick A, Bettelheim3
at Adelphi University. Dr. Bettelheim found that the light scattered in nor-
mal bovine and human cornea is largely due to the birefringence . The
intrinsic birefringence {s the result of non-random distribution of collagen
fibrils at different loci. However, in the visual path most species have
mirimal birefringence areas. The distribution of equal birefringent areas of
the cornea in different species account largely for the adaptive processes
that the species evolves within its environment. According to Dr. Bertelheim,
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there is a strong interplay between the two tasks of the cornea: mechanical
protection and transparency. Molecular superstructures are built to accomplish
both of these tasks and therefore, the molecular organization of the periphery
and center of the cornea may be different.

Herpes simplex infection of the cornea is one of the most important
ocular virus disease. Its importance stems not only from the frequency of
initial attacks, but also from the likelihood of its recurrence with pro-
gressive scarring and morbidity, and also from the fact that this is one of
the few virus diseases that may in some cases be successfully treated with
chemotherapeutic agents. In 1961, Dr. Herbert E. Kaufman at the University of
Florida showed that 5-iodo-2'-deoxyuridine (IDU) was a therapeutically effective
antiviral agent in the management of herpetic keratitis. Since then, several
other promising antiviral nucleotides have been syathesized and evaluated for
efficacy in control of herpes virus. Among these are: (1) cytosine arabinoside
(Ara-C), (2) adenine arabinoside (Ara-A) and (3) trifluorcthymidine.

In 1973, Dr. Kaufman® reported that trifluorothymidine appeared to be the
most useful of currently available antivirals for topical treatment, Trifluoro-
thymidine is virtually non-allergic, is approximately ten times as potent as
IDU and is much more soluble. Most importantly, the rapidity and regularity
of ulcer healing with trifluorothymidine is far superior to that of IDU,

Recurrent herpes simplex is one of the major problems in ophthalmology
both in terms of morbidity, and in terms of visual disability. Present evi-
dence indicates that once someone has an initial attack of herpes simplex the
odds are approximately 25% of having another attack within two years. If there
has been more than one attack of corneal herpes the odds are approximately
43% of having another attack within two years. The pathogenic mechanism of the
recurrence 80 characteristic of herpes simplex infection is unknown. Many
hypotheses have been proposed to explain what appears to be latent herpes
simplex virus infection in many experimental animals.

Recently, Dr. Anthony Nesburn, Estelle Doheny Eye Foundation Laboratory’,
has found that latent herpes simplex virus can be isolated from rabbit tri-
geminal ganglia between episodes of recurrent ocular disease, whereas no
evidence of herpes simplex virus infection was found in any other tissue
tested. The concept that virus might not be latent within the cormea epi-
thelium but might come to the cornea from exogenous sources has raised new
hope that such recurrence might be preventable by drugs. Dr. Kaufman reported
that the prevention of recurrent herpes simplex might be possible through the
use of interferon. Interferon inducers such as Poly-IC were studied by
Pr. Kaufman extensively and found to be very effective in rabbits and other
rodents. In monkeys and in man, however, these interferon inducers seem to
have only a minimal effect which disappears rapidly. Human interferon on the
other hand, according to Dr. Kaufman, effectively prevents herpes infection
in monkeys even when given as drops as seldom as twice a day. The finding
that human interferon administered to monkeys protects against herpes is
encouraging, and certainly justifies further attempts to define the thera~
peutic dose required, and the practicality of administration to man for the
prevention of the herpes simplex keratitis.




cn Verms ol arpited clinical research, clearly one of the most exciting
DevenUodeved pment s tn corneal research §s the therapeutic soft contact lens.
The tdea o covering the cornea and protecting iU is not new, but the ability
T protedt e cornea with an optically clear dressing which is well folerated
has ot bt pessible untll the advent of the soft lens. Dr. Kaufman® devel-
. oped and rirst reported the use of the soft contact lens for the treatment of

corne 1 doseaae,

Reventiv, sott contact lenses made of hydrophilic gel have proven safe
and cffective for the treatment of bullous keratopathy. Bullous keratopathy
ts a vendirfon in which the inside layer of the cornea, the endothelium, is
damawed as a result of cataract extraction or because of degeneraticn caused
bv aging. ir is estimated that of the five hundred thousand cataract extrac-
tions dene a vear, approximately five percent result in bullous keratcpathy
with swelling and clouding of the cornea, blisters on the surface which can
be excruciatingly painful, and reduce vision. Soft contact lenses create a
smovuth optical surface, improving vision in . significant proportion of these
patients. In addition, In the vast majority of such patients these lenses,
by preventing the blisters from breaking in a painful way, restore comfort
to patients who might otherwise be in agony. They will be helpful to patients
who develop bullous keratopathy after cataract extraction, but also to those
who develop this condition from degenerations due to aging and other causes.

In addition to their general availability for the treatment of bullous
keratopathy, these moist, optically clear, protective lenses have proven use-
ful in many other kinds of corneal disease. 1In some patients with arthritis,
and in otherswho are merely aged, normal tear production becomes deficient
and the eve dries and becomes scarred. Soft lenses have provided a moist
protective blanket for such eyes. By protecting the surface of the cornea
affected by a wide variety of other conditions, they have permitted corneal
ulcers te heal. By creating a smooth surface, without rubbing off the surface
tissue after injuries and other conditions which create irregularities in the
corneal surface, they have prevented tissue damage while providing good vision.
Good vision is present since their smooth spherical surface becomes the
effective front surface of the eye.

Another exciting development stemming from basic research is the finding

that the cellagen fibrils of the cornea can be altered by heat so that the
front of the eve changes its shape without the cornea becoming scarred. A
procedure called chermokeratoplasty, developed by Dr. Antonio Gassett and
associates at the University of FloridaG. has been used on dozens of patients
with keratoconus, a bulging forward of the front of the eye which grossly

- distorts vision and can even ultimately rupture. This special heat probe
irons the cornea back to its normal shape and permits these patients to func-
tion again without the risks and enormous expense of corneal transplantation.

. This procedure has shown a high degree of effectiveness.

It has been demonstrated that the corneal shape can be changed with heat,
and this olffers the possibility that, with further research, nearsightedness
mav be effectively treated, and other kinds of optical corrections may be
performed in a relatively simple manner,
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datad, 0t ruul receandaed as g major public health problem, limited financial
Lesantoea aiad e oo ss iy, oedival problems often restrict the scope of
tracr o centr, D oprowrams vhere they are most necded,

«oeniv o six trachuema laboratories in the world today,
e baited States: The University of Washington, tne
Uroversity of Cal7ioareng ln San Franacisco, Harvard., Recently a larpge tra-
Cooha b wearai Whlt oot the Lister Institute in London ceased operations after
. titiven woars o ounsficaat research in the field,
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Woao e trastome is nt an bieportaant public health problem for Industrial-

Feed nattens, oaly countries Jine the Unpited States have the resources to
Goresearsh (o Lradtoua on & sufficient scale. Research aimed at con-
r-ling blindness Jue ' rrachoma ¢can be justified on humanitarian grounds
100w, but there s also 1 long=term economic benefit since developing

oty fed can bevcore el fesufiicient soorer and will need less economic aid

1f the byrden ot garing for those who are aconomically blind is decreased while
the nomber of preductive adults is increased,

St e

A ~ubsiantial nurher of trachoma cases in American Igd“gns have been
reported. Since (965 Dr. Chandler Dawson and assoclates} y at the University
of Califarnra San Prancisce have been conducting controlled chemotherapy trials
O trachoma amony Anerican Indians. The goals of Dr. Dawson are to evaluate
the role ot leng acting tetracyclines in the therapy of trachoma, the role of
type~nuecatie~chlamydial antibodies in tears and serum of infected persons and
to derernine the etivet of lysozyme on extracellular chlamydia. The results
of thuse stadies provide guidance for the Indian Health Service (USPHS) and

Navato Trial Shwneil in implementation of trachoma control programs.

tohthalnolopists are accustomed to identifying signs of fully expressed
fuherited dfuvavos In the eye, for example, the macular cherry-red spot of
Tav-Rachs di eare and cornea verticillata of Fabry's disease. Physical signs
of the carrier state of inborn errors of metabolism are much less frequently
observed, and have never been described in some disorders. Accurate, safe,
expeditious, and inexpensive tests that will identify heterozygous carriers
are {ndinpensadle for genetic counseling.

3c;cnt3', such tests have been developed for Tay-Sachs disease and Fagzy 8

disease. Ly, Fdward Cotlier, University of Illinois Eye and Ear Infirmary

has shown that the specific enzyme deficiency that characterizes Tay-Sachs

dig: ase can he Jdetected in human tears. Affected homozygous children show

A virtual! absuonce of the normal enzyme hexosaminidase-A, whereas asymptomatic

carriel heterozigow individuals have an enzyme level that is intermediate

between that of diseate and normal individuals. Similar results have recently

bren detedcted for tive vnzyme deficiency of Fabry's disease by Dr. Cotlier and

. his auso. fates 2, virtually no activity of the responsible enzyme, aipha-
salactosidase-4 was detected in the tears ol affected male patients, whereas
carricy feoale patients have intermediate reduction In activity as compared
with normal ndividoals,
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CATARACT

e pie 0 lens resvarcd s to elucidate the mechanisme which roexu’: in
foss of rase Y lean tramspavency. A prorequisite tor thig, however, i« an un-
derstandin? of the basis tor the gquite remarkable transparency ot the normal

. lens . This traavotrency Jdepends opon the maintenance of a hiph depree ot order
1 the protoin oo cnles of the lens. Until recently, no clear evidenvce
velstedd tao ! o oo taaise was tesponsible for this orderlt enirieur-

. 'l";.u‘!\ VY ‘. e > . LI

Tr. o Precooo et tethiode, Adelphd Universityl, has developed -pecial

Codenterot e e o il o) methods that are useful ror providine Lorore
matien oon tw e st o Ders oand cornea research:  transparency and wuper-

e lecul sy oot ctutas . Actually, the two facets are comples ctarw
Cecause e cewr o ertiaes provide information from which one car infer
WAt trove s o tear to i tnral changes that cause cataracts.

Do Cooor S hatoaw tie bovine lens (and later in che Looan
IV B ST S s oo e only oat low angles and was due to Jersite
tloctuasie o o . o cante experiments during which the léens was ader
werieil o vah : Treueicies, ne found that the structur.) ~hanges

Lo the SiBe e et el re gquite different in the cortical and nucicar
vovdent, Tt et isotieps, one mavy infer that cortical cataracts ore of a

freroent tituals ooacalio1r oY lakes and separation of fiber cells) than those
Doothe nodlent v Do el inclade senile cataracts characterized U increasing

oz o devreo st o sneromoleceles in the fiber cell.

The beraci o o0 alnba-crvstallin protein in the lens and the mechanism
v owodeh e oL soprerted to alhuminoid and subsequently to the opaque mosterial
Tnocararest tooe lomg been ot ointerest to many investigators.

Sr. Bettelleir'ss work on the existence and function of phosphopeptides
in the aggrezation of alrha-crystallin appears to provide a breakthrough in
Vo cataract Tleld. e wus the I'irst to prepare an alpha~crystallin which
sove evidence of crystallinity by X-ray diffraction. This was lost by the
protein durine dialvsis, althoupgh the two phosphopeptides retained an altered
Sevaw Jditctraction pattern.  The amorphous protein could then be recombined
wit', th. pposphicpentides to vield the original crystallin complex. The impor-
tarze of this work derives fron the revelation of a new and unexpected factor
‘ alpha-crvaiallin organization on the macromolecular level.

e the control ef
tatil r. Detielheim's paper anpeared, it was tacitly assumed that the alpha-
crvetallin molecnle carried within it the machinery needed to control its

" conTiguration.  Although recent work bv others has indicated a possible role
TorosuZar o aicohels, sunars, and caleium ions in alpha-crystallin aggrocation,
th o were ot phesvhonentides views the problem from a fresh viewpoint.

*

Trere are many poassible rmechanisns of lens opacification, including those
¢havtes conatrle of fncrsasing the scattering or absorption of light. The theory
cTodient wcatiering indicates that agpregation of the crystalline proteins in
e lerms ean preduce opatity ar o in the case of cataract.,
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Dr, Yudith ledziniak and associates of the Massachusetts Institute of
Technology? , have provided evidence which implicates calcium in the aggregation
of alpha-c¢rvstallin of human lenses. The process is irreversible and produces
molecules of a size which can affect light transmission. The authors equated
calcium ion and total calcium in thelr discussions of cataractous and aging
lenses and were able to demonstrate an effect of calcium which may have some
pertinence to human cataract formation. They also found important evidence of
compositicnal changes in the higher molecular weight alpha-crystallin aggregates.
During agxregation there is an increase in leucine, which would depress
soluhility bv making the molecule more hvdrophobic, and a decrease in tyrosine,
possiblv because tyvrosine is tied up in covalent linapes peculiar to the
agpregaltion process,

Dr. Abraham Spector, Columbia Universicy& , has continued his studies of
the effect of aging on protein synthesis and protein structure of the lens and
has attempted to correlate his findings with the development of geriatric
cataract. He has demonstrated that the alpha-crystallin macromolecule of the
lens increases in size as a function of aging. The only chemical difference
noted hetween the large macromolecule and normal sized alpha-crystallin is
the presence of 2-3% sugar and a decrease in solubility. This finding sug-
gests that the insolubility of the alpha-crystaliin as a function of aging
mav be associated with the development of geriatric cataracts.

Disordered carbohvdrate metabolism has been long considered a potential
cause of cataract formation. In 1957 it was found that an enzyme, hexokinase,
has a kev role in lens glvcolysis. Since the action of hexokinase on glucose
i{s the major controlling step in lens energy metabolism, the characterization
of this enzvme is of great importance. A failure of the enzyme activity, for
instance, can produce a significant metabolic stress on the lens. Dr, Leo
Chvlack, Massachusetts Eve and Ear Infirmary5 , has studied the hexokinase and
found that it consists of two forms, only one of which is prominent in the
human lens. The two forms of the enzyme (or isozymes) have a different dis-
tribution in the lens and different sensitivity to the glucose concentration.
The potential significance of Dr. Chylack's finding is that for the first
time there appears to be a chance of correlating changes in a major enzyme
during the pre-cataractous stage with the subsequent development of cataract.

The lens contains the highest concentration of protein and glutathione
of anv tissue of the body. This unusual characteristic imposes a need for
the continucus supply of amino acid for the synthesis of these compounds.
Because of its avascularity the lens must derive most of the constituents
required for metaholic energy and synthetic reactions from the surrounding
intraocular fluids. Although the mechanism for synthesis of amino acids
appears to be present in the lens, studies from Dr. Venkat Reddy, Oakland
Univers.tvb , have revealed that transport mechanisms rather than synthetic
processes plavy a major role in supplying amino acids to the lens.

Ancther aspect of lens enzymes and metabolism has been studied in the
past vear bv “rs. william Rathbun and Katheryn Wicker, University of Minnesota
Medical School’, Dr. Rathbun has successfully demonstrated the activity of the



Q

ERIC

Aruitoxt provided by Eic:

enzyme y-glutamvl transpeptidas
metabolism. The tuncticn n!f plute
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concentration of glutathicne in al
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found recentlv to be involved in ami-
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amino acids are <o {mportant In lens metahl
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The idea that exposure to sunlight mav 7.
tvpe of cataract called brunescent catarast &
on clinical evidence concerning the geogr
Experimental evidence for this concept ™
of Drs. Seymour Zigman, Joanne Schultz, &nc
Rochester’” who were able to demonstratie
mice exposed chronically to long wave
ultraviolet which reaches the lens in
the mouse lenses began to show alteration
including particularly an increase in Ixn
bility to amino acids and in their rat
likewise shown for dogfish lenses expose
light for 24 hours.
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A search for early changes in the lens 7 ::z
pursued by Dr. John Kuck, Emory Universitv- :
in experimental animals the combined ¢f *
trimethylpsoralen and ultraviolet light and ftneT 7oies
agents like certain drugs and toxicants Lo foonz.
Dr. Kuck's investigation is tc determine I7f s_1v zztazraizigs:
accompanied by permeability changes which cer e mimll:is '
before visible lesions become evident.
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agqueous humor flow and resistance 1o 1% grlt Tr = *-2 .ve whith estab lishes
intraoccular pressure at a certain level s ove o Ty ~f the {ntra- and
extra-ocular vessels., XNEI supported invesiirsl os =TI goont *he fnited
States and in Sweden have been examinive t*e cveamizs 2f thts svsrem,

Agueous Production

Dr. Richard Brubarer andé his srscc. tes 2% 2@ Navs Foundation® hav
examineg the filtratien coefficient ¢f tr¢ 1mzra-oular vascslature in monkevs.
They conclude from their findinps trnat “ii{feve--es i1z intradcular pressure
between individuals, the therag"utic eiferia of wyper-smueotic agents, and the
diagnostically recognized effects of water crinciog oo intraocular preqsure
are all mediated bv phvsio~chemical svents 21 the intraccular blood-vessel
wall. 7The role of neural factors in this process nas alco teen demonatratgd
by Dr. Buernard Becker and associates at washingisn Tniversicv in St. Louis*
when thev found that the insrillation of *soo-ssratic axe:ts into the third

ventricle of the rabbit brain (near the =vprihalanus) resulted in an eleva-
tion of intraocular pressure. This elevasion of in:rac vlar pressure was not
observed in single eves which undervent oot transection but remained
in the contralsteral nontransected eve.

Dr. Keith Green and associates at Jchns ¥oskins To ‘“ers‘tv3 4 have devel-
oped a mathematical model which descrites am:i measures the various factors
involved in the production of aquecus =uwmrcr 21 the ciltary Sody: facility,
pseudofacility, capillary pressure, active secrerisn, and the mean pressure index
for filtration, The model has beern emploved® iz examining the long-held view
that active secretory processes are primary iz asz.esus humor Sermation and that
passive, pressure-dependent factors fultrefilzrazicn’ plav onlv & minor role.
Their analysis of perfusion data fror the Isclesed rattiz ciliarv boedy, from
g everse c¢btains: that
ecus production. However,
at Uppsala University

it
"

T
ultrafiltration accounts for approximatery £%
the situation is still not clear, because reses T
have presented data to the contrary. Dr., &nders 32:i11% Jemonstrated that
increasing the blood flow in the antericr uvez znd giliary process in monkeys
does not vield automatic increases in the rate 27 aquecus humcr formation.

He concluded that in the monkev, at lezst, vizrafilzracion does not play an
i{mportant role in aqueocus humor formaticsm.

In many instances, the treatment ci g.aucome invelves the use of pharma-
cological agents which reduce aqueocus producticn. Primarv amcng these are
adrenergic substances, for example, epinephrize and carbonic anhvdrase
inhibitors, for example, acetazolamide (Diamex;. Alzhough the clinical value

of these agents has been recognized for manvy vears, t-e 2iochemical mechanisms
by which they lower intraocular pressure zre *Ust 2eing Zetermined. In many
rissues adrenergic agents activate adenvl cvi.ase %2 procuce adenosine 37, 5!
-monophosphate (cyclic-AMP), It is this "messezger” arzcb actually mediates
the physiological events which catecholamines iniciate. vidence has been
reported in the past, by Dr. Marvin Sears a2 Tale ?sivetsitv, that cyclic-AMP
may plav a central role in mediating the zctizzm 29 zazechclamines on aqueous
humor dynamics. Specifically, adrenergic zpents, whish decrease intraocular
pressure when administered topically 1c the ra*:is eve, also Iincrease the
concentration of ¢y, ic-AMP in the asqueous ~umcr., In additican, intracameral

9
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Projes boe ol oy le-aMP rower s e Bntraoeanlar pressare. Farther research
abvag these Moes by D, Maarieo Lanpgham and hig associates at Jokns Hopkins
Uidversits oppears to deaenstrate that the relationships between epinephrine,
eyclio =AY, intr wcalar pressure are Srndominantly dependent on the alpha-
agonistic propert ices ol vpinvphrinu7' .

1t bas been dvmonstrared by Dr. Monte Holland and associates at Tulane
University thal jueous production s Jdecrcased and outflow facility is
ircreased tollowing chemical sympathecromy with h-hyvdroxydopamine (6~HD)
applied topically te the evesn of animals., Most importantly, they found that
the beneticlal pressure~lowering effects of epinephrine can be enhanced
tollowing tt:s chemical svapathectomy, [t has more recently been demonstrated
by Dr, Alhert Zeller at Northwestern Universityg that monoamine oxidase
itnhibitors have similar potentiating effects on the action of c¢.inephrine on
the rate of aqueous production and on intraocular pressure in rabbits.
These findiags suygpested that patients with glaucoma might be aided by combin~
ing o-H) with topical cpinephrine therapy. Dr. Monte Holland and his
associuies conducted 4 series of clinical studies using this pharmacological
procedure on patients suffering tfrom glaucomas that did not respond well to
standard pharmavological treatment. In one studylO they examined epinephrine
dose-response relationships and demonstrated that the chemical sympathectomy
was etfective in lowering intraocular pressure over a S5-decade range of
epinephrine concentrations. The results of a second study11 showed that the
supersensitizing effects of 6~-HD obtain with a number of alpha- and beta-
adrenergic amines without systemic side effects. However, epinephrine was
found to be the most Jdesirable apgent because it was effective for a longer
duration. In reviewing their experiences over two years with 92 patients
(128 eves), Helland and his asscciates 2 concluded that 6-HD chemical sympa-
thectomy i{s an adjunct for therapv which can provide a patient who has
uncontrellable glaucoma a medical alternative to surgery.

Researchers at the University of Alabama, Washington University, and

Uppsala University have been examining the vrole of sterolds in glaucoma. It
has recently been reconfimmed by Dr. Ralph Levene and his associaresl3 that
stervid plaucema can be consistently produced in rabbits by topical treatment
with a 1% dexamethasone sulution over a period of a few weeks. Examiration
uf steroid etfoedts in humans provided even more exciting resultsl4 when it
was found that 85 patients with primary open-angle glaucoma had significantly
higher plasma cortisol levels f{ollowing orally administered dexamethasone
than did 77 normals. In addition, the data on plasma cortisol level indicated
a possible trend with age for the glaucoma patients but not for the normals.
It has alsv bven demonstrated by Dr. Bernard Becker and his assoclates at

’ Washington University that patients with primary open-angle §1aucoma are more
sensitive o steroids in both ocular and non-ocular systemsl 16, Clearly a
systemic endocrine marker providos the potential for differentiating indivi-

. duals with glaucoma.

Difterential responding to steroids might also provide & methodology for
iventifying individuals who mav be predisposed to elevated intraocular pressure
and glaucomal"lR. Dr. Becker and his associates have defined three groups
of normal individuals in terns of their response to adreno~cortical steroids-
-high, moderate. and low responders. This response can be blocked to

o, T
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different deprees in each of the three groups by pre-treatment with a

cortisol antagonist. It was found that "blocking" occurs earlier in glaucoma
patients and la high-cortisol responders than in subjects who are low or
moderate responders. These data are interpreted as providing further evidence
for the theory that genetic factors relate the response to steroids and
Rlaucoma,

Research at Johns Hopkins University, Washington University, and the
Medical Uellege of Georgia has demonstrated that intraocular pressure can
also be affected by the administration of a number of autacoids (hormones)
Including prostaglandins (PG), The prostaglandins are a group of fatty acids
which are known to antagonize the lypolysis induced by adrenergic agents.
Their biochemical effects are exerted on adenyl cyclase (the target of epine-
phrine and & number of hormones) and on an enzyme involved in the production
of cyclic-AMP.

Dr. Keith Green at Johns Hopkinsl9, employing the isolated rabbit
ciliary~-body preparation, presented data to indicate that PG enhances the
permeability of the ciliary membrane which in turn results in elevated
intraocular pressure. The primary site of action appears to be on the
filtrative channels of the ciliary body. Dr. Tzu Chiang at the Medical
College of Georgiazo also demonstrated an increase in intraocular pressure
with PG's in anesthetized rabbits and, in addition, showed that other auta-
coids, in contrast, caused a lowering of pressure. He also reported that
plasma PG-El levels in patients with open-angle or narrow-angle glaucoma were
found te be higher than in non-glaucoma patients.

The ocular hypertension responses to some PG's, can be antagonized by a
number of agents. Dr. Chiang demonstrated this to be the case in rabbits
that were pretreated with either epinephrine or pro esterone?ly 22,23 pr,
Becker and his associates at Washington University2 v 25 26, 27 have demonstrated
that imidaznle (a histaminic substance which enhances the reduction of cyclic-
AMP) and indomethacin (an analgesic) were also effective in reducing the
ocular pressure induced by PG's.

Dr. Keith Green?8 has also examined the effects of A-tetrahydrocannabinol
(THC, a marihuana derivative) on aqueous humor production. THC was found to
decrease the secretion and increase the filtration rate in the isolated
rabbit ciliary body preparation. When live rabbits were injected with THC,
intraocular pressure was found to decrease and both total outflow facility and
aqueous protein level were found to increase. Dr. Green reports that the data
available to date suggest that the response to THC involves vasoconstriction
in the ocular blood vessels yielding a decrease in blood pressure, and thus a
decrease in formation of aqueous at the ciliary body. The vasoconstriction
caused by THC may also reduce intraocular pressure by increasing aqueous

outt low.
Aqueous Outflow
Mechanisms involving the structures in the angle of the anterior chamber--

the trabecular weshwork and Schlemm's canal--are involved in the coatrol of
aqueous humor outflow from the eye to the venous circulation. Research with

b
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menkeys by br. Anders Bill and assoclates at Uppsala has recently show that
an inftial ettect o1 constant artificial intraocular pressure elevation is a
progressive increase in outflow favilltyzg. However, this enhancement of
outtlow is only short=lived; outflow facility decrecases after about two hours
o maintained pressure elevation, Scanning and transmission electron micro-
scopy indicate that the initial facility of outflow is due to damage (''punch-
ing holes”) in the endothelial walls of the meshwork and of Schlemm's canul.
By 24 hours, the detects are occluded by endothcllalBSells, blocking outflow.
» Along similar lines, Dr, Morton Grant and assoclates at the Massachusetts
Eye and Ear Intirmary have demonstrated that the rate of aqueous humor outflow
through the trabecular meshwork and Schlemm's canal can be increased in
enucleated monkey eyes by mechanically pressing the lens posteriorly. This
eflect was graded, reversible, and repeatable as long as the tissues in the
angle of the anterior chamber were not damaged.

Employing the technique of suction gonioscopy, Dr. Bernard Becker and
his associates at Washington University have examined the phenomenon of blood
reflux into Schlemm's canal3l, They found that the frequency of occurrence
of blood reflux in patients is correlated with intraocular pressure level,
facility of outflow, and corticosteriod responsiveness. An additional prelimi-
nary finding requiring further investigation was that the frequency of blood
reflux in high cortiscosteriod responders was similar to that in glaucoma
patients. ‘

Efforts to improve the adequacy of the outflow channels make use of drugs
or surgical procedures. The latter are usually reserved until all attempts
at pharmacological maintenance of intraocular pressure have failed. Para-
sympathetic (cholinergic) agents, such as pilocarpine and anticholinesterases,
are the medications primarily employed. However, employing a technique
developed for the determination of small amounts of epinephrine in the
presence of a large excess of other catecholamines32, Dr. Ernst Barany and
his asscciates at Uppsala presented evidence to indicate that epinephrine
(an adrenergic) also increases outflow facility.

Advances in therapy with pilocarpine have been made using appliances
that zre easily placed directly on the eye. Dr. Bernard Becker and his
associates have employed soft contact lenses, presoaked in pilocarpine. 1In
a study with monkeys33 they measured the amount of tritium-labelled pilocar~
pine entering the aqueous humor. It was found that there were higher and
more prolonged concentrations of pilocarpine in the azueous with this system
than with pilocarpine eye drops. In a second study3 soft-contact lens
delivery of pilocarpine was examined with primary open-angle glaucoma patients
who were otherwise uncontrolled on maximum medicinal therapy. It was reported
that approximately half of these patients benefited from this new therapeutic
technique.

The soft-contact lens technique is not without caveats. Apparently,
larger doses of medication are pulsed into the cye in a relatively shorter
period of time than with conventional eye-drop therapy. This raises the
possibility for the occurrence of toxic effects. Another device which appears
to be enjoying more stable effects employs a thin plastic wafer placed under
the lower eyelid which allows a constant release of the appropriate dosage.
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With tncieesing Jelalled Knowicdie o oo moryaolo gy ana anaromy ol the
drainage svstem, 1nvestigators are voncermad with the devesapaent ol new
surgical techniques,  An example ot so o0 w0 prodecaean be founag gt the
Massavhusetts Fye oana Far dniirmarv.,  he cey Dy Mortea Crant ael his associ-
ates have attempted to devise g method o poantitative pertusion oi exclsed
seghents of the anple ot the aniorior S ber. fhese cxporiments
provide evidence thar flow through this srructure 8 ety sensivive to slight
physical disrurxiuna3°. By perfusion of enucleated eyes, this research group
has discovered several tactors in microsargery of Schlemms' anal that have
not previously been rccognizwdjg. Specilicailyv:  {1) in the current surgical
procedure of probe trabeulotomy ab externo there is a strony ctendency for
channels opened by the surgery Lo clese agaln, apparenily as the diarupted
trabecular meshwork tissues po back into place; and (2) pasaing the probe
inside Schlemm's canal Jdamages the outer wall of the canal, cawiing changes
which tend to hinder agueovus outflow through the collector channels, In
addition, in comparing 2 number of trabeculotomy techniques in ¢nucleated
eyes, these investigators find that fnternal trabeculotom vields a greater
increase in aqueous outflow than does trabeculotomy ab externo and suggest,
therefore, that it is more promising for clinical use.

Dr. firant has also examined the reasibilivy of cyclocvyotherapy in
treating a4 number ol tvpes ot advanced, inadequately contruvlled glaucoma38.
At the enmd or {ollow-up periods of approximately one year, the procedure was
found to have maintained a xeduction in inrraccular presiaure in more than one
half of the cases, Complications did occur in 16 percent of the cases, with
significant Jecreases in vision in 5 percent of the paticnts. .

Coasiderable resecarch is being conducted in a2 numher of centers to exanine
various types of laser surpery in the treacment »{ zlaucoma. It is hoped that
laser energy, and the concomitant benefits of Yaser surgery in general, can be
employed in effectively decreasing intraocular pressure.

NEUROLOGICAL_AND VASCULAR EFFECTS

Une of the most puzzling aspects of glaucoma is how elevated pressure

within the eye causes the destruction of the optic nerve.  For any given level
of pressure, some patients have more resistant optic nerves than others,
There is considerable evidence that optic nerve destruction and the visual-
field lons of glaucoma may be caused by changes in the blood circulation of
the eye, Thus, it is imporrant to evaluate the eye's circulatory svstem as
well as the intraocular pressare in studying glaucoma,

Evidence for reduced vascularity in glaucoms comes from rescarch at

Uppsala University and at George Washington Universf{tv, Dr. Anders Bill and
his associates have shown that blood tlow rthroug the optic nerve head can be
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fmproved by reducing intraocular pressure and ossibly also by raising blood
pressure ¥, In additton, they have also shown 0s41 that topical administra-
tion o! pilovarpine and neostigmine in monkeys results in an increase in
blowd tlow through the anterior uvea. Dr. Mansour Armaly%2 employed heat
conductanve as a measure of blood~flow rate in cats and monkeys., He reports

v that remarkable chanyges ocvur in both the choroid and optie-nerve circulation
as intravcular pressure is wmanipulated.

. Recent studies by Dr. Douglas Anderson at the Bascom Palmer Institute at
the University of Miami have been concerned with the acute effects of intra-
ocular pressure on the optic nerve. Intraocular pressure was elevated by
means of a manometric system through a small needle inserted into the anterior
chamber in the eyes of monkeys. Various parameters of optic disc function
were studied. In one experiment43, it was determined that the resultant

. ischemia produced graded effects on the optic disc which were correlated with
the induced intra-ocular-pressure level. However, these were also accompanied

by graded etfects on the outer retina. Even though the disc and the outer

retina are served by the same blood supply, the latter effect is not a common
observation in glaucomatous damage. Thus, these data suggest that non-ischemic
pressure-induced effects may be involved in the neuropathology associated with
glaucoma. In a second experiment“?, ischemic changes in the optic nerve were
studied bv recording optic tract responses to flashes of light directed into
the eye. It was found that elevation of intraocular pressure did not diminish
nerve fiber conduction until the intraocular pressure was elevated to diastolic
blood pressure, These data suggest that when intraocular pressure is elevated,
the nutrition te the disc can be adequate for normal metabolic functions, and
that the disc is not starved until intraocular pressure is considerably eleva-
ted.

Dr., J, Terry Ernest at the University of Chicago#’ describes a double-
cannula technique for measuring, in cats, the tension of the optic disc while
manipulating the perfusion pressure. His studies indicate%® that the blood
circulation at the optic disc autoregulates; that is, it can adapt to short~
term decreases i perfusion pressure. This finding is supported by a study
involving fluorescein angiography of the disc4?, Dr. Ernest suggests the
possibility that high intraocular pressure may contribute to the breakdown in
the autoregulatory mechanism of the optic disc circulation.

A group of studies by Dr. Bernard Becker and his associates in St. Louis,
48-49 has been directed at examining drugs which may protect the retina and
optic nerve from damage despite the presence of anoxia due to reduced blood
circulation. These studics stem from the suggestive results of an earlier
pilot study with humans in which diphenylhydantoin (DPH, an anticonvulsive)
appeared to protect 1/3 of the glaucoma patients treated from field loss.
Basically, employing an in vitro rabbit retina preparation, it was found that
* one effect of hypoxia was a reduction in the amplitude of the electroretino~

gram. With the administration of DPH, this reduction in amplitude was inhibi-
ted., Further studies are being conducted to examine the possible therapeutic
role of DPH in greater detail.

Dr. Morton Grant at the Massachusetts Eye and Ear lnfitmary50 reports an
{nteresting condition in which obstruction of retinal blood flow results in
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elevation of intraocular pressure. He has identified and documented, in seven
patients, a new clinical entity which involves a reversible unilateral shallow-
ing of the anterior chamber, with angle closure, resulting trom occlusion of
the central retinal vein,

IMPROVING DIAGNOS1S

The basic tools employed in the diagnosis and measurement of glaucomatous
pathology are gonlioscopy, tonometry and tonography, perimetry, ophthalmoscopy,
and anglography. Much current research is being directed at improving these
methodologies.,

Schiotz tonometry is employed to ascertain intraocular pressure by
measuring the depth of indentation of the cornea when a standard weight is
applied. In contrast, Goldman applanation tonometry measures intraocular
pressure as the force required to flatten a standard area of cornea. Schiotz
tonometry is usually performed with the patient lying down, and applanation
tonometry with patient sitting. Dr. Douglas Anderson and Dr. Morton Grant31
have compared the two techniques in 906 patients and report the following:

(1) Pressure measurements with both techniques are affected by the position of
the patient; (2) pressure changes with position were greater for patients under
medication than for those not under treatment; and most importantly, (3)
Schiotz measurements are not as accurate as applanation measurements and can

be relied on for only rough estimates. In this regard, Dr. W.K. McEwen’? has
described an information-processing methodology that can be employed to improve
significantly currently used data reduction techniques for Schiotz tonography.
However, there are other problems with Schiotz tonometry and most current
efforts (for example those by Dr. Richard Brubaker at the Mayo Foundation and
Dr. lrvin Pollack at Johns Hopkins University) are being directed at improving
applanation technique953'54

Because one of the first signs of neural damage is excavation and cupping
of the optic disc, evaluation of the disc is most important in the diagnosis
and treatment of glaucoma. For example, Dr. Bernard Becker and his associates
at Washington Universityss have recently measured the vertical-horizontal ratio
of the optic cup in glaucomatous and normal eyes. Vertical elongation was
observed in 33 percént of the glaucoma patients, but in only 4 percent of the
normals. Investigations directed at improving the evaluation of the optic
dise are being conducted with NEL support at a number of research centers.
Among these are studies involving mathematical analyses, computer mapping,
and laser and contour angiography of the optic nerve head.
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and nonspecific changes ocgur 3
in the mouse are expected to te
vcular muscle dystrophy.

in sudcesiular 2
.
.

T %
. ;
1wl much absLl oIne pain

Since all oculomotor neurons participate simply 20 produce a required
muscle tension without regard tc the tvpe ¢f novement, the Supranuclear organi~-
zation must be arranged to produce the cPBerves mier neurcn behavior., Several
lines of research have shown that each ¢f the ivpes of eve movement (saccadic,
pursuit, convergence) are governed bY¥ separate neurclogical substrates at higher
central nervous system levels. Sewveral lat:crazicsries nave reported data indi-
cating that inputs from these separale SvVealems are tegrated into a common
neural output at or before the level of cculone ns. .ne question is
whether this integration takes place at the mo uren itself or at some
supranuclear interneuronal level. Dr. E¢wars at the LnAversity of
California, Berkelev, has stucdied the behavicr the abducens and oculo-
motor nucleus motor neurons during acCCOMOCZILVE 20TVergense eye movements in
the alert monkey7 The observed behavicr was zompared with that of the same
neurons during versional (parallel cor cocniugaze) eve ncvements., The behavior
was found tc be identical, indicating thar czulomezer ualiz dishcarge is deter-
mined by fixation angle withcout regaré ¢ zhe tvpe % mcvement used to reach
that angle. An analysis of the unit firinog rate alsc suggested that the sepa-
rate inputs controlling vergence (antiparallel ¢r disi*unctive) and version eye
movements are probably combined at some supranuclear lavel cefore the motor
neuron. The present studvy of mOTOT TeUTOn TEEPITSE curtng vergence adds quan~-
titative derail to our understanding c¢f the firnzl level cf the cculomotor system.
The results, showing that inputs from vergence a=d versicn systems are integrated
at some neural level before the mctor neursn, vere nc: entirely anticipated
since various studies have demonstrated the izdepexdence c¢f disjunctive and
conjugate eye movement. The vergence znc versiszt coantrsl signals seemed likely
candidates for summation at the oculomeicr zeurs
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Dr. Alexander Skavenski ané Dr. David ?

insct in studles conducted at
the Johns Hopzins University and Schocol ¢f Medic
-

ine have investigated the role

of the abducens neurons in the vestidulo-scular reflex®. The eye position in
space is the mechanical difference between the nead pcsitiun in space and the
eye position in the head. Head motior coulié &isturt vision if compensatory
eye movemenis were not generated by the Praiz. EZead rctations produced as an
animal moves in its environment leac tc compersalcry eye mcvements which pre-
vent images from sweeping across the retine to: zuicely. Teo insure that eye
position in the head is just equal anc cpposize tc the head pesition in space,

izicn. The resylting response is known
as the vestibulo~ocular reflex. These investigaters studied the motion of the

¥

¢

S

[

eye of an experimental monkey in the 1ight and iz the dark when the head of the
animal was rotated in a measurable ‘as%ic:. Simyitaresusiy, they measured the

discharge rate of the abducens motor neurcn. The relaticnship between discharge
rate and eye position did not change unen eve positicn was determined by either
visual or vestibular stimulation. Further, ot 2ifference was found in the
relationship between discharge rate modulation and eve velocity when the latter
was induced by vizual or vestibular stimulatic Trese r2sults suggest that
motor neurcn behavior is determined onlwy “y evE pﬂs‘t on and velocity and 1s

not determined by the type (saccade, pu*su t, ve'ge*ce, or vestibular) of eye
movement that created the position or velocizy. Changes cf eve position in the

14
ERIC s




head were found to he ecual and opposite to changes of the head position in
space over the range <f about ,01 or 1.5 Hz during sinusoidal rotations of the
head without vision. The investigators have suggested that there exists in the
hrain stem a neural integrator between the vestibular and oculomotor nucleil
which converts head velocity signals to eye position signals. The phase shift
observed in these experiments between the head velocity and the discharge
patterns of motorneurons can be anticipated only if such a neural integrator is
pestulated in the path of the vestibulo-ocular reflex.

Drs. Albert Fuchs and U. Buttner of the University of Washington have been
interested in the modulation of visual information processing by eye movements.
During eve movements the perceived visual world seems to be stationary, whereas
a moving object presented to a stationary eye causes the perception of movement.
In hoth cases, a movement of retinal image occurs. Previous physiological
studies in other laberatories have suggested that the dorsal nucleus of the
lateral geniculate is the earliest station along the visual pathway where visual
ané eve movement interaction occurs. The investigators at the University of
Washington have now studied the discharge patterns of single cells in the
lateral geniculate nucleus and the pregeniculate nucleus of the alert monkeyg.
These discharge patterns were analyzed during spontaneous saccadic eye movements
and unit activity was recorded either with the monkey in the dark or subjected
to short flashes of light. Eve movements were carefully recorded and compared
to the discharge patterns of the recorded cells. Nearly all of the units
isclated in the lateral geniculate nucleus exhibited no change in activity with
a saccadic eve movement in the dark or during light flash stimulation, and the
investigators have concluded that no visual and oculomotor interaction occurs
at the lateral geniculate nucleus. Of the 55 neurons isolated dorsal to the
lateral geniculate nucleus and believed to lie largely in pregeniculate, 39
exhibited a clear change of activity with all saccades in the dark. These units
either were usually silent and exhibited a burst of activity with a saccade or
discharged at spontaneous rates and exhibited a pronounced inhibition with
saccades, However, the activation or suppression of activity began an average
of B0 milliseconds after the saccade. Of the 39 units, 26 also responded in
some manner tc the flash stimulus, These results indicate that the pregenicu-

" late nucleus receives both an oculomotor and a visual input. However, the

saccade-related unit discharges appear to occur too long after the movement
either to participate in saccadic suppression or to aid in differentiating those
movements of retinal image due to eye movement from those due to movement of the
visual world, per se.

Drs. Samuel Ron and David Robinson of Johns Hopkins University have con-
ducted a quantitative investigation of the direction and type of eye movements
evoked bv stimSIation of each subdivision of the entire cerebellum in the alert
intact monkev Each subdivision was systematically explored and eye movement
and stimulus current were accurately measured and recorded. Three regions of
the cerebellum were found to participate in oculomotor control. Within each
region the type of eye movement was the same but the direction varied with
stimulus location so that all eye movement directions were represented in each
region. Saccadic movement was found to be evoked from the vermis, lobes V-VII.
The directions of the saccades varied with clectrode placement. Saccade ampli-
tude was independent of pulse frequency, pulse width or pulse length, but,
above threshold, increased with increasing stimulus current. Another regica
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menty Whese velvedre dnoroased with o gn Teceeae dn ST Gt LT D vt ey,
Bmeoth movemenL s ot siavcades gseadr e e ol v et e et by had othe
same directin,  he third repion woe 0 cestbodccereh T the floenlnys,
nodulus, and wvroas Nestaaemus (1 oty oo s T iatdion b b s gye) wan cvohea
trom this regzioun. 11 cther stroaetut Coahe Tureheltlinn weore consadered
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a stimelus current ot 1 midliamp, Ovee U0 rheve resulie oroaont a fadrly
coherent picrure r the types o ove o onent 3 rpat oare ateoc i d with the
various cervbeliar divisions,  fThe snvestigators hope that thene results will
clear tne way Tor "wire coamplex experite i that will arospde g wew gederstand-
ing of the role ¢ the cerchellum tn the 2o vtrol o) eoye mavements,

In studies conducted at the Univerity of Califernia, Berkeley, Drs.
Gurald Westneimer and Sidnev Hluair investicated the role of the brain stem and
cervebellur in the control of cve nmovanat,  They found! b othat stirulation of
certaln regions of the brain stem of al vt monkeys caused an inhibJoion of
Sdevadiu eye Mmoevementls.  For the duratison a0 the stimulaticn, ne saccadle move~
ments were carried out, regardless of the visual stimulusx.,  Hewever, no inter-
ferente with smocth pursull eve miovemenls or JCONVErgeance oye uovemncnls was
evident, aor did accommodar:ien or vedtibular ove movements appear to be affected.
Thesv resules, as have ethers, suggest that saccudic eve movements are diffec~
ent from ~ther lasses of evye mevement.  The function of the ceorebellum in the
control ot cve movenent was studied by Drs. Westheimer and Blair in cerebellec-
romized monkevs.  Thogse animals showed an inability to maintain an eccentric
gaze. A saccade inte the peripheral field was always followed by & drift back
toward central vaze. Two other abnormalities of eye movement contrcl were
appares’t e atscace of ail smooth pursuit movemenis and, quring the first
week after wercbellectomy, aun absence of convergence mavements. This latter
defect wis partialiv overcome ac longer pustoperative times. However, these
monkeve acver fuoly recovered the ability e maintain a converped position of
the eves. Jtiaer tvpes of eve movement did not appear to be afiected: saccadic
movement s perfectly nermal, and no atnormality in any phase of the vestibulo-
ocular response was observed, These investigators have suggented that there
is sorething special about straight ahead gaze in oculomotor function since
after ceretellectomy this is maintained when gaze in no other direction can be.
The motor rneurens {rom occulometor nuclei recorded in alert cerebellectomized
monkeys Vived at their usual, quite rapid rates when the monkey was Tooking
stralyght ahead, and their discharge rates woere feund to he modulated ‘n the
expacted wav Juriag saccades aad drifts. Thus, it appears that gaze~holding
fallure {v nret due to an inabilitvy of the motor neuren Itself to continue
firtng., TFurthermore, the results of this study areuc that the mechanism for
maintaining o steady impulse rate in oculomoter neuvens during straight ahead
gaze Joes oot reside tn the cerehellun.

In 'rudies wirh Dr, Suzanne McKeelz, NDr. Westheimer has shown that smooth
PUTAUIT wve movements iavolve an element in their neural control that is not
describabkie a» the equivalent of a steadv state eve posirion or a simple func~
tion of ity r-te of ~hange. These findiangs are in ~onflict with Denders' Law
which states thar the erieptation around a fixatien axis ic alwavs the samne no
matter what movement proceedesd the arri—al of rhe eve in a piven fixation
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posftion. Ihe data 'ver tle woirn ot Westheimer and McKee show that Donders'
Vaw Jdoes oot he'd Yar the pursuit svatem.  Not only may the observed torsion
agscciated wit! o mevieg eve differ frem the torsion found during =teady fixa-
tien, hur the an=lo ond the size of the torsion also varies with the direction
ol the motion., e favestigaters do net as yet have sufficient data to form-
ulale wereral raies reganding the direction and extent of this additional tor-
Sliae encendered L osmonth eve movetents,  Those studies, electrophysiological
eyt denre, aind subiect.ve obrervations suggest that smooth eye movements, unlike
sactades, are not compensated tor in space perception. Apparently, significant
ditrerences extst ‘i the neyral substrates of smooth tracking and saccadic eye

Loy ements,

r. Rarhara Cerdon of the University of Oregon has studied the responses
of rourens in fawe super:or volliculus in unanesthetized cars!3, The receptive
Y{eld propervien of wiits in the superficial layvers were found to be similar
to those previcusly duseribed ‘or anesthetized animals. The least sensitive
porticns of toe roventive field, however, disappeared under anesthesia, Thus,
anesthesia has o ervect f decreasing the size of the activating region of
the receptive tield. Visual receprive fields were found in these studies to
he much targer 1t the deep collicular layers than in the superficlal layers.

S - dev; laver receptive tieles included the entire contralateral visual field.
Mot wesp taver socite responded to a wide range of stimulus sizes and shapes,
were Jlirect, o 1iiv selective (responding only to movement with a horizomtal
cemponent toward the per!phory of the contralateral visual field), and
responded maximally te rapid stimulus movement, Many deep layer units, espe-
2iatly those in the lateral pertion of the colliculus responded to auditory

(r sematic scireli, A mamber of units responded to both auditory and visual
stinu’ i, and a fow responded to both somatic and visual stimuli., These recep-~
troe Tield piesertres are consistent with the notion that the coliliculus may
heo ysed 1 the contre ! of head and eye movements made in response to moving
suimi . The celln danaoifbed in Dr. Gordon's studies may provide information
s o o oantimal ot able to track a stimulus visuallv regardless of whether
thar sticelas 1niti 'y impinges on its visual, auditory, or somatic sensory

sSVvn.lem,

Studies conducted by Drs, Westheimer and Blairlk suggest that the motcr
patnwavy for accemmodatior (the alteration of lens shape) does not have a
synapse n the ciliary ganglion while that for pupil constriction does. This
cormclution cemes Jrom investivations which indicate that the sphincter iridae
and the Ciliary muscles of the alert monkey differ in their f{requency response
to intracranial electrical! stimulation of the third nerve. Furthermore, local
appliication of nicatine te the ciliary sanglion abolishes pupil constriction,
but not acccmmodation, upon electrical stimulation of the third cranial nerve
proximal o the o Toary pangifon. These results are very suggestive that there
exists an uninterrapted neuronal path to the ciliary muscle. This conflicts
with puenerally aveepted theorier of the pattern of imnervation of che intra-
orular muscles,

VISUAL NFRVCUS SYSTEM

- Sme E—— - —— e -

Postctopical studies of neuronal activity in the visual cortical area of
the monxey have vielded considerable information on the functional organization
of rhese areas, inhe study of area 17 has shown that at least two svstems
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of neurons occur, arranged in a series of columns extending from pia to white
matter. One system has common receptive field properties within each column
whereas the other system is aggregated according tv eve dominance., A hori-
.zontal organization is also evident which corresponds to cortical layering,
separating simple monocular responses in lamina IV of the cortex from complex
binocular responses in several laminae. Dr. Jennifer Lund of the University
of Washington School of Medicine has conducted anatomical studies designed to
establish morphological correlates for these physiological findingslS.

She has attempted to determine if there is some simple basic plan of neu-
ronal organization in the visual cortex which might correlate with and be
testable by physiological studies. The monkey was chosen as the experimental
animal because the primary visual cortex (area 17) of the primate is more
sharply divided into a series of clearly limited laminae than is that of the
cat or rat, and these divisions provide a useful set of morphological landmarks.

Dr. Lund has found three basic cell groups in area 17: pyramidal neurons,
stellate neurons with spiny dendrites, and stellate neurons with spine-free
or sparsely spined dendrites. These three neuron groups show different distri-
butions in depth from pia to white matter and differ in their relationship to
the zone of concentrated termination of geniculocortical axons. The neuron
type most closely related to the laminae receiving a heavy geniculocortical
projection is the spiny stellate cell. This cell type is restricted to lamina
IV, Pyramidal neuron cell bodies .re almost totally excluded from lamina IVC
which contains the broadest band of geniculocortical axon projections. The
apical dendrites of lower pyramidal neurons bear many fewer spines in lamina
IVC than in lamina V and VI. The basal dendrites of upper pyramidal cells
spread superficially and deep into lamina IVA. The area of thalamocortical
fiber termination, rather than within it. Spine-free stellate neurons occur
at all cortical levels and the sparsely spined varieties have not been found
in lamina IV but occur in other laminae., These and subsequent anatomical
studies are expected to provide us with a road map of this portion of the brain,
A clear understanding of the neuronal interconnections should help to explain
many of the findings of visual neurophysiologists and point the way toward
further productive physiological studies of the visual process in the cortex.

The longest fibers of the optic tract reach to the upper layers of the
superior colliculus of the midbrain. Dr. Gerald Schneider of the Massachusetts
Institute of Technology has studied the effect of lesions of the superior col-
liculus in newborn hamsters on the formation of abnormal retinal projectionsl6.
The normal terminal area for optic tract fibers was destroyed in newborn hamsters.
The animals were allowed to grow to maturity, and the distribution of the optic
tract fibers was studied at that time. Considerable evidence of termination
was found in areas normally devoid of such optic tract terminations: the remain-
ing tissue of the colliculus and the thalamic nucleus. An abnormally high
density of terminations was found in part of the ventral nucleus of the lateral
geniculate body. These thalamic regions received connections from the superior
colliculus in the normal animal. TIf the superficial layers of the superior
colliculus were destroyed unilaterally at birth, axons from the eye contra-

. lateral to the lesion not only reached the area of early damage, but formed an
abnormal decussation, crossing the tectal midline to terminate in the medial
zone in the undamaged colliculus. Axons from the two eyes appeared to compete
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for terminal space in this intact colliculus, because they terminated in a
nonoverlapping manner. If the axons frem the eye contralateral to the remain-
ing colliculus were eliminated at birth, the anomalously recrossing axons
increased in quantity and spread across the entire superior colliculus on the
"wrong' side of the hrain., Hamsters with such an anomaly showed wrong-direction
turning in respeonse to visual stimuld in a large part of the visual field.

These studies provide new information on the factors which control the routing
wf afterent retinal fibers during the development of mammalian visual system.
Lesions studies such as these can give important insights into the factoers

which control development in the normal system.

Dr. Frank Walsh of the Johns Hopkins School of Medicine and Dr. Richard
Lindenberg of the Baltimore City Morgue have completed the first volume of
Neuropathology of Vision: An Atlasl?, This two volume set is intended to sup-
plement major clinical texts by providing visual assistance to students and
all physicians interested and engaged in the diagnosis of lesions involving
the visual pathways: the optic nerve head, orbital optic nerve, intracranial
optic nerve, chiasm, optic tract, lateral geniculate body, optic radiation,
and calcarine cortex. In each case, the pathology of the structure is dis-
cussed and illustrated extensively, The authors of this atlas hope that their
publication will serve to integrate basic information regarding neuroophthal-
mological diagnosis now found in scattered publications throughout the
literature.

The retinal ganglion cell serves to integrate the responses of several
retinal photoreceptors and is thus the first locus of visual image processing.
Current theory holds that the output of a given ganglion cell is controlled by
tvo spatially overlapping mechanisms: a "center" mechanism and a '"surround"
mechanism, For an on-center, off-surround ganglion cell, the center mechanism
would cause excitation during the period when the light is on and inhibition
after the stimulus is terminated. The surround mechanism would cause inhibi-~
tion when the light 1{s on and excitation after stimulus termination. The
response intensity curves, which are used to describe the fields for both
mechanisms, have their maximum strength in the center of the receptive field.
The curve for the center mechanism has a higher mean and lower standard devia-
tion than that for the surround mechanism.

Given these spatial and temporal characteristics of the center and sur-
round mechanisms, it would be expected that the response pattern to a stationary
stimulus would be dependent upon the stimulus location in the receptive field.
According to the model, three basic response patterns should be ohserved for an
on-center, off-surround ganglion cell: (1) in the center of the receptive
field, a stationary target should produce an on-response; (2) in the distant
regions of the receptive field periphery, an off-response should be observed;
(3) in the region closer to the receptive field center, a double, on and off,
response should b elicited.

Drs. Ray Winters, Terry Hickey, and J. Pollack, at the University of Miami,
have examined the effect of variations of stimulus distance (from the receptive
field center) and target 1ntensit§ upon peripheral response patterns of single
on~center retinal ganglion cellslB, Their results revealed two types of on-
center units, One group responded to annuli of light flashed outside the
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receptive Yield center recion with bursts of activity st bBoin ohe cnset and
terminaticon of the stimulus,  These colls were, thus, on=center, on-off gure
round cells. A sveond greup of cells pave resp nges that are similar ¢ those
predicted by the spatialiv-overlapping, dual mechanism theorv:  thev were on-
center, off-surround cells,

In related studies, Dr. Winters, topether with Terry Hlekey and D, Skaer,
has examined the vffect of varving the size of the stimulating fiash of light
on the responses to these two tvpes a1 retinal gangllon cel11819,  The stimu-
lating flashes were annuli of constant frslde diameter bur varving cutside
diameters., The two groups of cells could be distinguished on the basis of their
responses te changes in annulus size. Regardless of the location of the stimu-
lus in the receptive field peripherv, the first group of cells showed spatial
summation of both the on-excitation and orf-excitation respomses. The effect
of stimulus sire on the responses of the second group of cells was more complex,
appearing Lo be dependent on the location of the stimulus in the receptive
field peripherv. 1If the inside portion of the annulus was unear the receptive
field center, in the on-off zone, then small increases in stimulus size pro-
duced an increase in the strength of the excitation whereas large changes in
stimulus size led to a decrease in the strength of rhe on-excitarion, Off-
excitation, on the other hand, was a function of spatial summation across the
entire receptive field peripherv, Thus, the center and surround mechanisms
appear to be spatially coextensive for the first group of cells but not for
the second, at least in the receptive field periphery. These results add a
new element of complexity to the picture of the retinal ganglion cell Integra-
tive function.

Dr. Duco Hamasaki and associates at the Bascom Paimer Eye Institute in
Miami have embarked on a study of the neurophysiological {wpact of visual depri-
vation vn ecach of the 1 ‘sual centers from the retina to the cortex. In 3 recent
study30 they have detaiied the response pattern of twe tvpes of ganglion cells
in the normal (nondeprived) cat retina. One type of ganglion cell exhibited
the so-called sustained response: when a small stimulating target was moved
to the peripheral, inhibitory, portion of the receptive field of the ganglion
cell, a reduction in the firing rate of the cell was noted. Then, as the
target moved from the surround to the center of the receprive field, the firing
rate lncreased to a maximum and remained at an elevated level for the duration
of the time that the target was in the center of the receptive field, The
second tvpe of ganglion cell, the transient response cell, showed no evidence
of entry inhibition, However, as the stimulus reached the center of the recep-
tive field, the firing rate increased suddenly and then dropped back to the
spontaneous level almost as rapidly. The investigators have determined further
that with increasing stimulus intensity, there is a linear increase in the
maximum firing rate but no significant change in the size of the receptive field
center. This observation indicates that the response properties of the center
and surround components of the receptive field must be changing proportionately.
These studies serve as the controls against which these investigators will
compare data from thelr studies on ganglion cells from visually deprived animals.

The superior colliculus of the catr receives visual inputs from both reti-

nae and from ipsilateral visual cortical areasl’+13:19 ang the Clare~Bishop
area. The cells i{n the most superficial collicular areas respond best to mov-
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oL anoyarc o gt r o otoens wrrada well=defuned recerrtive Pields.  Furthere
oty mr e el e i iated epniltivowe'D by the tve eves despite the pre-
N R T ctralatoer s, et inyt Janut t o-each Ralf oof the colliculus,  Twe
eyl ., Ures Toarre Taluner an? Alan Rosenguist, working the the lahoratory
D0r s T me s s o s the everndey of Pontsvivania have identifield thaose
VSIS r the ST oato Lo n 0t valsy whg'h are responalble for the cortical

S
stimulariom ot oty superocor veliiculusel, Be stimulating these cells electric-
deov o T roverss Jivectten, that Is, by oapplving electrical stimulation to
VAT ous pvrmts o1 o te o superiet oolliculus and determining those cells in the
STIlale . orted WHISL poancnded, these investigators were able to plot the recep-
Tove fiels am! ostudy e peneral phvaiecleogical properties ot these cortice-
tety’ meurcar. Thew o were feund te e dn laver ¥ oand were what are commonly
Salied Toimplex” celise Thel Rl cavne receptive fields and responded maxi-
Taslv T st o edye stirulus *nving slowly across their receptive field,
B slar, and were direcrion and orientation selective. However,
sy adentniried 2id net snew improved response summation with

R . when s1dts paralilel to the receptive field axis were sub-
frates Tor spols o as stimali. This {s in contrast to the behavior of most
wEner Cells 1n tae siriate certex.  Ajso, most of these units responded very
well o osmall moving spots us stimuli. The data from these experiments are
vonsistent with those obtained *rem ablatien studies in that the properties
ef the covticete-tal vells 1dentifled are preciselvy those which are lost in the
coliicuius Delliwicw remeval of certical avea 17, Apparentlv direction selec-
tivity ad tre etfectiveness of the ipsilateral eye in driving collicular units
are Jdegaondent on binocular, direction-selective inputs from the striate cortex.
A stucy of the development of visual information processing capabilities
feric-r oolliculus of the neonatal kitten during maturation has been

ed v Drs, PBarrv Stein, gawer Labos, and Lawrence Kruger of the Univer-

it e s
s Taliternia, Los Angelesc~, These investigators found that information
rrocesstuy fn the qurerior colliculus advances with age, and a distinct matura-
tional secusnce can he demonstrated for some neuronal response characteristics.
raie neursns ¢f the superior colliculus were studied from late fetal s:cages
up "2 ¥ weers oY arge. During the first few days of life, few active neurons
were f‘unc, and these which were encountered had significantly lower rates of
spontaneaus activity than those found in the adult. Prior to seven davs of
age, wisail stimul: wyoved inetfective althcugh somatic and acoustic stimuli
weTe capable of exciring some neurons in the deener laminae. Between 7 and 9
davs of a3ge, visuallv respensive neurons were monocularly activated by the
coentralateral eve and hest excited by stationary visual stimuli., Those neurons
respeasive to meving »timuli at this developmental stage were most effectively
excited by slowly mcving targets. Neurons responsive to movement only were
absent. From 10 te 13 dayvs until 7 to 8 weeks of age, the proportion of teu-
rons tinocularly actlivated, selectivelv responsive to the various parameters

cf mevement an? responsive to movement but unresponsive to stationary light,
all intreased progressively, Statisuary light became a relatively less effec—-
tive sfimulus than mevenent in neurons responsive to both stimuli, and a ten-~
dency for neuronal fatipue witii repetitive stimulation decreased. Although
each properiy did not become apparent simultaneously, in each neuron, matura-
tioni! changes in neuronal snpecialization paralleled the sequence of events in
the devel.oprent ot visuallv guided behavior and may reflect the maturation of
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the corticotectal pathway in the kitten.

The difference between the responsiveness of superior colliculus neurons
to stationary light in the immature and adult cat is striking and has prompted
a detailed examination of "static" properties in young kittens in order to
quantify the stimulus parameters affecting response latency during critical
stages of development. Drs, Stein, Labos, and Kruger23 have now shown that the
minimum as well as the range of latencies of on- and off-responses to large
stationary stimuli gradually diminishes in the period from 1 to 8 weeks. By
the end of this period, the latency values are comparable to those of mature
animals, 1In these studies the off-latency displayed a wide range of change
related to manipulation of stimulus variables and could be eliminated inde-
pendent of the on-response by reducing stimulus intensity and duration. The
investigators found that the minimum stimulus duration and intensity required
to elicit a response gradually diminished during the developmental period.

In studies conducted at Harvard University, D. Van Essen and J. Kelly,
working in the laboratories of Drs. David Hubel and Torsten Wiesel have pro-~
vided evidence that the shapes of cells in the visual cortex of cats may
correlate with their response properties to various types of visual stimuli?4,
The experimental procedure involved extracallular recording with microelectrodes
from a number of cortical cells. Each time a cell was reached, its receptive
field was mapped by a procedure involving the recording of its responses to
spots and slits of light projected onto a screen within view of the experimental
animal. After the receptive field characteristics had been determined, the
micrcelectrode was advanced slightly to penetrate the cell., The impaled cell
was then stained with Procion yellow injected through the hollow electrode.
After sacrificing the animal and sectioning its brain, the investigators were
able to identify the stained cells and determine their shar=. Although the
technical complexity of the experiment limited the number of cells mapped and
stained, the results of the experiment suggest that, in the Hubel and Wiesel
terminology, "simple” cells are probably stellate in shape and "complex' cells
are likely to be pvramidal. '"Hypercomplex" cells were identified in only two
cases, and one was stellate and the other pyramidal. These studies, which
provide a correlation between a functional property and the appearance of a
cell, are likely to prove of fundamental importance for future studies in many
parts of the nervous system,

Because of their relative simplicity and the accessibility of their neural
elements, the visual systems of several crustacea have been extensively studied
as models for various elements of visual information processing in mammals and.
man. In studies conducted in the laboratory of Dr. C.A.G. Wiersma at the
California Institute of Technology, Drs. Hugo Arechiga and Keiji Yanagisawa
have Iinvestigated the response to light of the visual interneuruus of the cray-
fish<3, These investigators have found that illumination of areas of they eye
outside of the receptive field of a given interneuron results in an inhibition
of the light-stimulated response of the interneuron. Regardless of the distance
between the inhibitory light and the receptive field, no decrement of inhibi-
tion was found. MNeither was there a tendency for inhibition to decrease with
time. The threshold for eliciting inhibition from a given area upon another
was much higher than the threshold for excitation of the impacted area. Dark
adapration of the eye caused a widening of receptive fields with a correspond-
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ing redulti.n oF tne iaoniditory arva. This affect of dark adaptation on lateral
inhitdition {5 remavwadblv similar te that described some years ago by Horace
Bariow and coworsers fovr the cat.  In the cravfish, every field but the receptive
cre acty as an ofYT inhibitory surrcund. Therefore, the change in responsive-
ness found tv Arechira and Yaragisawa can be attributed primarily to an expansion
o7 the excizarory field rather than to a reduction in the inhibitory strength

of the surround, This change in field organization might be neural in nature,

as postulated by Barlow for the cat, or more likely, the results of a peripheral
mechanism, such as pigment migratien in the photoreceptive units.,

Because the ground squirrel has an all cone retina, it is the experimental
animal of choice when one wishes to study vision without the confusing influ-
ence of the achromatic rods. Dr. Charles Michael of Yale University School of
Medicine has studied the response properties and receptive fields of opponent-
coler and opponent-contrast cells in the lateral geniculate nucleus of the
ground sgu'rrex“° The majority of the color-sensitive neurons found had the
comman concentric center-surround receptive fields consisting of one blue-green
‘ppcncﬂt*tolor system in the center and the opposite type in the periphery.
hat is, a given cell might respond when the center of its receptive field was

ulated bv a hr;en light but be inhibited when the same photoreceptcrs were
ulated with blue light; stimulation of cells in the surround elicited an
ehagtly cppesite spectral response, Because of their double opponent fields,
these geniculate cells were optimally influenced by the simultaneous presenta-
tion of two different colors: one covering the field center, the other illumi-
nating the surround. Dr. Michael also found opponent-contrast i :urons with
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receptive fields of the same center-concentric surround arrangement. These
cells had verv strong antagonistic surrounds and consequently were insensitive

to diffuse light., The opponent-color and opponent-contrast cells seem to be
segregated into clusters in the geniculate, This investigation has speculated
that the deouble cpponent-color cells probably receive excitatory inputs from
two sets of optic tract fibers with simple circular fields and with opposite
tvpes of blue-green, opponent-color properties, A single afferent fiber has
a receptive field which coincides with the cell's field center. The fields of
a second set of fibers are distributed in an annular fashion around the cell's
Lenter. thev collectively form the surround of the cell's receptive field. An
addiricenal two grcups of optic tract fibers with the opposite types of opponent-
color orzanlzatton and with the appropriate field positions in the center or the
surround mav maxe inhibitory svnapses on the geniculate cell. The opponent-
contrast cells probably receive inputs from two sets of optic tract fibers with
center-surround receptive fields. A single excitatory afferent has a receptive
1d center which coincides with the cell's field center. The surround fibers
encircle the cell's field center and collectively form the surround. They are
inhibitory and probably make presynaptic contacts on the terminal of the central
fiber. These studies have further shown that two general types of fibers
efferent from the retina are sharply segregated. The directionally selective
axcens travel only to the superior colliculus while the contrast-sensitive and
opponent-color sensitive units go only to the lateral geniculate nucleus.
These studies have enlarged our understanding of the mechanism of chromatic
stimulus integration in the visual nervous system. Dr. Michael has provided
a mcoel "wiring diagram” which may represent the general pattern in other
species with coler vision, including man.
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Drs. Russell dweValois and Byorma, Moro- 0 oso0 0

Berkeley, together with Dr. Max Snedoerov oy the Movesos - $1.T LT T
Technology, Yive been studving T s o sl :

cuomparin.g thelr reosuits with rthose salacind 1o omael e e : .
poychophysital vxperiments. The rati maly “o7 " &lalcr s - T
pxperimenta. animal with visua® oot Lo ol s T e T Co

on which elevtrophesiclogical studies @0 o DT . Cab. T
vous svdtem van be performed,  To i sttt v s nl 0 T e
monkey sublects was Tested with erat - S Sl T
qualities. Tre human mmd macague F ey om0 s s s sy s et
In form an! gquite similar o ahsciute oo T er Ttet ot 0t st
Drs, DeValols amdi Morgan, topethey Wil tavt o 0Lt in, waolaH D il it Il
Huil, tested the spectral sensit: i 00w =00 Loo-Tor 1T oamonye
scotopic and phoropie conditiomne,  The teou. e <i5e 2 337,473 SLm..Iz T
between the species,  The relative sensifivitiis $07 T Te. $3T8l.:53 3171
the spectrim were virtually ddentical, 5nd the sProluTe T-miit (T.si -mTs
remarkably cleove., These resulfs suppes® 10t nots tne bt - T =7 -+

the photerceepiive pigments in the twe spefies o & 776 wibv 7 o= 12 1 75
recepltor responses are cenhine# neurailv are gu - .
DeValois and Rivhard farrocco-Y have reonrtied tre s
lateral aeniculate nucleus of the macague monwvev

to stimul! varving in wavelength and puritvy \hpfitf;;
The tvpe of rospeonse oF any given col
length, Some ce'ls were stimulared b
others zave the reverse response. St
system. The response magnitude of anv given cell,
tion, was Jdetermined by the purity cf the stimulus.
taken togetner, are entlrely consistent witnh the epeltril s&Talzl
for this sare monkey species in the psvehernvelco. exteTimes:
contributes to vur understanding cof the role of t-ese -

in monkey, and perhaps human, perception ¢7 -~ Tor
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Dr. Gunter Von Noorden of the Bavlor C Jepe oF MErliiTe
that unilateral! 1id closure of vi ohd;a} Immature TresLE mITesi: ol ze L
versible amblyopla in all animals sc e:ted betw
age. I! the treatment is delaved until twelve
appears. During the age of suscepribilitwv, Jr. Vot
of occlusion as hrief as 2-4 weeks were effectis
Amblyopia alsc appeared in those monkevs which we
first week of iife, Correlaticon of these date wi
patients indicates that the human visual svsten rvemzitr sers:
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the monkev's, These results with the monkev are periizulzrlt Frorsoinire “ecause
of the similarity of the visual svstem in this aninal 7: %21 =7 ;er. Iz sther
studiebjl. this investigator has examined the hlstolry LETE e visual

nervous svstem resulting from unilateral 1icd =u
again in the ilmmature rhesus monkev. Sections

late nucle!, and areas 17 and 18 of the visual & . mITAY =
ally demonstrated amblvopia were compared with £ipilaTr T:ssues -TIm cTmal
monkeys. The only histclogic change cbserved :n tne 2eprives moresvs vis
significant reduction of cell section arca in &l Iavere 17 1% Lz12ral Z=
late nucleus that received input from the dedrives o7 cevizms Tz. Thase
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Pyyvenophvsical studles on the mechanism of stereopsis conducted by Drs.
Whttman Richards and David Regan at the Massachusetts Institute of Technology
have raised the possikiiity that tWo separate mechanisms function for the pro-
cessiny ~f binoculav cues tor depthv?. The experimental subjecrs were asked
to rivate on oa glven point in space and were presented with stimuli consisting
Sf parallc! hars.  The viewing svstem was arrvanged 50 that each eye could view
aniv one of o palr of bars, and the two eves were required either to converge
v odiverges 1n order to produce a single perceived image. The MIT group has
cund a number of subjects who are capable of processing one type of stimulus,
v oexample convergent disparities, but not the other, When the ability to
process both convergent and divergent disparities is present in the individual,
the vxisternce of two separate mechanisms can still be demonstrated by plotting
field maps for stercopsis for each type of disparity. Extensive measurements
on one observer have shown that the zone of the visual field over which con-
vergunt disparities are processed may differ quite distinctly from the zone
vver Which divergent disparities can be integrated. Furthermore, Dr. Richards
has found that for those individuals who possess one or the other of the stereo-
processing mechanisms, a contrast reversal of the stimuli and backgrounds may
lead te a reversal in apparent processing mechanisms 4, Thus, those who are
able to process convergent disparities presented as light bars on a dark back-
ground, when presented with dark bars on a light background, may lose the former
irability to process divergent stimuli but now lack the ability to process con-
convergent stimuii, Dr. Richards has suggested that such reversals in depth
with contrast may be the result of interactions between the center and surround
compenents of the disparity mechanism,

.y

.,

Dr. Patricia Ondercin, with Drs. Nathen Perry, Jr. and Donald Childers of
the University of Florida have studied the phenomenon of ocular dominanceé5,
They have found that dominance appears to be a continuous function which is
normally distributed in the general population. By placing lenses of various
dieptic powers in front of one or the other eye of the test subjects, the
investigators were able to establish, enhance, or decrease ocular dominance by
meditying the image clarity in one eye. These results indicate that dominance,
as measured by dichoptic stimulation, is not a static characteristic even in
adults. In these experiments dominance was shifted to the nondominant eye even
in subjects showing strong ocular dominance under normal viewing conditions.

In a joint experiment conducted by Drs. Joseph Sturr and Davida Teller at
Syracuse University and the University of Washington, respectively, the inter-
action of the two eyes was evaluated when a test stimulus was presented to one
and an inhibitory s.imulus to the other4®, These studies were conceived as a
further test of the physiological site of the Westheimer effect. Dr. Westheimer
has shcewn that the threshold of perception for a small test spot located in the
center of an illuminated disc varies with the diameter of that disc. The
threshold for the test spot rises with increasing disc diameters, reaches a
maximum for an intermediate disc diameter, and then falls again. This desensi-
tiration effect has been attributed to the existence of an antagonistic surround
in the receptive fields of neural units within the retina. Concentric receptive
fields are known to occur in various vertebrate species at the bipolar, ganglion,
and lateral geniculate levels as well. The studies of Sturr and Teller were
designed to nxpose the pnssible interactions of stimuli to the eyes of the
higher centers of the visual nervous system. In their studies, the test flash
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was presented to one eye and the sensitizing disc or annulus was presented to

the other. With steady presentation levels, dichoptic interactions were found

to be small or nonexistent, However, under transient conditions, dichoptic

and monoptic effects were remarkably alike. These results are consistent with
the conclusion that steady state disce annulus interactions and transient disc
annulus interactions probably occur at more peripheral and more central locations
in the visual nervous system, respectively.

Freak Bagrash, a student of Dr, James Thomas of the University of
California, Los Angeles, has conducted a series of experiments which suggest
that the human visual system contains tunable channels wvhich can affect the
transformation of the photic stimulus into a perceived image4?. The experi-
mental procedure involved measurement of threshold intensity for light discs
of varving diameters. When the subject briefly observed an adapting disc of
given diameter at suprathreshold level, his subsequent threshold of perception
for a test stimulus was markedly increased when the test stimulus was of the
same size as the adapting stimulus. However, when the test stimulus differed
markedly in size from the adapting stimulus, no significant difference in
threshold intensity was observed between control and adapted trials. In other
experiments, annuli were substituted for the adapting disc. The data of these
experiments suggest that adapting area is not the sole determinent of the
observed effect. The spatial distribution of the adapting area and its inter~-
action with intensity both appear to play a role. Dr. Bagrash argues that the
effect of size tuning en threshold intensity can best be accounted for by some
multiple, as opposed to single, channel tuning mechanism interpretation. These
investigators, together with those in several other laboratories around the
world, are exploring the implications of psychophysical studies which suggest
that the visual nervous system "tunes in" those portions of a stimulus which
are of interest and "tunes out" much of the additional visual information
presented simultaneously.
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ANNUAL REPORT
NATIONAL EYE INSTITUTE
July 1, 1973 - June 30, 1974

REPORT OF THE DIRECTOR OF INTRAMURAL RESEARCH
Carl Kupfer, M.D,

Although the National Eye Institute's Intramural Program will always
constitute only a modest portion of the nation's total vision research effort,
its continued development is crucial, not only for direct research activ-
ities, but for the evolution of NEl's total program, The expertise centered
in the Clinical Branch and Laboratory of Vision Research, as well as the
0Office of Biometry and Epidemiology, serve as an invaluable resource for all
Institute programs, providing guidance to extramural program management,
program planning and analysis, and the Office of the Director. In general,
the scientific direction of the Institute is greatly dependent upon this
highly-regarded corps of professionals, many of whom are internationaliy
known for their research contributions.

In a time of decreased Federal emphasis on research training, the
intramural research facilities of the NEI can also serve the young investi-
gator who desires experience in a stimulating intellectual atmosphere, as
well as the senior vision research scientist who wishes to take advantage of
the unique resources and opportunities for collaboration at the National
Institutes of Health.

The Eye Institute has the only eye clinic in the United States where
beds are allocated solely for the purpose of rision research and where there
is such close and consistent collaboration between clinical and laboratory
scientists., Its progress during the short time of Dr. Ballintine's adminis-
tration has been noteworthy; yet, its needs remain critical. Because of
limited staff there are no studies underway in two of the Institute's five
major programs: Cataract and Corneal Diseases. Other programs are only
minimally represented. In the coming year, major emphasis will continue to
be placed on strengthening this vital program to further its development as
a national resource and model for clinical vision research.
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ANNUAL REPORT
CLINICAL BRANCH
July 1, 1973 - June 30, 1974

REPORT OF THE CLINICAL DIRECTOR
Elmer J. Ballintine, M.D.

The Clinical Branch has continued to develop its program of studying
ocular disease in patients by laboratory methods. Patients are admitted to
the Clinical Branch only if they are appropriate for enrollment under one of
the research plans. These research plans must meet the same standards of
sclentific validiry that are imposed on non-human experiments and, at the
same time, must be ethically acceptable and incorporate appropriate safeguards
for the patient's rights and welfare.

During the vear a six member Protocol Review Committee, three of whose
members were not physicians and three not part of the staff of the Clinical
Branch, began a detailed reivew of all research protocols in the Clinical
Branch for scientific merit and ethical acceptability. Each investigator has
revised his research plans to meet the requirements of the Committee. I is
expected that additional review by Clinical Center agencies will be required
in the near future,.

The renovation of the outpatient service area was largely completed and
we moved from our temporary quarters. The renovation of laboratories for
tissue culture and for the study of retinal and choroidal biochemistry was
completed. A completely renovated operating room, equipped for ocular micro-
surgery, vitreous surgery, and electroretinography was completed. Apparatus
for performing B-scan ultrasonography of the eye and orbit was placed in
operation. Equipping a laboratory for neuro-opnthalmology was also begun,

The staff of the Clinical Branch consists of four senior staff physiclans,
three physicians who are clinical associates, and one who is a staff associate.
Two senior staff members are not physicians. Eight biologists and technicans
and four secretaries support the staff. The commitment of the staff to inves~
tigate the important categories of disabling and blinding eye diseases is
apparent in the individual research project reports.

In addition to conducting research on its research protocols, the
Clinical Branch in collaboration with the Experimental Pathology Section of
the National Eye Institute Laboratory of Vision Research, examines histopatho-
logically approximatzaly 100 eyes per year, most of which come from the
autopsy service of the Clinical Center. Consultations were furnished fo: 850
patients being cared for by other Institutes in the Clinical Center. There
were 2,550 outpatient visits during the year, 150 aduissions to the inpatient
division, and 75 operations were performed.

The Clinical Branch conducts several investigations in the field of
glaucoma. Omne of these is the prolonged observation of a series of patients
with ocular hypertension. These observations are expected to help determine
which signs have value in predicting which patients will eventually require
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treatment, and to determine 1f early treatment of ocular hypertension has any
value in preventing visual field loss.

The study protocol has been completed and registration of patients is
continuing. Closely related to this project is the continuing study of the
factors affecting intraocular pressure and their alteration by pharmacologic
agents in young and old normal subjects and patients with ocular hypertension
and glaucoma. A study of the mechanisms responsible for the patterns of
intraccular pressure variation allows a clear understanding of the actions
and suitability of pharmacologic agents used to treat glaucoma.

The aim of a related study which is on the enucleated, arterially per-
fused cat eye is to determine the pharmacodynamics of agents able to alter
intraocular pressure and to further the understanding of mechanisms which
maintain the intraocular pressure. A schema to explain some mechanisms by
which aqueous humor is formed has been developed and the mechanisms of drug
inhibition of aqueous humor formation has been clarified.

GClaucoma-related studies are underway to determine the rates at which
sodium and chloride ions enter the aqueous humor and the effect of unilateral
common carotid artery ligation upon the flow of blood to the ciliary body and
upon the formation of aqueous. Findings have shown that there is a reduction
of ciliary body plasma flow which is associated with decreased aqueous humor
formation. This is consistent with the view that aqueous humor is produced
by ultrafiltration. The relationship between blood flow in the ciliary body
and aqueous humor formation had not previously been demonstrated in vivo.

The definition of this relationship allows a better understanding of the
mechanism of aqueous humor production and may be important in the management
ot glaucoma patients. '

NEI scientists have developed an animal model suitable for studying the
eftects of chronic elevation of intra-ocular pressure. The researchers
induced an experimental glaucoma in the eyes of normal rhesus monkeys by
repeated circumferential photocoagulation of the recess of the anterior
chamber angle. This technique produces a reduction in the coefficient of
outflow and a chronically sustained moderate elevation of intraocular pressure
similar to that seen in human chronic open angle glaucoma. Cupping of the
optic nerve head, bowing of the lamina cribrosa and loss of retinal ganglion
cells in the perifoveal region similar to the changes seen in human simple
glaucoma accompany the elevation of intraocular pressure. This model will
provide a tool for studying why and how glaucoma causes visual loss. It will
allow investigations that cannot be performed in man but are necessary if we
are to understand the effects of glaucoma in patients and it will permit
comparisons of retinal optic nerve function in the glaucoma eyes to those in
the control eyes. The effects of chronic elevation of intraocular pressure
upon the rate of formation of aqueous humor will be investigated.

Other investigators have shown that blastic transformation of a patient's
lymphocytes induced by phytohemagglutinin can be inhibited by gluco-corticoids.
The sensitivity of this inhibition may be related to whether the patient has
glaucoma or not. This effect is being systematically investigated in fami-
lies of normal subjects and in glaucoma patients and their families.
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Eve Institute sclentists are looking for methods to demonstrate and
assay a possible vasoproliferative factor in the vitreous humor of patients
with such vasopreliferative diseases as diabetes mellitus, sickle cell
disease, Fales' diseuse, and central retinal veiln occlusion.

NEI scientists are also carrying out a trial of argon laser photocoagu-
lation for patients with several diseases of the retinal and choroidal
vasculature and of the macula. All patients undergo an exhaustive evaluation
betore treatwent and during the follow-up period. It is hoped to gain
considerable more clinical information about treated and untreated individuals
with these diseases. Approximately 50 patients have been treated or whom 35
have diabetic retinopathy but were ineligible for the nationwide, NEI supported,
Dilabetic Retinopathy Collaborative Study. 7Two other projects are attempts to
search for, properly classify, and clinically define new techniques which will
elucidate the cause, prevention, or treatment of selected choroidal-retinal
degenerative diseases (such as retinitis pigmentosa and familial macular
degeaeration), and of a broader range of genetic and familial diseases.

NEI scientists are also attempting to characterize the biochemical
properties and functions of the visual pigment in vertebrate retinal receptor
outer segments. Of particular interest has been the finding that rhodopsin
in vitro is phosphorylated by the terminal phosphate group of ATP and that
this reaction is stimulated approximately two-fold in the light. Studies are
underway to determine if this reaction occurs in vivo, and if so, to quantify
its extent and reversibility under various conditions of dark- and light-
adaptation, and most importantly, to determine its role in the physiology of
vision,

Clinical Branch scientists are studying the usefulness of radioiodinated
chloroquine analog for the diagnosis and detection of intraocular melanoma.
The patients included in this study are those referred to the Institute for
evaluation of pigmented lesions of the eye, resembling malignant melanoma
and those patients in whom the ocular media is opaque. The value of using
I-125 labelled chloroquine analog for the detection of intraocular melanoma
is being studied. Based upon the patients studied to date it appears that
the [-125 chloroquine analog offers some aid in the differentiation of patients
with intraocular melanoma from other patients with benign lesions or with
metastatic disease. To date there have been no verified false positive tests,
but the use of this test is not the final word in the differential diagnosis
of malignant melanoma inasmuch as there have been three false negative tests
to date. Another project has the broad objective of applying current proce-
dures for psychophysical tests, improving their form and scope, and enhancing
the usefulness of ophthalmic instruments for clinical work. The data
generated by these instruments and methods for visual examination contribute
to the other research projects within the Clinical Branch.

The results of a study designed to determine whether the Bausch and Lomb
"Soflens" and the American Optical "Bandage Lens" are effective in the treat-
ment of bullous keratopathy are being prepared for publication. Finally,
there is a study designed to evaluate the efficacy and safety of n-acetyl-l-
cysteine, a mucolytic agent in the treatment of the signs and symptoms of
keratoconjunctivitis sicca. This investigation will provide needed information
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The major finding of this studv so far has been the continuing evi-
dence supporting the concept that the enryme alisse reductase is involved in
initiating suzar cataracts., This enzvte seems 7 e the lommon mechanism by
which the sequence of evedts leading e leserornent of dlabetic,
galacteosemic, and xvleosemic catarace 4. An active inhibitor of
aldose reductase (A.R.) has Tecently been shoar $o sTevent cataractous
changes in cultured lenses exposes e hie® tt':eﬁtrat:cns ef galactose,
However, lmproved methods ° deliverv -7 1o 2,2, inkibitor by topical
application must be achieved before this procedure of concrolling cataract
formation can be considered effective,

- -y
2 N

NEI investigators hope that this tvpe of study on sugar cataracts
may serve as a model bv which other mechaciesms cf cataract development can
be uncovered, and mav also provige zlrernzte means of preventing cataracts,
Even though the initial phase of cataract development may be different in
the other forms of cataract, it appears that the terminal stages are quite
similar.

The aim of a third project within the Ladboratory of Vision Research
Section on Biochemistry is the study of fazzocrs which determine the normal
development and function of the retina -2 signented epithelium, The
{nfluence of hormones on normal and adnirmal Zevelopmenr and the uptake and
binding of vitamin A in the retina have been iovestigated during embryonic
g =

development. Biochemical analvses ¢f enzvme zctivivies were performed to
assess the effects of hormones on the retizne after in vivo application or
incubation with retinas in crgan culrure.,

Maior findinps of this profect have *een: that the hormone cortiscl
affects normal enzvme development In the exbrvenic retina while progesterone
appears teo retard normal biochemical development; that a specific, high
affinity receptor that binds vitamin A has been found in the embryonic retina;
that pigmented epithelium cells respond Iin culture to hormones such as
thvroxine and cvclic AMP with marxed cherges In pigmentation, morphology,

and enzvme activitv. This work attempis o pinmpoint early signals, such as
hormones and vitamin A uptake, that zre crizical to normal retinal development
and contrast them with those found in the <iseased scate. It is hoped that
such studies will ultimately uncover compousds which can correct retinal
development in the embrvo.

The LVR, in cooperation with the labderatervy cf Chemical Pharmacology
of the National Heart and Lung Institute, is investigating the concentrations
of cyclic nucleotides in retinal phozoreceptors. These have been found to
fall dramatically when a dark-adapted retina is exposed to light., These
intracellular hormones may act as intermediaztes in translating the initial
photic stimulus on the retina into the neural response which is transmitted
to the brain. This project is designed te study the enzymes of cyclic
nucleotide synthesis and degradatiom to determine the critical point at which
light exerts its influence.
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The =ater Tindingy of this project was that extremely high concentrations
of ¢rolic MNP were Tound in retinal photorecenters, The levels of both
cyclic OMP oand evelic AMP were founa to be dependent on the percentape of
Tight-bleach of the retina, Phosphodiesterase, the enzyme of cyclic nucle-
otide metabolism, was found to be activated by lipht and thus control cvelic
nucleot ide concentrations in the photoreceptor, This is the only well-
Jdefined enzymic activity known to be regulated bv photic energy. It is hoped
that this study will lead to a hetter underatanding of the biochemical basis
of the process in normal vision and lav the proundwork for an understanding
of the underlying problems of retinal degeneration and blindness.

In ceoaperation with the Laboratory of Pathology at the National Cancer
Institute, the LVR is attempting to isolate specified memhrane proteins on
vhosts of rabbit corneal cells derived from tissue culture and primary cul-
ture of cells from normal tissue,

Herpes simplex virus (HSV-I) - induced antigens have been demonstrated
on membranes of infected rabbit corneal cells (SIRC line) by specific immuno-
labeling, The use of the hybrid antibody method for localization of antigenic
changes on viral-infected corneal cells represents, as far as can be deter-
mined, the first application of this method of immunolabeling to experimental
studies directed at control of herpes simplex keratit.s.

A~other project 1s the study of structural and functional aspects of
the bovine rhodopsin molecule.

It has been postulated that hydrophobic bonding between rhodopsin and
the lipids of the rod outer segment memorane is of major importance for the
. maintenar:e of the structure of the membrane and for the functional role of
rhodopsin in that membrane, The thermodynamic values which have been
obtained here support at least the first of these concepts, and we now have
a clearer concept of the magnitude of the forces which are involved in
rhodopsin~lipid interactions in the membrane. Additionally, NEI investigators
now have the ability to predict molecular dimensions for various models of
the structure of rhodopsin and to consider these for consistency with other
evidence concerning the behavior of rhodopsin during the visual process, In
furnishing information concerning the structural and functional role of
rhodopsin in the rod outer segment, these studies are intended to contribute
to an understanding of the basic biochemical mechanisms which are involved in
both the normal and pathological aspects of scotopic vision,

Studies on calcium~dependent macromolecular association or dissociation
offer the possibility of yielding information which may be significant in
interpreting the role of calcium in the changes which occur in the rod outer
segment membrane following exposure to light, Another important finding by
NEI scientists within the Section on Biochemistry is that calcium plays a
very dramatic and central role in the excitatory process in vision, This
suggests that abnormalities in calcium metabolism by ocular tissues may lead
to impairment of vision. Furthermore, it may be highly significant if any
pathology of vision could be understood on this “asis, Also, the flourescent

79

L Aol |

(D



probes discovered as a result of this project report the nature of the iso-
lated visual receptor plasma membrane. This may be of use to others studying
membranes, particularly those investigating the biochemistry of isolated rod
outer sepments. They will contribute to an understanding of the basic blo-
chemical mechanisms which are {nvolved i{n both the normal and pathological
aspects of scotopic vision.

LVR investigators are studying the renewal of photoreceptor cell outer
segments, a continuous process which i1s impaired in some pathological condi-
tions such as progressive degeneration or developmental anomalies of the
retina., The purpose of this project is the elucidation of the biochemical
events involved in renewal, especially the distinction between transport of
opsin to the outer segment and any further modifications of opsin necessary
to produce light-sensitive disc membranes.

The indication is that opsin is transported to the rod outer segment
before the vitaminA chromophore is attached to produce a light-sensitive
visual pigment. The presence of pigmented ‘epithelium does not appear to
influence the rate at which the chromophore is added to newly-synthesized
bovine opsin which accumulates in the outer segment,

Isolated frog retinas, on the other hand, show little accumulation of
opsin and seem to add chromophore shortly after opsin is transported to the
outer segment, It appears that the final steps in the outer segment renewal
are regulated largely by the photoreceptors, not by the pigment epithelium.
This fact has an important bearing on the identification of the cell types
responsible for the defects in any of the various retinal dystrophies,
Attempts will be made to demonstrate the location of rhodopsin precursors in
the rod outer segments and to correlate the amount of precursor seen in frog
or cow rods with specific differences in the structure of the rods.

NEI scientists have previously found that there are two types of
phospholipid which are required for the structure and function of the visual
pigment rhodopsin. In this project the distinct roles of these phospho-
lipids were separately investigated.

The finding that phosphotidylethanolomine (PE) is directly involved in
isomerization of all trans retinal to 11 cis retinal is probably the first
instance in which a '"pseudo-enzymic" function of membrane phospholipid has
been demonstrated. This could provide a model reaction for phospholipid

. functions in other membrane systems. Another important finding of this pro-
ject is that abnormal rod functions observed under certain pathological
conditions, such as retinal dystrophy, may be related to degeneration of
phospholipids associated with rod disc membranes. For example, phospholipid
peroxidation by light has been suggested to be responsible for Turkey Blind-
ness Syndrome, a veterinary disorder characterized by a degenerative
endophthalmitis with detachment of the retina.

In the visual receptor cell, the movement of ions across its membrane
and the control of this ion flow by light-released intracellular excitatory
transmitter have been shown by NEI scientists to be basic in the initiation




of the light detection process of the visual svstem., The nature of this
excitatory transmitter, how light and the visual cell control its passage
across membranes, and how this transmitter in turn reculates movement of ions
across the visual cell membrane are the focal points of these investigations,

The understanding of how membrane~bound proteins control the passage
of materials through membranes is of foremost importance whether these
materials be ions in the photuvexcitatory process or ions and substrates of
varicus sorts in the processes of development and maintenance of ocular and
nervous tissue. Revelations of how visual pigments, probably the best char-
acterized membrane protein, control movement of materials across membranes
are a major contribution to biomedical research. The successful adaptation
of the electron microprobe for the quantitative study of biological cells
will have impact in many areas of biomedical science because it will fulfull
the demand for a rapid and sensitive method for determining the ionic
compositions of cells as small as one micron in diameter.

The Section on Experimental Embryology in cooperation with the Clinical
Branch of NEI, the National Institute of Child Health and Human Development,
and the School of Medicine at UCLA has contributed in the past year to three
of the five NEI program areas: Retinal and Choroidal Diseases, Cataract, and
Corneal DNiseases, First, it demonstrated that the PE cells of the embryonic
retina can synthesize fibrillar collagen. This gives substance to the sus-
picion that these celis may produce the abnormal deposits of collagen seen in
such Jdisorders as senile maculopathy and Drusen formation. Second, NEI
scientists working on this project have discovered that collagen-bearing
lavers produced by retinal PE can induce the sclera. This focuses attention
on the possible involvement of this epithelium in conditions such as blue
sclerae and some colobomata.

In the past vear emphasis was placed on in vitro studies extending the
list of previously identified factors governing the early steps in the
metaplastic regeneration of lens from the dorsal iris of newts, animals with
a natural ability to regenerate a normal lens. These findings define more
vigorously the in vitro conditions that optiuize early steps in Wolffian lens
regeneration. This project will continue to focus on the tissue interactions
involved in ocular embryogenesis with emphasis on the roles played in morpho~
genetic foldings and induction by epithelially produced matrices.

The Section on Experimental Pathology has studied normal and pathologic
eves by light microscopy, histochemistry, transmission electron microscopy,
and scanning electron microscopy. Several animal experiments are pursued
for the control study of the corresponding pathologic materials.

Through the use of the electron microscope this study has revealed that
microcystic dvstrophy of the cornea epithelium begins with formation of an
abberant basement membrane within the epithelium. The epithelial cells which
are trapped beneath the abnormal basement membrane appear to undergo degen~
erative change and form the cvst. The epithelial layer over the basement is
free from the cystic change.
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e a3 been Tound that the maturation of the conpenitallv cataractous
mouse Ters cedl appearys to ocenr slower ohan that of the normal cell and that
the earliest degenerative change, swelllne of Jens ¥ibers, is tound in the

pastorionr coptical zore,

Work within this project has reveaied that it is almost impossible to
separate the retina from the pigment epithelium without breaking the fine
mierovilll of the lateer cells, The attachment of the retina to the pipment
epithelium appears to be firmer than eenerallv thought. This information i1s
agportant for understanding the pathophvsioloav of retinal detachment.

wratled study ot patholopic marerials s one of the most basic and
Imtorgaat tasks in biemedical rescarch, This laboratory is one of a few
wiich are capable of pursuing this type of research on pathologic eye
materials,

Alswo within the Section, retinas of normal rhesus monkeys have been
photocodaulated by o ruby laser following the technique identical to that of
the clivical anrplication. The animals were sacrificed at several time
interviis and the retinas studied histologically, electron microscopically,
and by tvpsin digestien technique for retinal blood vessels.

Althouph necrotic chunges in the photoreceptor cells and the pigment
epithel{um in each burn lesion are extensive, the retinal tissue appears to
tolerate tne treatment rather well., Each lesion is sharply circumscribed
and the repalr process seems to take place within the damaged area. The
structure of the retinal tissue between the burns is not disturbed at all.’
No aporeciatble swelling or cell infiltration has been seen in this normal
area. This treatment appears to remove a great number of photoreceptor
¢ells From the retina, The simplification of the tissue may be the reason
for the clinically beneficial effect of this treatment. Small numbers of
surviving retinal cells seem to be sufficient to maintain the normal functions
@' the retina.  The findings of the present study favorably support the use
of photocoagulation therapy. The multiple laser burn appears to be safe to
the rvtinal rissue.

Amang several important contributions in the recent retinal studies,
demonstrations of the morphologic changes of the outer segment membranes by
light and of the renewal mechanism of the photoraceptor cells appear to be
mast sigaificant, Retinas of the rhesus monkeys were exposed to continuous
flaxhes of light (ten per second) by an electronic strobe light installed in
the lamp house of an ophthalmoscope, The animals were divided into two
groups.  re group was exposed for one hour and the other for three daily 30~
minute exposures. Animals were examined by electron microscope at various
time intervals after the exposure,

311 exposed retinas began to show pathologic changes in the outer seg~
ments starting on the second day, Two days after the one hour exposure the
plasma membrane of the outer segment was fragmented and vesiculated and the
stacky ot the disc membranes became irregular. After the three 30-minute
exposure~ the outer segnents formed knots a few microns away from the ciliary
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junction. The cuter seements <losest to the inner segment, which are believed
to be newly formed portions, were tound to be larger than the distal halves.
This sugpests that mild repeated stimulation resulted in hypertrophy of the
outer segmuents,

These chaaees have been found to stay in the retina for a long period
of time., Irrepular arrangement of the outer segments was found one vear
after the exposure, Also, a small number of photoreceptor cells in the
exposed area bepan to Jdegenerate in the later period.

1t is common to tind pathologic changes which are identical to those
of the present experiment in the outer segments of "normal human retinas,
particularly at the macular zone, These findings indicate that the human
retina mav accumulate photic chanpes with time and that along with certain
other factors, photic damage mav induce macular degeneration,

The mechanism and site of aqueous formation remain major questions in
eve phvsiology and are important to understanding the pathogenesis, The
function of each laver of the ciliarv epithelium, which has not been clearlv
shown, is to he demonstrated by another LVR project using rhesus monkeys.
Fine structure of the rillary epithelium has been studied after alteration of
the intraocular pressure in various conditions and durations. The most
extens fvely performed experiment during the past year has been the perfusion
of the internal carcotid arterv with hvpertonic solution., The accumulating
information from this study is sipnificantly approaching a newer understanding
of the function of the ciliary epithelium., The future course of the project
will attempt to pinpoint the function of the non-pigmented epithelial cell,

Drugs which Jestrov cell microtubules reversibly are among those which
are used commenly in cancer chemotherapy., It is essential for us to under-
stand the precise funcricns of microtubules in ocular cells 1f we are to
determine accurately the dosage levels of anti-cancer drugs which are safe
for the maintenance of normal visior, Microtubules are conspicuous components
of developing lens cells, inner segments, filament regions of photoreceptor
cells, and nerve axons, It is conceivable that drug overdose could lead to
cataract formation if it destroys the microtubules in an elongating lens cell
durinz a critical period. lLikewise, vision may be impaired by disruption of
microtubules in photoreceptors and axons. This study should help determine
if any of these ocular cells, which depend on microtubules and microfilaments
for their normal function, may be sensitive to chemotherapy and other environ-
mental or hereditary insults,

The Section on Experimental Patholopy studied the ultrastructure and
function of the pigment cells of the eye, the purpose of which has bheen to
investigate and define more precisely the intimate physical and chemical
interrelationships that exist between the pigmented cells and the visual
cells of the eye. LVR scientists have utilized an hereditary pathological
condition as an experimental tool to investipate how the membrane discs of
the rod outer segments are digested by the pigment epithelium. Analyses of-
normal and mutant cells have been carried out by light microscopy and modern
techniques of high resolution electron microscopy as well as cytochemistry at
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both levels,

(ytochemistry at the electron microscope level has enabled the investi-
Rators to localize within the pigment epithelial cells and choroid cells the
enzymes that are involved (acid phosphatoses and catalases), Differences in
the packaxing of these enzymes by normal and mutant pigments epithelial cells
permit a preater definition of the steps involved in the formation of cryso-
somes and melanosomes. NEI scientists have shown that there is more relation
between these processes than previously known, Such studies on pigmented
cells of the eve contribute directly to our understanding and managing of
many retinal and choroidal diseases.

Studies on the physiology of the primate visual system were conducted
within the Section on Neurophysiology during FY 1974, Experiments were com-
pleted on the analysis of graded, visually evoked extracellular and intraocular
response from the foveal region of the striate cortex of anesthetized,
paralyzed rhesus monkeys, The findings show that the earliest electrical
responses detectable in the foveal striate cortex, following light stimulation,
is a fraded extracellular potential which is positive at the cortical surface
and negative in the gray matter and has a peak latency of about 60 msec, The
response is similar at both on-and-off~phases of a light stimulus, There
are indications that all three cone mechanisms participate in this response.
Each cone mechanism contributes a similar potential to the response but
antagonisms between cone mechanisms 1s apparent. The proportion in which a
cone mechanism contributes to the response varies from one area to another,
This implies topographical differences in the representation of cone mech-
anisms i{n the striate cortex,

Such studies of retinal function at the cellular level should prove
valuable for understanding vision and the pathophysiology of retinal diseases.

At least three independent information~processing systems have been
distinguished in the primary visual -“ortex of the rhesus monkey, The
majority of color sensitivity cells respond without regard to stimulus
shape or direction of movement. Cells in a second group respond only to very
slowly moving, precisely oriented light bars without regard to color or
direction, Cells in a third group respond preferentially to stimulus move-
ments in one direction, without regard to color or line orientation, Most
cells in this area of the visual cortex (area 17) are thus specialized for
the detection of a single stimulus feature at the expense of other features,

The color cells tend to be located in two distinct regions (layers 3B
and 4B) near the termination sites of lateral geniculate axons. Directional
cells are usually found in layer 4A, which contains axon terminals from
adjacent cortical regions. Orientation-specific cells tend to occur in the
upper and lower most layers (2, 3A, 5, and 6),

It is essential that scientists understand the normal mechanisms of
information-processing in the visual cortex before they attempt to define
the nature of the visual defect in such conditions as congenital cataract,
strabismus, astigmatism, some types of color deficiency, the aphasias, and

84 $‘l_




disorders of reading (for example dyslexia) in children,

In cocperation with the University of Vienna in Austria, the Section
on Biochemistry of VR, and the Laboratory of Bilochemical Genetlcs at the
X¥arional Heart and Lung Institute, scientists from the Section on Neuro-
phvsiclowy have devised a preparation of the cat retina which has allowed
them to make Intracellular recordings from most of the neuronal types therein
and to stain the neurons with procion vellow dve., This marks the first time
that such techniques have been successfully applied to any mammalian retina.
The responses of A" and "B tvpe horizontal cells, horizontal cell axon
terminals, both rod and cone lipolar cells, two distinct types of amacrine
cells, and several classes of ganglion cells have been identified.

Horizontal cells have been shiwn to have unusual properties which may
prove to be broadly significant to .»ur understanding of the central nervous
svsten., One such astonishing finding was that the axon terminal of the '"B"
tyvpe horizontal cell has responses which are unrelated to those found in its
cell bodv. UWhereess only 407 of the amplitude of the cell body response is
generated tv rods, 80% of the amplitude of the axon terminal response is
generated kv rods., Furthermore, the rod signal of the axon terminal has been
shown to be over one log unit more sensitive than that of the cell body. Thus
the "B” tvpe cell bodv and its axon terminal system appear to be functionally
independent units. nther neuronal types are currently under intensive study
and it seems possible that an exhaustive description of neuronal properties
in the car retinal mav emerge in the next few years.



LABORATORY OF VISION RESEARCH
PUBLTCATIONS

Baus, N, Hess, H.h., and Pope, A.: Microchemical studies of altered
cell membranes in Creutzfeldt-Jakob disease. Arch., Neurol. 30, (in press)

1374,

Bensinger, R.E., "Fletcher, R.T., and Chader, G.J.. Guanylate cyclases
inhidition bv light in retinal photoreceptors. Science 183: 86~87, 1974.

tpasinger, R.F., Fletcher, R.T., and Chader, G.J.: "Piggyback"”,
chramatoxranshv:  Assav for guanylate cyclase in retina and other neural tissue.
J. Neurochem. (in press).

3uhader, G.J.: Some factors affecting the uptake, binding, and retention
of ("H) cortisol by the chick embryo retina as related to enzyme inductionm.
Jo Neurochem, 21:  1525-1532, 1973.

Chader, G.J., Bensinger, R.E., Johnson, M., and Fletcher, R.T.: Phos~
phodivsterase: An important role in cyclic nucleotide regulation in the
retina.  Exp. Eve Res. 17: 483-486, 1973.

Chader, 6.J., Fletcher, R.T., Johnson, M., and Bensinger, R.E.: Rod
outer segment phosphodiesterase: Factors affecting the hydrolysis of ecyclic
GMP.  [xr. Eve Res., (in press).

Chader, G.J., Herz, L.R., and Fletcher, R.T.: Cyclic nucleotide hydrol-
vsis: Some possible natural regulators of phosphodiesterase activity in
reti~a and rod outer segments. J. Neurochem. (in press).

Chader, G.J., Herz, L.R., and Fletcher, R.T.: Light activation of
phosphodiesterase activity in retinal rod outer segments. Biochim. Biophys.
Acta. (ir press).

Chader, 6.J,, Johnson, M., Fletcher, R.T,, and Bensinger, R.E.: Cyclic
nucleatide phosphodiesterase of the bovine retina: Activity, subcellular
distribution and kinetic parameters. J. Neurochem. 22: 93-99, 1974,

‘huane, Soo Il, lewis, Marc S., and Folk, J.E.: Relationships of the
cataivtic properties of human plasma and platelet transglutaminases (activated
blood coagulation factor X111) to their subunit structures. J; Biol. Chem.
249:  $40-950, 1974.

donlombre, A. and Coulombre, J.: Morphogenesis of the eye. In Zinn, K.
{Ed.}: Tnrernational Ophthalmology Clinics, Boston, Little, Brown & Co. (in
press)d,

Ceulombre, A. and Coulombre, J.: The skeleton of the eye. II. Overlap
of the scleral nssicles of the domestic fowl., Dev., Biol. 33: 257-267, 1973.




Coulombre, A., Johnston, M., and Weston, J.: Conference on neural crest
in normal and abnormal embrvogenesis. Dev. Biol. 36: fl-1f5, 1974.

Dow, B.M.: fFunvtional classes of cells and their laminar distribution
in monkev visual cortex. J. Neurophysiol. (in press).

™wornix, ., Simard-bDuquesne, N., Kraml, M., Sestanj, K., Gabbay, K.,
Kineshira, J.H., Varma, S.D., and Merela, L.0.: Inhibition of aldose reductase
in vivo. Science 182: 1146-1147, 1973,

Embree, L.J., Hess, H.H., and Shein, H.M.: Microchemical studies of
lipids, proteins and nucleic acids in polyoma virus~transformed hamster
astroglia. J. Neurooath. Exp. Neurol. 32: 542-551, 1973.

(;abbay, K.H., and Kinoshita, J.H.: Aldose reductase from mammalian
tissues., In wood, W.A. (Ed.): Enzymes of Carbohydrate Metabolism, New York,
Academic Press. :

Goldbery;, 5.: Srtudies on the mechanics of development of the visual
pathwavs in the chick embryvo. Dev. Biol. 36: 24-43, 1974,

Gouras, P.: Oppunent-colour cells indifferent layers of foveal striate
cortex. J. Physiol. (Lond.) (in press) 1974.

Couras, P. and Chader, G.: Retinitis pigmentosa and retinol binding
protein (Editorial). TITnvest. Ophthalmol. (in press) 1974.

Gouras, P. and Chader, G.J.: Retinitis pigmentosa and retinol-~binding
protein. Invest., Ophthalmol. (in press).

Gouras, P. and Padmos, P.: Identification of cone mechanisms in graded
responses of foveal striate cortex. J. Physiol. (Lond.) (in press) 1974,

Hamai, Y., Fukui, H.N., and Kuwabara, T.: Morphology of Hereditary
Mouse Cataract. Exp. Eye Res. Vol. 18, 1974.

Harris, W.F., and Robison, W.G., Jr.: Dislocations in microtubular
bundles within spermatozoa of the coccid insect Neosteingelia Texana and
evidence for slip. Nature (London) 246: 513-515, 1973,

Henson, D., Helmsen, R., Becker, K.E., Strano, A.J., Sullivan, M., and
Harris, D.: Ultrastructural localization of herpes simplex virus neoantigens
on infected corneal cells using sheep anti-human IgG anti~ferritin hybrid
* antibodies. Lab. Invest. 30: 376, 1974, (Abst.).

Hoff, M, and Gouras, P.: Tolerance of mammalian retina to circulatory
arrest. Doc. Ophthalmologica, 10th ISCERG Symposium, Junk Publishers (Hague)
1873, pp. 57-63.

Holt, W.S. and Kinoshita, J.H.: The soiuble proteins of bovine cornea.
Invest. Ophthalmol. 12: 114-126, 1973.

87 Ny




-

Jedziniak, J., Yates, C., and Kinoshits, J.E.: laezs selr:zl fsavdrogenase.
Exp. Eve Res., 16: 95-104, 1973,

12

Kabasawa, 1. and Kinoshita, J.H.: Carbohviraze saspiiz

crystallin of the calf lens., Exp. Eve Res. :6: Ia3-130, 13731

Kabasawa, 1., Lou, M.F., Merola, L.0,, and Einpsgrise, .E.: Tzceitol-
l-phosphatase in the lens. Ophthal. Res. (in press).

Kenyon, K.: Ocular ultrastructure of inherizted mesadsils iisedses.
In Goldberg, M. (Ed.): Genetic and Metabolic Fve Disezse. Ioscow, Litele,
Brown & Co., 1974, pp. 139-185.

Kenyon, K., Sensenbrenner, A., and Wyllie, B.: Depatic clfrastirucoure
T w ..

and histochemistry in mucolipidosis II {(I-cell diseass). Feliawr. Ssaz. 7:
560~-568, 1973,

Kinoshita, J.H.: Cataractogenic effects of lariose zmd gslacscée. In
Sipple, (Ed.): Sugars in Nutrition, New York, Academic Press.

Kinoshita, J.H. and Merola, L.0.: Cysnate effects o3 T2e lews i witro.
Invest., Ophthalmol, 12: 544-547, 1973.

Kinoshita, J.H., and Merola, L.0.: Oxidat
human lens. In Ciba Foundation Sumposium 195:
Cataract. Amsterdam ASP, 1973, pp. 173-184.

Kolb, H. and Gouras, P.: FElectronmicroscopit obvservziices 7 =uyman
retinitis pigmentosa. Invest. Ophthalmol. (in press) 1874,

Leighton, S.B, and Dow, B.M.: Servo-~controlled movizng 3
fcr single unit studies in vision. Vision Res. 13: 21&3-27323

lewis, Marc S., Krieg, Laura C., and Kirk, William T.: Tme nclecular
welight and detergent binding of bovine rhodopsin. Exp. Tre Tes. 18:
1974.

Newsome, D.A., Fletcher, R.T., Robison, W.G., Jr., Lezwoe, T.E., and
Chader, G.J.: Effects of cvclic AMP and Sephadex fraciios oz zlzwed reti
pigmented epithelium in tissue culture. J. Cell Binl. iz =

Newsome, D.A., Fletcher, R.T., Robison, W.G., lr., T&zor-z, T.3., and
Chader, G.J.: Effects of Cyclic AMP and sephadex fraciioms of srizk embryo
extract on cloned retinal pigmented epithelium in tissue culoure. J. Cell
Biol. 61: 369-382, 1974.

T TT e retinal

Newsome, D. and Kenyon, K.: Collagen produced in vizs:
33T, 1673

pigmented epithelium of the chick embryoc. Dev. Biol. 3.:

Newsome, D,, Takasugi, M., Kenyon, K., Stark, W., znd Tpelzz, Z.: BEuman
corneal cells in vitro: morphology and histocompatidilisr T -:, zzsigzens of
pure cell populations. Invest. Ophthalmol. 13: 23-32. 237w.

B8




Niemever, G.: Iztracelluiazr recotiing from the Lsolatar pevTiged Ial
eve. Vision Res. 13: 1611818, 1873
e Ene cone Elgmel: I3 Fepovmnroals of

-y v -—
X

fsiot Res. 13: 1ADS-IEIP. DITT

Xiemerer, 5. &nc Gooras, F.
the ispisted periosel fa1 &ve,

Xiemever, . and Souras, F.: Toe periused Samme AT £Us ¥ 3 TTRSNETEILIN
or slecirophvsiclogical stulises. Do, DOBINElECIDELIE. ool OTTG IvmzosLom.
unk Publishers {(Eague; 2573

- -

oIy

e
M gf‘ PRS- AR G 4 (-

. Ovazawe, ., Meoola, L.7., axkt Eloospiza, J.E. Toe FTurrzr 17 v _zme
on the isolared leos. Towesl. JONThSELREL . o1 The2DE 0 T3T,

1 . . g 1 - sy - = —
O'Brien, P.J. 2o el lzpmerg, Z.5.: The DIDEvICOEsls ¥ TINCOUELY A2
ro. Exp. Eve Bes. 1%2: 237-232, 1%

vi

re

-

-

Okisaka, £., Kuowadbarza, 7., and Espoport, T.0.: Belsrccime gusrmcosion 27
the pigmenied ciliary eplifeilinxm 1T Iné CilixTv Doovy of Tne eve. Dotancs
{in press) 1%74.

e Touler Pernoiogy of Twvpe s $oompom—
e

.
:
- - e el 2 -

¥ . Ro. 2. pr. ool L
- L e . ) - - - . Mo v - - —— PPN

-
-

Robb, R.¥. ang Euwalara,
Pirk Disezse. Iovest. Ipnthaloe

- e

. gng Trarlzom, J.3. ¥ eoronupioss, ¥oooTilgmenrs
7 The chramerspacres of Prlasmonetss WL IETTE  LoUSTICED .
-y

-
-

T30, 13

-t -2 ¢ = .

Robisen, w.G., °t
and pigment movement 2
J. Exp., Tool. 1b5: 2

Rubin, ™., Hel n, ..., 20 Gassterisnc. D.E.: T DIOTTLECRCE IERCTTmE

in chicks fec an excess of govoipe. PoulTry Sciences I1: WTR TEFTD apen. .

Sanderson, ?2.7., Fuowasarz, 7., fzzre, w..., wonp, V.0, lriome. I+ -

Cvstinosis, A Clinmical, Eistopatholiopic, & _.Trastrusture. Loug S agas 8
Ophthalmel. fel. §3: I7G-I74, 18Ta.

Shichi, B.: Comformetions. aspects of TROUDPSIT @EHOTSEIMC 77T 1557
mexhranes. Ixp. Tve nes. l?: 33353, 187C.

Shichi, B., and Shelton, Z.: issesgment of novelclof-rng. Zmoragosor of
sonicated retinal rod memtTanes. J. Supramcel. Strutt. YLy Tomams

Varma, S.D. 2nd Eimosrica, J.EZ.: Sorrifcl DECIREY LT SLEDETIT NG
galactosemic rat lens S TR S Sl

.
e
T T T - .
Siocrim, Eigorv., Accg. 23R £Z7enul | 13

-

wigrert, 3.0. zof Toazer, 6.J.: Srtucies or he el ST vivs Mot gpeiiobyinle o
hormone recepior iT thée Ceveloping mizk TeTina. Txr. Ext hes i1 3sT2ES .

Yoshikami, S. z2ng Zaggizs, ¥.2.: Tomorel of one Cemf TUTTEIT I TRITADNTEITS
rods and cones. In langer, E. fef.}: Eipcher srrv and Powelr_per ¥ Timagl

- g

Pigments, p. 245, Sprinper-Verlag, Berlir, 1¥TE.

i

Q

ERIC

Aruitoxt provided by Eic:



o - . g — = — - - -—
- b Rl i ot ) ;
-
Le gk > sl T =
nor= T Sl i
H . T
- . —
rﬂ".—.“ - = e gt o
Tg e e - -~ - - - - . - X b - - - - - e - - B
PRt N - bl .- ™ Vo - - . O —v— PO .o SN * s - L adt
2 = e= -
b | cadee s o A T LLARTICY TS,
C gt e — - - - B
- AT O TBLAISS T .
- = © ey - [ -
TESer TT L el 3
it e wypr e m W
Eucod = LS TEIIE OTIT
L R~ R TSN N P3RS SN
—— e ia e EI L OV RS N
. R . . -
. [S— e ——— o .
LTI AT D LIt ITmmTh Al -
- . . - [, - [N - s - B Ly R . e w T SEe = eugy mve
ju i o < TTe€l ez LN Thwews VT T AT STT O LN 2L meTrsas .,
- . . . -
- - ey - = g = - . - e — e oz [ -y s mx— ety = ™ T
FLTNOUET Lhe TTass =7 = o7 OStE.. WX & SR Elwm I ITRAET2ES BT
- R - .
. - [ . [P —p—— . B T R e TR e R L R e :
o T T Tl T o SRS g A = A Co T el [ SO R KA i . 1
—n s w v - e g S - - s g ; -~ - e, gt g — i - A v e gy g, -
8T8 T L. T T el T T LBt E D T R - RN, § =TT LTy -
. - - . N
- - = e oo - - - — e -— " —— - -
1T Ing TuE LT L el TE L Pue TEREITT T OTE e 73T TETES T - - LereTs
. S - e e e e [REO . —— p e e
I L8TFr T&ATI T Thie Sllluesl d PRI 3 el N e =2 ITT.
—— g - - -
T ¢ e e R S U e - ves .
- Tz PR Tl STETOT XLTUC LAl AT po = R . . Y SR .
[ Cre o e
e "2 Ela I
i i A R L
il ek I TRLE W em -
. S S D - T  wperer J
B - R - A SR 39 o 15
———— - e o ———_ P PO .~
=T 2R ITTIR L& 2L
- he —_— - s " .. . - —— . - he - -
o - = - - e ey e p——— Pl eepeeme gy e g e e [
Y LF LIE TTuE ITET @TTeEnrT LI OELETEIIE TTE TvmEnp s —BAE. ILACTIETS
o~ —— = o e e LT
— L TR ITTTIC L.
S — - e o . :
e la. LEIE OIZ OITLTECTLoTS :
e R e - oy 3 & 4
.
- S i = e o ey
TTE T e TTITETT O
-

ITYeRT L . e Y LT yRTTLTTCT UTAIIELE IO TNOGe
< - D andh 1 3 P amend T — - — ——— ——— e —— - - m———
| ot Sl < - T T TENITMITIED heTT Pt z T T RSSSTT T e TETe
- - - N v v - B - - - s ot
ong TULET IS T INTSET GYEmas P ST 22




Twernlv YeagTs O heTH

RETL . TITuL.a8T Uepwipe it T
&:: - R 2d :{ ;Jf"""—'— . -

S~ g ATy

RIS L Lo URARNRNS san

LA L 0T o e aoa wr . o wlIn tsmlisavians
WBaTRU AU LT LD UTTTIITY | Yiaermmms e e 0 st mg s g gl it ngeT
Hov tor Tnivess th st e e Totte s rltz. Tegmioanan
Gt LueTt T LI ot i et ¢t waIizisnal

te ODTEae. T T L L e TreTlIus

- - v

L - —— * - Z
LR S TTOoRg Lame amrlliule.

The HI provia STITLYR Liabetic
Q?t.ﬁ.‘.\d?-n ‘ Yo —:‘. TR X Teesr
MedlUdE, LEDleTh. TNE T TuTT L L WAL Ve LTl k. TIGL TL LRraews an
Wwhether ?’2:“'_(‘1‘(‘-8!‘31;:;8'( L0787 delft UL TTREssT v T S mTmetpas LT ’J‘:"T-:..’ﬁ:'i:i’f
2ianecll retlniTaint . Wy orIi@toliolss STIELLILT Ll Th o meolers 1T srzant-
TATITN, Ses T, TONSUIT . o adTe Ul laelllm. o gmy izl e 3. T Dot eIy
AT To @rauTe diellL T LannTL L 0T Tl C— . STy mThoas 3T Tallexns
TETTUITMENY . 10 deve 07 TesxaT Tt T orlanireas LT IMTIIM IR T 3 LTITmaT2 30T
of *®las anc ¢ guaniittoam bl b ol liii-bd '&*3;dc.~z?
derinitions, anr H13dNLATT . I: HMeSs TEETIIUCLILIILY o7
vigion exam [elicon: i mon.: et LTme aroenges 3T
ratient «tud.er anc Tolliow— =T mE. wmiTsving, and
aralveis.,

- . . P e
L ToLa The enT 07 Culke o

e : .
-~ -y e s - » < - ol
W0 narn enievel The wiunt . JTeY ., Lo izizzm
- .. c e . T - s - - - . e - -
TS Thie alellale TURDeT o o S T taa oirmiZes. TR moMararnsa -—
U S - - D vmmpymyryeve - T e sy = —gh
TroIOsd. ang nreyvertl Lt o ITOVCLSLE: - Ll NLT B LT =2OLTE OTIY CeT.IGCLYT
) Cevnp e s . L e - — . - z —
£XJNIiNdT s 0T, EATTDe 0Tl Ok Ve | TELUTIL T ek & VA 1T TRz T, TCcse
. - i «w B
s - P .- LI SN S -~ - -2 R i . . - - - . Wy e et -
WHT Tele . e ITLoaTmen - vk JUOORNT L etle N Y FLALT W wwm o€
. .
P T S
closelv monlioared
Lr BT wtgty 'I}E'"ﬁt’” Er TomT st 2 Tmmlrties T caee T 2zt +F wouce
"a . -l . . - —ea? « NE: -5 - boe = s -t . . oasied 23 PSS > -
e -
P W - AP
*
- P,
lZE e PSR e
~
- pra—
LIGTIars. -t
- - Temavs -’
-3, I CTBTLECDL

voun, WMONCIVEOTLT TWIT
S{8TLAaTS <

specialiv v

£¥¢

ERIC

Aruitoxt provided by Eic:

-
~nstTi
workine wietr M7 oW

e - ~ " = G_-u-ﬁa&a&ﬁt
TTes 23S @ Tascouris

- v -
: =5 i
qg— . " - e e T PN -y . ey - -~ PR LS S <P S - -
- = - b 4 - T it " g . g ' = ~
DLOLE R OTAS ¢ to 34 Safniiipa £ Thmes i e TWEIITLETIUCTTOIT L &I’ T

drops [n




genetic constituticn for the treatec Zwin and his c¢e-twin control, This study
will provide a careful appralisal of the effectiveness of a clinically acceptabuie
method of controlling accomodation.

Other OBE studies relating to twins inciude: a thorough description of
bilases and other methodclogic probliems which might adversely influence the
accuracy and validity of twin heritadbilicy studies, an attempt to assess the
rcle cf genetic factors in determining normal levels of intraocular pressure
and in determining the size of the eawvsisclogic cup of the optic nerve head
as measured by a horizontal cup/disc ratio, amd to assess the role of genetic
factors in determining the intraccular pressure response caused by topical
application of corticosteriod eve drops.

The Association of University Professors of Ophthalmology (AUPO) Work-
shop on (Clinical Trials was conducted by OBE to familiarize clinical
investigators with methods of good cliimical trials, A panel discussion and
six presentations: ethics, control groaup amd randomization, objective
measures and double-masking, reproducibilicy of measurements, writing a
protocol, and practical applicaticns were held at the AUPO meeting in Novem-
ber, 1973, The presentation ané ciscussions were tape recorded and submitted
to the authors for editing. 211 materials have been edited, and the manuscript
is being submitted tc the American Journal of Ophthalmology for publication.

In addition to these activities, O3Z prepared a booklet containing infor-
mation supplied by sixteen states which made up the Model Reporting Area for
Blindness Statistics (MRA). Owver a pericd of eight years each state voluntarily
maintained a registry of its blind., In the booklet OBE classified persons
added to each state’s blind registrv according to their age, color, sex, visual
acuity, age when blinded, causes of bHlindness, and other factors. Although
the data is uniform from state to state andé has been very useful to NEI, there
are no immediate plans to continue the ¥4 since little additional knowledge
will te gained from its continuence. Efforts are under way, however, to make
use of MRA data for designing srudies directed toward better understanding
those factors which are associated with the maior causes of blindness in the

United States.
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ANNUAL REPORT
OFFICE OF SCIENTIFIC REFORTS AND PROCGRAM PLANNING COORDINATION
July 1, 1973 - June 30, 1974

The NET Office ol Information was redesipnated as the Office of Scien-
tific Reports and Program Planning Cosordination during the year, reflecting
both the reorganization of public affairs activities within BEW and the
Institute’s own decision to centralize program planning activities within the
Office of the Director,

PUBLIC AFFAIRS CUTS AND REORGANIZATION

On July 19, HEW Secretary Weinberger issued 2 memorandum calling for the
reduction in the amount of "self-serving, promotionally oriented material in
Government." Each agency was allowed to present its case on which of its
information activities could be considered "public affairs" (defined by HEW
to include such public relations functions as publicity, press relations,
films, exhibits, and other agency-~initiated promotional projects) and which
were not. The Eyve Institute supported NIH's argument, which HEW eventually
accepted, that its infommation program is largely concerned with answering
public inquiries, scientific and technical reports, and consumer health
education. Recognizing this, the Eye Institute, as well as other Institutes
at NIH, were asked to identify staff members whose functions were associated
with public affairs activities. One public affairs staff member from this
Office was identified who, according to HEW guidelines, was transferred to
another high~priority area (Extramural) within the Institute. The remaining
staff were identified by the Institute as having non-public affairs informa-
tion responsibilities, a classification which was accepted by NIH and the
Department.

The above reclassification and transfer resulted in a centralization of
all Institute/Division public affairs activities in the Office of the Director,
NIH. Because public affairs was never a major NEI activity, the information
activities of the Office have continued generally as before.

A second part of the public affairs reorganization was the reduction in
the number of HEW publications. As a result of the Departmental request, NEI
identified three of its twelve publications to be eliminated, but retained
temporary authority to publish its experimental newsletter, 20/20.

Aside from corsuming a considerable amount of staff time in responding
to numerable memoranda from NIH and HEW, the impact of the public affairs
reorganization.on the National Eye Institute has been minimal: no high
priority publMcations were eliminated, and we have been allowed to continue
our information activities as in the past with a few minor exceptions.
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PUBLIC INFORMATION

Publications

Partly as a result of uncertainty concerning the fate of publications
during the public affairs reorganization, no new fact sheets or health edu-
cation booklets on eve disorders were published during the year. An HEW-
initiated project to produce a booklet on eye care (as reported in last year's'
Annual Report) was temporarily shelved due to uncertsinties within the Office
of Consumer Affairs, HEW, over the future of its consumer publications series
of which the booklet was to be part. An attempt will be made during
the coming vear to publish the completed manuscript for this booklet as an
NEI publication.

in cooperation with NEI Extramural and Collaborative Programs, two new
folders on extramural support programs (Special Visual Sciencer Research
Award Program and Specialized Clinical Research Center Grants) were prepared.
Two issues of 20/20 were mailed to the vision research community. Whether or
not the Institute is permitted to continue this publication depends on the
result of a readership survey which will have to be undertaken in the next
issue prior to obtaining formal OMB approval.

The following number of NEI publications were distributed during the

vear:

Cataract (booklet and Retinal Detachment--~ 2,881
fact sheet)-~~=<e=mene- 3,926 Refractive Errors---- 2,835

Diahetic Retinopathy----- 3,126 Glaucoma=—=~=~=m=m=- -~~= 3,301

Retinitis Pigmentosa=--=-- 2,841 Corneal Disease-~--~- 2,673

Macular Degeneration----- 2,849

Statistics on Blindness in the Model Reporting Area,
1969-1970~~==mm=m=- —— - 367

Corneal Disease Task Force Reprint ——— - 21

U. S. News and World Report Interview with Dr., Kupfer-——-—-- 200

Blindness and Services to the Blind in the ,
United States (OSTI Report) o o e e ——— 267

Security is an Eye Patch e o o o e ~—-= 48,120

Requests for the latter publication, supplies of which were inherited
from the former PHS Neurological and Sensory Diseases Control Program, were
stimulated by an announcement of its . raflability mailed to the nation's
ophthalmologists by the American Association of Ophthalmology. Over 450 re-
quests from practicing ophthalmologists for multiple copies were received,
resulting in the near depletion of supplies of this very popular booklet.
Over the past three years, the Institute has distributed over 240,000 copies
of Security is an Eye Patch.

Publlic Inquiries

Approximately 800 written inquiries received by the Office required an
individually written response, whereas the number of telephone inquiries
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increased by approximately 33 percent: over 2,400 telephone calls were
handled during the vear. The majority of inquiries concerned cataract, both
research and ireatment. In particular, there was great public interest in
phacoemulsification and the role of nutrition in cataractogenesis and pre-
vention., Other areas of interest concerned laser treatment of glaucoma and
diabetic retinopathy and the possibllity of individuals coming to the National
Eye Institute for treatment. Replies to approximately 160 letters from the

. public expressing concern with the Institute's support of diabetes-related
research were prepared.

. The Office responded to 35 controlled, written Congressional inquiries,
and 96 telephone calls from Congressional offices.

Press Relations

Five press releases were prepared (new members of the National Advisory
Eye Council, a warning of the possible damage to the eye when observing the
Comet Kohoutek's approach to the sun, announcements of the appointments of
Dr. Nusser and Mr. McManus, and Dr. Kinoshita's receipt of the ARVO Proctor
Medal.) Eight stories were prepared for the NIH News and Features service,
mailed to science writers in the professional and general press. Ten stories
were prepared for the NIH Record. Announcements were mailed to the vision
research journals concerning new NEI grants and awards, the availability to
investigators of breeding pairs of rats with inherited retinal degenerations
(produced under an NEI contract), and other items of immediate interest to
the vision research community.

The Office assisted press representatives from the Associated Press,
U. S. News and World Report, Readers Digest, the Blue Sheet, Woman's Day,
Medical World News, National Enquirer, U. §. Medicine, and Medical Tribune.

Miscellaneous

In cooperation with the Office of Biometry and Epidemiology, the Office
helped coordinate arrangements for presentation of a workshop on clinical
trials, in conjunction with the winter meeting of Association of University
Professors of Ophthalmology. The Office also coordinated arrangements with
the Laboratory of Vision Research and Clinical Branch for a tour of the
Institute by AUPO members.

A public relations proposal concerning the Framingham Eye Study was pre-
pared. Its primary objective is to help enhance patient recruitment efforts
for the study and to provide means for informing the professionmal and lay publics
of the importance of this investigation. Thus far, a radio spot announcement
was prepared and distributed in the Framingham and Boston areas, encouraging
those who had participated in the Framingham Heart Study to take part in the
Eye Study as well. Letters encouraging participation in the study have also

* been drafted and will be mailed to prospective participants. Finally, a
supplement to the NIH science writers service, News and Features, was being
prepared for distribution to the press and to members of the Study. This
activity will be pursued further in FY 1975.
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Four Search for Health columns were prenared for the NIB Oftice of
Intormation coneerning terminology relating ro the eve, eve diseases, eve
disvase Jiagnosis, and methods of treatment which were mailed to weekly
newspapers across the United States.

Arrangements were made in cooperation with the NIH Office of Information
tor Dr., Kuprfer's appearance on a Tampa, Florida, television talk show in
conjunction with the Spring ARVO meetinu in Sarosota. The Office coordinated
arrangenents tor interviews with Dr. Kupfer by the Readers Dipest, U. 5. News

and World Keport, U. §, Medicine, and the gmvrican'ﬂptdmetric Association News.

The Annual Save Your Vision Week Presidential Proclamation was prepared.
NEI's contributions to the NIH Almanac and NIH Annual Repori were prepared.
The Oftice coordirated Institute submissions to the NIH Scientific Directory
and Bibliographvy as well as this Annual Report.

Assistance was provided to the Director in the preparation of presenta-
tions before the Association of University Professors of Ophthalmology and
the Associatien for Research in Vision and Ophthalmology.

PROGRAM PLANNING COORDINATION

Fol lowing recommendacions of the NEI management conference held last
September, the then Office of Information was designated as the coordinating
point within the Institute for program planning and development activities.
The Information Officer, Julian Morris, was designated as the Planning
Coordinator. Although the Information Office had been actively engaged in
planning activities, this designation reflected the Institute's desire to
formalize its planning activities and provide better organization and
fol lowup.

The Office has thus had majo. responsibility for preparation of the NEI
Forward (Lung Range) Plan as well as special planning documents required by
NTH and HEW, It has also: worked with the Executive Officer and Budget
Officer in the drafting of narrative materials related to Appropriations
Hearings, developed materials for various presen:ations to NIH staff regarding
progran plans, in cooperation with other segments of the Institute documented
specific needs for additional funds and positions, coordinated arrangements for
the Cataract Workshop, and assisted in the arrangements for the Naticnal
Advisorv Eve Council Program Planning Committee's review of the Retinal and
Choroidal Diseases, Cataract, and Corneal Disease programs.

For the coming fiscal vear, the Office has major responsibility for coor-
dinating the Committee's review of the Glaucoma and Sensory Motor Disorders
program and in following through on the Committee's activities to the drafting
and publication of its final report.
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INTRAMURAL RESEARCH PROJECTS

Clinical Branch

Ballintine, Elmer J., M.D.
Ocular Hypertension Study
Aqueous Humor Formation in Monkeys

Bergsma, Donald R., M.D.
Studies of Choroidal-Retinal Degenerative Diseases
Studies of Ophthalmic Familial and Genetic Diseases

Charles, Steve, M.D.
Development of Improved Instrumentation for Vitreous

Surgery

Eichenbaum, Daniel M., M.D.
Combined Clinical and Experimental Animal Study of
the Pathogenesis of Abnormal Proliferations in
the Vitreous Cavity

Foon, Kenneth, M.D.
Inheritance of Susceptibility to Lymphocyte
Transformation Inhibition

Frank, Robert N., M.D.
Argon Laser Photocoagulation of Retinal and
Choroidal Diseases
Biochemistry of Vertebrate Retinzl Receptor Outer
Segments

Gaasterland, Douglas E., M.D.

Study of the Use of Radioiodinated (I-125) Chloroquine
Analog for the Differential Diagnosis and Detection
of Intraocular Melanoma

Experimental Glaucoma in the Rhesus Monkey

Cunkel’ Ralph D;, .OODQ
Design and Construction of Ophthalmic Instruments;
Research in Methods of Evaluating Visual Processes

Kolb, Helga, Ph.D.
Anatomy and Pathology of the Mammalian Retina

Kupfer, Carl, M.D.
| Studies of Parameters of Intraocular Pressure

Macri, Frank J., Ph.D. ‘ -
Study on the Pharmacodynamics of Various Agents
Affecting the Intraocular Pressure

J‘{
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Clinical Branch (cont.)

Ross, Karyn
Ciliary Body Blood Flow and Aqueous Humor Formatior
in the Rhesus Monkey

Sullivan, William R., M.D.

Comparative Treatmen: of Bullous Keratopathy with the
Bausch and Lomb "Soflens" and the American Optical
"Bandage' Soft Contact Lenses

Studies of the Effect of Histocompatibility (HL-A)
Testing and Corneal Transplantation

Treatment of Keratoconjunctivitis Sicca with N-acetyl-
l-cysteine

Laboratory of Vision Research

Section on Biochemistry

Kinoshita, Jin H., Ph.D.
Chemistry and Metabolism of the Lens
Cataracts

chader, Gerald J., Ph.D.
Biochemical Development and Function of Retina
and Pigmented Epithelium
Cyclic Nucleotides and Vision

Helmsen, Ralph J., Ph.D.
Induction of Buphthalmos in Chicks by Feeding
a High Level of Glvoine
Chemistry of the Cornea
Mechanism of Herpes Simplex Virus Infection of
Corneal Cells

Hess, Helen H., M.D.
Biochemical Composition of Photoreceptor, Neuronal
and Glial Cells of Normal and Pathological Retina
and Brain

lewis, Marc S., Ph.D.
Chemistry of Rhodopsin
Physical Chemistry of Model Gel Systems

O'Brien, Paul, J., Ph.D.
Synthesis of Sugar~Containing Polymers in Retina
Protein Synthesis in the Retina

Shichi, Hitoshi, Ph.D.
Biochemistry of Visual Pigments
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Laboratory of Vislon Research {cont.)

Section on Experimental Embrvoliopy

Coulombre, A.J., Ph.D.
Ocular Morphogenesis

- Section on Experimental Patheologv

Kuwabara, Toichiro, M.D.
. Anatomic and Pathologic Studies of Orular Tissus
Effect of .aser on the Retina
Light Effect on the Retina

Okisaka, Shigekuni, M.D.
Effect of Intraocular Pressure on the Inlisrs
Epithelium

Rabison, W. Gerald, Jr., Ph.D.
The Functions of Cell Microrubules anc L orolilmowrss
in Ocular Tissues
Ultrastructure and Function of thne Pigment lalls oI
the Eve

Section on Neurophvsiology

Gouras, Peter, M.D.
Physiology of the Primate Visual Svsien

Dow, Bruce M., M.D.

Information Processing in the Visusl loriex ol m:
Rhesus Monkey

Nelson, Ralph, Ph.D.
Electrophysiological Studies of Mammaliar Reiins

0ffice of Biometrv and Epidemiologpvy

Otfice of theVChief

Kahn, Harold A.
The Model Reporting Area for Blinamess Statisticy s
National Health and Nutrition Surver
Framingham Eve Study
Comparison of Localized Treatmen:ts Ior El_ gisve.
Disease
Ganley, James P.,, M.D., Dr.?.E.
Systemic and Ocular Onchocerciasis
Lymphocyte Transformation Response in Presume:
Ocular Histoplasmosis
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Sextion ot Dpathalmic Flald and Dewelopmental Research (cont.)

Reuliag, Prask E., %.3,
Herizadilizy of the Iffect of Coarticostarcids on
intrasoculsr Pressule




