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\ When one surveys Ihe behavior 01 human beings durillg the millenia Ihat they 
spcnl occupying the earlh , he is slruck by the (ae, thal, though thry werc 
submerged in a malerial world, and had lo fighl continuousl)' for material 

-; 	 subsistt' llce, they foulld wa)'! oí widening their horiZOIlS beyond Ihe purely 
malerialislic. They let thcmselVt..'S be inspired by ideals, such as Ihe deterrnination 
of helpillg Iheir fello\\' mell. Among Ihe many manifeslations of such ideals we 
Shll lJ , on Ihis anniversar)' of the foundation of the Sociedad Americana de Oftal · 
mologia y Optornetria, consider logether sorne of Ihe humanila rian activilie~ in 
the pr~"ervation of Ihr precious Ireasure of visiono 

I feh proud 01 bl·lolIging lo Ihe human race when 1 was shown a picture of 
sorne hundred hospital sisters who together pledged to donate their e)'es to an 
eye bank after thrir dcath (Sister.~ of St. Mary, in Sto Louis, Missouri, 1960) . J 
have a similar feeling when 1 consider Ihe dedicatioll oí thousands oí ophthal. 
mologists throughoul Ihe world who devole Iheir ¡ives to Ihe improvement of 
man's vision, and , in particular, whí'1l I consider Iheir eHorts, during Ihe lasl 
few decades, lo find mean! oí permitling a brotherl )' exchange of Ihe organs of 
\'isioll and, concurrentl)', mcam oí preserving these organs for future exchange. 
Seell iu Ihat light, Ihe rapid dev('lopmclIl of Cryoophlha~mology in l"ecent rear.;, 
lO ""hich Dr. Barraquer made oulstanding conlribulions. becornes an evenl which 
deserv('8 mentioll in the history ol the world. 1 would like. now, to exam~ne with 
you the close natural connection belween Ihese recenl developmenls in ophthal. 
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mology and sorne of the great events in the evolution of' the world. In the whole, 
our survey might be entitled: A Meditation on the Marvels of the World of 
Light. 

Let me point out firs! the similarity betweell the tool we are using in our 
altempts to grasp the mysteries oí the world - Ihal ¡s, human intelligence- aud 
Ihe 1001 our body uses to get material information about its surroundings -Ihat 
¡s, Ihe eye. 80th use the method of drawing pictures of thing!. 80th may be 
sa id to he picture milis. Furthermore, the developmcnt of our intelligence is, to 
a large extent, thc rcsult of the activity of our eyes, It may even be said lhat 
our intclligence is the prolongation of ocular visiono We think by means of 
piclures. Le! us 1I0W apply this very method of thinking to our survey oí the 
great evcnls lo be described. That is, we are going to glance al the history oí lhe 
world in a series of pictures (lhere will be seven of them). This will conslitute 
the first part 01 the presen! paper. The second wi:1 be devoted to the challellge 
announced in the title. 

PART 1 

A CUNCE AT TUI:: HISTORY OF TH E WORLD WITH PARTICUUI{ R EFERENCE 

To THE ROLE OF LIGIlT 

PICTURE N9 1 

The World 01 "JnleTl5elr Active Bodies" 

What strikes our intelligence as being one oC the primordial faeis in the 

universe is the existence of billions oí bodies (the stars) which are characterized 
by a very intense activity; thcir constituent pa rticles a re continuously bombarding 
each other a t irnmenscly high speeds. This is the same as saying that they are 
very hot, for, temperat ure is no~hing else hui the rate of motion oí the constituent 
particles. We huye a fair notion oí that ¡ntense heat in thc case of our closest 
star, the sun. 

The ' picture of thcse intense!y active boches represents what we actuaUy see 
either with our unaided eyes or through ·telescopes, when we gaze al the stars 
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at night. But, whi!e our eyes and teiL'Scopes . see only a part of the spectacle al 
a time, the eyes of our imagination draw the whole picture. 

To handle pictures, we pul them in frames. In the same manner, OUT mental 
p ictures of the wOTld aTe set in a mental fra mework, the concepts oí space and 

time. Our understanding of the universe is entirely based on space and time. To 

use the expre~sion oí sorne philosophers, the space-time perception represents ao 
"a-priori form of the mind". 

To recapitulate, our Picture No_ 1 is that of millions of suns, dispersed over 

an inconceivably large space, alld lasting for a stafferingly long time. They are, 
hy their nature, eontinuousl}' flooding lbe universe with light. 

PICTURE N9 2 

Th e World 01 Light and 01 Radialions 

God said; "Let there be ¡ight" and theTe was light. Thi~ ·m"ómentous event, 

the creatíon of the world of waves, was the starting point oi sorne of the greatest 
happenings in the history of the universe. The mere fae! oí the existence of 

hot bodies means the emission of radiations. 

Let us try to visualize the world al tha! stage, long before there was any human 

being, long before there was an earlh. The numerous suns were eontinuously 
flooding space with bearos of Jight, or rather with beams of a1l denomination~, 

from the shortest X-rays and gamma rays to lhe longest radiations. Imagine, 
that is, see wi ¡h the eres oí lhe imagination , that ¡nlerplay of waves cros~ing 

the universe in all directions at a terrific specd (300,000 kilometers per second) 

and doing it for hillions and billions of years_ 

PICTURE N9 3 

The World 01 "Bod/es 01 Sluggish Activitr" 

There were in the Universe other bodies, which, from the cosmic point of 
view, are dense aggregates of molecules, sluggish in their movement, in a condition 

which we calJ cold. One of these bodie~, the earth, was rota,ting around lhe sun 
and continuously flooded, for some two billions of years, by the rays of the sun. 
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P¡CTURE NQ 4 

T/¡e World 01 Lile 

After such a flooding, or lo pul it in olher words, afler that kissing for billions 
of yeare between the world oí waves and the world oí cold bodies, and possibly 
as a result of that kissing, there developed al the surface of the earth sorne ag
gregales wilh very particular properties, alIlong Ihem thal of duplicating themselves. 
This is the world oí living beinge, wilh all ils wonders . 

PICTURE NQ 5 

The Coflaboralive Aclion 01 Living Malter and Light 

Sorne of the living beings underwent olle of the mosl mysterious and mosl 
remarkable processee. Flooded with light for half a billion yeare (or rather for 
hall Ihat time, since the floorling was partially inlerrupted at night ), they 
reacted by developing systems capable of receiving and absorbing the flooding 
light. We may distinguish Iwo such syslems which will be represented in two 
pictures. 

P¡CTURE NQ fiA 

The W or:d 01 Carbohrdrates 

One of lile two systems, Ihe chloroph}"J in pJant~, receives Ih e flooding waves, 
catches Ihem and slores their energy lo tramform water and carbon dioxide into 
carhohydrales. Thus, essentially, the chlorophyl system absorbs Ihe waves lo 
manufacture food. 11 is a giganlic food mili which has supplied all of us living 
beings for millions of rears. It also supplies heat lo warm us up in Ihe winter, 
for, in burning coal, we recuperate the heal of thc sun slored in plants rnillions 
of years ago. 

PICTURE N>J 5B 

TIte World 01 Vision 

Anothcr system has been developed by Nalure in which the wavcs l'eflecled 
by bocHes at the surface of ~h!! earth are transformcd ¡nto electrical impulses 
which conlribule to tht; dra~'-i{lg of a picturt> 011 a plate of living lissue, the 
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retina (in a manner similar lo Ihe way eleclrical impulses draw pictures on 
the television screen). This system (the eyes in animals) transforlIlS the waves 
into messages which give living bcings informalioll on the world around ¡hem. 
The eyes thus become one of the mosl precious assets in animal life. 

PICTURE N(.I 6 

T/¡e World 01 /ntdigence 

The illfoemation about the world oblained by man through his eyes Jed him 
lo a high level of intellectual achievements which made him Ihe king of ceealion. 
This piclure shows m8n m8steeing the ulliverse by focusing his eyes on eveey 
creature, asking them how they are made and how ¡hey work, using magnifying 

lenses, telescopcs and microscopes of various kinds. He has lately invenled thc 
electroll microscopope; no! long ago he invenlcd photography. The Iwenlieth 
century lIlan is very busy trying to ull{lerstand things. He wants lo go lo the 
moon and to Mars lo ulldcrstand better what goes on Qver there. His eyes creat ed 
an insatiable appetite for knowledge. This picture thereforf' represcnts a hungry 
man, hungry for things of Ihe mind. 

P¡CTURE Nt? 7 

Tite Worh! 01 Ophthalmology 

Man became very conscious of ¡he treasure he Iwssesses, his eyes, and he is 
now applyillg hi~ illtellectual ability to Ihe preservation of that trensure. Among 
Ihe men hungry for kllowledgc, ¡hefe is a group, thr ophthalmologist", who 
focuscd Iheie microscopes and adjusted their other modern ~cielltific instruments 
on Ihe eye itself. And among the ophthalmologists, tllOse whom 1 am now addres. 
sing have decideJ. lo concentrate their eHorls on the use oC olle of the latest 
methods of preserving vision ~the use of cold in cryosnrgery, cryotherapy and 
eye hsnks. 1 am honored lo salute the men of visioll apoearing in this picture~ 
the Cryoophthalmologists. 

PART 11 

THE CHALLENGF: 

The general purpose of cryoophthalmology being Ihe improvement of ways 
01 preserving sighl by Ihe use of modern techniques in law temperalure. Ihe 
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ehaJlenge is 10 dcvelop a long-range researeh program in whieh the latest ad
vanees in the crY'Jsciences will contribute lo lhe ulmosl lo the realization of 
the intended a im. 

Among the la test developments in biology, one is its passage inlo a molecular 
seience, that ¡s, inlo a scienee in which the processes are secn al thc molecular 
¡cvel. In other worcls, molecular biology is a scienee in whieh biologieal struclures 
and aclivitics are seen al such a magnificalion thal the behavior of lhe molee ules 
can be visualized ; and molecula r cryobiology is a science in which the behavior 
ol the molecules involved in ,he processes ol frceúng, thawing and related 
phenomena becomes visualizable. Now, the molecule of water measures three 
angstroms aeross (one angstrom is one ten-miJIionth ol a millimetcr), and to 
visualize its acti vitics one would need a magnification of several mill ions (a 
magnifiealioll of one hundred millions would elllarge a moleeule oí water to 
the size oí a lenuis ball ) . Our task may thus be described as consisting in observ
ing and picturing, at very high magllifieations, whot happens when biologieal 
materials are frozen and Ihawed. 

In the outli ne of the prerequisites fo r the resea rch program in cryoophthal
mology lha! I am now lo present, 1 shal1 lirst enumerate the essential points on 
which informlllion is required ; then I will illustrate the mode oí approach and 
the results obta ined in a comparable rescarch program on the freezing of musclc, 
in which we hove becn engaged for several years in our laboratories; finally 1 
will examine sorne of the practica! ways of meeting Ihe challenge. 

A. Tht! l:undamenlal Data Needed in the Program 

The progra m may be dcscribcd ill a general way as folJows; to trace in eaeh 
eomponent parl of thc eye the behavior of the molecules during the fr eezing 
and thawil lg pro~esses, to <letermine the characteristic fentures nnd the distribu
tio~ of th\! ice, a nd lo find what changes the growth and the melting a l the ice 
bring aboul in eel ls and ti ~sues_ The aciUal problems lO be invesligaled may 
be classified ¡lito the following four categories : 

l. Stru-clu fI' 01 the Campanera Part$ 01 lhe Ere: 

(a) Anatomy of the parts at the ecllular and molecular level, 

(b) Water content and dislributioll of the water in tissues and cel1s, 

(e ) Chemical eomposition, 

(d) Physiologieal properties. 
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2. 'I'he Freezing, Storing and Thawing Conditions : 

(a) Freeúng and storing temperatures, 

(h) Freezing and thawing rates and Iheir eontroHing factors, 

(e) Time of exposure in the frozen state. 

3. Ellects 01 Freezing, Storage and Thawing: 

(a) Type, number, sizc. of ice particles, and their distribution in tissues and 
cells, 

(h ) Amount of ice formed, and amount of nonfrozen water, 

(c) Degree of dehydration hy freezing, 

(d) Chemical efIects oí Ireeúng, storing aud thawing (5uch as denaturation 
of proteins), 

~e) Physiological effects oí freeúng, storing and thawing (sueh as changes 
in permeability) , 

(f) Effects of eryoproteetive agents. 

4. SupplemenUlI Inlormalion 01 ImporL lo tlle SurgeoTl or Physician: 
• 

(a) Parts which mus! remain viable and parts replaceabie by synthetic 

~ubstitutes, 

(b) Particula r propertics which must be preserved (sueh as permeability, 

turgor and transparency oí the cornea), 

(e) Prohlems related lo immunity. 

Nole: This table is a summary oí the program Ihat 1 presented in a previous 
paper (Luyet, 1966) to which 1 reíer the reader for more details. 

B. Mode of Approaeh Followed 

in Our Cryobiologieal Studies on Muscle 

Structure al Musclc. A musele consists of fibers, that ¡s, of thread-Iike strue· 
tures of a diameter oí the arder al 20 to 80 miera, arranged in a more or less 
parallel direction (Fig. 1, D). A fiber consists al many fibrils, whieh are aIso 
parallel threads measurillg ahout 1 mieron in diamcter. Diagram A of Fig. 1 
represents, at a magnification of 50.000, a cross section throllgh two fibrils Il 
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ri ~. l . 	 DipKrl ml rel,resenlin ll Ihe Ufu eture oi a mu¡;t!1l fibe r. A. Cros¡¡ &eclion throUllh 

a peripbera l ."Iion, 5ho"'inS IWO libri ls (10 , /he endopÚl5mic re.iculum (er ), 
and Ibe tll r(olemma (sI) . x 50.000. B. Lonl iludin l l ~ef lion Ihroullh Ihe pa rl ol 
Ihe liber re present" d in A. C. I'orlion ol A enl ll rled 10 limea 10 Ih ow Ihe 
re lat i\'e dim"n~ions of Ihe myo~in filam ento (nu) II nd ol Ihe moleculet 01 
waler (lO). D. Group 01 rihe r il U:" 'l at a ma,nifirution 100 timei lower Ihan 
tbal ol A .. nd B. (From Luyel, 1959) . 

ad jacenl lo Ihe sa rcolemma 51 (Ihe ""all of Ihe fiber). Each fibril i5 surrounde<! 
by a Ihin reliculum, lhe "endoplasmic reticulum" ero Diagram B represenls the 
same slruclure in longitu dinal srclioll . A fibril cOllsisls ¡lseU of regularly arran · 
ged myofilamenls, indicaled by the filie dols in Diagram A, and, at a magnifif:a. 
lion ten limes higher, by the la rge blaek spots ma rked nu in Diagram C. The 
myofilamenls ure hundles oí molccuh'S uf myosin oí which Ihe diamcler is of 
Ihe order of 10 millimicra (lOO angslroms ). The space between them, aboul 
20 millimicra, is occupied hy 11u: sarcoplasmic fluid, all aqueous medium of 
which Ihe moltl(; ul~ oí watl'T are murked W in Diagram C. - The prohlem 
now hefore us is lo filld out what happens, at Ihe molec ular level, when the 
system freezes. 
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Freezing 01 AJuscle. Whcn the water in the sarcoplasmic fluid is transformed 
into ice, the structure may be considerably distortcd. This is ilIustrated in a 
comparison of the two photographs oí Figure 1. Photo. 1 is an electroh micro· 
graph of a normal, not frozen fibril showing the individual filaments and the 
tnUlEversal bands or Hnes A, 1, Z and Z and M; and Pho,o 2, [In el~tron micro· 
graph of a frozen fibril showing how ice particles (now blank spaces) had grow!l 

rnyofilaments, pushing them aside into bundlrs, and to what extent the cross 
striations are dislocated. This case wiJl suffice lo illllstrate the rclationship between 
the dimensions of the ice partic1es and thr structu ral dis turba nr;('. By reducing 

f·ig.2. Eledron micrognphs of longilUdinal sectiolla of Iro g'~ mll~de fiher ~ . Pholo . 1; 
from control, nol frozen riber. Photu. 2 : from a fiher Irozc l; at -150°C. and 
vacuum-~uhlimcd. Thc arrOW $ 011 cach ~i dc point lo Ihe Z Hiles of Ihe mll ;¡
cular slrialions in the two ~p"dmell5. In Ihe frozell fiher, th ll m yo rilllmenls have 
het:n aggregaled inlo bundle. squeezed helwecn lhe ice Ilarticlcs, no..- repre_ 

><ented by hlank ~paee s , which rneli sur.: ahout 0.5 x 0.2. u . ' Magnifieat ion: 14(1{l{1 
x. (From unl'uh1i ~hed fil.· s of Mcnz and Luyet./. 

the ~ize of the partic1l'5 {me can redllce, or even avoid the dislurbance (see I'apcr 
by Menz and Lu yet, 1961 ) . - Although I mell tion only mechanical eff l!cts of 
freezing here, one ~houlcl Ilot conclude that a ;¡ injury by freezing is oí mcchanical 
origino 
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C. Toward a Practical Realization oí the Program 
A research program covering adequately the fundamental problems in cryo· 

ophthalmology is an undcrtaking of major dimensions. The research itse:C should 
be preceded by a survey oC the present status oC our knowledge (1 ) on the ultra· 
slructure oC the componenl parts oC the eye, as studied, for example, by electron 
microscopy, (2) on the mechanism of visual perception (sa established by phy
siologists and biochemists ), and (3) on the structure and functions oí organis of 
vision in lower fo rms of Iife, as invcstigated by cmbryologists, comparative ana
lomists and comparative physiologists (as an example of the work of the latter, 
1 will mention Ihe studies conducled on visual perccption in fij es at the Cal iforni a 
Institule 01 Technology) . 

To provide su rveys of !luch, or ol similar sludies, lo kcep the surveys up-to
date, and also lo coordinate the research conducted by Ihe cryobiologists interest
cd in basic problems with the re!earch on cryopreservalion in the medical field , 
we (Lieutenanl-Commander V. Perry of the Tissue Bank oí the V.s. Navy Medical 
Center, and 1) inaugurated, three ycars ago, a series ol conferences, the "Cryo. 
preservation Conlerences", which have becn held annual1y since_ The lirst con· 
{erence dealt with the cryopreservation ol skin and 01 cornea. The Hrsl part, 
on the ~kin , has becn published and I refer the reader to the introductory nole 
01 lhat publication (Luyel and PeTry, 1966) lor lurther informalion on the 
organization and scope of the Confere nces. The second parl dealing with the 
cryopreservation 01 cornea is in press. 

In annother allcmpl lo coordinate basic cryobiology and cryomedicine, 1 
deeided last year to eslablish a " Biomedical Laboratory" as a separale untt m 
our Institulion "The American Foundation lor Biological Research". Our original 
laboratory conlinucs to concentrate on basic biological and biophysical rescarch, 
the biomedica l laboratory studies the cryopreservation of tissues or organs, such 
as are stored in tissue banks. But the overall emphasis in Ihe operation ol the 
two laboralorics (one in the Washington arca, the other in Madi son, Wisconsin) 
remains the coordination ol basic and applied rescarch. 

The next and last queslion is: what do we do practically lo meet the challcnge 
about the coordination oI basic and applicd research in cryoophthalmology? 1 
would like lo take this opportunity lo propose Ihal we arrange a meeting in 
which specifi c plans for sorne collaborative undertakings be discussed. 

This paper is a slightl y modifi ed version of Ihe talk given by Pror. B. Luyet 
al lhe opening session of the Society lor Cryoophthalmology, in Las Vegas, 
New Mexico, on January 9, 1967. 

Wh~on6in . 

The American Foundation for Biolol! ice, 
Research 
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