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Tlw rcfinCttlcnl of surgiclIl ttlcthods fOT kcraLoplasly in coujurtctiort wilh ¡he 
bellcr undcrslanding o f il& ph ysiopalhology has maJ e contt;a l lransplantalion 
mo rc popular in f(;cent )'l' lI rs, with a resulting inerease in the need for frcsh 
donor material. The suppl )' of th is materia l fluct uate& alld conteal prCSl:rvalion 
is onc nlcthod hy which we have tr ieo lo COlllpl'llsale (or the discrepallcy bclwM:1l 
Ihe increasing demand and Ihe ineonslanl suppl)', 

Fig. 1. 	 Normu l ~ ';11 <;: nd" thcliu IlI . a lizarin red rila in, pha... ,·0I1I raSI 
IlI i ..ro~, · ol' e, 320 X . 

• • ·ronl Ihe laboralor y of T he l::)'c·8""k ror Sighl n .,;¡tornl;o", Ir... . , M:."haltan Eye, t:ar 
ond Throal HObl, ita l, " id",d br u ¡(fUnl Irom Tiu, Kn i"hl ~ TCIIlI.lar Eye t-'oundation. 
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11 . ,' 1. KATZr N - M . MA BT r:;F,Z 

Scveral 1l1cthoos for corn ea! preserval ion have b(en de"clope(l , sludied and 

tested: och yorali on, presP fv al ioll ill lissue culture med ia, co ld tempcral ures, mi· 
neral oi!. wa ll'r so lu brt' pl l1sl ic.';, g lyccr ine, glyccri rw.dehydral ion , sugars, ho
mo logou5 serulll or whoJc bJood, clc. Slocke r a ll d his co·workcrs 1 lmil rcsearchcrs 

Fi g. ~. 	 T ypit-al [l il' luce of l·) endolhelial dama ge. Moderale "el! 
shrink¡¡ j!e, mihl "uUl r ;,c l ;o ll uf II,e cyluph"m. Aliza r; 1I 
reu d sln; n, !,hase cO Ulr;, , 1 m;"roscop e, 320 X. 

Fi ~. 3, TYl'i,'ul (*~) cndo¡hel ial r ha nges. Cornea inmersed for 
une h01lr in de" lrose.~a lin e a l room leml'eralure. M~rke,1 
..di di stor tion d,, ~ to d eh ydrulion "",1 moderale inerea ;;e 
in 3;ze o f nu,·lei . A liza rin r ed Slain, Ilhuse eontra SI mi· 
{"<o ,;cupe, 320 X. 
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nI Ihe Univcrsi ly uf Turutllo~ huye lesleo ¡¡ nUlllber of thc~e leehn iq uc!I nf pre· 
scrvatiotl by trying lo gro", tl1l' Jlrescrved corncal ti!<;;ucs by lissuc cult ure 
IIlclhods. 

Fi ~. -l . 	Ty!lic~ 1 4o •• ¡ endolhcl ial changu. Curnca Ineserved 
Ihre" day~ in 570 ~ I YO't:lr in e·~aline ~I -19C. Moderale in· 
I'rcll ~c in s i ~e of Iludei. rnarked fornuuion of v,,,:u,,H, rup· 
I lIre "f Ihe rnernhrun es in ~ ever ,,1 ,· ", 11 ,; . A H~;, rin red Sloin, 
Ilhu~ {·onlrll.1 mio-rori ('0l' ''' 32U X. 

F il!. 5. 	 T Yllie"] r•••• I endOlhclia] ..!mnged. Cor n"" pre¡¡erve tl 
four duy~ in ~ I y r e rin e 5% al .IO<?C. Almos¡ rOrnl'¡"¡" 
Ili ~orllan i ~a tion of rell 8IruI·l ur .,. Ali~uri n red "I" in, "h"se 
ronlrusl mieroseopc. ~211 X. 
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Othcr in\'cstigaturs lIa\'e c\'s lua lcd lhe ¡Hesen 'al íon mclhods cl iníca ll y in cx
pl'rimcll lal anima l.'!. Whal C\'l'r rnell llS is uscd lo prc!:::: r\"c Ihe lissues, il is OUT 
ll11 prCSSlOll Ihal COTl1ellS prcscr"t'd for more Ihan severa]" da}'s lila}' be salisfacloT)' 

for porlial Ih ick ness g rafl.'! only. 

Fij!. 6. T Yllir;l] l·····' r h3nl'l::;. CornlJa lueile."ed in }:;'7.. 1'1)". 
ce rine lhee da)"~ ~l ,I'.>C. Com ll:ele '·ellu llu . ,]i ~ or~~ ni za· 
l ion, e"doth.,]iul dc l¡¡c!lment in .evenll p l ¡¡,·e~. Atizarin 
red ¡; t;)in, phu.;e ,· .. nlTaSI microsro l'C, 110 X. 

Fil' . i. 	Endolbdial " hnn ~elI dler ;nmmer;s;" " i . 9S'i'> ¡d )"cerine 
01 _ 100C. COll11' Iele rell destru. l i"n. AJiurin red sta;n, 
" hase "ontrast mirroscol'e, 110 X. 
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The success of clinical tests in the ca~e of lamellar Iransplants has raised the 
qucslion as to whclher full viabilily of all layers of Ihc cornea is rcany neccssary. 
So me expcrience secms lo indicate Ihat it is nol. 

In addition to tissue culture and actual transpltt.ntation of prcserved corneas, oxy· 
gcn com:-urnplion , vita l slaining, lipogellesis, and lhe uptake of ¡sotopes are among 
Ihe more popular tcsting techniqucs, and while none of Ihem give us the infor
Illalion needed 10 predict accuratcly the cTinical resu lt, Ihe)' do give us sorne idea 
of the comparative chanee of succcss. 

Thc prob lem of full ·thikness lransplantation with preserved materiar, how· 
cver, relllains an important one and is at prcsent unresolved. Most attempls al 
{ullthickness grafts with co rneas preserved for a prolonged time result)', sooner or 

later, in Ihc opaeification of Ihc tissue and faHure to reslore useíu l visiono The 
reason for this {ailure are complex and not wen undcrstood, but lhe viability and 
fun ct ional in tcgrity of Ihe endothelium and Ihe role of Descemet's Illelllbrane ap
epar lo be of primary importance. 

We have conducted a study on the Illorphological changes taking place in Ihe 
endotheli um durig the prcservation process. 

METHODS 

Our endolhelial studies have been made on cal corneas oblianed from Ihe Ame· 
rican Society for Ihe Prevenlion of Cruel!y lo Animals, where lhe cals are sacri
ficed by sudden dccomprcssion and V8cuum in a hermetic chamber. After Ihat lhe 

Fij!:. 8 . 	EndolheliH I dmnge~ Hfler Ihree da)' ~ I.reservalion in mi· 
Ileral oi! al .1OQC. Mild ceJl di"IOrlioll. Mild cYIOJllasmic 
ch"ol:"". AlizHrin red s l~in \>I¡¡l~e conlraS! microsco(Je, 
320 X. 
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animal is decap itated and the head is brought illlmediatcly to our researclt labo· 
rator}". The eyes are nudeated and tite wltole cornea is remo\'ed, eutting 1 mm. 
behind the limbus with razor blacle und curven scissors, takittg extreme eare to 
avoid nu:..'Chanieal trauma to Ihe endothelium. Immediatcl y after relllova l ¡he coro 
nea is plaeed in the prescrvative mediulll or solution . The preserved corneas are 
removed at ,'arying intervals for stud }", anel rehydrated, wlten neee~ary , in llOr

ma l sulin or Hank's sol ution at pH 7.2. 

Tite preserved corneas are evafuated as to transparency, pliab ility, rchydration 

propertics and the condition of the endothclium. Th is repo rt will concerns it ~elf 
ehiefly with studies of lIJe endothclium using flat prl:paralion , vilal staining, ¡'In,! 
phase contrast mieroscopy. This techllique reveals tire intefl'Cfl ular cement suhs· 

tanee anJ shows up the strueLurc of the endotheliullt exceptionally well. Extreme 
eare is taken during the microseopic examinalion lo a void pressure on tire tissuc 
or dryittg of the preparaliorr since Ihis wuuld induce proíound changcs in the 

delicatl! cdls. 

Table I sltow€- the degree of change found in the r:ndotltclium oí corneas cxa_ 
mincd after various in tefva ls of time. 

Corneas were slored in 5, 15, 50 and 95 70 g lyccrillc ·al room lemperature, t OC 
and - 109 C, for varying lengths of time. \Ve al50 used solutions of the same con
eentralions of dextrose, fruetose and sorbitol at Ihe same lemperatures. 

The results oí our experirnenls indiealc that Ihe endotheli ulll suffers profound 
morphofogiea l changes with storage in gl)'eerin·salinc in all of the various con
cen lrations, Icmperalures Of time inLervals are inercased. The)' range Iroltl sim
ple eeH ular shrinkage duc lo dchydralion to thc complete rupture and disorgani
zat ion of the cellular elemenls. 

Of the variou s condilions of concenlrat ioll!; alHI temperatures, the low coneen· 
trations of dch ydrat ing ~·uhs taltees at room te rnpcralurc produce the most rapid 
deterioralion of the cndothe1ium . With higher concentrations, up to 50%, lite 
chaltge~ are Jc1ayed sorncwhal bul Iltey lak e pface neverth dess, and Ihey are not 
reversible upon reh ydration. Simi lar)', ir lhe lowcr coneenlralions are used in 
conjunction wilh a Icmperature of 4° e Ihe changes are dela)'e(l , huI by tite lenth 
day there is complete disorgallizalion of lhe eellular elements. 

At (emperatures oí -lOO C paralle! resu rls were noted. Rapid changes occur 
in low conccntralions and slower ch:lIlge& with higlter concelllra Liolls, huI here 
¡Itere is Ihe added fa ctor of trauma produced b), ice crystal formatiorl . In shor' , 
every possible combination of tcmperaturc and dehydration will, hy the tenth 
day, produce irreversible tllorphological chuttges in tlt(> ctHlothclium. 
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We bclicvc that neither su b-zero tcm pcratures 1I0r partial dchydralion wi ll pre· 
vcn t uutolysis and pyknosis. Corneas prescncd al lo\\' te mperalures in concen· 
lralions of 157-· glycerinl' invariably ..,ho\\' delachrnenl of Ihe cndolhel ium by the 
Ihir day_ Tlle fael that Ihe ccJ lul ar cJemcnts in these tissucs s tain deepfy with 1'10 
a li1.arin re(l, ""h ile fresh tissucs take Ihe s! lin ligh tl)' or no! at all, woufd seem to 

EXTENT OF ENDOTHELlAL CHANGE IN PRESERVE O 
CORNEAS 

15MIN 
GLYCERINE DEXTROSE FRUCTOSE SORB/TOL 

% +20"C +4°C -IO·C +20·C +4°C -IO·C +20· t4°C -10° +20°C +4°C -IO·C 
5 1+ + + ~ + + + + + + + 
15 1+ 1++ 1+ 1+ 1++ 1++ 1++ ++ + + -ti
50 t+++ +++ +++ +++ ++++ 
95 t+++ " ++t+ • 

IHOUR 
+ +1 + + 

15 1++ 1++ 1+1 +++ ++ ++ +++ ++ ++ 
50 t+++ +++ ++t+ +++ +++ ++++ +++ +++ 
95 " " " '" ., t 

3DAYS 
5 +t ,_ +++ ++t+ +++ ++ ++t+ +++ ++ 
15 +t-+ 1++ 1++++ +t-+ +++ +++ 

++t+ ++++ 
95 +++++ " t t t 

10DAYS 
5 ++++ ++++ ++++ +++ ++++ ++++ +1+ -H-H+ ++++ +1+ 
15 -ttt 
50 -H-H+ 
95 T 

15DAYS 
5 ++++ 
15 -H-H+ 
50 
9 1'1' 
+ MILO CELL SHRINKAGE. 
++ CELL SHRINKAGE. CYTOPLASMIC DlSTORT10N. MI LO IN CREASE SIZE OF NUCLEI. 
+++ MARKEO CE LL OISTOijTION. INCREASE SIZE Of NUCLEI. 
++++ CELL MEMBRANE RUPTUR E. PYKNOSIS OF CELL ElEMENTS. 
+++++ COMPLETE OlSORGANIZAT10N OF CELL STRUCTURE. 
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indicatc that so rne degenl'rative ehange has taken place. We believe that the mobi
Jization, diffusion and adsorption of celfular enzymcs play an import8nt part in 
t!lis problclll , causing partial digesti on of the corneal slructures. This process ¡s, of 
course, irreversible. 

We onderlook a sludy of corneas preseTl'('d in \larious sugars in the bclief Ihal 
sugars migh! he less toxis Ihan glycerine, b ut suusequent chemical and histologi. 
cal studics did not bcar thi~, out, and experimental trRllsplanls in cats were Ull

successful. 

Fig. 9. E",loteliul cI",n· 
. p:e5 after 10 day~ 

01 pre~ervalion 
in minen,1 oil 
al 400 C. Mild 
distortion of cd· 
lular elemenl ~ . 
Alizarin re" 
~ t"il1, 1) h" s e 
rontra ~ l micro, 
, cope, 320 X. 

SUMMARY 
Studics were made oC the t lldothdiUIll oí corneas preserved by various mcthods 

for vary ing len gths of time. 

According to our crih:rion uased on the lllorphologicaf appearance of the clldo
thelium whcn stai ncd with alizarin red and cxarn incd under the phase contrast 
microscope, all oC the corneas preserved f OT mo re than three days exhibitcd dege 
ncrati vc changes such as dis-organization of lhe ccl lular clcments and dctachment 
oí the endothelium. 

'fiJe rcsults of OUT studics l"ead us to Lelieve thal nonc of the IIlcthods we used sa
tisfa ctoril y arrcsts lhe actioll of aut olylic proccsses Ihal cause irreversible chan
ges in (he cndothclium. 
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