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SI IMMAPY

$
The employment of cytochcmical methods wi th  electronniicroscopy is

essential to define functional and morpholog ical damage as a result of laser

treatment . In the current year , the investi gation of NADI I diaphorase a c t i v i t y

on Rhesus non key cornea as a vi ab ility functional marker has been carr ied out.

Pased on th is  marker study, the damage to tile epi theli uin of the cornea below 20

watts/cm 2 for 100 m illisec is not detectable. At energy leve l h i gher than 65

watts/cm2 for 100 millisec , with the carbon dioxide laser , there is an increase

of this enzym e activity observed tinder the electronmicroscope .  This increase

may be attributed to the release of enzyme after dissociation of membrane by

organelle by the laser treatment. h owever , it has not been found possible to

establish a dose response damage effect at this time ‘~ of the limited

number of sections available for scanning under the electroflhiiicroScope .

The t ime effect of lasing was also studied. Longcr exposure than 100

millisec at the same watt/ cni 2 will result in more biolog ical damage than hig her

energy and shorter exposure , even though such differences are not expected based

on total energy absorbed by the tissue . This finding suggests  the importance of

investigat ing chronic effect of laser treatment related to the laser safety

program .

While the damage to the ep ithelium of cornea is import ant , such damage can

be repaired . The cellular mechanism of such damage repair process has been

investi gated in the course of this work . ‘hlie primary ultrastructural finding

w ith the use of the electroncytochemical methods is the involvement of the wing

cells in this repair process. The energy source could very wel l  be the mito-

chondria in the peripheral region of such cells.
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On the othe i’ hand , damage t o t hR’ endothe ii a 1 layer of the cornea

es pec ia l ly  of man , is generally coiis idered to he d i f f i c u l t  to  rcp:1 ir.

Because of tile importance of this problem to laser safety , the effort to

develop cytochemical probes has been centered on suitable markers for tile

study of tile funct ion of t h e  cornea I endothel ium . An important enzyme

marker for the endothelial funct ion is the Na~ -K~ adenosine triphosphatase ,

more commonly known as transport AT Pasc , a regulator of ion flow w hich has

been shown by physiolog ists to relate to corneal hydration . Whi le there are

methods reported for the study of this enzyme at  the ultrastructural leve l

preliminary study of these methods showed that they arc i fladeqtiate for our

app licat ion. For our purpose , it is necessary that we could correlate the li ght

microscope observation with that of the electronmicroscope , anti that the enzyme

act ivity could be observed wi th cornea f ixed in glutaraldehyde so that the mor-

phology of the endothelium is reasonably maintained. Dissat is f ied w i th  tile

current pract ice , we proceeded to deve lop alternate methods for the demonstra-

tion of this enzyme for electronm icroscopy . Three possible methods were devel-

oped to circumvent the deficiency of the current AT Pase method (See page 9).

At the time of this progress summary , the use of a newly synthesized

5-n itroindoxyl phosphate ammonium salt as a potassium ion dependent ATPasc

substrate successfully demonstrated the enzyme activi ty in rabbit cornea.

The extension of this new method to Rhesus monkey cornea should now be a

fruitfu l area of investigat i on related to laser safety. 
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In th is  period , we were mainl y concerned i th damage ;it leve Is hil ow

that obse rvablc Wi  th light in i croScOpy and convent i ona I il ic t  rono i c r (Iscopy

a. Mater ia l s  Specimens of Rhesus cornea a f te r  I as I tig w i  th carbon d iox ide

laser at 30 wCltts/cm 2, 20 watts/cm 2 , and 15 w a t t s / c m 2 were evaluated.  ftc ex-

posure time was 100 milliseconds in all samples. ftc ;iccolnpallyi IIg cor nea wa s

used as normal control.

1). Metllods The NADI I di apborase method , based on tile use of I N S I  a; ;i

syntheti c subst rate , has been described in i) reviOtis reports . lii is method has

also been reported in recent meet ings of the I lect ronmi c ro’ ;copc Soc iety  of

Amen ca.

c . Rcsu Its and Di scuss ion : Morphology of the cornea tinder the e lec t  roli

microscope involves two layers in the ep ithelium: the wi rig c e l l s  facing the

tear fi lnt and the basal ccl is f ac i ng  the f lowma n ‘ S layer.  The Bowman I CI) er i ~

the integral part of t he stronia which cons is ts  of ’ collagen f ibers  and k e r a t o c y t e s

of e lo ngat  J shape. The endotilel m m  lies on the oppos ite end , bordering the

C t roma Via tile I)escemct membrane , a layer of mainly carbohydrate po lyssach a r ides

and sonic glycoproteins , and a g lycoca lyx laye r facing t h e aqueous humor. The

latter is v i sible only under the electronmicroscope. Morphoiog i cal l y,  the

endothelium is a un i cellular layer.

P Two morp hological observations were used as possible damage markers , and

based on these , the damage at 30 watts/cm 2 was observed with certainty.

1) Damage to the wing cell nucleus . Since these ccl is Cit e over tile

basal ep it hel ial ce l l s , and therefore likely bore the init ial effect of lasing ,

this observation is interesting, but not unexpected . Nuclear damage is found ,

however , only in t he center of the lesion . See Figure 1 on page 5.
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2) Damage to the bas~i 1 cel ls . ‘(‘he basal  ce l l s  may appear normal in

tile ir nucleus , yet in their cytop lasm , there was found abrlonnal thickening

of the tonaf i laments. See Figure 2 on page 7 . Previously, we reported the

observat ion of eleetrondense deposits at t r ibutable to the NADIL diap horase

ac t i v i t y  in 65 wat ts / c m 2 lasing experiments. Such deposits could he seen

also in the 30 wat ts / cm 2 level , and appear as greenish deposits in the thick

section of t issue (l~J ,  as wel l  as described previously. ‘I’hercfore , we could

cons ider this enzyme activity to have been enhanced by lasing at this energy

leve l .  Several  attempts were made to use these sect ions at lower energy level

than 30 wa t t s  to see if there was a dose response e f fec t .  The results were not

satisfactory , due mainly to the limitation of the number of sections obtainable

in the lesion area.

The endothelium was present in all samples in the 15-30 watts/cm2 range.

The NAIMI diaphorase activity was not visibly altered in cndotilcliunl and is

perhaps related to the incubation conditions we used. We had used a relatively

hi gh substrate concentration (millimolar range) to insure activity for the

epitheliuui . Realizing also that this enzyme is not the only viability marker

that we could use, we believe if more samples were possible , a battery of

respiratory enzymes , including S[fll and cytochromes , could he investi gated at

the ultrastructural level with the new methods now at hand.

The ultimat e threshold safety of the use of laser for man must be defined

at cellular level. A 3.2 mm lesion (approximate i rradiance diameter) covers

about 5 x io6 cells. Without the aid of both electronmicroscopy and cytocheni-

ica l  probe , it would be difficult to answer questions concerning CO2 laser damage

at the cellular level. With such methods , the quali tative observa tion can be a

usefu l reference for setting threshold safety. With further methodology devel-

opment in cytochemistry , quantitation with morpholo gy is al so an appr oachable

solution to the setting of dose-response range at the biological level.
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The t ransparency of cornea is the most important key of vi s ion aild i :;

re l ated to the ah i 1 ity of the cornea in controlling water of hydra t ion . This

remarkable property of cornea  is in turn related to the cap;ici t y of cornea
endotlte 1 I ni n i in regulating ion flow and osmosis . ‘t ine tin i ckness of the Descemet

membrane ad jacent  to the endothe litim which consists of polvsaccaridcs , is also

affected by the same process of regulation . Furthermore , damage to the cndo-

thel i al ccl Is in human is not k n o w n  t o  r ep a i r  r e a d i l y ,  arid thus tine understanding

of enzymes involved in this process is an important problem in the underst anding

of cornea 1 opar ~ and other diseases of the cornea, largely through the e f f o r t

of Maurice ‘r investi gators in ophthalmology physi ology , NatK~ATPase has

been i nlp l ~ the potential key enzyme for regulating this process. However ,

no inv es tlg.i t ion at the electron microscope level has been reported until re-

cent ly .  I.e itherger arid Novikoff found the presence of en zyme act i  v i  ty win i cii

hydrolyzes p—nitrop heny l phosphate in high potassium ion concentrat ion in rat

cornea endothelium , but not in ep ithelium . Since no a lkal ine phosp hatase inhib-

itor was used in their experiment , the activity’ they found may reflect both

alkaline phospinatase and Na~— K~
’ ATPase. Nevertheless , this report does suggest

the possibility of using this enzyme as a unique marker for endothelium . Unfor-

tunately, formalin was used as fixative in their work , and a great deal of mor-

phology integrity was lost in tine electron microscope p icture shown in their

— report . Subsequently, we confirmed their finding that  glutara ldehyde inhibits

the enzyme activity and therefore other methods th at could maintain both morph-

ology and enzyme activity had to he sought.

Three new methods for the demonstration of ATPase (nave recently been

developed in our laboratory and they have been adapted for the demonstration of

the Na~-K~ transport ATPase activity in endotinclium of the rabbit cornea. Whi le

- . 
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we •~~i C U. i l l ’ tha t  IdIe:•Ic. noid-,cv cc l  I I ,  s h ort Id i c  ( I: Cd ; i : ;  ‘ I nude I ( ( 1 1 ’  I I I ,

t 110 cO’ t i S (I m u  i t r  i t  I Vt ’ to r t lie met hodo logy dccc l  OpflIen t s t a g e .  Pai ’ii i t cornea

was there t o r e  used in the eva m a t  ion of condi t ions for the derl ionstrat i on ef

tini s enzyme. An endothel ial cell tissue culture provided by tine Schei c Fye

Inst itut e tin i’otig h the courtesy of o r. M . ‘r’anoff ’ was also ris d a~ test i rig mater—

i at. As mont joined earlier , the laser  s a f e t y  stud y req it i res methods that could

combine ii gu t  and electron microscope observat ion for corre I at i on. These new

me thods have also recognized tinis la t te r  requirement in the course of their

development .

a. Aza — r  —ATP as susbst rate and im I ynuc leot ide phosp lnory I ase as

coupler to yield a fluorescent polyme r po ly-a :a-u-adcny lic acid (poly-aza—A )

as the enzymatic reaction product . ‘i’his product can react with osmium tetroxide

to form an electrondense pol ymer which is visible unde r tine electron microscope.

Potential ly this met hod has tine ini ginest sensitivity but requires a good fluor-

escence microsco pe for this work . For , if inact ivat i  on of ernzymc does take

place , the fluorescence of tine product decreases.  h oweve r , ;it t ine e lectron

microscope leve l, the stain may still be visible.

h. Aza— c —AT P as substrate and trap a z a — c — A D P ~;iid phiosp ilate as a

ternary lead comp lex which cain be viewed wi th  f luorescence microscope , and

subsequently reacted with osmium to yield a purp lish osmium containing an

electrondense product.

c. 5-Nitroindoxy l phosphate as the enzyme substrate , K~ as act ivator ,

Sr~~ as capturing ion , wh i ch leads to SrPO
4
. Tine precipit ated strontium salt

can later convert to the lead phosphate. ln this reaction , tine dinitroind igo

formed at the same time from the enzyme reaction , as a result of oxidation of

nitroindoxyl , the enzym e re acti on produc t . ‘I’inis method is therefore visible

under the ligh t and elect ron microscope. A preliminary report of this work

.-~~~‘
-‘ — — - . ‘ ‘~~~~~~~~~c~- • - — -

~~
- -— ‘. ~~~~

‘ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - - - - -  __________



— I I

ha s hccn s i i h n r j t t e d  to the hh i s to chir mi cal Society meet i n g  in \ pr i  1 for

present at  i on .

St uil~ w i t h  these methods are h ow- being co nt i n ue d , and t lne i  r e ca  l ir ; n t j u n

in r:i n i k i ’v cornea with the cooperat i o tt of le tterman Army l t ts  t i t  ite of h~e e;I I

i r o n i s t ’ s  t provide usefu l data iii tine evaluation of ’ ti c I’unct ion of ((f t hi~ l itt ,

after laser treatment .
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