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The intact lems like cells in genmeral maintains & high concemtretion
of potassiws and 2 low comcemtration of sodium although dathed in 2 medium
with high sodium and low potessium comcentratioms. %he maintenance of this
disparity between the intralemticuler end extrelenticular concemtrations
of cations muwot be accoumted for either by the fmet that the limiting bar-

rier is impermeshle to cetions, or that an agtive “pump" iz superimposed
| on & barrier which normally pasges these positive ioms. That the former
iz wnlikely is evidenced by the fact that radiocsctive sedium snd potassium
have beon showm to exchange with the cations of the lens m.ha

A large body of evidenoe to support the "pump” theory hes scowmlated
frem 2 vardety of studies olosely linking the metabolic sotivity and the
cation content of the lems.g.7 Whem mormal metabolie intemsity is reduced
by any of a veriety of means the concemtrotions of podium end potassium
in the lens approeches equilibrium with tlm surrounding mediumm, Such &
true equilibrium is spprosched in vitro whem the lens is meintained at
o low tempersture, subjected to anssrobic conditioms, or batbed in a
medium containing certain metabolic poisons such a8 cyanide, fluoride, or
todoscetate.; Hydration of the lems sceompanies this shift in cations.q
This probably is dus to the cemotic preasure cmerted whem a system
approaches the Donnen equilibrium, Peremthetisally it might be mentioned
that these changes mirror those which ccour during caterset formetiom.g
As a catarset develops the lens loses potassium and geins sodium and
water, 7The oxypgen consumption snd glucose utilization of & catarectous

lens is greatly redused.g
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Of great significsnce iz the fect that this in vitro shift of cations
which ogcours whem the metabolic intensity iz reduced can be reversed if the
metabolism is normslized. Sush 2 reveraible system is best achieved with
temperature alterations. Thus in o suitable medium the lo@s of potassium
end gain of sodium induced by refrigevetion at 0° C. is reversed when the
lens is subsequently incubated at 37° C.; potassium reentering the lems
and sodium being excreted from 1t.g4 (Figure 1) This restoration of the
eation distributions following refrigeration requires the movement of both
cations against comcentration gradiemts amd therefore necessitotes the
expenditure of emergy. This reversible shift hes also beem demoustrated
in other oells ar cellular strustures such es the evythrosytep jo. and the
retinayy.

The recovery to normal cation distributions following thisz cold~
induced cation shift is sltered by a wvariety of situntions. For example,
1t is either reduced or abolished in the abeence of glucomey, smeercbic
conditiocnsg, or whem certain metabolic poisoms such sg cyanide, fluoride,
or icdoacetic acidg are ineluded in the imcubeting medium.

From those studies it has beem comaluded that the limiting barrier,
or barriers, of the lems are permesble to the positive ions (and probably
the diffusible anions as well) amd that the comcemtration gradients nor-
mally encountered are maintaired by the astive transport of cationg by an
energy consuming "pump". Previous studies have shown thet this movement
of potassium end sodium is gemerally equivelent, Thus it has mot been
poseible to detexrmine whether seperate pumps exist for sodium end potassiue

or whether, as has beem suggested for other cellsy,, sodium is sstively



transported by the lenc zmd potassium enders ¢o madntain electvical
neutrelliy.

The site, or sites, of the lemticular barviers ore uot known with cer-
tudnty., Strang eovidence suggests that the lsns capsule or some closely
adjacent structure may aot as 2 ostion-permesble membrane across which the
cation "pump"” fumctions. (The lens is an avasculsr struoture, relatively
ecellular, with a high protein coneentration, It is encompnased by &
non-gelluler, thin membrane, the capsule, This capsule like other cellular
moubrenss containe & substantial amount of polysascharide.js) ¥First, shem
the eapsule is nicked with s sharp blade, care being taken t¢ aveid lajury
to the underlying lems, the cation concantration in the lems approaches
that in the bathing medium and recovery of s cold-induced shift is
virtusily 'aholuhd.? Secmxl, very gentlc massage <f the lens surface
with a blunt imstrument produces & marked reduction in the abhility of the
lens €o goncentrets cations even though mo alteration in glucose utili-
zation COTINBeg 14 hird, when geleium is deletad fram the hathing me-
dium o similar reduetion ls notsd in the extemt to which a retwm to the
normal oation steady state can be achieved during incubstion at S7° €.
following refrigeration at 0° €. (It is well imown that calcium in the
externsl medlum markedly influsnces the permsability of anims] membhranes;
when thiz lon 1s absent permesbility is inersased, and upon ite addition
the permesbility is deeressed.);y The possibility that there is en ade
ditional barrier, e.g., the lens Iiber membrane, camaot be exeluded;

This rescmblance of the lems capsule to a cell mesbreme suggests that

the lens iz physiologically amalogoues to & edngle eell rather then o tissue.
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Further support of <his enmslogy is eamily foumd. The lens is avasoular
and derives its entire muirition scross the cepsule, Likewlse, like that
of the cell, the metabolimm of the lens is w&uxm,w the most
intensive metebolio motivity coocurring nsar the lems muface.

In mamy vespeots, then, the lens provides an excellent tool fur the
study of caticn exchange seross celiular berriers in gonersl. The majer
advanteges of the lems for such studies sccrue fyom the feots thet the lems
can be removed for in vitro studies with 1ittle disturbsnce to ite normal
snviroment and that ome lensz gemerszlly sufficesz for an wnalyticel
situation,

Previous studies hove indicated that the smergy for sotive cation
trensport across the lentieular barriers gemerally derives from the meta-
bolism of glucoss and to an undetermined extent requires oxygeng. (It is
difficult to pwrove by other mesns that amy given substrate is essentia)l
to the lens, 2 normel metsbolism is undoubtedly necessary for the con~
tinued growth and tremepsrency of the lens. However, thess fumctions are
slow and thelr measurements in an acute experimenta’ situetion sre not
suffiolently sensitive to be of value.) It was the ordginal purpsse of
these studies to determine whether various metsbolites delivered to the
lens in place of glucose could support the eationm “pump™. As the studies
progressed it became spparent thet the effect of lems age on the eation
concentrating mechanism wes of grester simﬁtcam;a thar had previously
been recognized. It become mecessary, therefore, to expand the thesis to
inelude considerable date on the effect of lens size om cation transport

under variocus ponditions,



MATERXIALS AND METTIODS:

Frosh Intact rebbit lempes were used throughout. Generally eyes
were obteined from a rabbit mont company. Thoy wore enucleated ifmmedi-
ately following death by desapitation, placed in ice-cold saline, and
trenpported to the loboratory pecked in foe. Lleonses wore romoved within
ane hour of the desath of the animal using aseptic pressutioms. ILems
extraction was eccomplished by ineising and twrning back the sclera,
removing the vitrecus with a lems loop, and carefully cutting the somuloes
with a sharp seissors. In this procedure particular ¢nve was taken to
avoid toughing the lems surfece with the lens loop or seissors. The iso-
lated lems, resting on its posterier surface, waec placed in & sterile
tube conteining 3.0 ml, of the appropriate media. The tubes were flushed
with & mixturs of 98% oxygen emd 5% carbom dioxide (95% nitrogem and 5%
carboe dicwide when anaerobic conditioms were imposed), tightly stoppered,
and placed in an ice bath at 0° ¢, After refrigeration for 40-44 hours
one lens of each pair wos snalysed immediately, while the other wns trans-
ferred %o » water bath at 37° €, and incubated for zn additiomal six hours
before snalysis, ¥For the puwrposes of exposition this experimental pro-
cedure is listed 2s “"repovery experiment". In certain instances the
lenses wore incubated at 37° C. girectly for periods of 20-48 bours with-
out prior refrigeratiomn.

For snalysis the lems was blotted lightly to remove surface moisture,
weighed rapidly, eand plased in o drying oven for 48 hourzs st 105° €, The
dried materie)l was weighed and dry ashed with the aid of a drop of concen-

trated sulpburie acid. For sodium and potassium determinatioms a Baird
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associntes flame photometer ﬁth au internal stenderd was employed. Fresh
lenses wore smalymed in the same mammer,

Unless otherwise stated the medium comsisted of a Tyrode's solution
modified to contain 146 meq/liter podium, 5 meq/liter potassium, 30 meq/
liter bicarbomate, and 200 mg%h glucose. The pH of the medium was ad-
Justed to physiclogic remge (pH 7.32-7.48) and checked at the md of each
procedure, Osmotic pressure of the medium wes maintained comstant at the
equivelont of 315 milliommoles as determined on o Fiske associates osmometer,
‘The sedivm end potassium concentrations of all media were checked by
snalysis,

Results of the recovery experimemts ere gensrally expressed as per-
cent recovery (Figure 1) rather then as differences in cation comcentre-
tions betwesn the refrigerated end subsequently incubated lems since the
former figuwre provides & more adequate empression of the ability of the
liens to retwn to mormal, that is, to regain its originsl sodium end potas-
slun concemtrations. (The formula for the determination of cation recovery
is: _E;%)_ X 100 where: .c"*. ¢°, ana c‘. respeetively are the concentra-
t:lm{:!;cr refrigeration plus incubation, after refrigeration alome, and
normelly chserved.) (Figure 1)

In the few instances that the penetration into the lems of isotopi-
cally marked metabolites was determined the isolsted lences were pleged in
3.0 ml, of media containing known smoumts of ¢1¢ labeled substrate, refri-
gerated at 0° C. for 24 hours and subsequently imcubsted et 37° €. for an
additional six hours. At the end of this period the lemses wore thoroughly

rinsed in a similar medjum devoid of isotope, weighed, fromem repidly, and
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divided equatorially. The cepsules were removed from the separete seeticms,
and transferrod onto 1" planchets of alimuimm comstruction for counting
with an end window counter. The entire mucleus plus cortex was macersted,
spread evenly over & 1" planchet and counted after drying for cme hour

at 105° ¢,

Standsrd Qurves wore obtained by spreading desspsuleted lenses on
plenchets in the aforementicned mmmmer, sdding known smounts of ¢4 labeled
substrate, thoroughly mixing, and commting as previously deseribed. Stan-
dard curves for capsules were not obtaimed, but the assumption was made
thet the coumting efficiancy was in the same range as that of the macerated
lens., Counting efficlency was determined by comparisom with end-window

counting of infinite thicimess barium carbonate.
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RESULTS:
Yariation of catlon gongentration of fresh lemses with lews age (size):

Analyses of forty-five fresh lonses of verying size were made for
their sodium and potassium comcentrations. Pigure 2 demonstrates that no
epprociable differemce in cation concemtration in fresh lenses was found
in the eize range studied. |

Lemz gize iz here recorded in terms of dry wedght. The lens cone
tinues to grow through 1ife emd the relstionship of lens siee to the sge
oztummm-uumumnué Using this data it has bheen
computed that the age range here annlyzed was from four weeks to twelve
monthse .

Ihe effect of lens age (size) o sation recovery im wvitro:

Lenses of various sizes were imeubated in the modified Tyrode's
solution, The extent to which the lems recovered cwiginal cation concen-
trations during incubation at 37° €. following refrigeration at 0° €, decrsa-
sed as the size of the lens increased. Both sodium sud potassivm transport
appeared to be equally affected,

Thus lemses cbtained from 4-6 woek ¢ld albimo rabbits recovered
completely the originel cation concemtrations, whereas, lemses obtained f£rom
4~12 month old albino rebbits recovered approximetely 50% of the originel

cztion comceatreptions. (Pigure 3)

Ihe effest of lens age (sise) on cation tremsport in vitre in the abuence
of glucose:

lenses of various sizes were incubated in the ususl mammer in a» media

devold of glucose., Figure 4 shows thet young lemsee {obtadined from 4-8
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weak-old albino rabbits) recovered their original cation concentrations
to a certaln oxtent durling lacubation at 37° ¢, following mi&rigsmtim
at 0° €, in the sheence of added glucose. Lenses (cbtained from 4-12
month-0ld albino redbbiis) were unable to recover their oviginal cetiom
concentrations %o eny signifiocsnt degree,

Although cation recovary was observed in the sbsence of glucose it
rosulted in a dissocietion in the recovery of sodium amd potassium
concantrations. In the aboence of gluccse sodium recovery was redused im
each lens size, but potassiunm recovery wams infiumced to & lesger degroe.
The effeot of somtinuous incubstiom at 370 Cs:

An amalogotis dizpocistion in cation transport wes cbessrved during the
course of continuous ingubstion at 37° €. In these experiments lemses
were inoubc 34 ot 37° €, direotly without previcus refrigeration in the
ehsenee of added glucose, Figure 5 demonstrates that in the absemce of
added glucose as incubation was continued the concentration of sodium ine
creased., Whon glucose was present in adequate ccnoentratian {200 mg. %)
the comcentration of sodium remmined relatively comstent during 40 howrs
of eontimuous incubation. The concentretions of potassium in hoth instances
tended to rise but was emsentially the sase whether glucose wes present

or abeent during the same periocd of inoubatiomn. {(Teble 1)

Ihe effect of lens oge ont cstion recovery shen incubated in ithe pressnge
of high glugose soncentrations (500 mg, %I

Provious studies have shown & deleterious effeet of high gluscse
concentrations on cation recovery using unselected lemses. Young lenses

have been demoneivsied to bp wmore susgeptible to dishetin ecptaracts then



o1l lenses.yy 31g In eddition, there iz scoms evidemos to indicate that the
davelopmest of 2z diebetisc cstarest is due elmply to = bigh blood {and
premmably squecus) suger level.jy Possibly the deleterious effect om
cotion tremsport previcusly cbserved would prove to be wors merked in
youny lemses,

Lenses of various sizes waze subjected to the tempersiure changes ia
the usial memmer in & modive contedwing 500 mg. % glucose, Figwee 6 in-
dleates that thers is ne exact corrslstion betweem the effect of high
glucese concentrations and the age of the lems, alitbough, caticn rewovery
was altered in cach size loms studded, The racovery of potassium concen-
trations wos uniforaly reduced, but the recovery of sodium vresched final
congentrations less then normal coantreis. The movemont of codium end potas-
sium agaldn were seen to be dissceiated.

Satiop recovery lu ihe sbsence of oxygen and glugose:

Since cation trunspert is supported in young lenses iu the sbsence
of glucose under the experimantsl situation, it scemed reasonable to azoume
that the required emzrgy was darived from the asrobic oxidetion of some
matabolite, perhaps lactate, contained in the lems. o test this hypo-
thiegls the cation recovery of lenses of various sizes was messured under
anagrcbic conditions hathed in o mediws devoid of glucoee or any other
poures of emergy. Cation recovery was chserved to be abelished 4a all
lons sizes studied as demcostrsted in figure 7. Sodium snd potassium re-
covery were equally affected,

This chservation supports the hypothesis that under the comditioms

of the experiment end particularly in young lemses thet eation tramsport



to an mdetermined extent is dependont upon energy darived from terminal

perobie axidetive »nethweys,

The effect on setlon recovery of metcholites whish mmy be metsholized
Yyig the eitrio-acid gyols:

Lenses of such & mize as to require added glucose were refrigerated
and subsequently incubated at S7° €. in the ususl mmmer, Glucose wes
replaced hy verious metabolites (im 0.01M, comcemtratiom) which may be
motabolized via the eitric-eeid eyele, Pyruvats, asotate, lasctate, alpha~
keto~glutarate, citrate, and cxaloscetate were studied,

With nome of the nbove compounds was caticu recovery obssrved to
approech that obtained when glucose was added, (Figures 8 and ©) Indeed,
sitrato appesred to exert a deleterious effect en cation recovery. (Pigure
100 'Whem added to produce » comcemtratiom of 0,01 ¥, catiom recovery was
virtually sbolished, A merked hydration of the lems was cbserved, Citrate
is Imown to effectively bind caleium snd the obssrved effect is pwohably
similor to that seen whem calohum is deletod from the mediwm.,

nmanammmm

Twe compovnds, d-riboge, end glucomste, were substituted for glucose

in the modified Tyrede®s solution end eation recovery messursd in the usual
manner, Lenses of sueh s sime as Lo roguire added gluccse were utilismed
throurhout,

Heither riboee, nor glucomate, sunported cation recovery so effeotively

a8 did glucose, (Pigure 11)
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Incorporation of labelsd substrafes inte the lens during imeubotion st 37° C,:
The aforementioned results indicated quite clearly thet the major meta-

bolites of glucose when delivered to the lens ware incspeble of supporting
lens function as have beon measured., Since it is Jmown that glucome is
preferentially moved asross some lens mfmu it becams imperative to
determine whether the various motsbolites moved into the lems with the came
facility as did glucose. To this end the movement of isotopically merked
glucose into the lons was compered with that of the smellest metabolits
tested, the two cerbom residue, scetate, also isotopically merked.

Intact rebbit lemses were incubated ot 37° C., for six hours following
refrigeration for 24 houwrs in the modified Tyrode's solution te whieh
known. smounts of labeled substrate in tracer quantity had beem added.

Approzimately 4.5-8 % of the labeled scetate was recovered in the
lems substance., Thble 2 shows that the majority of the cotivity was found
in the lens substesnoe ﬁut signiticent activity wes recovered in the capmule.
The anterior cepsule in each instance wes more active by & factor of 2-4
- than the posterior capsule. Per unit weight the sctivity of the eapsule
far exceeded that of the lems substance.

Teble 3 demonstrates that approximately 8.5-9.5% of the glucose wes
incorporated iuto the lens at the end of the six hours of incubation at
37° C. following refrigeratiom at 0° C, for 24 hours. Again the activity
of the snterior capsule exceeded that of the posterior capsule emd per unit
woight the activity of the capsule was far greater thau that of the lens

eubstance,
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The finding that glucose enters the lens more readily tham scetete
{on the basis of mojecular nmmwllﬂmminhthomna) sup—
ports the above memtioned hypothesiz that glusose enters the lens by mete-
bolic mediation, The fallure of the varicus metsbolites to support cation
transport as well as glusose must, in the light of these experiments,
be ecnsidered to be due largely to imsuffigisnt pemstrstion of these meta-

bolites into the Tons

*3¥1 wish to express wy thanks to Dr, John T, Ven Bruggen snd Miss Jeen
Boott for the velusble assistence piven me during the sourse of this

experimeunt,
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DISCUS8I0N:

The inverse relationship of cation recovery to leus age i3 of more
then passing interest. The most obvious explenstion of this finding is
thaet the rates of metabolic sstivity in youmg lemses is greater tham that
of the older, There is a gond deal of svidemece that this may be truwe, Gly-
colytic aetivily has been shown o he greater in yomag lenses.np 23 The
ability of agueaus extragts of lems homogenates to motabolize hewose-
phogphate to triose phosphate 1s reduced in older lemses.;, The coneen~
mmm&-mmuwmnmmm.m It bes
rocently been shown thet young lemses inoorporate & greater smowumt of radio-
active phosphorus from the incubeting medium thom old lemses.py This
inorease is reflected in @ greater insorporation of P°° inte the imerganic
phosphote and ATP frectioms as demcnstrated by electrophoretisc studies. .
In the final emalysis, the immediste emergy for cetion transport must de-
rive from the high energy phosphates, However, no exect relaticnship of
the high emergy phosphate compounds to catiom transport hos beon esteblished,
In 2 recent commmisation the relationship between eztion tramsport, and
the ooncentrations of the verious phosphaie frastions in the lems wes
studied.,; No exsct correlstiom between cation transport amd the comeen-
trotiones of the various phosphate frectioms was cbeerved,

The thought that reduced eation recovery in oldesr lemaes is dus to &
reduced mstabolic level is not free of objections, Major smong them is the
finding that the comcemtration of cations iz not altered as age sdvences
es would be saticdpated, The most incluszive statemsnt that ceun be mede

from the yantsage of owr presemt knowledge is thot the older lenses are



A5,

not sble %o withstend the stress imposed by cold. The ability of the
younger letises t0 recover from this stress moy result frem sn aveile
ability of slternste metsbolic patiweys. The results cbtained whem glu-
cose was deleted from the mediws are compatible with that view.

The pathways ia the lens by whicd glucose is metabolised snd in which
cxypen pertielpetes are still not lmown with certainty. The glucose com~
mtmwmmamwumx.a Its oxygen conmamption iz =0
mmm—-tbymxm:mq\msumzyuﬂth
subjeoted to high errvor, m._”hanmmawmm-
Winmﬁchﬁ%dmn&whhm.ﬁ Precent
Imowledge of these patiways in the lens iz Dest mumerized as follows:

First, the studies of Green and his associetes have demomstrated
that the clessical smeercbic pathwny, the Dubdem-Meyerbof cyels appesrs %o
be followsd in lema homogenates.ps 29 40

Second, there 1s suggestive, elthough not very etromg evidemce thet
the cytochrome systsm of enzymes serves the smme function in the lems as
in other timsues,gsy

Third, the participation of the eitric-acid ecycle in the lems is not
certain, Bovine lens homogenates have baen found to oxidize cevtain intsr-~
mediates of the eltric-acdd ayele,gs Dehydrogensse sotivity of the mem-
bers of the oitric~scid eyele have been demonstrated in lens m.m
M,MMMMM‘WtWtGMMMiMHM
pyruvate to carbom dicxide to any spprosinble exteat., Rether, the labeled

pyruvete sppenrs in significent smountes as lactste in the lems shatance, 49
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Fourth, the hemose-momophosphete shumt® mey be utilised by lens homo-
genates,q:; Thus il has been shown thet more isotopically merked earbom
dloxide is revovered when glucose iz labeled in the one position then the
aix¥¥ gnd that certain supposed intermedistes, i.e. glucose-G-phosphate
and €¢-phosphogluccnate are utilized by lems homogumates.ag

st of this dats has of nocessity beon obtainsd from studiss of leas
hozogeuates., To vwhat oxtent it can be quantitatively applisd to the im-
tact structure is not certaln, Indeed messurcshle changos in metabolie
activity attend even plight alterstion of structure of the leno., Tor cxample,
when the loms cepsule is nighed, the rote of oxypen consumption lmmediately
rises.qs Tor this reason any postulated mecheniom muet witimetely be
proved to comur in the imtmet strueture, The cbseervations here reported
indicate that these motubolites delivered to the leps do not support lems

functicn a2 herein measured pozsibly bocsuse they do not psaetrets to the

*By this mechenism glucose is asrobically oxidimed with the subse-
quent formation of utilizable snergy in the form of high emargy phosphates.
It involves the two-step oxidation of glucose é-phosphate with the for-
mation of pentose phosphate; the first step resmlting in the formation of
6-phoapho~gluconic acid, 7These resctions are mediated through their re-
spective dehydrogemuses, gluoose-@«phosphata dehydrogemase, and é-phospko-
gluconate dehydrogemase., Two pentose~phosphate molecules undergo com-
densation to form sedohoptulose phosphete and & triose phosphate eata~
lysed by the emsyme transketolasse, The intermediates resct further to re-
form hexose=phosphate, This pethway eppesrs to be as efficient in the
produstion of ATP as the eitric-acid eycle.gg

*The shunt mechamism is thought to preferentially cleave carbom # 1
of gluoose., Whem glucose is glycolized thes oxidised via the oitric~acid
cycle all carbons of glucose should be recovered epproximately equally as
corbon dioxide, The ratic of l=belsd csrbom dioxide derived from isotopi-
cally labeled glucose in the 1, and 6 pesitions is thought to provide &
measure of the quantity of glucose setabolized via each puthwey., A ratie
of wnity would indionte that the shunt mechanism f{e incporative,
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site of utilizetion in sufficlent quentity. The shility of gluccse to
serve a8 & substrate is due in o eertnin wmescure to the fact thet it
probebly emters the lens by metabolic medimtion, MNo definite conclusion
coneerning the speeific pethways of gluveose degredation com be drewn freom
these studies,

Ono of the most intriguing results here reported has been the eleer
cut cobservetion that o sepurate sodium snd potessium pump exists., Hereto-
famitmbmwtmmoaﬁtﬁlimbﬁ, Mmgm
frog muscleyy, mmomg otherz that the movement 61" eodivm and potsssium is
equivelent and thet the aetive tremeport of sedium slome is required, It
is spperent, however, from the presemt studies thet the two mey be sharply
dissociated and thet independent mm’mtatmmm“y
exist,

Recont studies of eells have permitted essentially the same éwtluln.
In particular, separate independent meghemisms regulating sodium s2nd potas-
sium distributions in merive slgee both dependsnt ypon celliular meteholism
have beem reported, .. lore recent examipation of sodium and potassium
movements in red cellsyy, smd nerve axons, have indicated thet eslthough
thers iz evidence for » coupling between the movements of sodium and potas-
siun their movemente sre not rigidly linked amd that a portion of the
movement of each is independemt of the other,

Present studies would suggest thet 2 similar situstion preveils in
the lems under the comditions of the expariments, A portion of ths move-

ment of the two sppears to be linked snd the rewmsinder indepemdent. It is
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particulerly futerssting that the walinked portien of potassiunm move-
ment may not require gluccse jo youmger lwnses whovess, the independent

movement of sodium is Jdefinitely depeandent upon on excgencus gluccse supply.
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SUMRMARY OF RESULTS:

l. The concentration of podium and potessium in the lems did not vary
appreciably with lems age,

2. The recovery of the oold-induced cation shift veried inversely to the
age of the lens in vitro,

3. In the absemce of glucose young lemses recovered to a certain degree
their originel cation eomcentretions following a cold-indused cation shift,
wheress, old lemses did not recover their origins) cation comcentre-

tions to any significent degree. Sodium recovery was affected more by

the sbeence of glucose than was potassium recovery,

4. Continuous incubation in the shesmoe of glucose resulted in an sma~
logous dissociation of cation movement, The concemtration of sodium
tended to rise when glucose was sbsent but remeined egsentislly the same
when glucose was present during 40 hours of incubation, The concentro-
tion of potassium rose but was essentially the same whother glucose was
present or ebeent during the same period of inmcubation,

6. Cation recovery following the cold-induced cetion ghift wos sholished
in all lenses whem incubated in the asbsemce of glucose and oxygen,

6. Compounds which may be metsbelimed via the eitric-seid cyele did not
suppert cation recovery following the cold-induced cation shift as well
as does glucose,

7. Compounds which may be metaboliszed vie the hexose-momophosphate siumt
did pot support cetion recovery following the cold-imduced cation shift
as well a2 does glucose.,

8, Glusose was incorporeated imto the intect lems im vitro to & greater
degree during incubation at 37° €. for six hours than was soetste.

9. The significsnce of these findings ere discussed,
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Pigure 1, Schesmtic representation of the changes in cation concene~
;;:mm during refrigeration at 0° C, and subsequent incubation &t
c.
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Figure 2. Iffect of lens age (size) on the comcentrotions of sedium
end potasshun, (Esoh fipure represants 2 minimm of eight snslyses.)
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Figure 3. Effoct of lens age (size) on oation recovery during
incubation at 37° C. following o cold-indused eatiom shift, {Zach

bar represemts the average fmmtuxatlmtmmrat
lenses,)



>i25

85.1-105 105.1-125

mgm dry weight

45-65 65.-85

30
20 |
o o

1 1 1 1
© O O
m 0w v <

i00 -
90 -
80 -

A10n02084 °/,




Figure 4. Effect of lens sge (size) on catien recovery during
incubation at 37° C. following o oold-induced cetion shift in the
shsence of glusose, tmmmm_umm!mat
at least ten palr of lenses.)
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Plgwe 8, Rffeoct on comtinuous incubstion at S7° C. on the coneen-
tration of sodiwm when bathed in a medium oontaining glucone and
whan glueose has been deleted. (Each point represents the aversge
findings using at least tem lenses.)
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Figure 6. Effoct of lems sge (mime) on cetion recovery during
incubaticn at 37° C, following e cold-induced cation shift in
the presemes of high glucose comcemtrations (500 mg. %). (Hach
bar represents the aversge figure of at least ten pairiof lemses,)
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Figure 7. Fffeet of lens age (size) on catiom resovery durinmg
incubation at I7T° £, following a cold-induced estiom shift im
the ebzence of glucose mnd oxygem, (Each bar represantiates the
average figure of st least five peir of lenses.)
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Tigure 8, Effect of replacement of plucese by lastate, pyruvats,
or soetate on cotion resovery during inmcubstion at 37° €. following

& told-induced cation shift, (Each bar repressmnts the average
figure of 2t least ten pair of lemses.)
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Figure 9, ¥ffset of replacenent of glusose by alphe~kato-gloterats,
or cxaloeselate on mation recovery during fnowhation at 379 €. fole
lowlog e oold-induced catlon shifs, (Bach bar represemts the aye-
rage of at least ten palr of lenses.)
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Figure 10, Iffeot of replocement of glusose by altrete em ention
rapovery during insuhation ot S7° €, following & eold-indused gation
ghigs, (Hagh bar reprecents the sverage of at least ten pair of
lenmes,)
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Figure 11, Effect of replacemmnt of glucose by ribose, or gluscnate
on cation recovery during incubation st 37° following a ecold-indused
cotion shift, (Ench bar represents the avarsge of at least ten pair
of lenses,)
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Teble 1. Effect of comtinuous incubstion at 37° €. in the presence of,
mmﬂlmaMﬂWmmmﬁﬁiﬂMwﬁuﬂm.
(Mﬂmmtsmawctatzmtmm.)
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Tebls 2

(Bxporiment) (uC lsbeled sub- (€ recovered) (% Insorporetion)
strato sdded) loms substence ant. caps. post, cape,

1. 0.2 0.0076 0.0040 0.0008 8.2

2 1.0 0.0392 0.0090  0.0040 5.3

3. 1.8 0.056G64 0.0121 0.0024 4.7

4. 2.0 0.0833 0.0268 ¢.0068 5.8

Table 2

(Bxperiment) {uC labeled glu- {uC recovered) (% Incorporation)
cose added) Jlens gubstance snt. caps. post, eaps.

1. D.4 0,0208 0,008 0.0034 2.8

2. 1.0 06,0898 0.0115 0.0080 8.8



Table 2. Incorporation of lsbeled ssetate into the lems during
fnoubetion at 37° €. for six hours folliowing refrigevation at ¢°
€, for 24 howrs.,

Table 3., Incorporstion of wniformly lsbeled glucose into the lens
during incubation at 37° C. for six hours following refrigeration at
0° ¢, for 24 hours. ’





