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T, INTRODUDTION

The lens is ons of the meny tissuves whose funetion is adversely
influenced by alterations in its normel wetabolis scheme. Catarschs
resulting in loss of vision are one of the nore obvious manifestetions
of these aberrations, However, studies on the lens are not limited
in velue to the ophthalmeleglist alens but they may point te answers
to problems in other fields ag well, ©Since one of the common mel=-
functions of the lens oscurs in the diabetic state, considerable
interest has besn focused on the verious aspects of lens metabolism
related to this disemse, Altheugh the effeet of diabetes, insulin
and associsted subjests has been extensively investipgated nany
problems gtill remein unensgwered. This thesis ls submitted as a
eontinuetion of these studies,

Becsuse of its imperbance te proper vision the lens has leng
been of interest bo both seientiste and non=sclentists. As serly as
the tenth century & rather complete text on the eye and its disesses
was written by Ali ibn Ise ele=iabbel of haghdad‘(e) Hia published
thoughts ineluded & mizture of Arabie and Calenise ideas concerning
the asbure of the eye. The lens wes desoribed es the orgen by which
vision wes sctually socomplished, both directing the flow of and
receiving the return of the ‘visuel epirit’, Even ss early as Shis
the nutritional supply to the lens was under censideration. The
nubrient supply o the lens was thought to be “furnished by the
vitreous which is placed close Lo it, one behind the other in
scoordance with the providence of Ced", This ls now xuown not to

be entirely true,.



Ze

The lens arises from ectodermal tissue in direct contach with
the neural ectoderm of the optic sutcrowbth, Sinee it arises from
only one germ layer and is composed of only one type of eell it is
different {rom many cther tissues where a mixture of sell typéa is
encountered, As & result the lens provides s single vell type in
various stages of development for study,.

The lens plate appears st about the third wesk of intrauterine
lifes Dy the fourth week the plete has irwvaginated to form ﬁhe lers
vesicles ¥Following this the vesicle separates from the surface and
is filled by the growth of lems fibers from the posterior surfaoe,
The arberior oslls rsm&in a8 simple ouboldal epithelium. In leter
life the lens growth is primarily from cells locsted at the egquator.
As the lens esonbinues to grow the older sells ere not desquamsted es
is the case with other tissues such as the skin, #ather the older
more irective tlssue is continually pushed to the center of the
inoreasing lens mass,

The lers is completely surrounded by e non=sellular laminated
nembrane secreted by the ieﬁa epithelium, It is & tough slastie
nopbrane whish might grossly be compared to & plastiec bag enclosing
the nase of lens tissuwe, Anterierly this lens capsule is thicker
~than it is &b the posterior surfece, Directly benesth the anterior
eapsule sare the oubopidel apitheliel cells of the lens. Vhen the
capsule is stripped from the lerns these cells are slso removed,
Fosteriorly ne epithelinl cells are present and the crnsule is in
direot contact with the lens fibers,
| This capsule moress which all nubtrients end metabolio products

must pass in the irtect condition wee reesently studied by Firie {3).
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The ox cepsules studled cenkained fourtesn per cent nitrogen, ten per
sent carbohydrate, nine per cent redusing suger ei'ber hydrolysis, and
sbout one per eent hexossmine, Ne phosphorus wes present. She felt
that the protein component hed many charscterists of coliegen but was
nob identical with oollagen,

The lens is an avesoular structure which depends en th@vsurraunéimg
tissuos and fluiéé for its nubritional supply. In this menner the lens
may be likered Yo & single cell, the capsule serving as the cell
atiiags 36 Habutatia o ek ol seuietilue b Fehar seiles
Heomuse of its avesculer mature the lens may be removed inbect with
& minimum of trauma providiog en experimentel tissue only slightly
altered from its normal stete,

The gel=like vitreous humor is in conteot with the posterior
surfecs of the lens and plays only a miner role in supplying nutrients
to it. The snterior surfesce is bathed by the agueous humer which is
replaced at & rate of about one pesr cent per minute, It iz ressone
sble to expect that metabolic pfaaass will bs more rapid auteriorly
slmply becsause of the more resdy supply of nubrients and mere
efficlent means of diszposing of the waste products,

Althouph ﬁye tobal energy requirement of the lens is relatively
low se compared o most ebther tiassues there is & real need for s
eontinuing emergy supply to the lens te maintain its soveral functions,.
Probebly the mest importent immedimbte need of s stable energy supply
is for the mmintensnce of the transparency of the lens without which
proper vislon would be impossible. The lose in transparency is one
of the early signs of a feiling lenkiocular metabolism whether 1% is

induced by traumatie handling of the lens, lack of suffiocient energy
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suprly, pelsoning of enzyme systamséi) or by other meamaié; ile
Energy i1s also psedsd for proper grewth and development with ineressing
age and {or the wsinbenance of the proper elsstieity reguired for
soccomodation,

The amsunt of oxygen presented to the lens is lirited to the
apount physioeally dissolved in the aqueous humor, Thus the lens
would be oxpected to have & rather sluggish respirstory system s
compared to other tissues bathed by the oxygen transporting hemo=
globin systems The utilisetion of swmall amounts of oxygen by the -
1ens{8) doee neot necessarily refleat the total metsbolie sotiviby,
glnee in soms tissues such as bthe lens glyeolyiie precesses nob
requiring ozysen many furnish e lergs fraction of the necessary
ener, y reguirements, Measurements of the respirstory quotient of
the lens (Rg of 1.0){$b 10) indicate that carbohydrsies are the sole
substrate for the metabolic requirements,

The majer rouvbe of gluvose bremilown in the lens has boen
sheown %o be via the anserocbio aywle or Inbden~dleysrhof scheme with
the resultant formation of lactie acid as the chiefl end produst of
metabolism. This has been demonstrated in several ways, The lectic
acid concentrabicns of the lens and aquepus sre comsiderably hipgher
then plusma. In an eye Irom which the lens has been removed the
level uf lactie aeld in the agqueous humor is considersably lewer
thern that of the normal eve, Obher more direct methods have also
ghewr that Embden~Meysrhof pathwey doss indeed account fer the
ma jority of the glucose wtilized by the 1@ns{11' 12, 13, 1, 15}.

The hexoccmonophoesphete shunt bhee elso been shown {0 play &

sigrificent part in the Lresxdown of glucose in the lens, It has



been estimabted that sbout tes per cent of glucose is metebolized
by éhﬁ shunt and sbout ninety per ecent by the anserocbic ayala(l&},

The encymes of the eitric scid eyele have alao beon chown bo be
present in the 1ens{17s 18) put do not seem to play a major role in
léna‘m&ﬁabaliam, Hewover, resant‘wark(l9) irdicetes & much higher
eonsentretion of certain lipid substances in the lens than wes
previously suspecteds This may indicate a mere important raole of
the eitrie scid cyele than hes heen considered in earlier writings.

The obwisus prersquisite of the transpert of glucose or other
motebolites inte the lens before any of ths previsusly mentioned
pathways of metabolism mey ecour need hardly be mentioneds, The
movemert of glucose murcss a cell surfese or & more complex barrier
such as is presented by the combinetion of the lens capsule and the
individual inberfeges pacimged beneath 1t may either be by a proeess
of pessive diffusion along & concentration gradient or it may be
controlled in whole or in part by some active process., The lens
sapsule itself when isolated from the cellular nmmpenent# of the
lens hes been shown to be saleotive only im reaspect 4o %hs‘ﬁiza of
the perticsles presented to ikigﬂ}. ‘

Early workers felt that the movement of glucose into the lens
was primerily & metter of simple diffuslon, I was known thet the
lovel of gluooee in the lens itself was somewhet bolew that of the
surrowding fluid whether it be the aqueous humer in the in vive
gpecimer ar the artifiniel medium in the in vitre preparatien,

How %t is Pelt 4thet glueose trensport into the lens is ab lesst in
part metabolically mediated and is not dependent molely on simple

giffyusion, This conslusion is based larpzely on the following
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sbgervabions., First, whon batied in solubious centeining z high
pluccse voncentration and such poisons &s lodoscetsate, flueride or
dinitrophenel the scounuletion of plusese within the lens is re=
duced suggesting that these subsbenses inhibit come sctive mechenism
responsiblie for glucocse tr&msgorﬁiglx ga)_ Second, when the
integrity of the lens surfece is disrupted as by decepeulation
glyoolytic metivity is re&ua@d(23), Third, glucese meves scross the
leus capsule more rapidly then sncther metebolite {acetate) of
smalier sizeldt) N

The opposite effect, i. ©,.,, an enhancement of glucose movemerd
or utiliretion has been seen following the addition ef insulin to in
vitre preparations such sa muscls,(g5t £6; livsr,i27; 28} and adipose
tismue(®9), Since one of the postuleted motions of insulin is te
coosleraie & glep ooncerned with active transport of gluscse inte
the oell, er to incresse cellular permeability to glucese(30s 31, 3€)
& siuilar influeuce on the lens might be entieipated, IG had been
obgerved thet insulln did not albter the secumulsmtion or uplake of
gluveose by normel inteaod lansamizl), The effect of insulin on
glucose accumulation in diabetie lonkes however, remained in doubd
due to the ipitial high and %ariabl@ levols of lentisuler glucose,
The usual prosedures for messuring glucose %rﬁnspcrﬁ are not adapbed
to ke diabetlc lens, It seemed likely howsver thet the sccumulation
of 61& frem unlfornly labeled glucose might provide an answer and our
ghbtentione were thus directed to sugh sbtudies,

irv&s%ig&ﬁicﬁs of the effect of deompsulastion were incorporated
beesuse of the importesce of the eapsule in any transport mechenism,.

A8 sbudles along Whese lines oortiowed end reporis frem cther



laboratories were received, a elosely relsted problem presented
itself, Although ovidense indisated that insulin had ne influence
an glucose metebolism of the inbeast isolated lenses, an in vive
effect on the lens was postulsted by other workers (ses later).
It wes fels that this seeming dissrepency eculd best be reselved
by determining whether insulin entered the sgueous bhumor of the
inteet enimal in phyaialégianlly significant soncentrations,.
Te this end ths asaﬁmulatian of I3l 1abeled insulin in the aguecus
humer was measured smpleying teshniques similarly used te determine
the irsulin digtribution in sther ﬁiesuaa(55}«

Thie thesis thus is concerned with severel aspects of glucose
metabolism of the lens, ineluding the effset of insulin, alloxen
diabetes, and decapsulatien, and the releted guestion ef the

presence of Insulin in the agueous humore

Te
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II, MATERIALS AND METHODS

As Leng SHudlies:s

Rabbit eyes wers gonerally obtsmined from & lesal slsughtere
nouse, Immediastely after death by desapitation the eyes were
agga%fatad, pleced in ice ¢o0ld seline and transported te the
Inboretery paokesd in iee, Lenses wers obleined under sseptie
sonditions by ecubting off the optie nerve, turning bask the
selera in four equal flaps, remeving the vitreocus with & lens
leop, {oare being teken to aveid touching the lens) and amrafu11y
inelsing the zomuleg with small solssors,

When meesuring the secumulation of labeled earber from uniformly
labeled glusose the fellowing procedures were then utilized, The
lenees were placed posterior surface dowm in 8 50 ml, flesk conbaining
15 ml, of belenced ealt solution similer in ionie somposition to
aquesus {(table 1) and with & glucose consentration ef 9O er 200
milligram per cent., Ons mierocurie of uniformly labeled glucese was
added te this soluﬁiaa. In esrtain instences 0.1 unit orystelline
insulin per mls of media was sdded, The pH of the medium was adjusbed
to the physiolegic range {pll 7.%8-7.40).

The inaubaﬁidm container waes flushed with v mixture of 99 per
eent oxygen and 5 per cent cerbon diomide, btightly stoppered, and
placed in o water bath st 379C, for & messured peried of time,

| A%t the end of the inocubstion peried the lens was removed from
the wmediuvm, rinsed with medium without edded isstope, weighed on a
Aeller-8mith tissue belance, freogen rapidly end divided sguaterially

tc separate the snterior cepesule from the posterior capsule,



In some instenses the somplete lens substanse wez masersted evenly
aver & ong inaeh slumizum plenshet, In other ceses the anterlier lens
substance wes separated from the pesterisr lens subsbance at the
bime of the eguatorial sectioning and esch part wame spread on a
geparate planchet, Similarly the anterior and pesterior capsules
wore slther placed on separate planchets or plased together, The
lens matsrial was dried for one hour at 105%C, and then assayed fer
redionctivity uvnder & Tracerisb end window sounter,

The frastion of the total radicsoetivity accumulstion im the leus
which could be attributed to umnmodified glucese was determined by
peper chromatographic separatien,

The lens was ineubsted in the sovlubion with added isolople
glusose us outlined above, Following incubation the lens was rinsed,
weighed, mecerated in a test tube, and the proteins preecipiteted with
en ether~slechol mixture, The supermmtant fluld end thﬁae water
weshings of this presipitete were evaporated to dryness over m steam
bath end extrsobed with pyridine at 100%C, for 10 minutes, The
supernatent fluid from thls procedure was eveporated to &rynass.undsr
vacuum. This freetion was dissolved in water and applied te Vhetmen
No, 1 filter peper for paper shrometography studies, Unlsbeled
glucese weas added to the origin te provide sufficient glugose for e
well defined spot. Various solvente were tried, Isopropyl al-
sohel, pyridine, water and glacial ssebic mcid in the proportions
of B:fsli1l proved to provide the best separation and was employed
throughout, In this solvent descending shromabtography was carried
oub for a period of 16 hours. The strips were stained with a

solutien of 0.5 grame benzidine, ©0 ml, sbsolute aloohol and 200 ml,
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gleeisl acetio eeid to putline thzvgiuaem@ gpot, {(Here npein ceveral
stains were tried, This proved %o be the most effjelent,) The
ertire strip %o the sclvent front wns divided into twe by two
centimoter sectlons whioch were individuelly ssseayed for activity
under e Celger—~Musller tube, The nor~sgoluble fractions frorm the
protein preeipitation and the pyridine erbtrastien were dissolved
in potassium hydroxide, eir dried en sinilar seotions bf Pilter
paper eérd counbed ae were the chromatography strips, The results
ere expressed ss8 the percentage of the totel ocourts that were
pregent under bthe area sorresponding to the steinmble glusocse spot,
In studies memauring gluccge depletion from the bathing fluid
the following procedures were utiliged after isoleting the lens,
When deoapasuleted lenses were to be studied the ocapeunle wes reucved
from the lens with a pair of emnll forceps arnd both the decepsuleted
lens mnd lte ocapsule were placed in 3 ml, of the previsusly listed
- medium conbaining $0 milligresm per cent glucose, Crystalline ingulin
{Oel unit per ml,) was added to sertain tubes, The tube was flushed
with 95 per esent oxygen and 5 per oent 602 gas mixture and iﬁuuhatoa
ot 37%, After the indicated time the lens was removed from the tube,
rinsed, bleotted dry snd weighed en the Roller-5mith tissue balance,
¥here the decapsulated lens was employed the welight of this lens was
taken teo sgual that of its intact mate,
For glucose mnelysis sn aliquoet of the medium was preeipiteted
with 5 per eent InSQ, and 0,3 W Ea(Oﬁ}ak diluked te an sppropriate

eonoentration and the glucose determined by the method of Ssmagyiia&)e
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Gluscre éxfletiam* wag erleunlated as the difference hetween the
gluoese sentext of the exwrimnﬁ:llsalvticr end u centrol he;mdlad
in the gsme merner bubt without the sddition of & lers, It is
exproassed es nilligrems glucess depleted per gram of wet lers ger
hour ef inoubation $ime. Inouvbatien reriocdes were penerslly six

heurs unises otherwise noted.

*The term "glucose depletion from the medium®™ and "glucose
uptake by the lens” are used synenymously and hers provides a more
saourate deseription than "glucose utilizetion by the lens”.
“Glugose sacumulatiod refers to the amount of ummetabelized glucose
accumuleting within the lens substance,
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Bs  Bgueons Btudisss

Te follow the migration of 113} laneled insulin inke
the equeosus after ite intravenous administretion the preeedures
1igtaﬁ below wore followed., 4 cenbrol semple of bleod wes obbtained
by onrdiac prneture and 1101 jabeled irsulin es recsived from o
aomrereial asures® was injeeted in the marginel ear vein eﬁplsying
. & dosage of 50 mieresvries per kilegram bedy weight, At various
time inkervals thereafber squecus and blood were drmwn for analysis,
Agueous was withdrewn from the anterior chamber with & 30 peupe
needle following the application of a loeal snesthetic to the exposed
gurfases of the eve, Only one sample wes taken from each aye exoepd
for a faw measurements of the astivity in the messndary mqueous,
Blood was cbheined througheut the experiment by eardisc puneture.
Preparsbory to measuring the activity en equal volume of one per cent
serum slbumin was added to the agquecus sample and the proteins of
both the plasme end esqueous were precipitated with ten per sent
trichlergmestio meid. The preclpitete was washed three times with
five per esent triehlorocscetis aeid, theu dissolved in 30 per sent
pokassium hydroxide, The wash solution was added to the supernatent
and the astivity of both the diseolved preeipitate and the super~
natant selution was measured by mesns of & shielded Geiger-iueller
tube and ssaling unit,

To further identify the motivity found in the protein precipitate
sleotropheratio studies of aguecus and plasma cbbtained in the same

menner were mede, Freliminary studies of the migration of the labeled

#Abhott Imborstorices
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‘nmulin wowe mesegpsary, Small &jm*anté 28 thisg metoris) wwere subjeolied
%5 paper oleatvophorasis noiny the Beciman Spinon Madel R peper
#laotvomharesis systen, in ha-bital huffer, pH 8,5, fonle strength
0,075, 2% 2,5 ne acnatant awsrant for 16 henrs, using Sohlsislar
23 Sahnell 20 %A-mgl naper, 3 en, by 30,6 en. In gorbtelin instences
arvrien fasalin or sbher nrobeins were added, After elegirophoresis
she strip waa prerinzed with methanol, stained with bromphenol blue
in methans), rinsed theess times with five per oant glagial ascebie
aoid and dried, It was then oub inke senilens one nentimeber wide
and the activity of asoh section determined by eounting under a
shislded Geipger=iusller tube, In general ten such seohions werse
assavsd from sash atrip, ALl tha ashivity on the strip was ineluded
in this ares, , '

Henanse of the amell amount of protein in the agueous the usual
method of handling speeimenz for electrophoretic snalysis was
madified, An agueous volume of from 0,15 te 0.2 ml. was absorbed
on & two mm. wide sirip of electrophoresis paper. A4 six mioroliter
sample of plagma was similarly employed, fThe strips wers air dried
- ang pluced st the origin

Generally six micrcliters of plasmua drawn from the animal be-
fore the injection of the labaled insulin were apnlied te the sgueocus
strip %o provide sufficient esrrier for mon-insulin sctivity,
Electrophoresis, staining, seationing snd counting were performed
as previously outlimed, Results are presented &s counts par minute

in 0,2 ml, of agueous or plasma,
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e Genersl Provceduress

Anlmals were mads diabetic by the intrevenocus administratien
of ive per oent alloxan solution in & domege of 175 milligrems per
kilogrem body welght, On the fifth day the level of the bloed sugsr
wns determined, Only those rebbits with a level of gluenss above
400 milligram per vent were used, %o probect the rebbibs from the
efTeet of the hypoglyeemia thet followed the injection of the allexan,
they were given ten to fifteen ml. of ten per sernt glucose por
kilogran body weipht iatraperitoneally at time perioeds of sight,
twelve and sixteen hours followirg tue slloxan administration,
& nodification thet proved suesessful in leter parts of the study
was to give the glucose solution at enly eight and fourteen hours
with a compensstory inoremse in the dese of gluesse., A glucose
solution was substitubed for the drinking weter for the first &4
hours following the alloxan,

in some normel animals the influense of high glusose levels
on the mirration of insulin was siudled. Exegenous hypsrglycemia
was indveed by the sombined intravencus and intraperitoneal ade
ministration of 50 per sent glueese solubtion, Blood glusocse levels
‘were mpintained sbeve 400 miiiigrambpur eont during thls expsrimentel

procedurs,
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IIY. RESULYTS

A, Clu egoumulation studiess

As the study of hharaeaumulatiaa of isotople garbon from
unifernly labeled glucose by the lens progressed it bseeme apparent
that under identical eonditions the weipght (age} of ﬁﬁe lens signif=
ioantly influensced the amount of &@tivity recgorded, Apart from the
variation néﬁad in inéividual laﬁsaa it wee fourd that as lens
weight inereased the reocorded acoumuletion of metivity per lens
deersased in & linear fashiﬂn {fige 1). Several fastors may secount
for this observation. First, with increesing lens sge there is a
éﬁrrﬁspenﬁing decresse in metebolio activity. GSecord, es the lens
growe volume to surface ratie irsreases, Third, eas the mass of
lens substance increases seif absorption of the motivity is greater
and the eounting technlque iesﬁ relisble, The decreasing eounte
recorded when lens wuigh% ircreases makes it impossible Lo directly
compere one experimentel situmbtion with snother as mbaolute counts
per minute per lsns when %h@ woighte nf'@ha lenses in the two
gitvations differ to any @xtsnt, Hewever, by multiplying sounts
paé minuﬁa per lens by lens weight a constant relationship was
shbteined, Thies permits ons teo sompars directly lenses of different
welghts {fig. 1)e Thié r@l&tiénshig wag found whethsr lenses were
frs& disbetio or normal animals.

The spread in sounts per minubte per lens noled at any one lens
weight wae in large extent due te varistion between differert
rebbits, Peired lenses (from the same animal) run under identieal

oonditions showed good apreement, Here es in all lens studies the



16,

%wo lenses from the same enimal should ldeally make up the ecmplete
experiment, 1., e., one lane as the eontrol and the other eas the test
situatlien. Obviously under sertain conditione groups of animals must
he oomparad with each obher, ag the comparison of normals with disbeties.
For this resson the previcusly mentioned empiriesl step of mulbtiplying
lens welght by counte per minute accumulabed per lens was undertaken
to allow different groupe of enimels to be direotly compared,

One of the first probleme wae to determine if the time course
of clb ascoumulation olessly enough approximsted the time sourse of
the aegumulstion of fermentebls reduoing substanve previously
repar%aé(ai} in order that ¢l agounulation from a medium oonbaining
uniformly labeled glusose may he taken as another index of glusvee
transport across the lsns surfese, Hormal rabbit lenses were in=
cubated in & medium sonteining uniforumly lavsled glucose for vearious
time irptervals to determine the kinetios of the accumulation of alh
by the lens substance (fig. 2), The rete of scocumulatien of the
labeled earbon becomss progressively slower unbtil by &4 hours it is
essentially ut a steady state, This curve closely fellowe the one
previously obisined when the mcoumulation of redusing substances by
the lens was messured, We have auaérdiagly considered that ¢l
acousmlation from a medium sontaining uniformly labeled glucese is
an index of glusose transport inte the lene, At sixz and twelve
heur. ineubation pnricés i%m scowmeistion of setivity from a medium
eontsining 200 milligran per cent glucose was the same as that from
one sonteining 90 milligrem per sent glueese {(the geme smount of
labeled glucose belng employed)., Thue the soneentration of ualabeled

rlucose does net influence the upteke of the label, The teshnique
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is thus applicable to the disbelie lens when & high gluccse conoene
tration is encountered,

The amount of isotope acoumulated in the lene capsule ig shown
in figure 3, On & per welght basis the sctiviby acoumulated by she
cepsule was oonsiderably greater than that of the lens substance
itgelf. This m@ﬁl& be expscted from the spatial relationship of the
capsule te the medium as comparsd to the remalnder of the lenas, |
A higher metabolic sobivity near the surfece may alsoc be & factor,
Then the sznterior and posterior capsules were counted sepearately
generally 50 te 100 psr cent more metivity was Tound in the snterior
sapsule, In a small series the lenses were divided eguatoerially and
the posberior and snterlior ssgments were counted individually.
A significantly greater sctivity wes found in the anfﬁrier portion.

To estimate the percentage of the ascumulataed sotivity in the
inna sontributed by lateled but unmetabolized glucose psper
shromatographic gseparation was urdertaken, Thet aotivity of the
1eﬁs whieh migrated s distence serresponding to & stainable glucose
spot was measured and compared te the Lotal mctivity., It was found
that about gixty-twe per cent of the aebiviby migrated to a polat
eorrespending to the plusose spot on the paper strip (bable 3.

Faired lens systems were used to nmeasure the effest of insulin
on the ssoumulation ef ol by both nermal snd diabebtle intact lenses.
The lenses were inoubated fer eix hours at 379, in & medium containing
200 milligram per cent glueese. Insulin was sdded %o one lens of the
pair in the sonventration of 0.1 unib ef erystelline insulin per
milliliter of inﬁuba%inn fiuide Heo signilicent effeat of iﬁsulin

wes noted on the uptake of setivity by either the normel (fig. 4)
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or disbstie (fig, 5) lenses, Using the funetion of lens weight
times oounts asoumuleted the diabetic lenses showed s alightvbut
signifiaanbiy'highar level of sobivity them did the normal lenses
(fige 6}e

Be Glucose depletion studies:

The nermal intse: lens has an uptake of glucoge of slightly over
0.7 milligrem per gram of wet lens per hour of incubstien time when
inevbated for six hours, Upon removal of the esapsule this upbake
was redusced to sbout 55 per cent of the nermal value (fig. 7).

The uptake of glucose by intmet dimbetie lenses was econsiderably
lower than thet of the normal lens. Deeapsulation of the diaé@%ia
lens further redused the ampunt of gluoose removed from the medium,
In fackt in several decapeulated lens systeme the glusose level of
the fluid wes slightly higher following the inoubation perisd then
it was prier to inecubatien, It seems probable that these finﬁgng;
are in lsrge part due te the initial high level of glueose in the
diabotic as sompared to the normal lens, In ene series of five
rebbite where blocd suger levels ranged frem 360 milligram per cent
4o greater than 960 milligram per cent &t the time of saafifiei an
exoellent sorrelstion was noted between the decreasing uptake of
glucose b& both intest and decepsuleted lenses as the bleod sugar
level of the animels insressed. ;

4s had been previously noted(€l) the addition of imsulin te the
intnmt lens system caused ne increase in glucose uptake. Eﬁ-uvar,
the addition of 0,1 unit of orystalline insulim per milliliter of
ineubation fluid to & decepsulated lens insrsesed glucose déyiation

by sbout 28 per cent ever its paired lens without insulin,



G, Isbsled insulin sbudies:

After intrevensus injeotien of fifty mierseuries of 1131
iaﬁelid insulin per kilogram body weight inte rebbits the level
of both triehloroscetic acid prescipiteble and soluble sctivity was
mpasurad, The presipitable ﬁaﬁivi%y in the pleasma decreassd rapidly
afber the injestion of the labeled insulin {fig, 8), The soluble
astivity in plasma rose to & maximum sbout ene hour follewing the
administration of the insulin and then slowly decreased,

The presipitable sotivity in the squeocus rese to a pesk at
sbout L5 minutes and then gradually dropped to low levels (Ffig, %),
& fow messurements of the preeipitable motivity in the secondary
aqueous showed considerably higher levels of astivity as wuulébb@
expasted,

Although mearly 100 per sent of the biologieally metive insulin
is presipitated by trichleroscetie aoid,(55) the sonverse, namely
that all activity im the coaglum represents insulin, cenaot be mesumed,

Impurities present in ths insulin or other subsiances te whieh
released 1131 may besome Lound may also bs feuﬁé in the precipitate,
To determine the true insulin & further step to distingvish between
1151 atteshed to insulin end that attmched to ohbher trishleromsstie
seld presipitable meteriel is essentisl, For this purpose elestro~
phoretie separeation ef the proiteinm ¢onstlituents on paper wes employed,

To determine the feasibility of identifying 1331 labeled insulin
by means of paper elsstrophoresis preliminary studise of the elsotrow
phorotie behevier of the snticipated smounts of labeled insulin
wder certain gonditiens were necessary, Small amounts of labeled

insulin were subjested Lo paper electrophorssis, In ceritain instances



earrier unlabeled insulin or other proteins were sdded, After
electrophoresis the strip was sssaved for scbivity,

Lebeled ineulir alone remained nesr the origin following
eleotrophoresis (fig., 10}, When earrier insulin was added the
sstivity moved down the sirip to a point corresponding to that of
the stainable band of ineulin, However, albumiz and insulin migrated
&t approximately the same rate, Henoe separation of mobivity due te
ipsulin and elbumin is nobt fessible by this teshnique,

With added serum or plasma the sctivity remained st the origin
and the next adjasent strip. It sppears therefore thet the most
exnet determinetien of the metivity due to insulin waz schieved by
enalyzing unsltersd plesme samples or squeous ssmples to which
plasme was added as & earrier for ssy non=insulin activity,  Tnder

‘tbese ciroumstences the setivity remslining within the first twe
seotlons wae considered to be insulin sotivity, Additional weighy
ie given to the assumpbion that the sstivity remaining at the origin
is insulin by the findings of Soott et 81(36) who shewsd that the
bielogic aetivity of plasma insulin peralleled the level of I131
sobivity remaining at the origin wider similar conditions.

Badicelectrophoretograns of plesma semples drawn at progressive
time intervals Tollewing intravenous mdministration of labeled
insulin are shown in figure 11. No significant difference wns seen
in the amount ef mctivity migrating with the plasme proteins at the
vearious time intervels, Howevor the total sctivity presumed teo be

insulin showed & progressive decline with time,



Relatively similar pattern were seen in rediceleatrophoretograms

of agueous taken at progressive time imtervals {fig, 12), 4 emall
but signifieant smount of sotivity remsined et the oripins The
probebility that this materiel was insulin was cenfirmed by adding
asrrier insulin, ¥hen this was done the sotiviby migrated down the
strip (fige. 13) whereas no movement was noted without the emrrier,
As with plasma samples there was no significsnt difference with ﬁimo
in the amocunt of activily moving down the ﬁtri?*with.ﬁhe earrier
plasma protein,

The rete of imsulin degredation in the plesma and its entry inte
the agueous was estimmted by plotbing the sctivity remmining in the
first two sections of the strips apainst time (fig., 1), As with the
tri@hlaruaaatia aeid prooipitable estivity a rapid dearense in
insulin sotivity in the plasms was nét@é. In the agueacus & rise in
ipsulin sctivity to s peak level at 30=60 minutes was sbserved
folleowad by & gradusl deeline at later time periods, It sheuld be
noted that the setivity in the agueous humor attained only « small
fraction (about 1/100%h) ef that found in the plasma,

o signifieent difference from the normal was sseur in the ﬁiuu
sourse ef plasme or aguesus insuliz activity in diabetie (figs 15)
or sxogenecusly hyperglycemic snimsls (fig. 16), W¥hen a sompesite
was made of the thres situations togother with values from & normal
rabbit pretrested with insulin (0.5 unit per kilegrem) prior te
1nje§ti§n of the labeled insulin the plasma values of insulin
neﬁiiity olosely overlupped (fig. 17).

Avaimilar compusite of smgueous insulin metivity shewed e wider spread

of the peints bubt no outstanding differense between the groups (fig. 18}



The redicelestrophoretic patterns eof plesma samples from these
various situatiens showed essentially the seme migratory patterns

{fig. 19},

ek



iv, DIBsCusgION

it %ha lons were like many other tissues it mighﬁ be sxpeched
that insulin addition e the in vitro system wnuld‘rasuit in an
inereased movement of glucoss inte the lens, However, no 6ffect
of insulin on either the sscumulatiom of fermenteble redusing
gubstenass or el from nniférmly labisled glusose by the iatact lens
has been noted, In addition éiéh@éia preparations uhiah in other
tissues generally show a gauﬁ ras#snsn %o insulin showed ne in=-
ereased sscumulation of the isotepe by in vitre insulin addltien.

These observatiens of the lack of sn in vitro inaalﬁ& eff'eet on
the lens have recently been streugthened by studies ubiliszing inbast
normal and disbetio rat lensos, Farkes and Patterson'§7) repoerted &
laek of insulin effeet on glucose depletion by these isolated lenses,

The lens thus resembles the erythrosyte into whioch glucose moves
8t & wmore reapid rete then would be predicted frem its molecular size,
Tusulin does not influence this MOV@mﬁﬁtﬁzg)a

Thie lack eof an insulin effeot in the in vitre intsot lens may
be due to one or more fectors, Flrst, insulin pey not enter the
squecus humor in phgaielégieally signifivent quln%iﬁies and the
potential for its use by ﬁhﬁ lens therefor has not been ﬁavalnyaéu
Secendly, imsulin es preseuted o the lens in the artificial in
vitro preparatien may not be the active principal normally needed
by the lens, i. ®,, alterntion of its struoture in some way mﬂ?
be necessary befors it becomes metive, Third, m cofactor nok
present 1m the lans 14celf but normally supplied by other tissuss

mav be necsssary before insulin mcts on lembicular metabolism,
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Fourth, insulin although presert in the agueous humor and the bething
meciuvm is prevented from acting on the lens besause an imperuesble
capsule does not permit ganairatiun of the hormene.

Farkas and Pabberson further reported that when rats were
vrabreated with insulln prior %o isolation of the lens &nkincr@aaﬂé
glucose uptake was sbserved by normal or disbetie lenses, (It has
alse been shown that pretrestment of rats with insulin resulis in a
marked increase of glyoegen fermation by liver slices, wheress when
insulin wae added te the medium no effect was natsdiag).} Te further
compound the question of insulin effeot on the lens they found that
this facilitery effeat of pretreatment eould mearly be ébnliahed by
removal of the liver, This sbservebtlen opens up &t least three
possible meshanisms of ncbion, Firet, the liver may produce a
soefactor that in conjunstion with the insulim melecule causes an
ineoressed glucose upbake, GSecond, the liver may slter the insulin
melecule to some sotive ferﬁ that saets upon the lens, Third, the
stimulation of the administerad irsulin may result in the formation
of an unknewm gybsbance that aoks on the lens,

The measurement of the insuiin lavels in the aqueouS'humar“givas
&t least & partial answer %o the guestion of which of these mechanisms
w8y be operable, The leval of activity which osn be considered
bislegleally metive insulinm (as we know it fer obher tissues) that
enters the aquecus has besn shown o be considerably lower than the
plasme levels following the intravenous imjeetion of lsbeled ilnsulin,
It is considered thet insulin does not enter the aqueous in
physiclogieally signifieant quantities and the tissues bathed by

this fluid are in & stebe of relative diabebes at all times {using



the Insulin levels normally avallable to obher tiesues as & bassline),
Howover the possibilisy thet in soms way much lower levels of insulin
will sufiice for nomal functions in these tissuss must not be ignored,

Tho findings Yhat a substence identifiedble 2s insulin by peper
slactrephoresis was nob present in signifiesnt quaubtitics in the
agusous seems to rule out the possibility thet the effech of %he

livor 1s %o supply & cofeobor to the insulin whiceh in am&binatian
acts on the lons, If the liver medifies the insulin molsouls in
some lashion 1t must do so %o such an éxtent that 1% no louger has
the sleotrophoretic characterisbics of the parernt strueture, This
geens wnlilkely, The suggestion that pretreatment stimulates the
produetion of an active fuaﬁcr by the liver is & guestion net yet
answersd, Thether thie ls 2 gpecics speeilic effect must bhe
considersd,

The disrupbion of lentioular integrity by decapsulation results
in marked shanges in the metebolie pattern of the lens, Although
oxvgen eonsumption by the lsna incresses with daaapaulﬁtimhﬁhﬁ)
other major “uncticns deorcase following this meneuver. Glusosze
uptake desresases to sbout 55 per cent of its normel lavel, ﬂe@éomned
activity 1e ulse evidenced by a deoreassd production of lectie aaid,ghi}
snd a decronsed ascunmulation of labeled phaapharus(hg} by the lens
gubstense of s decapsulated lens,

The presence of the lens capsule is thus essential for the
mainbonanoce of preper gell life in vitre. In vive rupture ef the
capsule results in & progressive absorptien of the lenz substence
by the aquesus humor--s prosess undoubiedly similar in part seen

te the progressive disintsgration of the decapsulated lens in vitro,
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This lessening of activity when the sapsule is removed must in large
part be due to & destrustion of oellular inbegrity.

An omrller raporta43) indicated that the presenee of insulin in
the inecubation fluld increased gluecose depletion by the deeapsulated
lens to 350 per cent of its sontrsl level, Another rapurtfgl} of
insulin ackion en & disrupted lens system showed & smaller but
significant ¢ffeet of insulin on gluovse depletion in lsnses with
eapsular integrity destroyed by en ineision through the capsule,

‘The findings of about 8 28 per cent inorease of glucose depletien
in deospsulated lenses with added inevlin more elosely corresponds
to the degres of increazse found 15 the nicked sapsule study than the
former study of decspsulated lsnses,

Why thig setion of insulin is now seen in glucose depletion by the
lsns when sellular inbtegrity is destroyed is net known, Possibly ths
eapsule is an mbsolute barrier to the setion of imsulin and prevante
it from moving %o the sells beneath. With removal of this varrier
insulin becomes effeetive, Rupture of the lensg fibers either
during decapsulation or during the incubsation period may allew
insulin te sot on intraccllulsr units now relessed ko the fluid,
Williems et al has shown thet'insulin distributes itself in e
characteristic intrasellular pattern follewing intravenocus injestionm
into ratsllbe 45s 46) | However this sgain is &n in vive situsbion
with inteot sells rather than the situstion in & deecapsulated lens,

MVany exsmples of the depressant effect of diabetes on glucose
uhiligation by various tissues may be found in the Iitaratureﬂ*7* Lg,
h9). In the lens from the diabetic enimal the gluocose depletien is

markedly reduced, However es montipned in WESULTS this redustien



may in largs pert be due to the high level of glusccse in the lens
itselfl at the start of the incubation periecd, The aimplé sxplanation
for the reduced glucose depletion by the disbdetic lens does not ex~
plain why the isctopis earbon sccumulation by these tissues is neh
depressed,

Other peinte menitiloned briefly in RESULYS should be amplified
at this time,

The higher level aof astivity found in the antericr eapsule is
most iikely due to the attachment of the highly sctive epithelial
aelle to this seotion of the oupsule end the secumulation of the
netivity by these cells, The presence of & higher level of
aobivity in bthe anterior pertien of the lens substance is not
surprising in the light of the lnowlsdge of the mere astive surfece .
of the lens being snberiorly. Similar studies memsuring the scoumu~

tlon of POC in different ssetions of the lens have alse indiocated
thet the sotivity in the snbterior sepment secumulabes more r&pidlyiﬁg).
As mentiomsd earlier, teleslogie ressoning must give the enterior
surfece the more eebive role beseauss of the repid turnover ef
subrienis soress ids surfsce as compared to the relatively steble
posherior asurfase,

Of particular interest ls the faot that both the rete of
depradation of insulin acbivity in the plasme and the rise and
fall of sotivity iu the aquecus is similar in all the situations
tosted whether from normal, disbebtie, hyperglysemisc or insulia pre-
trested animals, Bimilar results have been reperted in studiee on
humane, whish dewonstrated thet normals, untrested diabetics and
patierts with other disesses all showed similer rates of insulin

Cﬁgr&ﬁati@mqﬁl}.
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It is interesting o note that insulin enters the eerebrospinal
fiuid in insignifleant &ugun%afﬁﬁ) as well as the mgueous and probahly
is not required for fumetion of the central nervous system.
Investigations heve ghown that the blosd-aqueous barrier is essentially
similar 4o the blecd=serebrospinal fiuid bmrrieriﬁﬁ}g and in the
light of this it Is nob surprising thet insignifieant qunntitiaé
of insulin would be present in both fluids, One ean further
spesulets thet insulin does not oross the blood=retinal barrier
either, sincw this is similar physiologieslly to the blood~brain
bmrri&r(ﬁa)m That the retinepathy of disbetes seems unrelated to

the insulin requirement; therefore, is not surprising,
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SUMMARY

Resorded cl sooumulation by lenses dscreased as lens wsight
inereasad,

Insulin hed no effeet on G4 mecwmuletion frem uniformly labeled
glucoge by either normal or diabetic lenses.

The srterior portion of both the lens capsule snd lens substance
aecQ&uiatsd méra iativi%y‘thaa did the sorrasponding posterior
portions,

Approximeately 62 per seut of the ecounulsted aotivity wmigreted
to 8 polnt eorresponding to a stsivmble gluocse spok on paper
chromatbosraphys

Decapsulation resulted in a lowsred glucose upbake by both
normel end diabetic lenses. Diébatia lenses (intasct or de~
aompsulated) depleted lese glucose from the mediwm then éid‘
normal lenses,

Insulin addition to & desapsulated lens increased its glueose
upbslie,

Oniy smell amounts of insulin enter the squeous humer afber the
intrevenous iﬂj@mtién of lsbeled insulin,

o mignifiosnt difference wae noted in the rate of plssma ﬂaQ
gradation of the injected insulin in ﬁiabatia or nermhl animele,

The significence of theose findings ere discussed,
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Pigers 1. Effest of lons weight on CM seoumulation after incubation
&% 379, for six hevrs in & medium containing 00 milligram per sent
unisbeled pluecns and one microourie unifermmly labaled pluosae, .
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Figure 8, Time esourse of tM yooumnlation by lenmes inoubated et
F19Cs in v medium sonteining £00 millipranm per cert unlsbeled
zlucoss ard one wmisrcourie unifornmly labeled glusose.
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Figure 3, Time sourse of ﬁu‘ agouvemuletion by the lens sepsuls
iroubated st 3790, in a smedium somtalining 20G millipgran per ceng
uplabeled gluopae and one miarosurie unlformly labsled glucose,
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Figure 4o Effest of insulin on She scoumulationm of QI from
usifermly labeled glusose by normml lenses inoubated at 579, for
six howe in o pedivs senteining 200 milligram per cent unisbsled
sluspse and one microcurie of uniferely labeled glusose,
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Figure 5 Effeet of insulin on the eccvvmuletion of i:‘:n" from wnifermly
labeled glusces by dlsbetioc lemees incubsted a% 37%C, Por six hours

in & medium eondalining 200 milliizren per cent unlabsled rlueose snd
one miaeresurie of uniformly labeled glussse,
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Pigure Go Comparison of the 0 agoumuletion of dimbetis and
normel lenses inoubated et 379C, for six hours in a medium
aontaining 200 milligram per cent of uwnlaveled :lucose mnd one
uisrseurie of uniformly labeled gluvose,
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Pigure 7. Dffeat of deespsulastion on glusese depletion by leonses
inoubated for six howrs si 372 0, in 2 modiuve oonteining %O
willigran por cent glusose,
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Figure Us Time course of irichloressetic acld preeipiteble and
aa%ubi& sotivity in plasma following intravenous injeetion of
1151 laveled insulln,
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Figure 9, Tine esurse sf trishloroscetis asid presipitable . 1
aetivity in the aqueous followinp intravenous injestion of 13
Jubeled insulinm,
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Figurs 10, ladicelestrophoretograms of lebeled insulis under
yaried sconditione, ‘
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Plgure 11, Sadiselsobvophereteprans of plosme CFrom normal rebbits
et progressive time poriods fellowing ¢he intrevenous iujection
af Ilﬁ labeled insulin, “Irsulin® setivity is that eetivity
repregeniied by the second and third bare, TProtein eotivity is the
potivity under sll bare, Total eounts refers te all aebivisy on
slrip before elestrophoreais,
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Flgure 12, Yadioelsetrophaoretograms of agueouvs from norsal redbits
aﬁygrngnaﬁiﬂ time periods following the intraverous injeetien of
140% labslad inenline “Insulin®™ sotivity ie that setivity
repregented by the sseond and third bare. Protein setivity is that
repregeated by all bars, Tolsl oounts relers to all sabivity on
the ghzrip belore eleotrophorssis,
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Tigure 13s Hmdioelectrophoretogranms of aguecus and nguwwa piun
earrier ingulin follewing intravenous injestien of 1131 laveled
insulle into normml PADLLGE,
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Pigure Mys Time course of seiivity sonsidersd te be insulin in
the plesms snd aguects of normal rebbits fellowing the intra-
veasus sdministretion of 1151 laveled inesuling
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Tigure 15 Time couree of setivity sousidered to be ineulls in
the plasms and mquecus of dlsbeble rablite following the intrge
venous mdministration of 1151 liveled insulia,
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Pigure 16, Time eourse of ectivity oonsidered to be insulin in
the plasme and aqueous of rabbits with sxogenous hyperglycemis
fellowing the intravenous adzinistration »f I131 Jebeled insullr.
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Figure 17, Composite of sctivity considered to be insulin im the
plesma of rabbite under veried vonditions follewing the intravensus
administravion of I131 labeled ineulin,
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Pigurs 18, Compesibte of sotiviby oounsidered to be imsulin in the
sgueous of rabbits under mri&d gonditions followliag the indras
vanous administration of IM3Y lsbeled insulin, ‘
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Figare 19, Comparison of the radioslectrophoretias pattorns ef
plssms fyom rebblits under veried sopditione drawn 15 winvbes fellowing
the intrevenous sdminlstration of 1194 lspeled insulin.
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Table 1. Composition ef the basie incubatlon medium.
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Table 2, Separation of scoumuleted sctivity inte three basic
fractions.



. TABIE 2

Babbit no. 1 2 3 N
Activity (cPM) 559 N ¢58 57
under gluoose
Other sobiviky (CPH) on 15% 156 16% 128
chromatography strip
Aotivity (CPM) in 235 176 227 s
residual fraction
?obal astivity {CF4) @7 777 1068 846
in both lenses
Per cent of activity 5G.2 573 Gaeh 6748

under glucocse spot





