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OSTUDIES OM THE FILTHATION RATE OF THE AQUHOUS BUMOR - I. THE
EFrECT OF ALTERETIONS IN THE H~-JON CONCENTRATION IN THE

EXCISED SHELP'S EYE.

The present problem was undertaken as a preliminary
study of the posaible faoctors which might influence intra-
ocular filtration and pressure. In the great mase of mat-
erial bearing upon the production and exeretion of inira-
seular lysph, very little mention is made, outside of the
discarded theories of lMartin Fischer(l), of the possible ef-
fect on these much discussed physiologioal oconsiderations, of
changes of the p H of the agueous humor. HEspecially is this
true in studies of the filtration rate in which a perfusion
fluid is used in the exoised eye.

Hertel(Z), who uadsrtook a study of the agueous fluids
of eyes showing various clinicel manifestations of disorder=
ed physiology, could show no apparent relatiosn between the
tension exhibited by the oye and the conoentration of the [=
dions present in the aqueour of the reapective eye. In his
resoarchee he used an indicator method for p B dotersination,
as desoribed by Vichaelis(3), in which estimetions were made
ou dilutions of the agueous fluid obtained frow the erves by
paracentesis. The ophthalmologionl lesisne which he studled

included cataract and post-catoract cases, iritis, glauocosa



and diabetlic ooma eyes. He was unable to demonstrate to his
own satisfaotion that there was any significant departure
from the noymal range, which he placed at p H 7.7 - 7.8, in
any of hie cases, save in diabetio coma where ihe p 8 reached
7.0. Altho this latter reading was obtaioned in ocounlar hypo-
tony of marded uagrée, he was rsther disposed to disosunt the
effeot of the associated H-ion inorease, attributing the con-
dition rather to abnormal ocsmotic pressure relstions which hed
besn stablished between tie blood and the intra~oscular fluid.

Beesmen(4 ), considered that the subjeot bore reinvestiga-~
tion insecueh as he gonsidered the amall inorease in ssnmotie
pressure found in dlabetic coma, as causing the marked ccular
pirpotony not feasible. He thorefore covered much the ssme fleld,
using the zame methods of approsch for his clinical cages, and
gupplementing them with song obsmervations on experimental
enizals, concluded very definitely that thers war an indication
of an inter-relation between the tension of the eyes examined
and the p H of the agueoue contaioned within them. MHores detail-
ed reference will be made t0 this later.

Witk the difference in resultes apparent, the ppoblom of
the real relation betwson the faotors mentioned is still an
open quepiion. Proceedures upon Lthe ¢ye in situ are so compli-
cuted by oxtraneous factors that it is not surpriesing that vast~

ly different results nay frequently be had with the same mater-



isl. it was early noted by C. Ueber{3), that when a miabla
menometer was allowed to record the intra~ocular pressure by
mosns of a cannule which was introduced into the anterior
chowber of the eye of a liwing animal, wverious ﬂythmio flac~
tuntions were observed in the resultin: graphic record. These
fluctuntions could be attributed to the pulee beat, the respire
atory mavemn‘hgs, end oven, with a delicate type of apparatus,
waves which might correspond to Lhe Traube Hering waves of vas-
culsr tonicity in a2 graphic blood presrure record, could be de-

mopetrated.
FXPERIMENTS ON THE EXCISED BYE.

The preceecding is mentioned 10 emphasize ihe very close
relationship existing between the blood pressure apd the ilntra~-
aoular prosoure, and to point out, with thio in view, how diffi-
oult it would be, with all the contiouous variztions in f;he form~-
er mirrored as they are in a manometric record of the latter,
to Jjudge in whet manmer any given experimental prodeedure had
affected directly and primarily the intrs-oculsr pregsure. This
gomplexity of factore operating upou the eye in eitu has proved
discouraging to many observers who have sought 1o simplify the
problen cénfronting thea by the use of the excised eym.

It is true that the use of such material invites other

sources of error which, in the minds of some are guite ags obe



Jeetionable ap those whiok it was hoped to cbviaste. MNo% the
least serious of these objeotions to the use of exvised eye are
the trouma inflicted upon the organ ia the course of its resoval
Trom the anisel, the depgensrative changes which ere initiated
from the moument at whioch the natural ciroulation is suspended,
and, when the anterior chasber is cammualised, to the iajury to
the delicate eye structures, which the resultant sudden pressure
ohzuges incur. The latter source of error,is not pecular, how-
ever to the use of excised waterial but is induced whenever the
anterior chamber is opened and anterior fluid is lost. To be
sure, any wethod which altempte to handle or subject to gscrutiny
in an experimental way, the deiictite structures of the aje, is
bound by contrast to be gross and slussy.

It is evident that before the use of excised material were
allowed, and before one would be permitted to ra. uly =1y results
obtained by its use to the living eye, it would be necessary to
show that no new factors had been introduced and thkat the prin-
ciples apparent in the former case applied equally well to the
latter. Henderson and Starling have shown by numeroun carsful
experimente that such a traneition ie in truth permissible.
These t{raneitional experiments were begun on the eye of a living
animel with a cannmula leading from o pressure menometer comsu~
nicating with the naterior chambery and indicating the variations

in intra-ocudar precnure already referred to. When suitabls



dats had been obtained the animal was bled to death and saline
allowed %o enter the eye sufficient in quantity to permit e
maintenance of the pressure previously obtained. Thiz rate of
inflow was shown to be fairly uniform for a given oye and was
econsidered to reprssent nearly the true rate of agueous inflow
and outflow. It is rather easy to sdvance a step further,
actually reaoving the cye from the body of the dead animal and
to> show that thie uniform rate of inflow opours under the given

gonditiona,.

RESULTS OBTAINED BY OTHER WORKERS

¥
Saveral workers heve subjected excised material to some~

what the gaue procsedures alroady enumerated, notably Dentzan
and Leber{6), Niesnamoff(7), and Priestly Smith(8). The first
named workars, using human eyes which had besn removed o mum-
ber of hours before, showed that it was possible to introduce
5.0 o per minute under the normal iatra-sculer pressure of
28mm. of meroury. The osther experimenters deteruined the fil-
tration rate for ihe eyes of verisus animals, thai for the

shoep's eye they agroe averages £7.0 oma. per minute.
HYDROOGEN-ION COMCENTRATION

ir the esrly work on filtration rate determination the

H~ion concentration value of the perfuslion flulde was not con -



ﬁrolleﬁ, a8 also was it aot in our preliminary work. Heriin
Fischer(l) firet vtressed the foctor of loceal fissue mcidity

in the production of swelling and similer states. He applied
gome test-tube experiments more or less diraétly't: the probe
len of glaucomn, sz uming this condition to be snalagous to the
marged swolling of the globe of the eye (which amdounted in some
cazes to actual rupture of these structures) in repponse to tha
presence af acid in solution. Altho the l-ion range in his ex=
perimente were no comparable to any that might exist in the
body, this explanmtion of the direct cause of glauooma gained

P
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sone and methods of ireatuent were based updn this cum~
oeption of the etiology.

¥ith the sbove results and othors, especinlly those of Her-
tel(Z), in mind, Meesman(4) undertook to test his findings of
iacreased p H azevocofated with lowered intra~scular tension which
secmed to obtain In his clinical series, upon experimental sme
imals. After the rem val of small amounts of agueous by para-
centesie, replacing this quantity of fluid by saline of a known
p H, the tension of the oye wao taken at intervels. Hig entire
resulte were in agrecment, mamely that in the olinical ocases
elevation of intra-ocoular tension was associated with deoreased
p H values, and omses showing reduced pressures gave fluids whichk

wore high in p H walue, while experimentally these prossure vare

iations could ke produced by the iatroduction of a saline sslu~



tion into the anterior chasber which showed & p H value tend-
ing tn the same direction as thet found spontaneously in the
olinkéal cnpes showing such an abnormal pressure.

Having indlonted several methods of approach as well as
the results of certain workers in theif attenpts to olarify
the mechaniem of agueous fluld formetion and excretion, it
miphit be well at this point to show the bearing which these exe
periments have upon the present problem. The poseibility of
the p B walue of the agueous influencing £%s oen rate of oute
flow has been menti ned. The manner of action is uncertain.
in the intact eye, as hes been smphasized, it is diffioult to
separate locel effects from general offects. In the excised
oye, on the other hand, the blood supply and the merve supply
aay be eliminated from consideration, the artificial agueous
is introduced at & certain rate sufficient to insure constancy
of intra-oculer pressure (thus eliminating ansther variabie)
and proceedures may be scoomplished in their simplest form.

This latter feature permite us t9 test the érract of vary-
ing the acidity of the aqueous upon the rate of outflow from
the anterior chamber. It also permits us to refer =more or loss
excluaively the causesn faf such yariatians, not to the blood or
nerve supply which have been eliminated but rather to the aotual
structures, filtering mecbranes, etc. still presemt in the ex-

Slised preparation. <Cur proceedure snd reeulis therefore have



been interpreted wore or less upon this basis and our interpre~
tation amet necsscarily carry with it the limitetions univeraally

spplicable to exoised material in gemeral.

AQUEOUS FUNID = ITS NORMAL SITE OF PURM-

ATION AND EXCHETION - ITS PATHS.

It sight be considered sdvissble before going on to the
actunl oonduct of these experiments to mention the generally
socepted fundamentels of the physiology of agueous formation
and sxoretion. According %5 the prevalent but perhape not
proved conception, the agueous ig formed from the blodd by pro-
cesses akin to diffusion, transudation and filtretion by the
ciliary process of the oiliary body and to o much smaller ex-
tant in man at least by the irir. The fluid passes forward from
the posterior chamber where it is formed, on between tha iwie
and the lons where it moots with some resistance due to the presse
ure of the sphinoter of the iris against the lens. Then pos =
ing forward thru the pupil it reachos the anterior chanber.

<he exact paths of exit of the squedsus have been demonatrge=
ted experimentally to be as follows:

1. Thru the spaces of Fontanna and the canal of Yohlesm

2. Thru the enterior surfece of the irig

3. Thru the smuell poriion of the ciliery body which forms

one of tho boumdaries of the anterior chagber.,



Alter the death of an nn.!.m]. the intra-occular prosours
rather promptly falls to 10 mm. of mercury, after which it more
slowly descends to zmers. The fall of pressure undér theose gir-
cusstances is of course due Lo the cossation of equesus produc-
tion thru the walls of the blood vessels which show no blood
pressure or blood flow. The pressure within the eye more grade
ually falls because the ngueous outflow is more or less propore
tional to the intraeocular presvure which is being represented
by a progressively lowoer level. The experimente herein described
are based on the principle that if the intra-ocular pressure is
mwaintained from en outside source, even though the physiological
source of intre~-ooular pressure, namely the blood pressure, is
suspended, excretion wiil conLinue at the sase rate ss it wculd.A

norsally under that sase intra-coular pressuce.

BAPERIMENTAL PROCEEDURES

APPAIATUR EMPLOYED

A muditim’ti:m of the apperstus of Henderson and Stariing(9)
was employed, consisting of a horizontal graduated ocapillary
tube, one end of which is conneoted to a reservoir for the pere
fusion fluid, with s valve and bulb $9 introduce & bubble of
air into the capillary, intervening. .4t the other end of the
capillary tube (nearest the eye) is a bubble trap for the pure

pose of catching the air before it has had a chenoe to enter
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the eye under examination. !kﬂ;trap consiste morely of a wvere
ticel limb of the capillary tube, and is filled with fluid at
the start of the experiment after which the alr gradually dise
pPlaces the [iluld. A three-way siop-cock, comnscted to the cap=
illary beyond the bubble trap and between it and the neodle,
permits oue (o close off the apparatus from all other connece
tions. Another position of the cock provides for & path for the
fluid to the exterior, thus allowing & change of fluid in the
apparatus withoul necessitaiing its passage thru the needle
which pierces the anterior chsmber of the eye. The neadle is
Of the mspiraiion type, of smell celibre ana filed along the
shaft in two placesy about 1 om. apert, with the pearest DpEIie
ing 2.5 em. from the point. The portion of the lusen interven=
ing between the two holes may be obliterated by flowing solder
iato it, wither thru one of the holes mentioned or thru a third
which is filed midway between the other two and which is oblit-

erated in the proocess.
MATERIAL EMPLOYED.

The material used in these experiments was the freshed exe
cised syes of sheep. These were removed by o technician direct=
1y after the animel war slaughtered. The ayos sfter enucleation
were dropped promptly into buffered saline solution maintained

at 38 degrees Centigrade, in & vacuum jar. The gyes 89 secured



were never wmore thon four hours old when they were worked np?on,
while the sajority of them were much fresher. No attempl was
made to record the size of the pupil inesmuch sg it had been
shown thet this has little effect upon the filtration rate of
the aguesus in the axcised sye. The eye to be used in the ape-
oaratus was taken from the container, the contents of which us-
pally showed sowe increase in H-ion concentration (a faot whi h
will be camented upon later) and placed in an 8 cunce beaksr
oonteining buffered saline of p B 7.5 which was maintained at
body ianparcxtvra by ciroulating hot water, and which had prac-

tically the same composiiion as the perfusion fiuid.

TECHNIQUE FURE DETEAMINING THE RORUAL

BAZE OF BXIT OF THE AQUEOUS.

The needls, which hag becn described, is made to plerce
the cormea in the region of the lisbus, It is then pushed thru
the anterior chamber, and the cormes at o pofat diametrically
opposite its entronce. The eye is thue transfived by the needle-
canuls, the point which ie pushed into a piece of cork protrude
ing about 2 om. from the eoye. The two holes in the shalt both
lie within tbe anterior cheaber, just in front of the iris, each
several milliipeters from the intermal surfece of the cornea.
¥hen the eye is 50 transfixed with the needle and the cork is

pleced over the point of the latter, it serves only to conduct
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fiuld into the enterior chamber thru the hole in the shaft which
liew nearest the caplllary tube. The other hole, obivously does
not function when the cork is on the point of the needle as it
is during the actual conduct of an axperiment. Vhen, however,
it 1s desired to replace the fiuid first used by some other,
then it becomes necessary thoroly to wash the chembers of the
€ye and this iz accomplished by removing the cork from the tip
of the needle. Uhen this is done the pressure within the chabb-
ers rapldly falls end the contained fluid lsaves by way of the
second hole, thru the distal part of the shaft avd out of the
point. Here, by proper madimilation of the etop-cocks the new
fluld may e allowed to enter the capillary tube, whence it
pasces into the eye thru the [irst hole, thus displacing t e
fluid siready within the eye, which leaves by woy of the second
hod2. The latter situated on the §p§msitg side of the anterior
chamber facilitetes a thorsugh washiog of the cavity.

&fter conneetiom with the apparatus thus has been establishe
ed, buffered saline of a temperature of 38 degress C. is allow=
ed to flow upon the anterior surface of the cornes, thus avoide
ing dessication of this structure which seriously would intere
fere with normal filtration. If now, with the apparstus and
materiel in their proper relation, e bubble of air is admitted
into the proximel end of the capillary (the end nearesi the

regervolr) by pressing the btulb which is at this gituation, the

12



bubble wiil be seen 10 move gradusily, with = horizonial ocolumm
of fluid in front :ém'..t benind i%, btowards the needle. 4At firet
the speed of the bubule is quite variable in the same and in
different preparations. Soon, however, presunably after s suf-
ficiently lurge number of filtering spaces has been opaned up,
and alter a sufficisnt pressure has been attained within the

eye, the rote becowmes fairly coastant. JIa other words after the
babble is admitted into the capillary tube it passes with & uni-
fora rate of spoed along the capillary to the other end where

it rises up lato the bubble trap and out of the way. AS we have
‘aoted earlier in this paper if the experiment is unduly prolonged
the rate of bubble progresaion again becomes irregular. By refere
osnce to the gradusntions which war mounted in bako of the capillar
Shy exnot nuaber of millimeters traversed by the bubble per min-
ute pay be delsrmined.

It is possible fhus from the above fesults, panely the num=
ber of miliimeters traversed by the bubble per mimute, mowing
the bore, or cross-section of the tube, to caleculate the smount
of fiuid which must enter the eye in the same space of tine.

This procesdure and ecaloulation w re satisfactorily applied to
35 epes to determine, if poscilbe, the normal rate of aque sun
sroduction in the shoep eye. Priestly Smith geives a rate of
26 cmm. por mimuto for the filtration rete of this type of eye

and libesnausff reports aversges around 28 ocam. The improgsion



which one obtains from Lhese authors ig that these rates together
with other dats along similar lines spproaches mathematiocal exscte
nesss. Our early work, therefore, wes to cbtailn our amn normals

and to perfect the technigue of this rather delicate manipulstion.

A tabulation of the results obiained in this preliminary
series of test follows closely. (Table I) [Heference to this
table shows that an averace of 54 cmm. per minute wae obtained
which represents the rate of outflow of lymph from the anterior
chasber with itbe following restrictionsg Artificisl lysph used
having approximstely the same ions and propoptioned chout as
taoy are in sgueous. This solution Rept at a temperature of
37%.5 degrees Centigrade ond delivered under a pressure of 27 mm.
Hg. (36.0 om. water,, The p B of the fluld was 7.7 thruout.

The extreme variabllity in the filtrotion rate is plainly
evident in this table. It is this factor which mokes it bvioug-
1y impoesible tv aseuse any standard of comparison for different
oyes because mny reasonable change in the rate whion might be
the result of chenges in the p H valuos could hardly be expected
to exceed the variation which iz shown by different normal eyes
using the same perfursion fiuid. For this recson the single re-
servoir for perfusion fluid, which has been deseribed elsewhere

is supplemented by another which is sainitdned at exactly the

14



seme level, 38.0 om. above the sye, aand which contalns s§lntian
tpt, Solution 'H' is of the sanme oomposition as golution 'A!
but is varisble in respect to its H-ion concentration,bein: in
gome instances higher and in some lower then the latter solution
whiok hhs the stendard p H of 7.7.

These tws reservoirs, %then, are conneoted by means of short
rubber tubing to the upper limbs of a '¥' tube, the lower limb
of which is comnnected to the spparatus as before. ULtop-coks
are £5 placed a5 azr t9 oonmeost ur disconnsct each or both of the
reserveolirs to the.capiliary tube. This ohange in the design of
the espporatus uovw peradils us 1o delerslias the yate of Tiow of
polution *A*' thru the chambers of the eye, then to switch ofif
this solution, allowing solution °*H* $o run in, instead.

in the acltusl conduct of this type of an experiment ithe eye
ie plecsd in the beth of wormed salt solution of contralled pH,
the apparatbis, including the nvedly is allowed to Fill with salt
solution, whioh is then iurned off, and the eye is plerced in
the mamner indioated by the needle, the point of whioh is the
run inio noft cork. The salt solution is allowed to flow upon
the cornea snd the perfusion fluid is sdmitted ¢o the eye, thus
raising the pressure to £7 wa. Hg.. After this prescure has
been allowed to act upon the eye {or avout 10 minutes the sctual
readinge are begun. Tho distance traversed by the bubble whioch

hes been admitted to the capillery is recorded for & one minute
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period. subsaQusnt readinge are wmade every len minutes, witn
notavions of any chaages in the p H wvalues of tne solutions com-
ing dnto contact with the eye. The femperatures of the solutions
are also recorded at ihess sase Intervails.

The stop-cocx of the reservolr containing the solution ' A?
is now twrned to the *off' pomition, simultaneously the bubblke
gtops in the capillary. The new solutioa 'B' is then allowed
t2 communicate with vhe apparatus and filtration agein begins,
but the sbop=-cock near the needle is so adjusted as to divert
the stream of fluid to the exterior, thus flushing out the whole
apparetus. In about 30 seconds ithic flusking iz completed so
Lhe s%5p—cack iz turned back to iis original position, and the
cork is taken off the tip of the needle, allowing the encissed
fluid to be replaced in o mamer alrsady indicated. In ose min-
ute the eye should contain only the seommd solution, at this
time, then the p H of the smerging flu:d is escertained and the
cork 1s replaced on the point of the nsedle. Aguin the oye is
subjected to the npormal pressure, Lhat is, ;fter the lovel of
the fluld in the reservoir has been readjusted t> compensate
for the fliuid vhich has been allowed t0 run away. After a ten
minute iatervel sgain one may étart t2 take readings. %This
list of readings should approximate in segnitude, the firet 1ist
if the solutions are of the p H. aAny difference in the readings

apparently would be cocasioned by the change of the fluid. The
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only variable factor in the sctual aonduct of the experiment
was that of Lhe p B of the scluxiansbvseé. Of courze there is
the factor of greater degenerative change occasioned in the tis-
sues of ike eye bacaume of the longer intervel after romoval
from the body. In the latier regard, it is stated in variocus
works on ihe eye (Parzons Pathology of the Eye, vol. Xii) that
geourate snd uniform results mey be obtained a number of hours
after dealh. Cold stornge eyes have shown conslstont results
foliowing a 36 hour sojourn in the reduced temperatures. In
fact the results of Bentzen and Leber (12) to which a previogs
reference has beon made, were obtalined upon & human oye, 13
hours after death.

The [oregoling method, then, was enployed in a series of
50 eyes. The first solution, or control solution '4A' was a
sogified Ringer-Tyrode solution Buffered by a sultable appor-
ticament of the primary and secondary phosphstes o o pHoO
7.7, kopt at body temperstwre and witk a constitution as follows:

Composition of solution A%,

Sodium chloride 0.80%
Potassoium Chloride ¢.02
Cal()ﬁtl Ghlﬂridﬁ 5 u.rlhyd- GC.02
Hagnesium sulphate 0.03
Soaiun bicarbonate $.03
Potaasium. pricary phos.

Sodium mec. phosphate 0.02

This solution was freshly prepared and the p B determinations

made upon it at the pegimning of the expsrimeantal series. Sole



ution '3* was of the saue basic compositisn but veried in the

p H value begause of changes in the relstive amounts of the two
poosephates which Imparted a buffer guality to the solutions. 4n
attenpt was made in formuléting the compositionsof the fluida o
spproxismste thet of the agusous ag given in varfous snalyses.
The highest H-~ion congentration represented in solution ‘'BY was
p H 6.8 and the lowest p B 8.6, Thege figures indicate the mot-
ual values of the sslution, the figures which appear in the tab-
ulstions represent the actuml value which was obtained from the
golution coming from the eye, which, obwiously iz the important

thing o consider.

METHOD FEMPLOYED FUR P H DETHRHMINATIUNS.

In as muck a¢ this study was considered a preliminary one,
it wae dessed acourale enough for the purposes at hand to use
an indicator method for making the frequent p H estimations
that were required. The epparatus furnished by the Hynson,
Wescotlt and Dunning Co. was emsployed. It is aeéigned for blood
P H detorminations, and consistes of a set of sealed standard
buffered color solutions of phenclsulphonephthalein which remre-
sent a renge of p H from 6.6 to 8.6 in 0.2 graduations. This
pernits an approximation %o .1, which is more accurate than
zeveral other factors involved in the experiment. It is in the
wain the saue method used by the Jerman investigators whose re-

sults bove besen given at length.
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In tables II and III are given the results obtained when
the perfusion fluid was low in I-ions and of grester H-ion con-~
sentration, respectively. The fact that the Solution 'A' appears
ag a varieble value Is due to the fact as stated, thet the fig-
ure reprgesents the p H walue of the solution ag it canme sut of
the eye, the solution always had the value of pH 7.7 as it entered.
The came is true of the second solution used.

There is a feature which whould be mentioned at this point,
however, thet might serve to account for the wide range of rates
cbtained, but mors especially, for the dissenting mninority of
eyes which oould pot be classified with the rest. This was the
fact that the saline solutions which were used to receive the
eyes and t0 keep them warm while they were being trangported
from the slsughter-house t5 the laboratory freguently showed
a rather definite incresse in the p H wvalue. This scoured in
spite of the buffering of the solution. The chenge #n p H fre-
quenily epproached 7.0 a factor which osuld by no means be dis-
regorded in a study of this kind, but a feotor which in the
vast has been dilsregarded as has the entire subject of the H-ion
value ag polutions similarly employed. In subzequeant work ;t
is intended to test the aqueous fluid by’micrs-mﬁthod to see
if the change in the p H of agueous actunlly folléws the change
spontenesusly brought about in the fluld in whick the eyesn are
irmersed. At nny rate it would be hizhly desirable to maintain

the p H of the iamersion fluid constant. This may be more mearly
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approached by using a more highly buffered solution in lerger
quaatity for the sane number of eyes. In the majority of these
studies about 3 yuaertsz of buffered saline solution served in
which to carry 20 eyes. A reduction in the temperaturs, of
course, would rerve to reduce the amount of degenerative change
and the production of acides, tut it was desirable in Lthese
studies to use eyes which had nvere completely lost their body
heat.

dssuming then that the majority of eyes which showed s ree
duction in rate with the perfusion of a more alkaline golution
did so because of the oneration »f an actusl principle, it
still remeine to fathom the modus operandi. If it is true that
in cases in which the p H is lowered, the outflow ig re duced,
and if thic same olmervation could be msde &a epply to the file
tration of eyes in situ, then if the lymph porduction were cone
stunt, an elevatlion of the intrs-oscular presgure would resultl
This is in keeping with the findings of Heesmen uponhis expere
imental enimals and aled bear out the results of his clinfcal
cases. In the latter it would be hard to determine whether the
incressed alkalinity of the BQuenus were g cause or an effect
of the reduced rate of sutflow, or whaether bothof these factors
were secondary to some other. At least it indicates a cause,
9r a4 possivle explanation for the frequent Bsilure to relisve
in cases of glaucoms, where subconjunctivel injections of alke-

lino solutions are therapeutically omployed. Hary instences



are recorded in whiok such Injections wepe employed to combat
the intra-scular pressure increases with a resulting aggravation
of all the symptome including pressure elevation. In the light
of the experimental work here reported and the work of others
mentioned at some length, these disastrous results are explained.
From the meager imformation available there is no indication for
the use of =u alkeline solutiom in the treatment of clevated
pressure within the eye. Un the other hand, one would, hesitate
to recommend the use of injeetions:of solutions with elevated

p H velues with no more luppért of & practical character than

is now offered. In this connection however, leesman secured
reductions in the normal tension by the injection of slightly
acidulated solutions, a proceedure which the results >f this
paper show to be not without foundation. In enperinentel anim-
als it saould be re nevbered what the pressures dealt with were
in the beginning normal and it remeins to be showm whethor the
elevated tensions due to conditions which are saelogous to ghaue
cozia can bs 0 reduced by injectioms of solutionsz of increased

P H. The short dwration of the reduction in vressure which is
appurent when these solutiones are injected into the normsl ez-
perinental eye would not ancowrage one Lo expect any but a tran-
sient benofit.in glaucoma. In this regspect, if it were thera-
peutically applicable it would be little better then some of

the methods now in general use and which are attended with
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much. lese risk iz their appliications

In table IV, a%e included the experiments upon excised
eyes whnere as o second filtration fluild, one of elevated p B
useda. In the main en increased rate of flow ie apparent from
the chunbers of the eye. 705 of the cases show & rine in the
rate of filtration amﬁunting ‘o any average increase of 10 cmm.
if this observeation wers spolicable to the flltratiﬁn of an
eye in situ, it sight mecount for the depressed tension found
in the eye in diabetic coma where, as several have abuafﬁed,
the intra-ocular tension may be reduced o slmosi nothing and
the p & of the aqueous may be as high 7.0 acoording 4o Hertel.

The phyctony of dimbetio come is en interesting clindkal

smanifestution. It cannot be produced inm the exverimental snimal

by the injection of acid into the blood, even when these acide
are injocted which are intimately associated with dipbetes.

The bgpotony is not due 1o mevere wasting for it is not found
in ddseeses in which maresmic statoes ars prominert. It iz not
an sgonal or ante mortel condition, it ie seldom found separate
frou the type of coma mentiowed. It cen be produced in dogs in
whick en experimental dinbetes has beoen induced. Thie coours,
however, only after the onget of ¢omn, & fact which one would
think rather removed it from @ close asssciation with some of
the features pesculiar 4o disnbotes. Parker(I0) reports a case
of glzucome ocouring in a disbetic individual vwhich proved very

resistant to trestment and which improved only with a marked
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improvement of the comstitutionsl allmeni. Hertel conelders
that the incrsase in t@e ssmotic pressure in disbetes is suf-
ficient to ncoount for the hypotony of the globe.

The last suthor bhas called to our aitention that there is
also a hypotony in cases of carbon wmonoxide poisoning. This
condition is assoclated with reduced oxidatiom in which the ac-
cunulation of acid products follows as a natural seguence. Czon=
iczer (11) recently has reported B cascs of carbon monoxide poise
oning in which he demonstrated z byperuricacidsemia a fact which
may or may not be related in some way. It iz interesting %o
note, however, that in other asphyzial sistes reductionm of dcular
tonue is not & prominent festure. These comditions which are
seen clinically and which are more -r less uniformly ssnsodisted
with intra-oculsr pressure changes bear additionsl study, and
we are of the same opinion as Hertel that with 2 completer kmow-
ledge of these conditions will come the unraveling of the mystere

iee of the factore which control the intra-sculsr filtrations.
Gonclusions

1. & codified apparatus for tihe seasurement of the rate of the

rate of filtration in the excised eye has been described.

2. A much wider range of varisbility in the so-~called normal

rave of filtration in the exciszed eye was ohtained.
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3. ‘The necessity for determinihg e control rate for oach eye
is appsrent. Certsin resuits obtained by incrsasing and lower-
ing the d-ion coacentration of the perfusion fluids used, are

presented.

4. About 70% of the eyes emamined show some decrease in rate

(16 cmn.) with decreases in the p H of perfusion flulads.

5, BHssentislly ihe smsne averages zre sbtoined in the opposite

direction when the p H of the solutions are incressed.
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TABLE I.

Humber of Kye Cam. outflow Humber of Zye Cam. Outflow

por minute per minute

1. T4, 19.0 G4.0
2- . ?9. 20- 70-
S X3z, 21, 3.
do 43, ‘ 28, 31.0
&. 57. 33, 28,
& 46. 24. 43.
Ta S2. 28. 80,
g, 50. 286. 37,
8. 48, £7. 83,
10, 54, 28, 100,
il. 33. 29. 2z,
iE. iv. 30, 61.
13. 76. 31. 448.
14, BS. 32, 88.
15. 48. . al.
186. 85. S4. 33.
17 50. 8. 27,
18. 80.

35 Lyes - Average rate 54.0 cum.
per minute.

TABLE 1.9 representing thoe results ohtained in terme of ocubic
aillimeters per minute flow, when the saline was main-

tained at body temperature, admitted under s ressure of 25«27 mm.

of mercury, (36.0 cm. water) . The results represent a prelimin-

ary sories perforwed for perfecting technique and to deteraine,

if pomsible a normal rate of outflow that might be applicable

to all sheep eyes.

It 1s evident, however from ths wide range of variation
that no such aversie rate would be spplicable., It is therefors
apparent that the normal flow must be obtained for each aye ax-
amined, and any other rate oceasioned by differences of rroceadure
contrasted with this firet daternination.
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TABLE I%.

Showing the Effect of Decreasing the p H of filtration fluid
to be uged as wriificial agueoud in Fxcised Sheep Hyen.

T
Bo. of Bye pH of 1at pE of 2nd Iscresse in  Incresse in

Fluid Fluid 77 Bate
por minute per ninute
5T « 74 el S0 Q INe
39 Z el Zal 1.0 com.
40. Ted 8.3 24.0
4l . Tl 8eds 12-‘3
47. 77 8.6 0.0 0.0
43¢ T.7 3.6 10.0
BGe Tl Hel 24.0
57. 7o B.D 21.4
él. 7«5 8.3 16.0
Lo a7 8.2 3.0
64, 748 8.5 6.0
85, Ted Bl 3.0
56, 7.5 8.1 3.0
68, 7.7 2.6 18.0
T0. T8 B2 8.0
?1- 7-? 303 0-3 0.0
. T8 S35 80
¥4. T o 8.8 E-0
75. 7.5 8.1 240 2.0
75. 7.8 2.4
ks 77 8.4 2.0
32 T8 8.8 4.0
84. F el Be 2 4.0
B5. 7.4 Bl 8.0
1.0 cmm.
G0 ¢ Ife Ul
24.0 24.0
12.0
00.0
10.0
5.0 3.0



TABLE III. —

b of lst H of 2nd Fluldorease in - Decreass

ol ygluié . Fluid Hate per min. in rater per
¥in.

36. 77 6.8 6.0
38. 7ol 7.0 4.0
42. 78 7.0 « 8«0 0 Bm
43. 78 8.8 28
445 78 7.1 .y, 3.0
45, 7u8 68 5 12.0
46. 77 68 29.0
49, 746 642 . 9.0
504 7.4 6.8 14.0
5l. Ted 58 - 8140
52, 705 608 i « - 12.0
53. 75 § PR 0.0 0.0
84. 7.8 Tad 28.0
85. 7.7 Tal 7.0
88. 746 Tk 240
85, Te7 7.2 0.0 .0
60, 7.6 Tsd 26.0
E3e 77 7.0 8.0
674 Ta7 6.8 18.0
&Y. B 6.9 240
T2, Tt 7.0 9.0
764 Te? 740 4.0
e 7.6 6.8 9.0
78, 7.8 6.8 8.0
&0, Te7 20 4.0
83, 76 7.0 13.0

TABLE III. Showing in the column headed " Increase in Rate per
Minute " numerically the cubic millimeters increase
which the corresponding increase in the P H of the perfusion
fluid produced. Altho the opiginal rate is not included in the
table, it will be remembered that the average rate was around
54. cn per minute. 70 % of the eyes showed an average increase
in rate of 10 % when the P H of the perfusion rate was increased.
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