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A STUDY OF THE IMMUNOTLOCISAYL RESPONSE OF

B ]

ROOSTERS T0 THE INOCULATION OF LENS AND VITRVOUS OF

RARBITE' EBYES

Since Uhlonhuth'sl discovery of the osrpan s8pec=~
ifieity of lens, much interest hap heen shown in the
problem by investirators with the result that 1ln the

iest twenty

o

vears cuite sn extensive literature has
ageumulated bearine on the serolosionl nature of lens
vnd the other aye tiosucs.

sscordingly, in order to oshtain the nroper con-
cention of the brosder awnlication of the »roblem and to
interpret the meaning 27 any ual,m ghtalned, & survey
of this lidérature i& necessary.

That the sntlizenic elements of the erystalline
lens ol the varions goecles are oreran gnecifie, rather
than specier s»ecific in chorscter, 1s an accepted and
well established fact. Tt was first hrought to lisht in
1903 by Jhlenhuth, who demonstrsted that an entiserum
arepared by injectine rabhite with bee? lens would ~ide
a strong nosltive asrecisitin reaction nyt only with an
pxtract of beel lens hut also with extracts ol lens of

1. Uhlenhuth. ¥och Hestechrift, 1903, »n. 49.
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of other mommals, hirde 2nd amphihinns. thlenhuth came
upon this fazt in the course of 2 series of inmurolosical

attemnted to differe ntiateVVQriaus

=3
Py
£
o
foy
O

exnerinents in whi
srpteins. Por exampnle, he succeeded in demonstrating:
1. A difference hetween chicken egr nrotein and that
of chicken blood.
e A dirfference in the oroteine in the cgee of differ-
ent fowlse.
3e¢ A difference in the proteins in & sinvle err.

2 Awmaen o d mden 3 Tan 4lem  smmew
tAWELD Uaada WU | DY LOTRER Ll

and in the eyc, namely the nresence in one small chambher
of two proteins, in the cage nf the eye, lens and vitreous.
The lens nrotein, says Thlenhuth, is relsted $0 muein

while the vitreons conteins slhumin end vitellin. Thlen-

4

huth's observetion was the} lene extrszets sive no reaction

o

with serum antisera of homolosous and heterolosodus hloods
but that vitreous extrancts 4o, ¥Hip gonddusion is that the
two contaln hzalaﬁically diflerent nrotelns. He stetes
that by nmeane of his enti-lens scrum he is able to disting-
aieh lens protein from vitreoue and all other body proteins.
Jhlephuth 218 not oroduace on sntiserunm for vitreous.

Py 1908, 7raus, Noerr snd 3hﬂ“. asin~ snaphylactic

8. "rans, Toerr and “ohma., Vien, ¥lin. Technschr.
; 1998, 21, n. 1084,
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and Eehh? however, did not confirm these facts. “he work
of Anérejem? end Vapse ?rwloindicates that certain species
snregific elements may be present.

Tn 1421, the filrst renort of ?ektaen’sll invest-
irations was oublighed. Up to this ftime hic work consisted
mainly in confirmine Thlenhuth's orilzinal observation. A
brief report is as follows: Tabbits were immunized with
intravenous injections of 107 or 207 solutions by welght

* heef, horse, sheen and swine lens. The antisera thus
ohtained were tested apainst solutions of beef, chlcken,
dor, suinea nis, horse, human, monkey, rahbit, ewine, rat
and sheep lens, aqueous, vitreons and serum. A11 the lenses

'3

reacted with a1l the lens antisers and none with the sorum

~r

s, in mosf instances, reacted

-

antésera. Acunenus snd vitred:

8

ons with the lens antiseras and frequently, though

jie

in low ailut
not alvways, with serum antisera. “ails, accordine to Heke-
toen, may be due fo the mixture of the lens substance with

the humors durins removal hat vnrohably is not, Tor eondider

.

gble asre was takens "onaet

»

derine “hese resctions with

acueous and vitreons, Tektden nointe snt that: "The nres-

8« 0emer and "ebb. Arch. f£. “phthe 1912, 31, p.367.
9, ‘ndrejew. 4tsch-. f. Tmpunitetsf. 1911, 8,
pe DHE.
10.Rapsenhurr, Ztschr. f. Tmaunitatef, 1912,
1&, De 518
1ll.Mektoen., Jours A«M.A« 1981, 77, ne 32,
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n the vitreous and aquescus humors

o

aence o lens substance

>

raiges interesting cuestions in regard to the
thege Humors to the lens. Ts the lens subgtonce in the
hunore derived from the lers or on the wa, %2 he incorp-
orated into the . lens? If the last part of the gquestion is
answered affirnatively, what is the source of the lens
material?”

Hektoen then nroceeded ta anaelyze the zntigenie
clements of lens more closely. Usinr as antigens alpha

¥
P

and beta crystallins, the ftwo zlobulins of

A8
azaardiny to Hektoen are deseribed hy (8rner, the Zormer

the lens, which
anthor and his co-worker, Shulof, srenared antigera which
ghowed the two to he immunolopieslly distinet zo far 28 the

a

itin reaction is concernad., Absorntion exrerimenis

o

oreci;
{ese mixine alpha osrecipitating scrom and nlnha cryste
2llin #nd alnhs srecisitatine seram and heta crrstellin
for a few nminutes before o preelinitin test ic done)

aleo showed that alnha and bets crystallin are distinet
subatanceg. Then by means of testc with lenses of differ-
ent gpeclies and the anti-cerystellin seres, it was found
that lens in seneral contains slphs and beta erystalline
To these two globulins, susrests Heltoen, may the orsan

greciflceity of lens he attrihuted.

12+ Hektoen., DNiscussion hefore Ghicaro dphthaln,
Soe. Move 10, 1022,



The roa,ﬁiang that antoanld‘ahtaineé with cate-
aractous lenseu are also eircnificant, His findines are
thega{ Thé cataractous lens reacts as well with antle
lens sera as normal lensg and »nroduces as postent an anti-
gerwm when-inje ted. TUsine univelent sera {1l.8. scrum
produced hy inmunizing on animal «ith an extract made from
a sinrle lens) no difference hetveen normal snd gatare
actous lenses could be detormined by means of the precin=
itin reaction. “~reéinitin teste with anti-crystallin
gera show catarscotous lenseoe %0 contain legs alnhs than
beta crystrlliin, 2 fact which ie 2orroboreted hy chome-
ical =ralysis.

Another veloshle 2ontrihotion of Heltoen'™s is the
fact that a number > fetal huomen lenseg of verious
stages of developnent, the yonnrest belns ot ahout the
end of the second nonth, rave tynicnl evecific lens react~
ione but in riach hirsher dilution with the anti~humen

1w

(errarnctous cera than +~ith anti~beef long seras ™o of

the fetal lenses reacted with human serum antiserum, tho

only in low dilutions aos

-)

srently showing " ha aresence of

species gnecific nroteins. In this ~onneetion the work

13. Hektoens Jour. Infect. Dis. 31, Bo. 1, p. 72,
July, 192&.
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gshould me mentioned. o reports the e nrtant

of snecles opecific ¢lements in the embryonal

[

el

a specificness which 1ls snparently lost in

il

the lens of the Tully Aeveloned chicgk,
With resnect to the sansohylectic reactions of lens
and other eye tispuses, the magt recent and moet ertensive
. B

work is that of T. Yodama. His repults may he summarized
as follows:

1. Bxtracts of nll eye ticsues are nrimerily ftoxio
to the guilnea vig. 1In degree of toxicity, the order ie
ag follows: lens, uveasl nirment, retina, aveal tisene,
gornea and vitredud.

2. Takine to conalder-tion the primaPy toxicity of

stancen, the anaphylasctic reaction indicstes that
® I8 no golute orgen saeclficity for eye tlissunes.
ere &re marked éif‘érencps in the ranre »f the
tie rewctions of ee tissnes. Tens is mosgt lim=

ig ere speclific ond reorly orsmen snecific; that
leng does not sénsitize %o beefl gerum but it

cther ticsues of the eves After lens,

en
Ll

sprecificity determined by anaph-

eactions, come uves, optic nerve, retina, cornea
ouse. Theee rll sensitize t2 heel serum and are
¢« Szily. ¥Yliin, ”Dﬂat. bl. £+ Augenheilll, 12,

Na 1;)0 1 -_:.l
« ¥odama. Jour. Infect. Dis. 39, n. 418, 1928,
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znd if they are orzen gnecific or snecier sneo

8.

snecles sseeifiz.

As Wodama stotes it "there are gomnllicated agroup
reaoctions within the eye %issues, as nizht be cxnected of
lesues related embryolorically, funstisnally and netah-
Dlically." .

The reections of uves heve been quite cxtensively
studied., The first work in thie.field wosn done by “lsche
ﬂiﬁlﬁ in 1910, who undertnol & gerien o exnerinents
honing to obhtain the evidence ncorpeery $0 exnlain

symmathetic ovhthalmis on the hegie 27 an aneshylactic

nnenonenon By inoculatine~ sheen corsussgles, in one set
>f experimentins, 'nd in another, cholera vibrio extracte,

into the anterior chamher 07 the eoyor of rahhits and sub=
gseonently tcsuln& the hloodgerum for the sresence 3% sneo-
ifie 2ntiksdies, he estahlished the frot that intrasculs

injedtions nre canable of stimulatine inmunity rcsactions.

His next nroblem wee to deter-ine whether > not uvesl

e

sue ouce8ses antirenice »ronerties; if so, 1f such
roperties are potent in the homolorous aninal, to what

mrt 9of the uve 1l tissne these n@oqertics are nealliar

i—J&

fie in

164 ﬂ'}. :}1551 e Gh A ')'7!":}?0 ?.:‘,, e 45.}9, 191(}'
]:}3 ia s ?6 » (R 5)’}9 » 1{31[} &
IThid. ’?6}, e d{}.“.}, 1911w
IThid. 79, p. 428, 1911,
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charsoter. =lschnieg used the comnlement {ixation mehh-

od for determinins the nresence nf zntibodles in sera

prepared by Inoculatine rabhhits with enulsions o7 heter-

alomous apnd homologous aveai ticgaes. fTe estahlished

these facts:

« Tret uvea docs contaln antirenic e¢lrments.

£« That snitivodles are nroduced 9”&Lﬂ°f homologous
antirena

Ge Thet an ismune seram nea'uced with vves of one
apecies recots alsd with unvea, hut with no
other tissue, O°f varl: sas other ssecies and is
oroan sneclfioc.

4. That 2 serum immune to whole avea “iacne reacts
naot only with uves but also with the gerum

“een used for

o
~a

- |
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\
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yE the
immunizing; that ls, uvea a»~arently posg-
cuses aled gnegles snecific elements.  owe
ever, that soch an anticerom does resct with
horiolosoug serum nay very nrobehly he hecause

n puare antiren, unmmixz:qd with blond, has not

4]
%
o
&)
bd

heen ohtefinahi It ma *emnemhered that
a "pore anticen,™ thet Is & suhstance canable
of stinnlatinr the sroduction of het one tyve

of antibody, existe in theory alone o far as

the bhody ti ouee are concerned. Tens annrosches
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homogoneity nerhans as closely as any part of the
body, it having no hiood su»nnly, dbut even lons

hze been shown to be composed of at least two

ticssue ¢an be ohtained absolutely free of
blood, which »f course is impossible exaepl nerhaps
by endturine 1% in vitro, that tissue eannot he
oroven ceclainlily 1o contain spesies snegific olom=
entes in itsell.
9« {inally, that uveel pirment i1g the acthive apent of

uveal ftissue, it beine ormn snecifiec and showing

no traces of gpecidfs snecaifiz clomenta,.

-1
L4
5"
)
<4
&

"ollowiney Wlechnis, numerosus investipstor
approached the prodlem of the serological reactions of

uvea independently and from various ansles, the reegult

Ty
heineg & not exeotly hermonious arrey oF facts. Veicherdt
b SRR S 17 . 5 y ™~ ) B
end Tummel , neine comnlement fixetion methode and the
epiphanin reaction, the velue df The letier “eing rather

aucstionahle, demonsgtrnted gtrone hut not absslute »rean
i8
*

aseglfic elements in teef uvem, Arisswa, on the aontrary,

Jinds in sheepn and oslf uvers, veine the entire nveal

o,

17. Telchardt and Tumnmel. h
'}v{»\"‘l.l . S)E: M p . 1?:; 4.

l8s Arisawa., ZXXVIIT Vers. 7« Ophth. Zesells.
Heldelberg, 1912, p. 253,

&
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net species specilic snd week orran sneaific

o
B
omw
fee]
o
@
e

U
bamin
bos]
o
fan

elemonts, with conmolement Iizxation tests, while witg
precipitin tests the orgen specific eleéents apnear to
be the stronger and the species znecific the weaker.
7ing the power of pure uveal niement Lo pro-
duce anaphylaxis, obtaeined herotive resulis. That is,
injection of pirment into & surposedly scneitized animal
produced epnarently nelther a penersl nor & local reaction.
Yakemure, ucin~ complement fixation testes, Tinds uves |
to he orgen snceific snd not akheslutely soecies specific.
Yoo&a%qwiﬁh whe hone of internretine symnethetio
ophthalmia in terms of anevhylaxisg, bas conducted a rather
exfennive series of exgerinents and has done much 1o clear
un thig csnéﬂsian a2f evidence. Tn brief, his work has
been as follows: To quote Woode' etatement o his

s

problem: "The possibility or imoosuibility of this theory

- =

(the eneohylectic hagis o0 symnathetic onhthalmis) hinzes
Tandamentally unon tﬁe entizenic nroperties »f uvesl tissue,
or, more exactly, nwnon the shility »f uverl tiecoue to acot
as a forelrn protelin in the seme snecies of aninel, and

19¢ Bzily. 17th Intern. Med. Oongress. 1913,

3, 0. 269,
£0,. Arch. nhth.

45, pe 557, 1916.
T:})iﬁ.n Q&S, e 5‘9
Thid. 46, n. 283, 1917.
Thid. 46, ne 502, 18174
Ibids 47, p. 1561, 1918.

JouTe A4 e Ae 77, n. 1517, Ont. 1921,
rs 8scfa Quphths. AsHasle Dw 15:’;' 1917

¥



Thus t> produce sensitization and intoxication. Further-
more, uveal tisene, >r the active constituent must be
organ 8neclfic and lack sneclies anecificitv" That aveal
tigsne 30%&@3895 agti@anic sronerties end that theso »rep=-
erties ars argan sonecific in charaafer is estabhlished hy
the followins experiments. Tsing as his indigator the
loeal snaphylrotic reaction of the eye, which conslets of
# marked contraction of the saplil and hemorrhages in

the fandl, he found that dogs, =ensitized vith an intra-
neritoneal Inosulstion o7 avesl tiscue, resronded with

a nogitive renction when their eyes were nerfusged with
wofm&l difibrinated Hlood containing nvesl ticene. Further,
nvanl tiseue of any spscies was found to heve an 1dsntlgal
effeot, in other words, it was orgen speciflo.

In the aourse of trese oxseriments cerinin thines
sugrested thet uveal pijment wae the active apent, =0 his
rex$ exoeriients woere ncm' ned 1o »rove or disnrove guch
indigetions. Tlachnis ﬂreVoimualy claimed %o heve ghown

o~
+

tiis to he true by means of complement fization tests,
but von Sz1ily stated that his enashylactic reactions did
not confirnm “lschnis's resuit=. 7oodo sae s Hosuibhility
of error in the method of nrensration of the nirment

-,

antigen used by von 8zily, and developed & more truste-

F

worthy method of hie own. Von Szily, in the course of



13,

the srenaratiosn of his cntizen heatad it to 80 desrees to
cosgalate the niement. 7y such trestment, 4he picment is
rendered insoluble in a2l ordinary solvents, 89 it is not
sarorisine that ifnoculatinsng of such en antiren pave no
ananhylactle rerction. Woodo shows that, st anfonsr, in
animels inoeninted Intra-eritoneally with the antieen
wepsred in this wmanner, the niement can he demonetreted

hnabaorbed at the site 2f inoanl-tions “his i8 evidently

the erplanation of von S2i1y's nerstive resulte.

by macerstion in distilled water, Tiltered ang re2ipit-

with saturated smmonium sul»nhntes The srecinitate

h

cte

1

g 2 z e N s e - oo Ty oy = arsaEl BEa &
“hiech f2rma in the conrse 27 2! hours aonsists thenretice

L 1

8lly of nirment, globuline and Blobin, the =21lhamens

remained in eslation, Tenested weshiners with Sistélled
water remove a1l frﬁeew of smmonium gulphate and allow the
rlobuling end slohine {0 he redigsoiveds The nreginite-
dtion of the oimment is, however, evidently an irrevers-
tble reretion, for it remsins irn suenension. Tn thie “ornm
it is rerdily abgorbhed when inopulested. Thus Woods i
dealing, theoretieally ot lesst, with a shemicr1ly pure

substence., Tn experiments nain~ logal snanhylaxie as his

indiestor as hefoare, he nroves nveal nirment 45 he a
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typieal antigen, (o be organ soecific end not snooies
saecific. ¢ farlher shows that whole uvea s08s65508
digtinet species soeglifle rroperties {as shown onreve
tously hy Flschniz!, thss srovéns that the plrment is the
aative srineginle in sympathetlc ophthalmis. 7isds em-hag-
izes the importonce of eetanlishine the oreon apecifioity
off the pigment in 5T the followine rearoning.
"If the uvenl nlwment abrorhed fron the excitine eve
sroduses hynersensifiveness of t e sezond eye, intoxe

4

loation in the second eye must he »rodnced hy uvenl nlpe

o

ment slone, and not by other “ody nrotein. TP this were
not so, e&nd other hHody wnrotein eonuld nriduce int torication,
the enucleation 3f the exeiting rys, which is eanivalent
to the removal of the exeltine sipment, would be af no

volue while other egually dancersus »ro‘ein reasined

4, Ao o e o e i N THi g 8 — e 2
weiinde TIL the nimaent were not 5o lasrlar {n anecles

o

grezificlty, the %lond serum, ~hizh is the "£1uid extract
of the oreanism®, would theoretienlly nrodnzeintonication.
20 egtablish a seientific beosis Dy the ananh laatis
theory, the sioment mast hg shovn $2 be osrran snecifie

and not e&pecles siesilic. Thus, cxserinentally, VWoods
agts nesesanry for the annliention of
the ananhrlactic therrye Tn addition to these exneriments,

in view of the confliatine zecults o9¢ other investie

fu
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rators, 7Toods has rencated Tlschnie's work with comnleme-
ent Tization reactione of uves and nveal ni~ment antisera
und believes his resulte to be confirmatory. “lschnig's
atatement was that whole uvea is snecies snecific snd that
the olpment is not snecies enecifie but orgen soecifilc.

!
s

Joods conflirned the Lirst ooint absolutely, nsmely that
whole uven 1a sneecien snecifics “ith sers i munized

grianhle fixation of

ki
<
<+
=
0

araingt avesl nisment, a slish

somnlement waes dhtelned with snecies snecific antipen

i
»

ouever, slrce the resgtions obteined were glisht and not
sonstant, &2nd since the snecies srwoiflle reasiisns of
wholse uvea were gtrone and oconstea: Toods is inclined
“o attrivate them to ilmovrifies in the nisment antigen

*

used in immnizine 'neh mn explsnation is very nroba

-

hla,
cegreclially when the difficulty of ohtrinin~ chemicnlly pure
pignent is cmeidered.

rinally, Wooda has ara&ncﬁd'aﬂ exnerdiontal irldo-
'y fn intrecenlsr sensitizine injection
of uverl emnlaion Followed by an intoxicatine intraperite
onenl injection. “he lesion is ap erentl, & tynieal
sympnethetic sphthalmia.
her locortant contribation, bearinse dlreotly

2

on ! moathetic ophthalmia, is that of



Wiﬁﬂmangl who has demonstrated uvea immune hodies in the
gera of symnathetio onhthalmia arcee by means 30 the
orepiplitin reacidnn. 2omplement fixation rerctions,
however, save nevyative results. Tuebh and ”eliﬁrgn
were unable %0 confirm Wissman's work.

Tith regard to téa othar ayve *isauos, the worl of
sg and "lsener , in hieh the retinal rode are demon=
ptreted 4o he anftipenic, Yekitoen's observetions that an
anti-gnrnea serum reacts in nrezinitin tests with home-
olopons Berum, vitreous &nd aocuensns and Todema's work on
ananhylazxie, moriioned abhove, renrement the extent of sur
Inowladre.

veaently some rather interestire clinic 1 exner=
iments gnd sonligations of the L munoliorigal nroperties

-

2f leng have heen attemnted. Verhoel{ and "emoine, con=

<t

gidering the inflammatory resction that freanently Tollows
an injury to the lensg, andertnok %o tesd Sheilr hynothesis
that trese inflemnations conld be ewnleined on the basls
2. Widsnmen. Aroh. f. phth. 80, ns 299, 1911.
P :

P A — o . -~ " TE ' o . o - WIS
dhe and Msllers Arch. T« Ophths (fﬁ, e A },

*

. -
; F = ki N ¢ : & o o By g = 7
£3. Yeng and “oamer, Arch. £s Aupenheilk. B4, ps 13

-

24. Verhoell and Temoine. 'me. Jour. “phth. b5,
pe N0, 1922,

”



of zonrenitel >r scouired hynersensitiveness t2 lens
srotein. Pormerly all such inflammations had been
sttributed 45 infection. Verhoeff's and Lemdine's

viaw tae firet gsurrmented by Tapranre and Iacoste ia 1911,

e

- e e o = S > . E Y - - . y
=ht enres out of a serles oFf 100 eatarsct eaves (extrac

[
v,?

ions) were ranorted By them with the supegestion that the
inflapmatioe wae a result 5° irritatlon due to lens mate-
oy

ter. Sohlipmer abaerved eages of inflammatisn with

sterile agueous, hut did not exslain it on the hasgis of
L3 7

& i % 4 oo a2 - . - 3 J, % e [ ] -
leng lrritation. traub gsuepaated thet sugh inlroe

.a

| . » Ry
&

ooular inflammetion he Herned "Indaphthalmia Pham

genetica™ but 4id not osneldar the oosgihlliity of a

. s A
i

sacartain whethar individuals

hynersens-
sitive t9 lene nrotein the ordinery ftechnique of dermal
or intradermsl teste {or sencitiveress to “?rai*n
sratein were aseds. Ox, pir, Oor human lensee dhisined
at oataract ocersrtions woere uged as antigen. It was
2G. Varhoeff and Temoine. Ame. Jours Ophth.
5, me TO0, 1922.

26. Gchirmer. Aroh. 27 “phth. 46, p. 167,
o Straube Am. Jour. Onhthe 5, ne 700,

o
&fs BLYT
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-
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attemnted hy thewe tests to detormine the three follow-

¢ th 11“-“ $

L. Are notients vho have intrareunlar inflametion

Ls
eonarently due to ranture of the lens gmnsule
senoitive to lens? Rach of twelve such cares

axanined reve o ooasitive renction.
individnals in pencrsl are

hynersensitive t5 lens arotein? 21

were made, four of vhich were nositive. O0f these

foar, one wag a casge of interstitial Feratitis,

L
Gne m» msture gonlile gataract, two

arsete opereted by the intrasananlar methnd.

(5

e Are antiente who fail 4o shor Inflemmation follow=

vl »
inr indiury £o the lene, insensitive 42 lons

ratein? Thiriy cacen o5f perforetion of the lens

1

= : TR, e, X 2 {
cansule, only twi of vhich showed inflanmatory

3
I
2

-
=
(e

bt
=)

reaction, were tesfeds The two
inflanmetion were the only ones %0 sive a nosilive

reaction.

:1 \" alitvad g

Yerhoef{ ond Temoline alseo renort a cese,
t{tive t2 lens nrotein, that wes desencitized &nd successe
ted for immetore cataract. As the patient save

nositive skin resction to lens »rotein, eleht intree-

noculationy of increasin~ stremeth were ~iven

[}
:'5
H
o
et
[—»‘0



previoug to oneration. The operation wes norformed on
the day after the log?¢ inoculation. As the lens natier

£ e&bhsorbed
aongest lon,
sular inseu
rast 10n.
conditi

that all ¥

and

VA

seran

2f @ateract. Thirteen n:
Kospital for Inssne, Jant
Tntravenous injeciiong

5 ey B o
v LEITUE

g

+her o

[ e

heing slno moderste

second dermnl ftes

137 O

ioa% were adnbinned

Verboeff dand T,emo:

A
4u

tnated a&nd

Do

o & aik
100G Wi

J i

tThna nrevant:

inmates o

wore tr

Te¥a,

firet eiven, but anaphyl-

noetie reagtions nade the intradernal method necogpsarys
The reuults O snsh preatuent were that in two cases
of mature sataract a erest nart 5L the gortiecal layers
ere ahgarbeds. M the osther hand, the opaque spicules
he immeture caftaracts were untouched.

The hioclozie aspect »f fthe problem has heen

28« Tavid. Amer. Journ. Ophthelmol. 5,

745, 18&Z.

(
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diseussed hy “Suv &rzg nose workhas been an invaluaable
gontritution in this lleid. Do guote from Guyer's naner
on "ITmmune Zers end Certaln Tiolosieal Prodblems™ »ube-
lished in the ‘nerleen Taturslist in 1921, "-=e~the

oy 2

iomunology,

& 2

phevomenr. which constitube the flelld of

&1

althourh today viewed mainly from the standpoint of

infeetion rnd ismuanity, 211 hrve brosder hiolosicel
anpegtas They mugt in tne lest anslysis he bat
heightened or specialized resastions of the furdamental

yrogeasans whish underlie nll life nhenomena. They are hat

one of the many sxnregsions of that delicntely halanced

22 ]

tereochenical aystem we call sroftenlasm snd are inexe
trieahly Enterwoven in the ebh end flow of mietabalism,
“ith ameh fa-cementsl biolofgie nrocesses ag growth,
renroduetion, irritehility snd edantion.” Ouyer takes
as the basie for hisg exnerl ent. the fact that snecifio
cytotoxins have bheen Tound for sush tiscues as lencooytes,
nerve tilssue, snermeotozon and the orystalline lens, aske
ine the g estion: If a8 serun c¢on be nroduced that will

sinerle out & certaln clement of sn adult orcanism, is it

5y
(o
o5
}-nu
o]

not 7OAuLh1“ that %he representatives of clement

2 i ¢ - il ol % sy oy 2 ¢ 1 2 =
in the germ will glno he affected? Phig is 2 new

t, BB, " 97, 1981.

56, . 80, 1928.

SG, D« 116, 122

2%, Tuyger. Aner. ‘ataralis
T™h
Thi
er., 300l. 35, p. 207, 1922,
T ¢
D

Jours of “xn
orens. of an
Aphthalmol. Vash,

l

.y
nternztiosnsl "oneress of
Od 1928



21

approach to the nroblem of scquired charegcters, »f oon-
gonital anobalies snd of the relations of mother and
fetus.

Juyer's methode were thege: TRahhit lens anti-
sera were produced in rorosters By injesting intra-

venously or intramagcularly 4 ca. of lens omulelon for

‘our or five weekly tresimen The roosters were

oy

1ed

from geven to ten dayas aftar the last i

=

jectlon and the

gerun wag then drnjected inty nremnent rabbite with voure
@ [

b
ot
=

W presncney.  four t0 seven

ace of immune eserum was injected at twd> or three day
intervels for Trom Yen days to two weeks. The $otal
number of yonn~ subliested to thie treotrment was sizty-ones.
0f this number, Tonr ghowed gongplcuous erve delests, Tive
hed abnormel eyes and others manifested defoots lnter in
development. ™ie commonent anormallty was onaeity of
tho lens; nther defeots were: cleflt iris, nercistent
hyaloid, hlaish or gilver aoloar instead of 4the red of

the albine eye, microphithelnia snd elmost somnlete
disappesrence of the eye balle The defecots were all
sttribagable Lo eurly injury of the lens. TIn forty-eicht
controals, tremted with unsensitized owl gerum, &1l eyeg

ere norasle nee the snomaly was secured it wasg treng-
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e

nitted to the eizhth ~eneration with none other than the
arizinal treatment. Moreover to rule out any nossibile
ity of additionel anti®ody influence “hat the mother's

,
geram 1i>ht have on the fetug, the deflect wes transmitted

through the nole alones Thus, responsibility for the

dafect nmust he ssasirned to {he merm celle TP is glgnif-

4]

[y

aant, too, that the ah

ey
-

to Mendel's law.
A defective male, mated =ith a normnl female,

nroduces aongrartly normal oflfonring, hut & defegtive

e T ) T P T o0 * T e
mals meted vwith one 5f these osffowrins will Hszoduce

defective of fanrines Thus, the defective e, o gharscter
acts as & typicsl leddelian recescive.
Gurzer's gonelugion ia, in the lieht of his exper=
irents, that 1f antihodies from without, that is, those
artificially introduaged, corn Llnluence v redity, a2 @an
thhsa norme L1y praduged within “he hady. Tn gunport
of the hypothesis that antihodies con be oraduced arainst
autologous tlscues, Jurer citeg the 2 lowine cvidence:
le Tgmcr, nging complament fixation trgsts, foand that
the seram of ¢ dalt humrne mar eontein entibodies

sy [ O - e T - - ~ v o ~
Tor thelr own lang nrotoind.

s After inocnlating mrle rabhite with their own



£3e

gperm, Ouyer has Jemonsiroted cnermatotoxing in
thdkE hiood.e Curther, ‘he foermatozos of these
rabhlte are weskened sp ghown in viftro by their
S« BRlogkine of one ductue drferens nroduces the death

of +h

T

: gorminal enitheXium o>f hoth testess It is

very loricsl 0 asiume that the derenerating cells

of the mechanioally inj '

¥ tostiele have stimul-

Wres

E

eted the nroduction of antihodies that injure the

other.

4 @ = o = SRR ; — - T | e r—
4« Tt 15 necepaayy t0 romove n severely injured aye

L

>

e . R T e . 5. - s & - { e i By e

to nrevent "srmos thetic deseneration™ of the others
»  ma g v A " =1 3 g . -

r of Tlachnlg, Yoods snd others has vroved

axnerimentally that s;mnethetic ophthalmi

L8 18 B

2 =

manifestation of immune hody vrodaction in resnconse
to the prepence of dépeneratinge, thoneh auvolosgdus

arotein, nanely ovenl nirment.

Be Tn The lat ar, e freanently saw toxic effeats

.

resenhlin~ ananh¥lactios shoek afller extensive

injurice 0 =20t tissues. Thus “uyer's hypothesis

3 wa

: ay be aummorized as follows: When all tissne

m
i

Are
in normai nhysioslesienl balance, no entibidies or modify-
inr apants are developed, TBat in resnonse to injury or

undune stiruwletion serglogicel changes 49 annear, to whédh



moaifyiny inllucnces Lhe serm cells are cunosed and by
vhich taey arc andoubledly alféoted hoth destructively
and constvructively. #For exannle, the nole, living
underground, sulfered renested inluries 0f the eryes.
Consequently, regsressive chanpes in that orsan were the

1

« 2. p i Ry — . _— - . . B as
raanlt. 1@ mechanlos of "oFreRs ive charnpons e Aiffioult

e i - 1] — 1 P inrad . o g . A e > i i s
and physice of growth, hyperironhy and neteplasis. In

angwer %o the wuestion that is bonnd to srise, "Do you

hewe t2 apsme identiorl oroteine in some sndé in ite

P I ¥ o L ~ 5 T ¥ g B ooy A A " s o 2 2 e
Sreren snea2lficily end the "sradational renctions of imnmune
a8 ~iving a bhasis to hls anawer.

gayer's work 1&g reviiutionar

in the fleld >f immunolopy. 2rovided hig resnlte snd his

-

e g b 2 - = o xa He Fu 42 . 3 - . b - = E
exnlanation ar uhetontiated, the 514 nroblem o>f the
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acquired characters, ia fTins
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PRawerdc.

Bat fev references recardine the vitreosus humor



m
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[

are 4o he found in the literature. Dhlenhuth, as has
alresdy heen nentioned, states that viftroous sontains

nrateine distinat fyom those >f the leng, ms welll as
1y

sreglies spezific elrmente. “oesek ~ reportad that neither

>

Drean ndr Snecles gneold

v

¢ elements aould he found in the

KR L .4
Trabint's work by statine

vitrenpus. Hodane summarizes
that that sothor obtained derencrative changes in the
retina, plement enithelium end chogoid differine from

the typieal form of sympathetic ophthalmia wit

by nmeane of intro-ocular anaphylectic resctione, uslng

.

L3

beef and eheon vitreous as antiren. Fodama mentions the
work of Bakamurs who asing oomolement fixation teals,
foand vitrong 4o rasst with homolopoue viireoug anfd uvas
and t9 react clickily with homolowous lens. HWis reactions

with homolorous gserum and heterolorous vitroouns were negs

ative. Toktoern™s resnlte suvpept thelt vitresus does cont=

P

¥y

e
5

. . e s L B s e s ] g ¢ = " T
races oLU lens sahatance and Lhet frequently, thoueh

i

r e F o o o . B o WP ¥ ] T T — azy g ”
not constantly, sreclieg epecific slrmonts are o he

detected; thet is, vitreous wometl : with ep

homolopong gerum anti-Boérun. cetdes these fer ohservy=

atione, we pkave no gerolowical evidence as %o the nature

LR RN G

1907,

30s Posgek. ¥lin. Yonatehl. f. gurenheillk,
46, D« 38Ya

Z2l. Trubin. Graefe's frche fo Ophthalmol. 12185,
J. ¢ Ne ;«J:’Z?n

30 "akamurs. Js moto, Pestschrift, 1919, ps 211.
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»fF vitreogse.
In view 7 Hur »rosent Fnovledoe of reactions of
ra tissue and our lasck of imowledee concerning thoze of

the vitreous humor, it sremed advisahle 10 underteke =

study of the immuanologiesl pronerties 5f lena and vite
rasuia. gpoclally with rerard to ifs bearinr on Ouyer's

grneriments, wag such an evperinent dfemed of value. 7%

ig a noteworthy fact that the anti-rabhit lens roostar sera
ased by Gurer ln produelines his eye defects in rabhite

yare In ne wey éxamined, so fay ag his renord
10 their antihody content. “uyer agprumes thaet snegifie
gytolysing are resnonsihle for the resulte he obtained
bat such cytolrysing were nnt fdemonstrated.s ” 1th this

sayer's in mind, consfider the renort of

~
4,

™ % e ¥ . ] & o ) i o et 3 o1 a% 4 &
Hyfde and Bailey “ coneernineg their atudy of the production
of hemolysins in the Aomestic fowl. their results,
" 'y o L = - = ) -
hich, however, have not been entirely o irmed by

neg shown that upon
the rapeated inocule tion 2f sheep red blood cells, a

typleal antinody curve c¢arn be develoned in roseters though

o h e 5. . — = C -
Giie <. ae ".fi-:g “»8,1‘1(3 e« AMBT. i ‘T,"Tl’l‘nfxo iy
S &
The o2 } Lo
= od. ent ersonal communicet

% =z
ion For yabliont iy



reachions were shtained with such antiesers only in low

2

ilations. Tn the light of theve faote, it is rather

guentlonahle vhether it wee snecilie gytotoxine for lens

Y

) e
in Muyer's antigern +©

" = < . B & = ki ™ ot
wmt sroduced his eye changes. 7T0
mTr gy Y q,w Ay evmpm § oo 4 e ey ey S 4 A By 1 Al el w0 O-»:‘"
Ny &nowledse, There 18 no recodrd In she iterature O
- By .- ——— - - ~ a - - I P . o = I %
shavrvatione with repsrd o raosierm ag prodicers of lysins

-y

- F -y - p— " ol S .
gave that conasrning henolysine Just mentioned, and 8 refs

erence of uyer’'s to nositive In vitro tests Tor sylto~

lysing in the geram 2f fowls nreviousgly inoculated with

rabhit snermatozoa. Wotl that tuyer's theory that the

embryonal eye is injured ©Hy specific irmunoe hodies is
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yeis of euch antigers 24 he used should be mada,
In the nresgent exerient, antlgera were  rénared

b inseulatine roosters with vitreosur &nd extracts of lens

“ " u ' 2 ] i R e - P : 4. b v -
»f rabhites regh rahbhit eres voeras obtainsd, the lenses
/ “““““ Ay, .
a . 1 o e o - i, " L . ...
removed intact hp t*ﬁx@vtgﬂﬂa,fxigﬂﬁqwtbaﬂ and the wvit ¥ mm}f“
resus sejarated with care from the reat of the cye.

Yecasionally kite of uverl tivsue and retinal risment
sere mived with the vitreous bhut the presence ot frag-
nente of lens in quontit

. ~

jeg 27 wilgeous oAn b

o]

~oiged the anlirsenic »nropert

quite safely ruled out =g fthe lens was removed unbroken

and with considershle care.
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aghnic of “rodugine Anit-lens “erum.

Extracts 27 lens were arenarasd by shaking lens of
& "nown welzht in o known onantity of distilled water.
tfter extractine for twelve hours, =2n esual quantity of
dsuble strensth {1.8%) ssit solution was sdded. “he
ract thug ahteined vas Jdesipneted as 07 a gerlbain ver
aent beoed on the nrierinal weight of the lons. This

ately 200 lene in g 0.9, s alt

e O R
resu

jod
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e
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e
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[oey

not ausntitatively ¢8rrect

e

aa a 1layps oErt of the lans is Iinsolahle, hut 1€ furnished

- Ny N1 - -~ 4% £
a standardization scourate enoungh for Tths nurnose of

munininge.  The anti-lens sera were orodueed by inocule

']

nting rogtore Intravenously al threeo day intervals with
ware teatad three, five and ften days after the last
inoanletion and hled waen the nreclititin titre was ot a

28ximune

winy Anti=-vifreous "erums

ot s s s,y

Teahniac f Prod:

]

-

-
& d,

attempts to stimalate antlhody formation with

e
X

»

~

intravensns injecetions of diluted vitreous over & long

3

nerind of tire cave negantive re ultg. Phe sane rooster

wag then miven intramusenlarly puare vitreous which had

o -

heen shaken vicorously Lo »roduce & finid substance, T“efine

ing with £ eo. and increasing £o 10 ge., a total quantity
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e
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of about B0 oo. THE given

a notent antiperum vse 3btalned,

T1 phowld be mantiored that alter the roosier had
heen given o coneidercble number of intrevenous inject=
iona of dilated vitrecus, with apparently no antibod
resnonse, it developed symotome of beri~beri. The

o

diet on vhich all of +the birds had been livine was found

.
&)
- g
]
2
3
g
T
-

heen v very poosr one ond the gymotoms were
undosuhtedly due to that cruse. However, out 37 six

P T s . # N o, f & ol o~ P -
roosaters subiected to the game cpnditions of 1ife and

diet, the one treated vith vitreous alorne showed an%ill

g & X - & - ) e B e B L v o b A o
affeats, he queetion srises , 1& the sstoundingly

-~y A & - 4+ - & F 1 4 1 3 ’ a

sotent sntiscrum thet, ter the injJections >f son¢en~

trated vitreoous, wag obhtairned {rom this hird, to he

aggooiated in some way with this (isturbasce >f meta~

holiem in the sonreae o0 the i{noculation?®

411 entisers vere reparvaed with & drop or w0
of shloraform ae were nlesr “ha antifens used for inoa-
nlation. Precinitins wero dewonstrated by the contact
or ring tesnt, the Final readine heine made at the end of
Mg o3 oah oy yyrm b e e g e Sl 4 o ~~;-<yt:~,-§ R "j' =
g HurT 8o I 2N BINGETAGUINE inagee WEReeELn 18 nreaip

itated to = aertain extent by czhisroform, fresh antige



™he aceompenyinz tahles show best the netare of
antiscra obtaineds. As shoun in Tahle I, hoth the
anti=lens and anti-vitrenus sera reected in very hiesh
dilautions with their gpeclific entigens. Anti-vitreous
geram resctbed in equally hirh dilutisae wi
anti-lens serwr rossted with vitreous in lower, but
8ti11 in high enough dilution $o eonslider the resction a

-

hie geeme o indiagmte that the nroteins
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shown by these titretlong is the sxtreme deligagy 27 the

anti=vitreons seram. "hile the anitleleng gerun reagted

£ - . ” - .
ution, 1-80,71, the former caused precipitetion with
o i i - R % il ¢ = E T Ny e & = 3 - 2
leng sntiren dilated {0 1-0,006G,000, ‘hig,moreover, ls

s oo TRES 5 - i % & - 3 ey
a very conservative [igure. Tt 18 not the result of

one titration, but of many done by seversl peraons and

ines That

_y.o

with vitreosas antizen Obtailned at different

o

vitreous nn extremely nawertful antisen indiested,

thourh such a siatement must be substantiated by inoo~

platione 9Ff onther nnimala. That the roosster is a pert-

“ v

ienlarly good nroduger of nrecipitins Tor lens and
vitrensus mirnt also he ooncluded, but this aled nuet be
subatantiated hy farther work. Tf these two assump=

tions »nrove %o he anrrecet, we heve an Interestings side

light on the revults of Suayer's exnerinents.s Tt may he

L4
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av heve heon dne

vitreons antibodien. Tt is

upaetent Lo sonnedt the omhry~

rejus with 14s snnarent

Eigaie
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Y Juaat

vhat ite sirnificanoe

view af ~rogent incom-
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snctitntes ©n artimen. Then

‘he antisera reacthte annarently
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er 3ilutions, it muat
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shanderdizing the antigen !

ey that sure citreons nonteins

eeea053,05 (8 pner, o mentioned
above hag pnalyzed this
nrotein sae alphs and
hete clobulin.!
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for hoth humors
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onr. Onhthealmol. B, n. 745, 1822,



FF 8

<“Jﬁ:'

apsroximately the smme fisures:
Walhierauusse og&oof‘
B RE S e D e ®

NeQl

AlBametie coss T

Rahhit agueonpg alan pave a nonpitive resction in low
¢ilurion, with hoth sntisera, Tere sgeosin the low nrotein

gan ent of the sntiren mued bhe ocoraidered in internret-

ig ineladed

To ageertain vhether any lens ma
s B 3 41 TR e o s A - z T e ; . o
with the vitireous when the lens is rermoved by the extra=-
gansular mothod, two sam-les 07 vitrsous were tested am

! - * . , % o~ o —_—
anown In Tahlele. ntiren (1) was Hhtained hy the ordine

&
ary method, while santipon (4) was ob%ained after the lens
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