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THE GANGLION CELLS OF THE RETINA IN CASES OF
METHANOL POISONING IN HUMAN BEINGS AND

{\PERIMENTAL ANIN

1. Introduction.

In g clinical study of methanol poisoning (1946) I have
shown that severe acidosis is necessary for the development
of amblyepia and amavurosis.

According to the literature of experimenial methanol
oisoning, severe acidesis has been demonstrated neither in
hethivorous por in carnivorous animais. Haskell and his col-
labarators (1921) experimented on dogs, in some of which
they found a slight or moderale degree of acidosis, while in
Mhers there was no reduction of the alkali reserve. Severe
{avoursblg_effect {rom trewtment with sodium bicarbanale.
l""W and Miinzer (1923) found no appreciable reduction of
be earbonic acid binding capacity in the blood of two rabbits

and a dog given ge doses of methanol.
v I Pick and Bielschowsky, MacDonald,
“erne have tound W@M

:::h‘ 48 the cause of amaourosis. Birch-Hi =
lh:' Ider and his collaborators have described changes in

fon cells in experimental animals,_wher
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When. on the one hand, severe acidosis is necessary lor
the development of amhblyapia in human beings poisoned with
methanal und when, on the other hand, severe ackdosis hus
never heen fonnd in poisoned animals, one is templed o con-
clude that the gunglion cells of the latier do nol degenerale
on puisoning with methanol.

The following account is given in order lo clucidate this

proldem,

9. Material and Methods,

A hikiglogieal exmination was wielertaken of the reting af 12
pitienets dyinne of wieHmnel poisaning, Sis ol them are wentioned in
my elindeat study o, a3, A, Th TR TR, T, e uther six diced after
1 basd coingulebed iy dlindeal exipinations, In cvery case e ian-
gungis was eopfivaed DY post-mortom examination and the chivien
Jopal investignlions,

The post-moriem exnmiuion wis putde from 12 10 24 Jwours
after deatly, oml in pine CASES the exes were ol fiaed till this
arenent. Aler ey hadl been entetented, s swindowe wis eut with
a sharp knife in the squaior vogine o fucilitate diffusion of e
fisation solutien 1 % formunldehyide] within the eye, The pregurne
tinns were etohedided in cotbuiding s staining with thionin,

Ju the remaining three cases the fornuddeliyde solution was in-
jeetel into the vitreons Bonly B0 mimtes, 145 dor and ¥ hours re-
spectively after death, Eully ¥ mi), of the fixation safution was injectml
aftee the aqueous buanar bad heen aspiritd thromeds a staadh vpen-
iy in thee gornea. Al the post marlem exnnvinntion the exes of These
paatients wepse treateld in the sanwe way as those of the wlier pactietibs,
Fibwillaey stainitg wis rried ot andy it the cuses in which fixa-
tion wus effected carly, for in such an exmmiination early fixation
s particuliely  Bopeetatit CTurnery, Bome of the bulbus winl oplie
neeve was embidded in paraffine a) staited with fodiaa’s modifi-
cation of the ftictschowsky-Maesel silver itupreghation il ran
{liesen's conmeclive 1issue st atel Helzess glind stain, Another
part of the apfic nerve was stiined with smlan sl with Spielmegrr's
medutlary stieath stain gelnting frogen section).

One vve of o patiend whe died of air ombolisme served as
controd of the preparations fixed relntively late, the preparition hejug
fixed about 2% hours after the pavients deatl The preparations
from the patients whose e@es Were injected withy formalin direcly
after death were comparved with a preparation fram a putient who
fatid dlival af feanetuee of the =kull and whose eye had heen jnjected
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with fermalin one howr ufter death, Seme of e Dulims atl optic
aerve wins embededad in paraftine and stoined in The same way as
the prepurations whicli lusl been fised enrly in the cases of 1ne
thanol pisoningg, Here, ton, the optie Beeve wiag stained witl =uedan
and Spictmeyer.

The eaperinwnts were comndueted on 21 eats ol five rabbits, 12
of the orsner atd ol e latter being sebjected 10 o fiistologienl
samingdion of Nissbstniteal prepurntions of the gabghion cells of
He reting. The animats were not hifbed il ey b veceived s
mieh methanol thnt they were moribond or deeply enmatose. The
methannl was administersd thoongl o ognstrie tube 1 a0 concen -
nen of 30 val. .

Hove, 100, o § % sobution of formabdehyde was usel o fixalion,
alenhiol having been foured in some proliminery teste to e qpost un-
sitable, a8 it e the preparations shriok maeh with the vesull
hat the reting beeamn detziehml amt lneeentod, Polyak also insis
that alechil in moxt unsuitable for fixation ol the oye when, as
wenally happens, it is placed, either intact or openel, B the fixation
saliptinh,

Hitherta the alkali reserve of o few snethapol-poisonsd ribbits
s Jren examitied, Bt it adoes ped seets 10 base beon exionined in
vate, Bt soemed  thevefory anlvisable for me 10 examine this phen-
et in the rabditd gl i sme of the rats, bload from e
forhwr Dol obtained by punetoes of e heaet, i e Fatters Ty
Wvapitation. 1 experienced grent diffienliy in aking Boml fram lln's-
ceimis of the rabibits” ears as 1heir cardiovsculae ciretlation evilenly
valell on the ssinisteation of larpe doses of ethianel, aml llwi-r
carsobid not Teeore LV Pernsne on passige,

1. Hislological Findings in the Guaglion Lells of the Human
Relina,

A. Firation 12 2% Ilours Post Mortem.

Normmal persons: The nurlei of lhe ganglion cells are
virendar or oval, usually eceupying a cenleab or slightly ee-
cenfric posilion in the lurge cells, und touching on the ouler
it of the eytoplasws i the small eells. The eslour ol the
nuelei is lighl blue and fuirly homogencous, The nueleolus
wnally dies in a central or only slighlly eccenlrie position,
never in Lhe periphery of a nucleus.

As might be expected wille lale Txalion, the eyloplasm con-
tains practically no tigroid substance. Rirch-Hirschfeld (1900)
fnd 1he firsl changes in the figroid subslance two hours
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after death, and almost complete tigrolysis five to six hours
afler il

Methanol-poisoned persons: The appearance of Lhe gun-
glion cells may resemble the first slages of retrograde de-
generation, particularly with regaed to the large cells, many
of which are swollen and almost completely circular,_Awrealh

Fig. 1.

PPreparation from o putient who died from methanol poisoniug:
Volatile redacing subsdanee in hloml 026 G ealenlated as methand
whieh wirs fomapeel in weine ol eoptents of the stoamnacls, Two goagho.
et with Liggrapd teipements in the poriphery are seen, Lhe nucheus
af tle one eell is net ineluded in e section. That of U other eell
in Dattenel el e the peripliery, Position of the nueleotus peripheral.
Fhiowin 1> (K,

Mssol
Bodi o5

[

rd
uf tigrojd fragments is always Lo be seen in the periphery,
whereas the central purtion of the cyloplasm is as-colourhess
as in ¢ ration it would therefore seem that the
sranorlem hreaking down of lhe tigroid substance is less
complele in methanol-puisonced persons than under norm
' condilions,
But what more than anything else is indicalive of o scriul!:

)

Ptk RIS b
persong, and the eolouring is nal so
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fesion_of the ganglion cells is the appearince of their nuelei
g =
xhigh, purtienlasly-in—theJdarge_cells, ure_pressed Tlat and

squeezed out into_the extreme periphery of the eells (fig. 1).

In many cells it lonks ux if the nuclel are lo some exlent
anlside e hodies of the cells, being not inlrequently irregutar
and natehed in owtline. Partly on aceount of shrinking of the

Fig. 2.
Freparation from o man, sged G diel of fracture of the craniun.

Fovation b misutes post. erten. A ganglion ecll with civeular
nuelons i nuelealus i e cogiee, Thionin (< G0

- T T

melei, angd parlly on accsunl :»I'E\l:iling of the eyloplas,
there is oflen o groat change in the rebative size of the nucleus
amid the whale cell. The nucleolus is ulways in the periphery
of the nuclens, While the colour_of the nuclens in thionin-
stined _prepaeations_from normal persons is, _as__already
painted oul, light blue, it is bluish- trey in melhanael-poisoncd
omogenenus, The nueleus

. . . .
vontains markedly blue granules some of which are quile Lurge.

This is particulurly nolicenble in the small ganglion colls,

Lo Opliahalsol, Vol 2611, 12
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B. Firation 53 Minules to Twa Hours Post Mortem.

Normal persons: The large cells usunlly show profusion
uf l_lggm]_suluuuu which is, us a rule, evenly distributed
rmagj rout the evioplasin. But nol infrequently there is more
tigmul substance in the neighbourhowd of the nucleus (han
elsewhere. The nueleus is circular_or oval, ils oulline is even,
and ils nucleolus i3 almost inils cenlre {fig. 2). The eolour is a
deeper blue than in the preparations fixed comparativety late.
In the small ganglion celis it is not rare for the nuclevs

to approach the avter Limits of a cell, bul it is pever in the

< extreme peciphery.

Methanol-poisoned persons: The central portion of the
cxtaplasm conlains n dust-like ligroid substance and no well-
defined granules. In the periphery there is ulways a wreath

of large and stuall_tigoid grasvales. The nucleus is angular or

> ™0 «

Fig. 3.

Prepaeation from a man, aged 35, whio died a few minttes after

adipission to hospital. Alkuli reserve 9 vols, %. Methanol found in
urine and conients of tha stomuch, A ganglion cell with an angular
nucleus dn the periphery. Nuclenlus in the periplery. Fixation 70
winutes post mortem. Thionin (X 600).

are o less serioys_manifestation,
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aliensd, being entively in the periphery, and wilh a nueleolus
always in its periphery (fig. 31, In olher words, we find in
the main the same changes just described in the prepacations
fisedd comparalively late. The essentisl_difference depends on
Lhe fi _cuhguhf.cm1ml-p«wun.m_lhuxhq:l.mmm\ s-um
wore deeply stained inihe prepactisns fixed ("!_.l"_._'-'__.l.ll"
thuse fixed luter. Furlher, the granules shaining blue in the
nucteus come out more clearly in the preparations fixed eurly,
andl they are also most prominend in the small ganglion cells
in these preparations.

The marked changes seen in the nueled in all the peepura-
tons from patients dying of melhanol poisoniog indicale the
existence of a serious lesion of the gangliom cells. As carly
w5 1896, Nissl insisted thal changes in the tigroid substance

In_the subjects ol methanal  poisoning no  fibrillary

steucture was visible in the ganglion cells, snd in the eyloplasm
a finely granululed mass could_be scen taking ils place. ] No
paiTyole ogical changes could be Tound in e connecljve i %uc

_per kg. body weight proved fatal.

glin or_medullary sheaths,

Most of the nuclei of the colls in the inner nuelear layer
showed on fhionin staining markedty blue graniles, such as
are seen in the siall ganglion eells,

4. The Gunylion Cells of the Reting of Ruals.
The first experimenls concerned 1§ alhino reals, none of

which showed signs of peidosis, on peisoning with methanol,
Large doses had o murked narcolic effect, and about 14 ml,
P ———

The alkali reserve was measured in nine rals receiving #
ml. methanol per kg. body weighl, in five rals after 24 hours,
and in four after lwo duys. There was no ceduclion of im-
partance of Lhe alkali reserve (tuble 1),

The first 11 rals and rat nr. 21 underwent a histologieal
examination, and rat nr. 12 served as a_control.

Rats’ ganglion cells are small and most of them are nol
wery rich in ligroid substance, most of which is not infeequent-
I situaled in the periphery, There are vsually some fine
kranules close to the pueleus which is usvally in the periphery

ne
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Tahle 1.
Alkali Heserse in Rats after Paisoning with £ ml. Methanol per
kg, Body weight,

P el i Alkali Beserve vol. Yy
! Ralsnr. Weipght : ' |

' ngrant 2. day 11 3. abuy |
i3 350 44
1% 40 %)
15 420 A
14 440 )
17 2 kTH
™ ) N
19 ENO) pynt
M k1] i
F 20 Al

of the cell. The shape of the nucleus is ctrcatar or oval (Tig. 4.

In none of the preparations from poisoned rats could |
find nuclei whose appearance correspanded Lo my deseriptions
of lindings in man,

5. The Ganglion Cells of the Relina of Rabbkils,

Like the rals, the rabbits showed no sign of acidosis, The
alkali reserve of all five rablits was measured, and was found
1u be normal or a trifle reduced, as indicaled in table 2.

This tuble alsn shows that the reaetion of the pupils o

Fig. 4.
Dingrammatic ~ketels of the ganglion eclls of e veting of o
normal animal (! ated of o rat poisoned with 8 ml methanol pep Lo
Lanly weight {nr, 21
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Table 2,

Methonoel Poisoning in Balilins,

= . | ¥
< -4 - B8 ! E -
H e = €T | # )
P = 2 Ea 1 2 £
= = 5 TwE, oo _g - Remurks
= - ELF g &2
= . ~ = FHE - =y
= = c =iz 3¢ | & 2
1 4 a4
2 3 i ++
t 1 3 Bl 5 ++  7oday, tinme 23:
4 J T + 4 Hahbit moribund,
H] B ] 4 - I"upils not veacting (o
light.
T 7 [ ot ALK res. 7% vol 6
1 7 al L oduys eerning:
! 1.1 2 N Hi ek Comadose, Dupils not
reacling to light.
b R 4R +
1 L DN
i 14 2 Kol t
3 67 + -k
1 1) Conia, 2, day:
H 1.6 2 i o Moribund. Killed,
1 H
2 48 -4
3 4k

= Pupil reaction normal,
+ 0 Pupil reactinn wenk,

ught did not ceuse till the rubbits were moribund or deeply
camalose (nrs. 12, 4), and il recurred quickly on recovery
fman coma {(nr. 29,

The comlent of ligroid substance bie the ganglion cells of
e reling of rabbits varies just as wuch as in man, and is,
sv 4 ruke, greatest in the large cells in whicl it is usually
usributed evenly throughout the exltoplusm, In the small
canglion cells, whose nuclel are usuwally situaled in the pe-



178

riphery, mnost of the tgroid substanee is generally to be seen
beside the horder of the eyloplasm, close 1o The nuclens, Now
and then, most of the tigroid substanee is to be seen in the
horder opposite Lhe nuceleus,

No ligrolysis could be seen in the preparations [rom the
poisoned rubbils, Nissl's bodies could be plainly seen in all

a: Gumglion cell of & nornal rabbit,

the ganglion cells. Their nuelei were circular or oval, and were
in no way silunted more in the periphery than in the normal

preparations (fig. 2).

- Maost of the ohiservers of experimental investigations have
evidently attached most importance Lo changes in the Ligroid
substunce {(Rirch-Hirschfeld, Schwarzkopf, Alder and his col-
torators). In the pullication hy the lsst-named on experi-
mental poisoning of rabbits, a drawing is reproduced of the
gungliom cells of a normal cabbit’s relina (lig. 6 in the central
column) of the retina of a rabbit poisoned wilh synthelic
methanel (in the cotumn ta the left} and of the retina of o
rabhit poisoned with Merck's methanol (in the column to ihe

right).

1

_ISQ_uuglei are to he seen wilh {he sume pathological features
which nre so constunl in !lg-c‘jf; i'inf llll_!'!"!ill[ beings who have
Aied_of methanol poisoning. 11 we compare the cells of (he
same size in the cenlral column with thase of the columns to
the left and righl, we shall also find no differences in the

LI YO

Fig. b,

b: Ganglion eoll of poisoned ealibit (ur. 5).
Thionin (> 00},

quantily of tigroid subslance. The lowesl cell in the centrul
column evidenily does not contain more tigroid subslance than
the uppermost cell in the column to the left. There is also no
dilference of imporlance in the quuntity of ligroid subslance
in the uppermost eell in the central column and the uppermost
cell in the column to the right.

o ‘\\
. + » ;
s, Summary ond Conclusion,

An examingtion of the ganglion cells of the reling of human
heings dying of methanol_poisoning. has _shown..severe_de-~
generative changes. The shape of the nueleus, which always
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lics |g ihe cxlremc penphory of thc cell is |rrogular. It is pres-

gr.mulc-a. ‘illllllm&‘ lo ho secn._y_arllcul.trly in the nuetei_
of _Lthe smull ganglion u.-lis. There ix centrad tigrolysis in the
extoplasm, with a w reath of tigruid granules in the periphery.
In_prepagations jmpregnated with silver, no fibrillary siruct:
ure of the ganglion cells_conld he scen.

In_rats_and .rabbits poisoned with methanol. 1 have failed
o find any degeneralive chunges i in the ganglion cells of the
relina,

% ihese animals, in ~ctmlru~l to human heings, _(]n.nnl
sutter from any reduction of impartance of the alkali reserve,
my experiments confirm my clinical investigntions which have
shown that diminglion_ofvision_securs_oniy_shen there is
severe acidosis. ‘The experiments easried oul on dogs by FHa-
skell wud his collaborators show that it is nut only herbivorous
aniinuls whieh fail to develop severe acidosis when npotsoned
with methunad.

A comparison of the experimentul with the clinical findings
shows that there is a fundamental difference in the aclion of
pethanaol on animals and_human beings. Undoubledly the out:
conte of_expieriinents oi_unimals has contributed to the helief,

which bas becone general, thal acidosis does nol play any pasl

i

Ta Cormivons ltlh""’o“ 00 A4S

of bmporinnee to the course and prognosis of methanot
poisuning. This tr.ltiuug has eontributed lo the neglect of the

teealiment of the s

1 several Imm:m heings ha\e o
this account lost their lives o Lheir \l;..hl
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Gosta Karpe (Stockbolmi; An investigation by means of 1l
eheelimectinagram of a case of etlcinol pudsoning showed thad dar-
wy 1he aculy stage of mm\muiml llu- vleciroretinagram was of w

T —
eElive Iype W) gy ished B-potentiat,
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Sesent weeks after nuosicationn, when the visual acniy bad im.
provenl, the eleelrvretinoeeium was noemal, teee wis oo Ay,
and ihe B-wave wax narmal, Five monthis after the intoxication,
when thee visual aenity has diminished ad theee swits atrophy of
the disks, the electrorcinogratn was of subnormal 1ype, Amther
ense of less severe Juetlutol poisoning was fnvestigated durilge the
wente stage. and alse in this case the electroratinagram was neuntjve,
It wos ml possthle (o geg this patient exumined during the later

It is thus possible by mwans of the electroretinogram 10 register
he changes in the reling during methanol poigoning und the conse-
cutive degenerative processes,

A Sarbil:

NERODERMA PIGMENTOSUM WITH AFFECTIONS
OF THE EYE
To he published in Br. J. o, Opldluy,



