INTRODUCTION
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the result of human autopsy sho
held in question.
Considering the ocular findings
result of animal experimentations,
again arises. The fact impresses u
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nite conception of the ocular changes that
are present in these cases.
TOXICITY OF METHYL ALCOHOL

The cause of the peculiarities of
methyl-alcohol poisoning has not been satisfactorily explained. There is a paucity
of facts regarding the actual behavior of
methyl alcohol in the animal organism, so
that the underlying causes of its extreme
toxicity are by no means clearly understood. Certain facts, however, have been
determined by animal experimentation
and clinical observations which aid materially in drawing conclusions. These
are:
Methyl alcohol may develop its lethal
action through three different avenues of
entrance into the system; namely, ingestion, inhalation, and cutaneous absorption.
The presence of various impurities does
not influence the toxic action, and it is
generally believed that the effect is due
to a property incident in the methyl alcohol itself.
Methyl alcohol is a poison in which
idiosyncrasy plays an important part,
some persons being greatly affected by
doses that would not harm the majority
of people.
There is no evidence to show ' that a
to
lerance to methyl alcohol can be developed.
Man appears to be relatively more susce
ptible to a poison like methyl alcohol
than is the dog or the rabbit, for it seems
that poisons which powerfully affect the
1iighly
differentiated nerve structures are
Pro
portionately
more dangerous the more
h
ighly developed the nervous system.
The fate of methyl alcohol in the human
body is not definitely known. There
is e vidence suggesting that it is not the
'n ethyl alcohol itself but some of the
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failed to find support for the view that
any "considerable quantities" of formaldehyde are formed, but "it may be that
formaldehyde is formed and that it is
quickly converted into formic acid."
It must therefore be concluded that if
formaldehyde is present it is present but
a short time, which may, however, be
sufficient to produce a toxic action.
In considering the presence of formic
acid in the body there is indisputable evidence that it is present, for it is excreted
in the urine, but when it is formed and
how much is formed is not known. In
inane instances it is apparently the final
oxidation product, although some individuals may have the power to decompose
the meth y l alcohol further to carbon dioxide and water. That formic acid is not
present in the tissues to any degree is
evident if tissue analysis can be depended
upon as a criterion. Pohl thought it probable that all the methyl alcohol administered is converted into formic acid, that
part of the latter is then oxidized to carbon dioxide. As he did not find it in the
tissues to any degree he concluded that
very probably either methyl alcohol itself or one of its derivatives is retained
in the body and is then slowly converted
into formic acid. Bongers r on the other
hand, asserts that after the administration
of methyl alcohol considerable quantities
of methyl alcohol are excreted in the
urine. It would seem from this that not
all the methyl alcohol is converted into
formic acid.
Varied tests made upon the distillates
from tissues appear to establish the fact
that methyl alcohol and not formaldehyde
and formic acid is the principal recoverable toxic substance. Very rarely have
even traces of formaldehyde and formic
acid been detected. It therefore seems evi-

results; the amount absorbed at each exposure is added to that which remains uneliminated. A toxic concentration is thus
gradually built up in the blood as a result
of repeated exposure to concentrations
that do not cause an appreciable effect on
a single exposure. Placet 1 ° has shown
that the complete elimination of wood
alcohol requires a period of time five
times as long as that of ethyl alcohol.
It therefore appears evident that the
toxicit y of methyl alcohol may to some
degree be attributed to the fact that it remains for a long period of time in the
animal organism where it has time to
produce varied and grave changes of a
chemical and chemicophysical nature.
Most evidence points to the fact that
the methyl alcohol is distributed very rapidly to all tissues and fluids of the body.
There is practically no lag in the
methanol-water concentration of the
blood behind that found in any tissue at
a particular instant regardless of whether
the animal was accumulating methanol,
was in a steady state, or was eliminating
methanol following exposure. Consequently, all kinds of tissue or body cells
are exposed to practically the same
me
thanol-water concentration, there being
no
selective accumulation, retention, or
p r edilection. The results also show that
the amount of methyl alcohol in the body
or in a particular tissue can be estimated
from a determination of the methyl alcohol in any tissue or fluid.
It seems, therefore, that once consumed
or inhaled, methyl alcohol quickly disperses to all tissues of the body, having
no selective affinity but apparently injuring
by direct action the more highly
spe
cialized
tissues of the retina, brain,
ki
dneys, and liver and to a lesser extent
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the amount that disappears from
body appears in the expired air.
Voltz and Dietrich" found that
administration of 2 c.c. of methyl alc
per kilogram of the body weight of a
24.3 percent was excreted in 48 h
of which 21.5 percent was in the ex
air, and 2.18 percent in the urine
36.7 percent was found in the bo
follows that only 39.0 percent was
dized in the body. If the caloric val
the methyl alcohol oxidized is calcu
it will be found that this represents
about 3 percent of the total metabolis
the body. These results are in ma
contrast to those obtained in studi
ethyl alcohol under analogous condi
It seems evident therefore that the
of poison is eliminated through the lu
skin, and kidneys.
Comment. To draw conclusions
the data available is difficult. We
keep in mind that most of the pos
evidence is the result of animal ex
mentation and may not hold true
man. It is to be regretted that so
effort has been made to obtain toxico
data from the bodies of people who d
the result of methyl-alcohol poisonin
a few instances the tissues were anal
for methyl alcohol only, but nothing
been done that can be called conclu
Considering the number of fatali
from this form of poisoning the thoro
ness of our scientific work leaves mu
be desired. It is therefore evident tha
are obliged to a great extent to draw
clusions on suppositions based main
theory and animal experimentation.
It seems evident that methyl alc
cannot be oxidized readily by some
viduals and consequently acts as a po
It is most probable that the toxic
stances remain in the system as such

,, for such a long period suggests that the
transformation into formic acid is a very
gradual process. The exact period of
ti me during which the formic acid remains in the body is probably of little
significance, for a chemical of this degree
of toxicity need act but for a moment to
produce pathologic changes.
Admitting that methyl alcohol has an
effect, the presence of its by-products is
strong presumptive evidence that these
are additional toxic elements which either
alone or in combination with the alcohol
cause a profound alteration in the chemistry of the body cells. This change in
the body chemistry could produce an
acidosis which in combination with the
other factors causes pathologic Inanifestations in all tissues and especially in the
tissues of lipoidal structure such as the
retina and brain. We know that these
highly specialized tissues are always more
sensitive and will show degenerative
changes even in a temporary upset that
interferes with the normal metabolism
of its cells.
From the data available, it may be
stated that some chemical combinations
are not tolerated by the body so readily
as are others. Perhaps one of those most
poorly tolerated by a large percentage
O f people is methyl alcohol. Although
some individuals have the metabolic ability to cope with this drug, the greater
n
umber do not, and when it is taken into
the body the abnormal metabolic processes that do occur produce chemical compounds that tend to act as poisons and
alter the normal chemical balance so necessary to physical well being. It is general
ly known, and confirmed by the author's experiments on animals, that one
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SUBJECTIVE OC
VISUAL ACUITY
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in the nerve, the retina, or both, bu
judging from the ophthalmoscopic pi
tures, it is most frequentl y seen in th
region of the papilla. When the ophtha
moscope does not show changes referab
to edema, the latter may be retrobulba
It is also possible that a retinal an
choroidal edema may be present but n
evident under the ophthalmoscope.
After a few weeks, the edema subsid
and the ganglion cells that were not prev
ously destroyed again function so that
certain degree of vision returns. Becau
of the disturbed nutrition resulting fro
the toxic effect on the cell and the edem
during the acute process, many of the
partially affected cells may die; this wou
account for the gradual second reductio
in vision. The final vision depends upo
the number of cells that survive. In th
final stage, only a few cells may rema
sufficiently normal to function, and th
vision may be practically gone. In oth
cases, in which there is but a slight pe
manent loss of vision, only a few cel
have been destroyed.
In order to appreciate these statemen
recourse must be had to a study of micr
scopic slides. In the retina may be seen
total destruction of ganglion cells, and a
jacent to these cells ranging from norm
to complete destruction. The edema is al
definitely present and must inhibit th
metabolism of the still undestroyed cell
In the chronic cases, the gradual loss
vision follows the same processI to a le
degree. There is no sudden death of th
ganglion cells and very little edema, b
rather a gradual loss of vitality due to th
altered metabolism of these highly sens
tized cells.
PERIMETRY DATA

The perimetry findings are not chara
teristic. Scotoma are the most freque
finding and may be single or multipl
A central scotoma is the most con

the objective findings suggest an involvement of the entire nerve and vascular
s
element of the eyeball, together with certain suggestions of retrobulbar involvement. There are also findings which prove
that the reflex arcs of the pupil and accommodative mechanism are affected,
pointing to a central involvement. The
presence of ptosis and the involvement of
certain extraocular muscles suggest a diffuse affection of nerves other than the
optic and in all probability located in the
higher centers.
OPUTHALMOSCOPIC DATA

From a study of the various ophthalmoscopic reports, it is evident that in the
acute stage, the optic nerve is the most
frequently involved part of the eye.
The process may at first involve the
retrobulbar portion of the optic nerve
only, or it may spread forward to include
the papilla. It may involve the papilla
from the onset. Most reports make little
or no mention of the retina except the
portion surrounding the papilla.
There are indications of circulatory disturbance with edema. The picture varies
from a congestion of the nerve head to an
intense edema. Mention is made of the
dilated retinal vessels.
The optic atroph y that follows is proportional to the primary nerve involvement.
Comment. It seems evident from these
data that the optic nerve is the portion of
the visual apparatus primarily affected,
and the process suggests an edema that
may vary in degree. At least this would
be one explanation for the ophthalmoscopic
description given in the various
c
ases
reported.
In the greatest number of
t
hese it is noted that the optic papilla
shows
signs of congestion or edema at
v
arious stages of severity; retinal edema
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show the predominating picture of
logic change.
It seems evident that the initial
injury is manifested ophthalmoscop
as an edema or hyperemia only, an
undoubtedly many retinal change
visible with the ophthalmoscope bu
the less important, may not be obser

MICROSCOPIC EVIDENCE FOUND IN
IIUMAST EYE

The following summary describ
significant changes observ ed in the
reported in the literature:
In the autopsies reported by Pic
Bielschowsky," the most interestin
tologic findings appeared in the gan
cell layer of the retina, in compariso
which the other layers of the retina
only slightly altered. The tangible ch
were demonstrable onl y in the
granular layer where an agglomerat
the chromatin substance into c
masses had taken place.
In the retrobulbar section of the
nerve, changes were found which
ever, in comparison with those
retina, seemed trivial. In occasiona
ullary sheaths, a fine-grained fat
generation was found. There were
noted, at some points, swellings a
flations in the axis cylinders. If al
findings in the optic nerve are tak
gether, we may say with certainty t
acute destruction of the nerve sub
must have taken place.
In the central nervous system,
were both chronic and recent chan
all three cases. The chronic change
no doubt due to a chronic alcohol
each case. The acute changes we
clusively in the ganglion cells. Com
with the changes in the retina, thes
only trivial, from a quantitative a
as a qualitative point of view.
Comment. These findings are s
cant because they describe in consid
detail the results as found in the r
optic nerve, and the higher cent

blindness.

Comment. The report is much too brief
to be of scientific value. It is significant
that no changes were found in the optic
nerves. Unfortunately, the changes in the
retina, vagus, and phrenic nerves were
not described.
In MacDonald's' s three patients who
died as a result of imbibing methyl alcohol, the following changes were noted.
Case 1. The retina showed marked degeneration in the ganglion-cell layer. The
vessels of the choroid were considerably
congested.
Case 2. The ganglion cells were decreased in number and degenerated, and
cystic spaces were seen throughout this
laver. The vessels of the choroid were
markedly congested.
Case 3. The retina showed marked
changes. The ganglion cells were decreased in number, and cystic spaces were
seen throughout this and the nerve-fiber
layer.
In view of the well-known early postmortem degenerative changes that take
place in the delicate ganglion-cell structure, MacDowell could not say that his
findings were of value; they suggest that
the central scotoma and loss of vision
were due to toxic degenerative changes
that take place in the ganglion cells. He
believed that the subsequent changes
which result in optic atrophy are due to
ascending degeneration of the nerve fiber
f
ollowing the damage to the ganglion cell.
The optic-nerve changes, he believed, to
be late, for no pathologic alteration could
be observed in the optic nerves of any of
his cases.
Comment. Without doubt, post-mortem
changes account for some of these tissue
ch
anges, and it is difficult to evaluate the
fi
ndings. The cases were so acute that the
P a thologic changes had not progressed
very far. It is important to note the abs
ence of signs of edema in the retina and
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an increase in the glial elements in the
nerve-fiber layer of the retina surrounding the disc and passing into the optic
nerve. The rod-and-cone layer had undergone dissolution. The ganglion cells were
quite plentiful, but there was an increased
number of glial cells in this layer. The
ganglion cells themselves were swollen.
The nuclei tended to bulge peripherally
from the cell body. The Nissl substance
had disintegrated, and in some cells was
placed peripherally; in others it had taken
on a finely granular appearance; and in
still others the cell had only a shadowy
appearance. It seemed that many of the
ganglion cells in the macular region were
better preserved than those in the periphery.
CASE 2, B. This was similar to A. There
was an occasional normal ganglion cell,
however, and in places the retina was detached because of the great accumulation
of debris from the disintegrated rod-andcone layer.
The optic nerves in 58 A and B appeared
to be normal; that of 59 B showed some
pink-staining areas which had the characteristics of edema, but no change was
apparent in that of 59 A.
Comment. In these cases there should
have been obvious post-mortem changes
in the retina because the specimens were
not fixed in formalin until 12 hours after
death. However, the material was refrigerated. Evidently some of the changes
are post mortem. It is significant that they
correspond very closely to the retinal
changes reported as occurring in the other
cases, and the question naturally arises as
to how many of these are due to postmortem changes.
In the author's cases the engorged choroidal vessels and some edema of the
retina are worthy of note. Also of importance is the presence of optic-nerve
changes in one case.
To draw conclusions from the preceding autopsy reports is difficult be-
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given. It must be admitted that the evidence of changes in the human eye is the
most forcible argument that can be presented as to the pathologic process resultigg from methyl-alcohol poisoning.
ANIMAL EXPERIMENTATION CARRIED OUT
PY OTHER INVESTIGATORS TO DETERMINE
TIIE EFFECT OF METHYL ALCOHOL
0\ THE OCULAR STRUCTURES

The essential facts concerning these experiments are as follows:
In one dog HoIden lT found degenerative changes in the ganglion-cell and the
nerve-fiber layers of the retina, and the
medullar y sheaths of the fibers of the
optic nerve. The author concluded that
the retina is affected primarily, and the
change in the optic nerve represents a
secondary stage of the process.
Comment. It is rather impractical to
come to any conclusion after an investigation on one dog. Suspicion arises that
post-mortem changes may have given rise
to errors in evaluating the findings.
Birch-Hirschfeld= experimented with
rabbits and chickens and made the following observations: The toxic effect first
appeared in the ganglion cells of the
retina. After this the inner granules degenerated, later the outer granules.
In only one case could distinct signs
of degeneration of the nerve fibers be
found, and these appeared in the animal
which showed the greatest changes in the
retinal lacers—in a temporal wedgeshaped region of the cross-section beginning immediately behind the bulbus.
There was distinct disintegration of
fibers, extending posteriorly for about 5
mm.,
the remainder of the cross-sections
s
howing fairly normal conditions. In the
P reparations no sign was found of roundcell infiltration even in the degenerated
r
egion, nor a noteworthy 'connective-tissue proliferation.
Birch-Hirschfeld further stated that
vithout doubt the degenerative changes
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nuclear layer normal, the inner reticu
layer also slightly edematous. The gan
lion cells were swollen and surround
by clear areas, the nuclei being displac
far toward the periphery. The inn
lavers of the retina showed some edem
The medullary sheath of the optic ner
took Weigert's stain rather weakly.
Comnaent. This work is especially s
nificant because it confirms the findings
retinal degeneration with ophthalm
scopic evidence to support it.
The change in H-ion concentration
the aqueous and evidence of acidosis
suggestive of chemical changes in t
eyeball that substantiate to a measu
their theory as to the process leading
the retinal degeneration.
The evidence they obtained of the
creased susceptibility of higher animals
valuable; of special significance is th
contention that methyl alcohol is a tr
hematoxin and produces a degenerati
change in all tissues.
Kazas; ° in his work on the effect
methyl alcohol on rabbits, found that
general picture of changes in the reti
except the degenerative process, pr
sented the phenomena of dropsical sa
ration. The degeneration was not alwa
connected with dropsy. Changes in t
retina were markedly expressed in all
layers including the layer of rods a
cones. An adipose degeneration- of h
grade was noted, not only in the layer
nerve fibers but also in the ganglion-c
layer, in the cells proper, and in the
ner molecular and nuclear layers.
Adipose degeneration was expressed
all optic nerves. A considerable increa
of connective tissue was found. Adipo
degeneration was markedly expressed
the N. oculomotorius and the chiasma

Schanz' t believed that between the taking of the poison and the onset of blindness there is an interval in which light
has a sensitizing effect which must be
necessary before the poison can have its
effect. As an experimental confirmation
of this theory, he gave methyl alcohol
to three rabbits, protected one eye from
light, and exposed the other to the sun
for a number of hours, five or six times
in the course of several weeks. He considered the toxic amblyopia to be the result of a sensitization injury to the retina,
which absorbed more light, especially
short-wave rays, under the influence of
sensitizers. In one of these experimental
rabbits, killed on the nineteenth day after
the last exposure, he found '`rather large
exudates in the lower half of the retina
of the exposed eye, while the protected
eye was free from every change."
In the eye exposed to methyl alcohol,
he found a distinct diffuse degeneration
of the entire cross-section of the optic
nerve behind the point where the vessels
enter the eyeball. The optic nerves of the
eye kept in darkness were found to be
normal.
Comment. This experiment proves
nothing of note. The insufficient data
do not allow conclusions to be drawn.
The theory that light is a factor, acting
in conjunction with the methyl alcohol to
produce retinal changes, is a new approach but does not appeaq to have much
basis for acceptance.
In 1920 Birch-Hirschfeld s repeated
his experiments, using dogs and monkeys.
He found that distinct signs of degeneration (analogous to those previously found
in rabbits and -chickens following the
same form of intoxication) were present
in the ganglion cells.
Extensive degenerative changes could
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sence of positive findings is in • ide v
ance with other similar work :nd lea
it all open to question.
Friedenwald and Felty 22 pe-:orme
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Comment. For scientific a:curacy
comparison, it is of value to c: , mpare
methods used with those used by oth
who did find retinal change:. Fried
wald is an accurate observer and this a
weight to the importance of i..is findin
Schwarzkopf 23 experiment d with r
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light in relation to ocular c_.anges.
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generation, chiefly in the ganglion ce
Inflation of the cell body and nucle
to the point of obliteration of the c
boundaries, alternated witL shrink
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normal. The inner granules -resented
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In the optic nerve a biIkteral diff
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behind the bulbus, almost to the poin
entrance of the vessels. Er.:argemen
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Comment. Schwarzkopf's anatomic
vestigations are a complete confirma
of the Birch-Hirschfeld results. In

"The changes in the retina predomi- res
nated and were uniforml y of the nature de
of an acute toxic lesion. The vessels of du
the choroid were markedly congested. to
The entire retina was edematous, but fib
especially the fiber and ganglionic cell fib
lavers. The retinal ganglion cells _ .owed of
marked degeneration; the inner and outer ate
nuclear layers were less affected. This ing
degeneration was patchy in occurrence,
I
normal areas being immediately ad:acent bo
to markedly degenerated ones. These ede
degenerated areas were not confined to nec
an y one area of the retina but were scat- esp
tered throughout."
the
As regards the optic-nerve changes, all fla
nine authors found evidence of patho- eng
logic involvement, and it seemed common the
to find degenerations in the retina assoC
ciated with the degenerative changes in neg
the optic nerve. The retinal changes seem Sc
to predominate.
to
It is especially significant that degen- de
erative changes in the optic nerves were no
found immediately behind the eyeball. fai
Most of the writers agreed that the de- tio
generative changes in the optic nerve were stil
less conspicuous. The following quota- wo
tions are characteristic:
the
"In cross-sections,. extensive degenera- sol
tive changes could be observed even in obs
the beginning portion of the medullary Th
optic nerve, immediately behind the sho
lamina cribosa. Thee changes did not dec
appear in the entire cross-section. There
• were all stages of change ranging from
fel
b
eginning
partial
degeneration
of
indiNi
v
art
i idual fibers to practically complete disntegration of the entire bundle; but in ch
the degenerated areas there were distinct by
changes.
"In the preparations was found no sign

