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ERNEST SCOTT, MARY . HELZ AND CAREY P. 11cCORD
From the Laboratory of Pathology of the Ohio State

University, Columbus, Ohio

One of the earliest references to the toxicity of wood alcohol I^
s in an article published by `IacFarlan" between the years 18.33 x
• -'' r
nd 1856 in London. Apprpximately twenty-five years later a '
8
rench investigator, Poincare,' carried on experimental work
pon the toxic effect of its vapors. From that time to the present
it.erature contains many articles concerning the toxicity- of this
ubstance. As early as 1880 it was found to.. be toxic regardless
f its portal of entry and also that the toxic manifestations were
mentioned r
-idespread throughout the body. Ev en Poincare
uch changes in the liver, heart, kidneys, and lungs of his experi3—.
9
°
ental animals. Holden observed degenerations of the ganglion
s
o
ell la y er of the retina (with Nissl stain), and degeneration 'These
e ullzr^ sheath ecting some fibers of the optic nerve.
into the
hanges were accompanied by numerous emorr ages
eninges of the cord and brain.
I Following the development of the ophthalmoscope. ciini;•al
b- erv-atian of the eye grounds became more common and the
► 1 ^.
hanges in this organ grew in importance until methyl alcohc
became generally considered as a specific toxin for the retina and,
^n particular for the optic nerve. This is &,xemplified in the state=
tht optic
ment of Wood and .LaWall. ' "that this predilection for
ytrunks,"
nerve is but a part of the general tendency toward ner
tnifc st,ir'
and that of Tyson, who stated that while these toxic m.
, pu
::.
rions are most* pronounced in the retina and optic nerve b
,ther cranial nerves are also .affected.
from
The tissues forming the basis of the present study rc s ult c ci
before the Eleventh Annual Convention of the American uc art;: >f
* fts • a d
t 'linir tl Pathologists. New Orleans, Louisiana, May ti-1, 1 2.
a1Z
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a series of experiments made by Dr. Carey P. McCord' s in the
Industrial Health Conservancy Laboratories of Cincinnati. Ohio,
in which a careful . study of the toxic effects of methyl alcohol
following various methods of administration was made. A very
brief summary of that work is as follows.
The animals used were thirty-one young rhesus monkeys.
fifty-eight rabbits of four breeds, and 176 white rats. Of these
the final number having tissues available for microscopic study
were forty-one monke y s, twenty-six rabbits, and eighty-one rats.
These animals were treated by skin absorption, inhalation, and
ingestion. The materials used were various grades of natural and
synthetic methyl alcohol, samples of which had been obtained
both from the manufacturer and upon the open market. Details
concerning the manner of application can be found in I)r.
MTcCord's discussion.
PRESENT STUDIES

No animal was utilized for tissue study unless found before the
body warmth had left the corpse. Autospies were performed
immediately and portions of tissue preserved in the proper fixatives. The remainder of the organs was tested chemically for the
presence of methyl alcohol or its decomposition products.
The eyes of all monkeys and all rabbits except albinos were
examined at least once by a competent ophthalmologist.
Intoxication was evident following all methods of application.
The first sign of intoxication was a dilatation of the pupils, which
reacted slowly to light. This was followed by an illness which
sometimes led to prostration and possibly to death. Recovery
from the effects of methyl alcohol frequently took place even
during sustained exposure. Animals which had been blind upon
ophthalmoscopic examination frequently regained sigh t ;iiud a
y
subsequent examination revealed no patholog in the eve
grounds . The brand or purity of the alcohol seemed in no way toy
affect the pathological changes. Animals subjected to methyl
alcohol have regularly shown the presence of this substance in the
blood, urine, and tissues. Formaldehyde was never recovered
in any appreciable amounts.
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• By inhalation the threshold of danger is well below 1000 p.p.m.
of methyl alcohol vapor, while by skin absorption the threshold
is near 0.35 cc. per kilogram of body weight applied four times
daily. Individual animals vary greatly in susceptibility, black
animals being extremely resistant There is some species variation in that rats are most susceptible and_rabbits most resistant.
The typical histopathological picture of the tissues of these
animals following methyl alcohol poisoning varied more with the
species of animal used than upon the method of administration.
Capon reQeated contacts of the skin to alcohol it showed evidence
iileerat '
of irritation, which sometimes changed th ntufll
=0
ne rosis. Irritation of the skin was noted by Rosenau in individuals poisoned by methyl alcohol. Dublin and Lieboff4
mentioned inflammation of the throat and mucous membranes
of the air passages among the clinical manifestations of the poisoning following inhalation of methyl alcohol fumes.
Following either method of administration the organs of the
abdomen most constantly affected were liver, spleen, and kidneys.
The reaction in theJiv er was practically always one of_par enchymatous degeneration, which, in the more severe cases, had pron
s
ceeded to focal necrosis.
much more constant than tty de eneration spoken of by
Poincare in 1S79, and since then by Dublin and Lieboff, Smith.==
Weese 2 6 and others. T he almost constant change in the kic i
was a parenchymatous degeneration of the epithelium lining the-1
convoluted tubules. This finding was also confirmed by Poincare.
Weese, Smith, and by Isaacs.'°
In the thoracic cavity both the lungs and heart showeds rather
constant evidence of pathological change. In some, ca es the
— 3 ? lungs gave evidence of a terminal pneumonic consolidation as
noted by Weese in mice. In the milder cases edema. congestion,
was noted, as mentioned
and des uamation of alveolar

b y Pierce and by Poincare. These changes were observed more
frequently in those animal s subjected to inhalation of .alc oht'l
al adfumes than in those treated by either absorption or by or
^ha^e^^ in the e^irt began as an
ministration. The earlies
some i i i 1 edema and progress to granular degeneration, and in

a
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• stances, to a final necrosis o£. the heart muscle fibers. These
findings also confirmed those of Poincar6.
The hemopoietic system and blood showed interesting changes.
The earliest reference found to any change in the blood and blood
vascular system is in a paper by Buchner, Fuchs, and Megele,2
published in 1901, in which they discussed the capillary engorgement produced by the external application of methyl, ethyl, and
propyl alcohols. Twelve years later Miura' G injected methyl
alcohol into the blood stream of four rabbits and one dog. From
his results he concluded that methyl alcohol is toxic to the bloodforming organs. The next year, after experimental poisoning by
_inhalation, Tyson and Schoenberg u stated they believed methyl
alcohol to be a true hematoxic. All the degenerative changes
observed in other tissues they explained on the basis that the
interference with the circulation of the blood deprived them of
of their nutrition and oxygen. I Smith's recent paper he mentioned splenic engorgement and phagocytosis.
In the present series the lymp no es were frequently foun d
to be hyperplastic and the spleen in many cases gave evidence of
increased blood-forming activity. This phase of the toxic action
of methyl alcohol opens a somewhat new and interesting field of
investigation upon this subject and upon which we hope to make
•
further report at an early date.
The influence of methyl alcohol upon the central nervous system
was much the same as elsewhere in the dy: capillary con_gestion, edema, and Hato y egeneration in he neurones. This
cellular degeneration' occurred more often in the spinal cord than
in the brain . Pierce recorded cerebral congestion occurring both
in his own cases and in those of Strohmberg. Isaacs noted in his
collection of human cases edema and congestion of the brain and
meninges and an increase in the amount of spinal fluid. Riihle '
found in dogs, scattered hemorrhages along the blood Vessels in
the pons, medulla, and cord. He also noted that the vascular
endothelium contained large amounts of lipoid and that there was
periv ascu ar infiltration. 'Phis condition preceded the heniorr ages. In the experiment under discussion there was no evidence of either the perivascular infiltration or hemorrhage. noted

n

•
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b this invest' ator. Holden also described hemorrhages into
rag
ti meninges, brain, and cords of dogs. He agreedwith several
of er investigators that the alcohol causes pathological
in erves other than the optic nerve. He reported that the experim ntal dogs appeared partially deaf as well as blind before death.
B th Rosenau and Tyson refer to hearing impairment in human
c 'es. Tyson also cited one case of paresis of the left internal
re tus muscle of the eye. Jelliffe" has noted other forms of
n uitis than optic neuritis, citing a human case with neuritis of
t up er extremities. McCord, in his clinical observations on
nimals which comprise this study, noted evidence of such
ha
vere
v
heral nerve invol ement. These clinical observations
co rme in stained preparations of peripheral nerve of these
als.
studying the eye andoptic nerve constant changes were
d both in retina and nerve. Howeve , the
c
ly
nature ofan acute
a predominated and wereuniform of
arkedl y congeste d.
he
vesselsof
the
choroid
were
m
lesion. T
entire retina was edematous, but especially the fiber and
degenerated.
lionic cell avers. The ganglion cells were
degeneration was patchy in occurrence, normal areas being
diately adjacent to markedly degenerated ones. These
retina
areas
were
not
confined
to
anyone
area
of
the
tdeenerated
throughout.
ar quite
ere scattered
and he
cases,
g
cDonald 13 in human cases,
by
s' ar' to those
b
S 'th, Weese, Holden, Friedenw ald, Tyson and Schoenberg, +
e
an1 Birch-Hirschfeld' in experimental animals. without
ged
n l
M u ton's two cases of complete optic atrophy
in the retina. On the other hand it seems not uncommon
to
v
s in the retina without any degenerati e changer
find degeneration
definitely stated
in the optic nerve. Birch-Hirschfeld
hih ctideely
ge erations in the optic nerve occurred
JI cDonald did not find any optic nerve pathology in his human

1

c es. Weese and Tyson and Schoenberg fail to mention the
showed any change in the
optic nerve. Very fe w of our animals neurological stains were
specific
optic nerve although numerous
us d. The animal showing such changes must definitely w :is the
mdnkey which was blind at death.
N '

L' t' 't. „
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With these findings in mind the discussion arises as to whether
the retina or optic nerve is affected first, or whether they might
both be the result of the same change and occur simultaneously.
Tyson believed that the loss of function is due to the affected
nerve fibers first or at least coincidentally with the degeneration
in the ganglion cell layer. However, our observations in the
present study force us to agree with Birch-Hirschfeld, Mac,
Donald, and Henderson and Haggard in thinking that the degeneration of the retinal ganglion cell uniformly precedes any
degenerative changes in the optic nerve.
The most important factor in this process is the direct action
of the alcohol itself, while a contributing factor may be the accompanying edema. That such a role might be played by edema
is suggseted in a bulletin published by the National Research
19
Kasaas t2 believed that circulatory disCouncil of Canada.
turbances in the choroid and in the sheath of the optic nerve,
together with edema, lead to degeneration of the retina. The
author stated that the edema disappeared and visual power
partially returned if collateral circulation be restored. In
human cases of a chronic nature, several of recurrent transitory
blindness with a gradual impairment of sight are reported in a
bulletin issued by the New York State Department of Labor,'
and in some animals of the present series blindness was appary
ently transitor . One monkey in particular was blind both

Such transitory blindness was not of uncommon occurrence
"among the animals reported by 'McCord.
y
There has been a gradually _growing tendenc to consider
methyl alcohol as a specific poison to the optic nerve and retina.
This concentration of attention upon one manifestation oL a disease to the exclusion of its other less conspicuous lesions is not
confined to this disease, however. Among rather numerous
possible examples we may cite the fact that until the very recent
$
careful observations of Herrick the thought prevailed that the

0
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p thology of meningococcic infection, was limited entirely to the
m ninges. The proof that such infections are true cases of gene ' zed septicemia has thrown new light upon this disease and
e lain the not infrequent overwhelming infections of this organand sudden deaths occurring before meningeal pathology has
d •eloped. Other conditions in which a similar attitud
by the physician are the relationship of the kidney to
hS pertension, and also in the lesions of poliomyelitis. Similarly
th lesions of the eye have been so conspicuous as to mask the
of er manifestations of the poison of methyl alcohol. The patholo cal conditions arising from these associated effects may be,
It ever, just as constant and possibly more important than the
ch ges taking place in the eye. Also it is possible that an
in 'viduai may suffer from methyl alcohol poisonin in sev
de ee and still show no eye than s, just as meningeal lesions are
j )
no longer considered essential for the diagnosis of meningococcus
i ctions.
SUMMARY
.

l
histopathologica study has been made of forty-one monkeys,
y
been

th' ty-six rabbits, and eighty-one rats which had previousl
treated with methyl alcohol. The alcohol was administered by
i ation, by skin absorption, and orally. The method of
application made no apparent difference either in the type of
les ons or in their severity.
here is some variation in species susc spts l ce
P t: blento holinteamsud;reot
alc
alcohol and rabbits are most resistant. Individual variations in
y
su..ceptibilit to this toxin are very marked.
the characteristic pathological lesions of methyl alcohol poisontissues and
in are degenerative ones. Only the p arenchymal
n
of parenc:hynet' rones are affected. This granular degeneratio
practically never
m tissue may proceed to necrosis. There seldom
fibrosis.
inj ry to connective tissue and therefore e
:capillarythenTh se changes are accompanied by a generalizedcapill
l

'the

go; ement and edema.
identical with those'
d
The pathological con itions in the eve are identical

_

318

E. SCOTT, M. K. HELZ AND C. P. McCORD

found elsewhere in the body. The edema is most marked in the
retina and optic disc. Degeneration of the gang li on cells of the
retina is sometimes followed by degenerative changes and fibrosis
within the optic nerve.
There may be multiple degenerations involving nerves other
than the optic nerve.
REFERENCES
A.: Zur Pathogenese der Mejhylakoholambly opie.
Klin. Monatsb., f. Augenh., 38: 682-683. 1900.
(2) BvcHNER, H., Fucas, F., AND MEGELE, L.: Werkungen von MethylAethyl and Propyl All ohol auf den arteriellen Blutstrom bei
_ausserer Anwendung. Arch. f. Hyg., 40: 347-374. 1901.
(3) Dangers in the manufacture and industrial uses of wood alcohol. Spec.
Bull S6, N. Y. Dept. Labor. 1917. pp. 17.
(4) Dust, L. I., AND LIEBOFF, PsILLIP: Occupation hazards and diagnostic
signs. Bull. 306, U. S. Labor Statist 1922: pp. 31.
(5) FRIEDE_%w ALD, H.: The toxic effect of alcohol on the ganglion cells of the
retina. Bull. Johns Hopk. Hosp., 13: 52. 1902.
(6) H. , A. B.: Discussion of papers by Friedenwald, Reynolds and Moulton.
Jour. Am. Med. Assn., 37: 1450. 1901.
(7) HENDERSON, Y., AND HAGGARD, H. W.: Noxious gases and the principles
of respiration influencing their action. New York City. Chem.
Catalog Co., Inc., 1927. pp. 220.
(S) HERRICK, W. W.: Extrameningeal meningococcus infections. Arch. Int.
Med., 23: 409-418. 1919.
(9) HoLDEN, W. A.: Die Pathologie der noch profusen Blutungen sowie der

(1) BIRCH-HIRSCHFELD,

- noch Ein'• erleibung von Alethylacohol auf tretenden ' Ambhropie
nebst Bemerkungen uber die Pathogenese der Schnervenatrophie
im Allgemeinen. Arch. f. Augenh., 40: 351-355. 1900.
ISAACS,
R.: Acute methyl alcohol poisoning. Jour. Am. Med. assn.. 75:
(10)
718-721. 1920.

(11) JELLIFFE, S. E.: Multiple neuritis in wood alcohol poisoning.

Med.

News, N. Y., 86: 387-390. 1905.
(12) kA s.^.+s, I. I.: Pathology of methyl alcohol amaurosis. Chem. Ahstr.,
7: 3794. 1913.

(13) MecDONALD, A. E.: The pathology of methyl alcohol amblyopia. Extract (in reprint) Compte Rendu, Thirteenth meeting of Ophthalmologists, Amsterdam, The Hague. 1929.
(14) MACFARLAN, J. F.: The methylated spirit and some of its preparations.
Pharmaceutical Jour. and Trans., 15: 310-313. 1SSS.
ACCORD,
C. P., AND Cox, N.: Toxicity of methyl alcohol (Methanol)
(15)
following skin absorption and inhalation. Ind. and End. Clem.,

23: 931-936. 19 31.

R ,

tA

319

METHYL ALCOHOL POISONING

16)MIURA, S.: tVber die Einwirkung des Methyl Alkohols auf des zirkulierende
Blut. Biochem. Ztschr., 49: 144-151. 1913.
A.
H.:
A
report
of
two
cases
of
poisoning
by
wood
alcohol.
Boston
PIERcE,
17)
Med., Surg. Jour., 160: 237-239. 1909.
M. L.: Sur lea dangers de l'emploi de d'alcool methylique Bans
18) POINcARL,
1'industrie. C. R., Acad., Sc., 87: 682-683. 1878.
Bull
Review
of literature dealing with health hazards in spray painting. Bull.
19)
15, Canada. Nat. Research Counc., 1930. pp. 44.
H. J.: Preventative medicine and hygiene. 5th. Ed. New
20) RosENAU,
York and London: D. Appleton & Co., 1927. pp. 469. 1252.
A.: Findings in the central nervous system of experimental animals
21) RUrn.E,
after methyl alcohol poisoning. Chem. Abst., 6: 1781. 1912.
Personal communication.
2) SMITH, H. F., +a'D SMITH, H. F., JR.:
Aich.
Tysos, H. H.: Amblyopia from inhalation of methyl alcohol.
Ophth., 41: 459-471. 1912.
G M. J.: Poisoning by inhalation of methyl
y
.
2 1) T so v, H. H., AND SCHOENBER ,
alcohol. Chem. Absts., 9: 2942. 1915.
l
J.: Experimenta researches in
TYSON,
H.
H.,
AND
SCHOENBERG,
M.
25)
methyl alcohol inhalation. - Jour. Am. Med. Assn., 63: 915-922.
1914.
T ntersuchungen uber die Wirksamkeit and
g) WEEsE, H.: Vergleichende L
iftigkeit_ der Dampfe niederer aliphatischer Alkohole. Archie.
f
ep. Path. and Pharm., 135: 118-130. 1928.
.
ALL
, C H.: U. S. Dispensary, 21st. Ed. Phila( ;) WOOD, H. ., AND L. W
delphia: J. B. Lippincott Co., 1926. p. 1383.

t

