7’&?&&( LO

§
3y0h\j//c/>/))>

EITTS

ite recording of the electroretipg.
iagram of the D.C. amphﬁer with
wer supply in shown in Figures ;
varm-up penod of two honrs, the
ut shorted, is less than" 300 micr.

:tlator (Hewlett-Packart #200D)
r time marker (G) in the range
) cycles per second. The sine waye
\ trigger pulse which fires a mulg.
once each sine wave cycle. The
uced by the multivibrator circuit
-axis input of the oscilloscope and
sity-modulated time signal on the
The width of the time marker js
microseconds to 10 seconds, Ag
ft oscillator supplies additional
wies of one and five cycles per

Acidosis is prominent among the clinical
signs in human methanol poisoning. Rge!
postulates that, “severe acidosis is necessary
for the development of amblyopia and
amaurosis.” Benton and Calhoun? state, “the
acidosis does not appear to be the cause of
amblyopia but it does act as an accelerating
force. If acidosis can be corrected" before
permanent ocular damage has resulted, a
return of normal visual acuity can be ex-
pected.” The standard therapy of methanol
pisoning today consists of combatting
acidosis.

In view of this, we have set ourselves the
goal of trying to learn with laboratory ani-
mals whether acidosis is the cause, or the
companion, of visual loss in methanol
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Cell. & Comp. Physiol, 37.28) i to whether any animals other than
humans develop acidosis from methanol.
The literature apparently provides both yes
and no answers. The second question is
whether methanol causes visual damage in
nonhuman species. Again the answers in the
literature are conflicting. Our work in at-
tempting to solve the problem of whether
methanol causes acidosis or visual damage
in nonhuman species comprises the material
for this paper.
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I. Acmosis

In 1912, Schmiedeberg® first postulated
the development of acidosis in methanol

*From the Eye Service, Department of Sur-
1 mversxty Hospitals, and the Laboratory for

O e of Naval Research. A preliminary report on
this material was given before the East Central
Section of the Association for Research in Oph-
;hasrmlogy, Pittsburgh, Pennsylvania, January,
954.
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V. THE ROLE OF ACIDOSIS IN EXPERIMENTAL METHANOL POISONING

poisoning. Immediately the question arises ¢
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poisoning. Citing Pohl* and Bongers,®* who
had studied the metabolism of methanol in
experimental animals, Schmiedeberg con-
sidered that in these animals the resultant
formic acid was neutralized either by blood
base or by mnewly» formed ammonia.
Schmiedeberg was undecided on the role of
acidosis in visual loss.

Krél (1913),% acting upon Schmiede-
berg’s theories, investigated the ammonia
output in the urine of three dogs given non-
lethal divided doses of methanol. In all three
he found the amounts of urinar§ ammonia
were doubled to quadrupled. In one dog he
also determined urine formates, finding that
formates neutralized only a quarter of the
ammonia. Krél did not lesfn what acid or
acids did neutralize the remaining 75 per-
cent of the ammonia, although it was not
oxalic acid. However, he believed the in-
creased ammonia formation meant his dogs
were acidotic.

Grignolo (1913)7 determined the hydro-
gen ion concentration of aqueous and blood
serum in three dogs with the concentration
apparatus of C. Foa. Although he found a
very slightly higher hydrogen-ion concen-
tration after single sublethal doses of
methanol, Grignolo concluded that these
were ‘“changes which do not depart signifi-
cantly from the physiological values.” In
spite of this conclusion, he has been errone-
ously quoted in the literature® as having
demonstrated acidosis in dogs and as believ-
ing the increased hydrogen ion concentration
parallelled morphologic changes in the eye
tissues.

Tyson and Schoenberg®'® reported that
methanol produced acidity of the aqueous
in dogs and rabbits and acidosis in. dogs.
The authors presented no data about normal
controls. The statement about acidosis was
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based on determinations of blood electro-
conductivity with a resistance bridge.

They stated that an increase in electro-
conductivity of the blood might result from
the breaking up of the corpuscles, from an
increase in the hydrogen ion content, or
from any increase in the inorganic salts. Of
these three possibilities, they decided that
the increased electroconductivity of their
dogs’ blood was due to an increase in the
hydrogen ion concentration because blood
serum following methanol was- acid to
phenolphthalein.

These authors did not realize that blood
of normal dogs is acid to phenolphthalein.**
These strictures also apply to their descrip-
tion of an acid aqueous.’? An additional
source of error was that their animals suf-
fered severe anoxic anoxia from unventi-
lated inhalation experiments. Severe and
prolonged anoxic anoxia causes acidosis
(Van Liere).** Koehler, Brunquist and
Loevenhart™ found CO,-combining capacity
dropping to 9.8 vol. percent in pigs with
anoxic anoxia. It is evident that the con-
clusions of Tyson and Schoenberg that
methanol poisoning in experimental animals
produced acidosis has no justification on the
basis of their experimental data.

Haskell, Hileman, and Gardner (1921),®
using the gasometric apparatus of Van Slyke
and Cullen to determine plasma CO.-
combining capacity in dogs, reached these
conclusions :

“In dogs poisoned with methanol, the
severity of the intoxication is, at times,
entirely at variance with the degree of
acidosis. . . .

“Alkali, in the form of sodium bicar-
bonate, has, in itself, little or no influence
on the course of poisoning.”

Although the authors evidently used large
numbers of dogs, they give data on CO.-
combining capacity for only three: two re-
ceiving single oral doses of 7.9 gm./kg. had
normal CO,-combining capacities shortly
before and after death; one receiving 6.3
gm./kg. survived with the following CO.-
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combining capacities: 43.9 vol. percent be-
fore methanol, 33.2 vol. percent at 24
hours, and 29.6 vol. percent on the third
day. The authors reported.seven dogs given
6.3 gm. methanol/kg., orally, plus 1.25 to
5.0 gm. NaHCO,/kg./24 hours given either
orally or intravenously. All except one died
and at intervals bearing no relationship to
the amount of sodium bicarbonate. No CO,-
combining capacities were reported as being
done on this treated series.

Loewy and Miinzer (1923)¢ disagreed
with Krdl's conclusion that increased ufi-
nary ammonia formation meant that the dogs
were acidotic. In two rabbits and one dog,
they found no decrease in the CO,-combin-
ing capacity or increase in pH. Their use of
usually sublethal, and often subtoxic, doses
of methanol, their paucity of experimental
animals, and their lack of duplicate deter-
minations makes their work inconclusive,
however.

Leo (1925)7 next tackled the problem of
experimental acidosis by means of survivor-
ship with and without therapy with sodium
bicarbonate. He made no CO,-combining
capacity determinations and used four dogs.
Two dogs received 1.45 gm. methanol/kg.
every day for six days, by stomach tube, 2
low dosage. One of these two dogs received
an average of 2.5 gm. NaHCO; every day,
seven times. The control dog died on the
eighth day, whereas the treated dog was com-
pletely well at that time. No experimenta
data were given for the second pair of dogs
except that the control dog died on the sixth
day and the treated dog on the 10th day. Leo
stated that NaHCO; was without effect in
the therapy of methanol-poisoned mice, rats,
and rabbits, but gave no experimental data
This is not conclusive evidence, nor does Leo
make such a claim. The German dog short-
age unfortunately prevented his doing fur
ther work. He believed that these exper:
ments indicated a species difference in reac:
tion to methanol, and that sodium bicarbe-
nate successfully combats methanol-induced
acidosis in dogs.
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Von Oettingen'® believed that Leo’s as-
sumptions were supported by the work of
Rewiger (1922).»* Rewiger gave six dogs
single, subtoxic, oral doses of methanol
(104 to 1.7 gm./kg.) and then determined
their urinary nitrogen output by the Kjel-
dahl method. Following methanol he found
maximal increases in the daily urinary nitro-
gen of from 1.3 to 1.7 times their normal
output. He likéwise gave two rats- oral
methanol at comparably subtoxic levels for
the species (3.8 and 4.4 gm./kg.) and found
no effect on the urinary nitrogen. Rewiger
subscribed to the theory that there is«a
parallel between eye damage and altered
protein metabolism, but reported no eye
examinations in his animals.

Clark and Gibson (1933)%.reported that
in dogs, while “sodium bicarbonate in suffi-
cent amounts to maintain a normal acid-base
balance was ineffective as was the repeated
administration of glucose alone, . . . a com-
bined therapy with sodium bicarbonate seems
successful.” Experimental details were not
published in this brief summary of an orally
presented paper, but Dr. Clark very kindly
made the experimental protocols available
to us.2* Doing CO.-combining capacity by
the Van Slyke method, Clark found that,
of four dogs fatally poisoned with orally
administered, repeated doses of methanol,
three developed severe acidosis.

it tackled the problem of
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1. From a normal of 41 vol. percent to a low
of 20 vol. percent.

2. From a normal of 41 vol. percent to a low
of 14 vol. percent.

3. From a normal of 45 vol. percent to a low
of 11 vol. percent.

The fourth dog died before a postmethanol
blood sample was obtained. Only one dog
was given a single oral dose. This dog sur-
vived 7.0 gm. of 20 to 25 percent methanol/
kg. without developing acidosis (from a
normal of 36 vol. percent to a low of 31 vol.
percent). Methanol doses and doses of thera-
peutic substances varied in each experiment.
However, even although dosages cannot be
compared, the increased survival rate of the
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group treat\ed with sodium bicarbonate and
glucose and insulin was not mathematically
significant. Survivals were as follows;

1. Methanol o;ly-—one. out of five survived,
Methanol and glucose—one out of threée:

survived.
Methanol and NaHCO; and insulin and glu-
cose—four out of six survived.

2

survived.
3. Methanol and NaHCOs—none out of three
4,

Rge (1948)* measured the alkali reserve
in rats and rabbits. Nine rats were given
single doses of 6.3 girh. methanol/kg. by
stomach tube. Our rat LDy, per os was 9.5
gm./kg. (50-percent solution) and that of
Alder, Buschke, and Gordonoff?? (LDso)
was 8.3 gm./kg. (70-percent solution). Thus
Rge’s dosage is evidently sublethal for rats.
He collected bloods by decapitation on the
two following days, finding all CO,-combin-
ing capacities lying between 47 and 60 vol.
percent. He also did a series of five rabbits.
Two received daily oral doses of methanol
varying from 24 to 5.5 gnl./kg. for three
and seven days. Neither showed acidosis.
Three received single doses (6.3 and 7.9
gm./kg.). Of these, one of the two 6.3 gm.
rabbits showed a drop in CO.-combining
capacity of 20 vol. percent on the second
day, returning to normal on the third. This
is not unusual for rabbits (see later). Values
prior to administration of methanol were
not reported for the other two, but second-
day CO,-combining capacities were normal.
Rge concluded that “like the rats, the rabbits
showed no signs of acidosis.”

Because of its bearing on aspects of our
experimental work,*® a description of two
early works on human acidosis is indicated.
The first clinical use of alkali therapy was
made by Harrop and Benedict (1920)* who
investigated their patient’s alkali reserve be-
cause of the work of Schmeideberg® and
Krol® Their patient drank about 2.5 to 3.0
gm. methanol/kg. in one evening. About 48
hours later she was almost blind and was
acidoticc. NaHCO, therapy corrected - the
acidosis. On the second day after ingestion
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of methanol, the patient was found to have
2,200 cc./liter of N/10 titratable organic
acids in her urine. This dropped four days
later to a normal 200 to 400 cc. N/10 acid/l.
The method used for the determination of
titratable organic acids was that described
by Van Slyke and Palmer (1919).2® Later
in 1920 Van Slyke and Palmer® also de-
scribed a patient who survived ingestion of
methanol and who also showed an increase
in titratable organic acids in his urine.
Neither Harrop and Benedict nor Van Slyke
and Palmer were able to ascertain what
specific acid caused the increase following
methanol. It was not caused by lactic, formic,
or aceto-acetic acid.

II. OCULAR EFFECTS

The production of clinical ocular damage
by methanol in nonhuman animals has been
reported by some authors and denied by
others. Likewise, there is disagreement about
the production of histologic changes in ex-
perimental animals. A critical discussion of
the much-debated questions relating to histo-
pathologic changes in the peripheral visual
apparatus is beyond the scope of the present.
report; however, for the sake of complete-
ness, we are reporting the authors’ conclu-

_sions on histologic experiments.

‘In humans, methanol frequently causes
ocular signs and symptoms and blindness,
about the appearance of which there is essen-
tial agreement in the literature.®* 2 It is
for these effects that we must look in the
papers on experimental poisoning. Four
common ' sources of confusion should be con-
sidered before discussing the individual
papers:

One error is the conclusion that animals
in the early stage of intoxication (the first
few hours after administration of methanol)
who bump or stumble over objects are blind.
These are unquestionably ataxic manifesta-
tions of alcoholic intoxication and are de-
pendent upon temporary alterations of
higher cerebral functions rather than due to
any impairment in function of the peripheral
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" last as long as four days, the eyelids are

visual apparatus. One does not observe
blindness at this stage in human cases.

A second error is that visual impairment
following exposure keratitis is due to a
specific ocufar effect of methanol. All ay
thors are agreed that nonprimates shortly
after a sufficiently large dose of methanol
become comatose. During coma, which can

usually open. A severe exposure keratitis
with secondary bacterial invasion occurs in
these cases and results in corneal opacifica-
tion, which undoubtedly diminishes vision.
This nonspecific secondary damage is not
comparable to the methanol blindness of
humans.

The third error is concerned with altered
pupillary sizes and reactions. These changes
are common in all nonprimates; but neither
in the literature nor in our experience do
they show correlation with ocular damage
as evinced by ophthalmoscopic and histo-
pathologic appearances. They are associated
with semicomatose and comatdSe states. We
bélieve that in nonprimates the mechanism
of ‘production of these pupillary changes is
one common to all anesthetic agents and is
unrelated to the specific ocular damage
caused by methanol. Nystagmus is probably
developed on a similar bast igher
alcohols are also reported to cause it; how-
" ever, no authors have claimed loss of vision
because the animals developed nystagmus.

A fourth error is that comatose and
moribund animals who do not respond to

visual stimuli are blind from the toxic ambly-’

opia of methanol. Animals in such states
do not respond to any type of stimulus.

In 1896 Joffroy and Serveaux,? in a study
of acute intravenous and intramuscular
methanol poisoning, reported nystagmus and
pupillary changes (mydriasis and miosis)
in dogs and rabbits. In two chronically
poisoned dogs no eye changes were noted.
These authors did not report having done
ophthalmoscopic examinations.

Baer (1898)% gave rabbits single oral
doses of methanol. He described early pv-
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pillary changes; with lethal doses he often
found nystagmus.

Ward Holden (1899)% was the first
worker to claim that he produced the toxic
amblyopia of methanol poisoning in experi-
mental animals. This claim was based upon
one dog who received 4.0 gm. methanol/kg.
by stomach tube on days one and five of the
experiment. Holden described early pupil-
lary changes and blind drunkenness. On day
seven he reported ocular irritation as shown
by the dog’s rubbing his eyes with his paws. -

j On day 15 (10 days after the last methanol)

mucopurulent conjuncti-
. On day - vitis followed by corneal clouding, When the

the corneas became sely

16 the dog was found dead-The autolyzed
eyes were sectioned and were said to show
retinal ganglion cell and optic nerve degene-
ration caused by methanol. An autopsy to
determine the cause of death was not re-
ported.

Harry Friedenwald (1902),22 in an ab-
stract of an oral presentation, reported
ganglion cell degeneration in rabbits with

ronic _methanol poisoning. eri-
mental details were published about clinical
eye examinations. '

Birch-Hirschfeld in a series of scholarly
papers (1900, 1901, 1902)%-% reported his
experiments in detail. He poisoned seven
rabbits, three hens, four dogs, and three

rhesus macaques with repeated oral doses of

methanol. He described primary ganglion

cell degeneration of the retina occasio

dinical observations are of considerable in-
terest. All of his animals with the exception
of the hens received almost daily ophthal-
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_Qn/édbg, _poisoned for 35 days, showed on
one examination a transient hyperemia of the

discs with dilatation of the retinal veins, but
had no-clinical evidence of visua! loss. Only
in the monkey did Birch-Hirschfeld con-
sider the clinical presence of a toxic ambly-
opia a certainty.

Reid Hunt (1902)*¢ reported experiments
on rabbits and dogs in which he believed
one dog became blind. This dog, who was
MW
who had repeated episodes of unconscious=

‘ness, developed

corneas became blue, blindness was observed.
This case has extensively cited*® as
methanol toxic amblyopia in dogs. The de-
scription in the paper is of blindness due

1o _exposure keratitis and mot to methanol

__toxic amblyepia.

Lesieur (1906),%" giving lethal intrave-

. nous doses of methanol and other alcohols to

rabbits, reported all ajeohols caused nystag-
mus rarely and mydriasis frequently.

Nicloux and Placet (1912)2® reported
dilated pupils in one dog fatally poisoned
with intravenous methanol.

The paper by Igersheimer and Verzir
(1913)* has been misquoted®® in that it is
cited as showing methanol amblyopia in
hens. Igersheimer and Verzir reported that

~ hens showed “diminishing of the light sense
with methanol (that is, weaker scratching
[for food] with diminishing light).” The
authors said, “This raises the question
whether these light sense findings are indica-
tive of changes of the retina itself or should

roy and Serveaux,? in a study
ravenous and intramuscular
ming, reported nystagmus and
iges (mydriasis and miosis)
rabbits. In two chronically
no eye changes were noted.
did not report having done
ic examinations.
)% gave rabbits single oral
anol. He described early pu-
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only one, a monkey, was considered by
Birch-Hirschfeld to have definite evidence
of ocular damage. This monkey, given

methanol for 15 days (amounts of methanol/
body weight were not reported but produced

toxic symptoms), showed from the 11th
experimental day optic atrophy and’ dilata-
tion and tortuosity of the retinal veins along
with behavior indicating possible visual loss.

: -mqswg%ﬁons and tests for objec- _they be interpreted as cerebral fatigue s :
tive signs of visual defects. Of these animals _toms, We cannot venture at this time to

give the answer to this question on the
grounds of our experiments.” They also
found no definite histopathologic changes
in the eyes of their experimental animals.

Kr6l (1913)¢ stated that none of his three
dogs nonfatally poisoned with divided doses
showed any ocular damage. No ophthalmo-
scopic examinations were reported. Krdl’s
doses were barely toxic and well below the
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3 approximate oral minimum lethal dose for
f dogs. i
P _ Kasass (1913)% gave 40 rabbits toxic,

b oral doses of methanol riods varying
S “from one to 267 days. On pathologic exami-
b nation he found “changes in the vascular

membrane, in the membranes of the optic
nerve, in the retina, beginning with dropsy
and degeneration up to albuminuric retinitis,
and, in the optic nerve beginning with
parenchymatous degenerated neuritis up to
axial atrophy.” = .
In 15 of the 40 rabbits, Kasass reported
: ophthalmoscopic changes, the most frequent
\ o~ of which (14 rabbits) consisted of narrow
S retinal arteries. Dilated retinal veins occurred
in four. Pale discs “which did not have any
special significance” occurred in eight.
“White discs of suspicious appearance” were
seen in three and acute optic atrophy in three.
Kasass was unable to devise any test with
which he could determine the presence or
) absence of vision in rabbits.
E Evaluation of this paper is difficult. In the
- early portion, Kasass stated that “numbers
17, 21, and 23 have to be excluded since
they died from other causes”; yet he de-
! scribed the pathologic changes in the periph-
eral visual apparatus of these three rabbits
and based his conclusions on findings in
these three animals as well as in others. The
unique difficulty of a funduscopic diagnosis
of optic atrophy in the presence of the
R myelinated nervehead of the rabbit needs no
3 emphasis.
- =) Langgaard (1913)* saw nystagmus in one
L of a series of rabbits fatally poisoned with
oral methanol. '

Tyson and Schoenberg®*® reported acute
and chronic inhalation experiments using
five guinea pigs, one rabbit, nine dogs, and
one monkey. They reported ophthalmoscopic
changes in rcent of the ined dogs

~and the monkey, and retinal ganglion-cell -

degeneration in all animals. In passing, it
should be mentioned that, except in two in-
stances, all pathologic material was obtained
from animals dead for an unknown period
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 for too long a time. .

of time. Fundus changes reported in the dogs
consisted, with one exception, of hyperemia
and edema of the optic discs, and dilatation
and darkening of the retinal veins.

Their.dogs were placed in an unventilated
box. Calculations show severe anoxia was
produced. The authors made ophthalmo-
scopic examinations immediately after re-
moving the dogs from the box; and eye
changes were never reported after the few
times in which the authors stated that free
‘ventilation had been given.

Anoxia is reported to cause dilatation and
darkening of the retinal vessels, especially
the veins (Cusick, Benson, and Boothby;*
Duguet, Dumont, and Bailliart*®), enlarge-
ment of the blind spot (Goldmann and
Schubert**), and is believed “to play a role
in the production of visual defects associ-
ated with papilledema as sometimes occurs
in hemorrhagic states” (Walsh®).

Thus, anoxia alone can cause the ocular
findings Tyson and Schoenberg ascribed to
methanol. These eye changes are found in
uncomplicaied anoxia. Tyson and Schoen-
berg’s unventilated box provided increasing
carbon dioxide in addition to decreasing oxy-
gen amounts. It is unnecessary to consider
toxic effects of carbon dioxide here.

The exception in the fundus changes was
in one dog who from eight to 50 days had
optic discs which were “paler than in the
normal dog examined.” The monkey appar-
ently received free ventilation during at
least most of the experiments, as was fre-
quently noted by the authors. On day 19, the
discs were considered hyperemic as com-
pared with the first examination; this was
subsequently not remarked upon, the
monkey dying at 22 days. This might repre-
sent toxic amblyopia; on the other hand,
they report one dog who was killed when
the assistant accidentally closed the vents

optic nerve pathology in
mals.” Apparently this w
mary of his 1900 to 19
surmise abetted by the f
kopft* working under B
1922 failed to cite any

than 1902.
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optic nerve pathology in experimental ani-
mals.” Apparently this was merely a sum-
mary of his 1900 to 1902 experiments, a
surmise abetted by the fact that Schwarz-
kopf*” working under Birch-Hirschfeld in
1922 failed to cite any work more recent
than 1902,

Schanz (1920)*® claimed that exposure of
the eye to light precipitated the toxic ambly-
opia of methanol poisoning. Schanz gave
three rabbits single sublethal o1al doses of
methanol. One eye of each rabbit was
covered, except during ophthalmoscopic ex-
aminations. One rabbit killed after 10 days
showed no abnormalities, O.U. Rabbit No. 2,
killed after 19 days, had a normal unlighted
eye and large exudates in the lower half of
the retina of the lighted eye. Schanz gave no
description of these exudates, but this does
not resemble the human toxic amblyopia 19
days after methanol poisoning, No experi-
mental details whatsoever about the third
rabbit were reported. See discussion of this
paper by Schwarzkopf.¢*

Friedenwald and Felty (1920)¢ gave®
rats, mice, guinea pigs, rabbits, and dogs
methanol doses comparable to those given by
Birch-Hirschfeld. Ophthalmoscopic exami-
nations were not done. They found that
Birch-Hirschfeld’s histologic findings could
be explained by artefacts due to fixation tech-
niques rather than to methanol poisoning.

Bills and Maukin (1921)% exposed white
rats to methanol fumes, getting toxic
systemic effects and even death. However,
0o decrease in brightness sensitivity was
observed. ,

Schwarzkopf (1922)* chronjcall poi-
wmmm
anol via stomach tube. He found retinal gan-
glion cell degeneration and occasional optic
nerve degeneration but no definite clinical or
ophthalmoscopic evidences of ocular damage.
His experiments also dealt with exposure of

without effect on methanol poisoning,
deSchweinitz (1923)% reported data on
three chronically poisoned dogs studied by

VISUAL TOXICITY OF METHANOL

himselfs and co-workers. From oral doses
given every two to three days for nine to 80
days, the dogs showed marked intoxication
but “during life gave no indication, ?phthal-
moscopic or otherwise, of defective' vision”
and pathologic examinations failed to show
retinal ganglion cell degeneration. In one
dog there was very slight veiling of the
discs on one day, but deSchweinitz did not
consider this significant.

Munch and Schwartze (1925)%2 studied
acute oral toxicities .in rabbits. Their only
reported eye finding was frequently occur-
_ring nystagmus.

m (1926)%* concluded, on
the basis of the literature as well as of
their own work, that the specific poisoning
by methanol of the nervous apparatus of
human eyes was also found 4n animals,
Their conclusions were based upon the fol-
lowing evidence. In poisonings of dogs,
rabbits, hens, ducks, and a cat by orally ad-
ministered, divided doses, gne dog after five
days of deep narcosis was found to have
clinical eye changes. This was a blue-white
opacity of the cornea. Ganglion cell changes
were found in specimens obtained after dogs
had been dead for unknown times ; but no
pathologic changes were found in the eyes
of dogs experimentally killed. Rost and
Braun also reported nystagmus in rabbits.

Alfred Leo (1927)%¢ gave single doses of
methanol to four dogs and chronically poi-
soned two dogs (both orally). In all experi-
ments he found no eye damage or changes
except one episode each in two dogs of early
pupillary changes. Leo did not do ophthal-
moscopic or histopathologic examinations of
the eyes.

Weese (1928)%% used mice in chronic in-
halation experiments. Groll, who examined
the histologic sections of the eyes, found
degenerative changes of the nervous ele-
ments of the retina but was of the opinion

the_eyes to ligh Awﬁrgw_ggwthat these changes were not necessarily the
0

result of an intravital process. X
Noé (1929),% on the basis of acute intra-
venous poisoning experiments, claimed that
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rabbits sometimes became blind. The evi-
dence upon which this statement of blind-
ness was made consisted of two rabbits who
(1) did not raise their heads to a bright
light in a dark chamber and (2) did not
immediately go to a proffered cabbage leaf.
One of these rabbits was moribund at the
time of testing, dying less than four hours
later. In consideration of the unpredictability
of normal rabbit behavior, we do not find
this evidence convincing. Noé reported no
ophthalmoscopic or other ocular find-
ings.
Keeser (1931, 1931)% % found formatde-
hyde in the vitreous of rabbits given re-
peated sublethal doses of methanol. After
incubating surviving calves’ vitreous with~
methanol, he also found formaldehyde, which
he considered the toxic agent in methanol
poisoning. He reported, without giving the
numbers of rabbits used, that “the animals,
which for two weeks had daily_,re_e’eM

cc. methanol plus 0.5 gm. ammonium car-
Wo%y weight in dilute aqueous
solution, showed less extensive changes in
their organs by macroscopic examination
than those animals who were given only
methanol” Keeser did not specify what
organs or what changes. :

McCord (1931)% and Scott, Helz, and
McCord (1933)* gave single and repeated
doses of methanol by skin absorption, in-
halation, and ingestion to rats, rabbits, and
rhesus monkeys. Reported clinical ocular
findings were: early pupillary dilatation and
slow reaction to light (species unidentified),

W rats and
rabbits, clinical optic atrophy in rabbits, and
blindness (one monkey, other species un-
identified). No correlation was given be-
tween dosage and clinical ocular findings.
" They reported the following histopathologic
changes: parenchymatous degeneration and
focal necrosis of the liver; parenchymatous
degeneration of the epithelium lining the
convoluted tubules of the kidney; increased
blood-forming activity of the spleen; edema,
congestion, and desquamation of the alveo-

the heart ; frequent hyperplasia of the lymph.
\@d}s;/capillary congestion, edema, and

lar epithelium and Pneumonic consolidation
"of the lungs; edema, granular degenera-

0
tion, and necrosis of the muscular fibers o

patchy degeneration in the neurones of the
spinal cord and brain; peri neuritis ;
constant retinal changes consisting of marked
congestion of the choroidal vessels, edema,
patchy degeneration of the ganglion cells;
and rarely, including one monkey blind at
death, degeneration of the optic nerve. The
report that a monkey was blind at death is
significant. Unfortunately protocols giving
details o clinical and histopathologic
findings are no longer ava .
——Sammartino (1933)° gave a “series” of
one rabbit a single intravenous sublethal
dose of methanol. His only abnormal ocular
finding was transient “hyperemia of the
papillary veins” in the fundi. In six_rabbits
given formaldehyde and five given formic
acid, he foun ialways normal. A minor
fundug change of a debatable natufe in one
of a species with unusual discs does not
constitute toxic amblyopia in our opinion.
Harada (1937)¢ studied the antihelminic
action of methanol and nine other drugs in
mice and dogs. Along with four other drugs
in dogs, methanol was reported to cause
“sight damage, as was shown by blindness,
mydriasis, slow pupillary reaction to light,
anisocoria, and often fixed pupils.” Harada
gave no evidence as to how he determined

“blindness”; apparently his conclusion of -

blindness was based on the early pupillary
changes in narcotized animals. Harada de-
scribed a variety of histologic degenerative
changes common to all 10 drugs; no details
of techniques were given.

Alder, Buschke, and Gordonoff** worked
with rats and rabbits giving both oral
methanol. White rats were fatally poisoned
with single and repeated doses. Their eyes
showed no ophthalmoscopic changes, and
with respect to histopathologic findings, the

authors concluded that any alterations could -
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moscopic changes, and
pathologic findings, the
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means. Although white rabbits nonfatally congestxon of the discs and fundi; granular
poisoned with repeated doses showed mo eyegrounds; pallor of fundi; pallor and
ophthalmoscopic changes, their retinas - fuzzmess of the discs; one with slight exca-
showed ganglion-cell degeneration. These vation of the disc; and one with an exudate.
rabbits were given 1.4 gm. of a 70-percent Linn believed that slight congestion 'which
solution of methanol/kg. on days 1, 3, and may have slightly increased after methanol
4. For the rabbit this dosage should be sub- was on a vascular basis due to reactions to
toxic; in our hands a single oral dose of 7.0  fright or strugglmg

gm. of 30-percent methanol/kg was the Fink (1943)*" concluded that he had
approximate LD, demonstrated ganglion-cell degeneration and
w Tomita (1939)** fed dogs repeated daily edema of the nervehead in histopathologic
doses of 1.4 to 12 gm. /kg of 30-percent sections of dogs and rabbits poisoned with
methanol mixed with cow’s milk until death repeated doses of methanol. He found no
occurred. The ‘diagnosis in some of these apparent visual disturbances. Experimental
dogs of clinical visual damage was based details were not published, but Dr. Fink
upon pupillary changes or corneal opacifica- most kindly made available to us the pro-
tion following exposure keratitis. Ophthal- tocols of his experiments. Five rabbits
moscopic examinations made on some of were given approximately (taking average
the dogs always showed normal eyegrounds rabbit size to be 2.0 kg.) 4.0° gm. of 100-
except for one dog poisoned for 224 days percent methanol/kg. every other day, six
and showing engorged retinal veins toward doses. Slightly dilated or tortuous vessels
the end. Tomita reported degenerative were noted in all. Four dogs were given 3.5
changes of the ganglion cells of the retina; gm. of 100-percent methamol/kg. every other
degeneration of the optic-nerve fiberg; day, five doses. On one day, in one dog,
softenin itis, and bleeding i . dilated retinal vessels were seen. We assume
brain. Fixation of tissues was done from that Fink felt the appearance of the retinal
zero to six hours after death. ‘ vessels was not significant since he reported
Koppanyi and Cutting (1941)% found no negative results in his published papers.
blindness in two dogs for several weeks Four rabbits received about 1.0 gm. of
after recovering from single oral doses of 100-percent methanol/kg. every third day,
16 gm./kg. of absolute methanol, and in 20 doses, and four dogs received 0.66 gm. of
one dog given 8.0 gm./kg. All three were 100-percent methanol/kg. every third day,
treated with massive intravenous infusions 20 doses, without either series showing oph-
of one-percent NaCl. The higher dose is thalmoscopic changes. Doses in these last
about double the lethal dose for dogs. No two groups were less than those given by
ophthalmoscopic examinations were re- authors previously reporting in vivo ocular
ported. changes after chronic poisoning.

Sayers et al. (1942),% (1944)¢ gave Rge (1948)* found no retinal ganglion-
methanol mainly by inhalation and in a few cell changes in rats poisoned with single
experiments by skin absorption. Dosages oral doses or in rabbits poisoned with single
were found to be subtoxic. No deviations and repeated oral doses. As previously
from normal ophthalmoscopic findings were noted, his rat doses were low. He made no
seen in any of the dogs. report of clinical ocular findings.

It is of great interest that the ophthal- Fanta and Mayer-Obiditch (1953)°® re-
mologist in this study, J. G. Linn, examined ported deposition of an acidophilic material
30 normal control dogs with the following into sheaths and perivascular connective tis-
varied findings: no abnormalities to slight sue of the optic nerve in an unspecified num-
congestion of the discs; slight to marked ber of rabbits who were killed apparently
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only several hours after eating an unspecified
amount of the methanol which was poured
into their food, These authors stated,
“There occurred again after the shortest
time paralyses in the region of the rear
extremities and various signs authorized the
assumption that the sight of the animals
was disturbed.” This was their only mention
of clinical ocular findings; so from the con-
text we believe the “various signs” were
early narcotic effects such as ataxia and
pupillary changes, rather than those of toxic
amblyopia. -

Marconcini (1953)®® claimed that sub-
conjunctival injections of hydrogen peroxide
apparently ameliorated the histopathologic
changes in the optic nerves of rabbits after
single systemic doses of methanol. He re-
ported “intense hyperemia of the vessels of
the ocular fundus” in three out of his series
of four rabbits. One rabbit was given 3.0
gm. of 15-percent methanol/kg., intrave-
nously; the other three were given 2.5 gm./
kg., intravenously. Noé* reported 4.2 gm. of
20-percent methanol/kg. was the intravenous
minimum lethal dose for rabbits. Thus Mar-
concini’s doses were low.

III. SuMMARY

A. Much of the experimental work, from
which methanol-induced acidosis in non-
primates is claimed, is technically inadequate.
The cases shown in Table 1 have had CO,-
combining capacity determinations made be-

fore and after methanol poisoning. This is in
contrast to the frequent development of
severe acidosis in humans following single
oral doses. The numbers involved do not con-
stitute adequate proof or disproof of a similar
frequent development of acidosis in non-
primates.

B. Although there are many claims in the
literature of clinical visual ‘loss in experi-
mental animals, some are erroneously based
on four common sources of confusion which
are not related to the typical methanol am-
blyopia seen in humans. Other papers are
inconclusive because (1) animals were given
doses which were probably subtoxic or
(2) insufficient evidence was reported. Some
papers reporting negative results did not
include ophthalmoscopic examinations.

Five authors?® . 35, 47, 51, 7 renqried nega-
tive clinical ocular and ophthalmoscopic find-
ings in rats, rabbits, dogs, and two rhesus
monkeys. Almost all of these animals were
chronically poisoned by oral administration.
One paper® reported negative ﬁnding; in
brightness discrimination with rats.

One papér® reported positive clinical and
ophthalmoscopic changes in chronically
poisoned rabbits. We mentioned the possi-
bility that these changes could be on the
basis of confusion of appearance in view of
myelinated nerve fibers, rather than on the
basis of a true toxic amblyopia.

One paper®® réported one rhesus monkey,
fully documented and reasonably incontesta-

TABLE 1

CASES IN THE LITERATURE SHOWING CO. COI‘BIN!NG CAPACITY DETERMINATIONS
BEFORE AND AFTER METHANOL POISONING

Species NX;’;&‘:‘:‘ Dosage Result Acidosis Refﬁ':noe

D 3 Repeated Fatally poisoned Severe 21

Dg 2 Sin]::l!fel Fatally poisoned None 15

Dog 1 Single Nonfatally poisoned Moderate 15

Dog 1 Single Nonfatally poisoned None 21

Rabbit 3 Repeated Ex i léilled but probably None 1
atal doses

Rabbit 2 Single E);perl léilled but probably -None 1
atal doses

Rat 9 Single Exper. killed but probably None . 1
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ble, with clinical and ophthalmoséopic evi-
dence of toxic amblyopia caused by methanol.
C. Authors’ summari f ¥
findings in experimental animals following
methanol poisoning were listed. Some re-
ported positive findings, mainly of retinal
ganglion-cell and optic-nerve degeneration ;
others were of the opinion that these changes
could all be accounted for by autolysis and
fixation techniques. We did not make a criti-
cal evaluation of histopathologic experi-
ments, =

MATERIAL AND METHODS
I. ANiMaLs

Rats were male albinos of the Sprague-
Dawley strain.

Rabbits were male albinos.

Dogs were mongrel males obtained from
the city pound.

Monkeys were wild male rhesus macques
(macacus malata), all apparently in good
health at the beginning of experiments.
Twelve days was the minimum stay in the ¢

‘laboratory prior to being used in experi-

ments, During experiments they were lodged
in an air-conditioned room and were given
daily multivitamin supplements.

II. SoLuTiONS

A. Methanol, Merck, 99.5-percent reagent
methanol, acetone free, was used through-
out. Concentrations were chosen after con-
sideration of two factors:

1. Probable stomach capacity, since a vol-
ume exceeding this would cause regurgita-
tion.

2. Tendency of high concentrations to
cause vomiting. , Since toxic doses of
methanol are so high in nonprimates, choos-
ing a successful procedure was sometimes
difficult. Most rodents got 50-percent
methanol (weight) ; whereas, dogs got 16
to 26-percent, and monkeys got five to 22-
percent.

B. Sucrose. Methanol solutions for dogs
and monkeys contained up to 20 gm. of

-
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sucrose. ‘The purpose in adding the surcose
was prevehtion of methanol irritation to
the gastric mucosa, which is conducive to
vomiting. Since the monkeys showed no
signs of nausea or vomiting, this could'well
be discontinued in future monkey experi-
ments. However, most dogs were nauseated.
Apparently the surcose, plus rapid return
to feet and elevating the mouth at the end of
gavage, plus flattery, kept early vomiting
from occurring in all but two of the dog
experiments. Keeney and Mellinkoff?® “pos-
tulated that glucose may be a valuable adjunct
to alkalinization” in the treatment of metha-
nol poisoning, but Clark and Gibson?° found
glucose alone did not lessen toxic effects
of methanol in dogs. Since food intake

" before experiments was unregulated in our

animals, we would not expect the Amounts of
sucrose given to have any significant addi-
tional systemic effect.

II1. RouTE oF ADMINISTRA¥ION

Methanol solutions were given by gavage
to unanesthetized animals, except for the
first four rabbit experiments in which it was
given intravenously. For rats, a curved steel
needle with a bulbous tip was introduced
into the esophagus; jaws were held open
with string. Rubber catheters introduced
orally between wooden mouth gags were used
in rabbits (size 12, French) and dogs (size
26, French). Size-8 French catheters were
introduced nasally in monkeys, with jaws
held firmly closed.

IV. Acmosts sTubpIES

A. Apparatus for carbon dioxide combin-
ing power determinations

The Van Slyke manometric apparatus and
technique was used for the first five rabbit
experiments. '

The Lazarow microgasometric apparatus™
was used for all other CO,-combining ca-
pacity determinations. This method’® in- our
hands had the advantage over the Van Slyke
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of greater reproducibility, greater rapidity,
and the requirement of less blood.

In all listings of CO,-combining capaci-
ties, all single results are averages of the
two closest replicate determinations except
when these had an average deviation of more
than' five percent. In that case the closest
replicate determinations are also listed.

B. Blood specimens

1. Rats were killed.by decapitation with
sheep emasculating shears with the sharp
edge toward the body. Mixed arterial and
venous blood was then collected from drip-
pings from the neck vessels.

2. Rabbits. In the early experiments in
which the Van Slyke was used, blood was
withdrawn after cut downs from the jugular
and by heart puncture. In later experiments
bloods were obtained when possible from
razor cuts of the ear artery; on a few oc-
casions they were gotten by heart puncture.

3. Dogs. Bloods came from the external
jugular or the leg veins.

4. Monkeys. Bloods were obtained from
leg veins when possible ; otherwise from the
femoral.

Any possible variations in the CO,-
combining capacities due to varying sources
of blood would be expected to be insignifi-
cant beside the 20 to 30 vol. percent drop
which occurs in methanol acidosis.

Bloods were collected with a drop of aque-
ous solution of U.S.P. Heparin (sodium
salt) as anticoagulant and centrifuged on the
day they were drawn. The separated plasma
was kept frozen until the CO,-combining
capacity determinations were made.

REesuLTs

Our experiments dealt with acute metha-
nol poisoning by single oral doses in rodents,
dogs, and the rhesus macaque. In a few rab-
bits the intravenous route was used. Four
types of observations, contrasting the dif-
ferences between primates and nonprimates,

are presented : (1) Levels of toxic doses, (2) -

clinical symptoms, (3) eye findings, and

e e b bt

(4) acidesis stucﬁes Complete data are re-
ported in Tables 2 through 7.

~

I. LETHAL nosrs

Lethal doses for rodents and dogs were
six to 10 times those for humans. Monkeys
had lethal doses in the same range as hu-
mans. All toxicity data now being considered

. are for single oral doses. Our primary inter-

est in this study was to give lethal doses
which would permit the animals to survive
for 24 hours. In order to achieve this we
necessarily accumulated our own toxicity
data. Data from the literature are listed in
Table 8.

A. Rodents

1. Rats. In a series of 23 rats, 9.5 gm. of

50-percent methanol per kg. was the ap-
proximate LDy,.
" 2. Rabbits. While we did not run a tox-
icity series on rabbits, we found that out of
three rabbits, all died between 24 hours and
three days when given 7.0 gm. of 30-percent
methanol per kg. orally. One rabbit given
7.0 gm. of a 50-percent solution died in less
than 24 hours.

B. Dogs

We had nine dog experiments, using 16-
percent to 26-percent by weight methanol,
with these results:

OraL Dose RESULTS
(gm./kg.)

25 . Survived

35 Survived

40 Died 29-46 hr.

45 Survived

5.5 Survived

6.4* . Survived

7.0 Survived

8.0 Survived

9.04-* Died 28-42 hr.
C. Monkeys

Acute oral toxicity studies on the rhesus
macaque have not previously been reported.

* Estimated because of early vomiting. See
Table 6.
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Our results using single oral doses of metha-
nol were:
OraL Dose REesuLTs
(gm./kg.)
1.0 Survived
20 Survived
3.0 Died 32-38 hr.
40 Died 29-36 hr.
6.0 Died at 29 hr.
8.0 Died 6-23 hr.

This series is of course too small to give
more than appraximate lethal doses, espe-
cially since, as with humans, nonhuman ani-
mals in a given species probably show con-
siderable individual variation to methanol
poisoning.

II. GENERAL CLINICAL PICTURE

Previous reports on the clinical picture of

methanol poisoning have not emphasized the
difference between primates and nonprimates
—a difference as great as two separate dis-

eases. The first 24 hours after poisoning

provided the sharpest contrast in that rodents
and dogs getting much less methanol than
the minimum lethal dose showed severe
symptoms ; whereas, a monkey receiving a
lethal dose might have no symptoms during
the first day except questionable mild in-
toxication.

The general clinical picture seen in vari-
ous rodents and dogs was essentially the
same. In addition to the animals reported

in this paper, our report of clinical findings

is also drawn from previous work™ using
hundreds of mice given methanol intraperi-
toneally.

In nonprimates, as might be expected
from the higher lethal doses, narcosis was a
predominant symptom. Usually in about a
half hour to an hour after oral administra-
tion of methanol (less when given intra-
venously or intraperitoneally) intoxication
occurred, as evidenced by varying degrees of
ataxia and hypermotility, plus always a
change in mental status toward marked hap-
piness and amiability. Previously vicious in-
dividuals could be extensively handled with-
out gloves. ‘

From abo:it‘an hour to several hours after
administration of methanol (dependent upon
the dose as well as the route of administra-
tion), the animals became semicomatosg or
comatose. Semicoma was considered to Be
present when no spontaneous motion oc-
curred. Coma consisted of progression to
absence of response to pain. Coma lasted
from several hours up to four days. Eyelids
were kept open and survivors of lengthy
comatose states developed exposure keratitis.
Most deaths occurred without recovery from
semicoma or coma. In general, the picture
was one of early onset of severe symptoms
continuing unabated (no latent period) until
death.

In contrast, rhesus macaques reacted clini-
cally to methanol just like humans. Below a
lethal dose, and occasionally with dne, they
did not get very intoxicated or show any
other symptoms. Usually occurring with a
lethal’ dose, monkey inebriation showed al-
most every type of individual variation
Swhich can be seen in intoxicated humans,
although increased amiability was not ob-
vious.

Semicoma appeared on the first day only

in the monkey getting over two and one-half
times the minimum lethal dose and dying
probably around 12 hours after methanol.
The morning following the administration of
methanol usually found the monkeys ap-
parently normal. This was identical with the
latent period in humans.
" Later on in the second day, monkey pull
on chain, which had been slightly diminished
during inebriation but had recovered the
morning after, would again weaken. The
resistance exerted by a monkey to a pull on
his chain was a surprisingly good index of
his physical well-being. Pull on chain pro-
gressively weakened in fatal cases. Eventu-
ally, the monkey became sick enough to lie
down during daylight in the presence of
humans. Semicoma was seen only shortly
prior to death. Deaths occurred from respi-
ratory failure.

According to the literature, humans react
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to methanol in the same way as monkeys.

III. EYE EXAMINATIONS

Pupillary changes and exposure keratitis
were mentioned in our review of the litera-
ture. With the onset of narcosis in non-
primates, occurring an hour or so after
poisoning, pupillary changes sometimes oc-
curred : mydriasis or miosis, with or without

" sluggish and sometimes absent reactions to

light. During coma eyelids were almost
always open; and, when coma lasted about
a day or longer, exposure keratitis, sec-
ondary infection, and corneal opacification
frequently occurred. Two monkeys showed
dilated, unreacting pupils a few hours prior
to death. They had slight ophthalmoscopic
changes, but they were also semicomatose.
Corisequently, there can be no certainty as
to whether pupillary changes in these mon-
keys were due to toxic amblyopia or to a
narcotic effect. :

- Positional horizontal nystagmus was ob-
served in nonprimates. This was unfortu-
nately not studied in our monkeys ; however
the literature contains reports of positional
nystagmus, similar in character to that seen
in our nonprimates, observed in humans
poisoned by methanol and ethanol (Menne,™
Gorman,”™ Meyer zum Gottesberge™).

Some authors briefly mentioned the ob-
servation of nystagmus in nonprimates after
poisoning with methanol and with higher
alcohols.?®:%0:37,41,82,58 The pystagmus
veloped usually about a half hour after ad-
ministration of methanol during the intoxi-
cated stage. It was usually present only
with the animal’s head in the lateral position.
When occasionally present in other positions,
it was more severe in the lateral position.
At first the quick component of the hori-
zontal nystagmus was always down with the
animal’s head in the lateral position. Dura-,
tion was from several hours to two days.
When it persisted for a day, after the first
day in a few instances the quick component
of the horizontal nystagmus was up when
the animal’s head was in the lateral position.

No monkeys showed nystagmus in the erect
position, but none were examined early in
the lateral position.

Repeated ophthalmoscopic examinations
were made only on monkeys, dogs, and the
rabbits receiving methanol by gavage. One
moribund rat was examined; but the ob-
server believed that, although fundi seemed
normal, magnification was insufficient for

.certainty.

Myelinization of retinal fibers in the rabbit
makes difficult the appraisa] of minor
changes involving the discs. However, under
our experimental conditions, no rabbits
showed any fundus changes.

None of our dogs showed any ophthal-
moscopic changes. The disc margins of many
dogs normally appeared fuzzy because of
tiny irregularities in bordering pigmentation.

Two out of six monkeys, both receiving
lethal doses, showed eyeground changes.
One developed a small monocular retinal
hemorrhage one-half disc diameter tgmporal
to the djsc just prior to death and 29 hours
after administration of 6.0 gm. methanol/kg.
The other, given 3.0 gm./kg., showed at 25%
hours, slight but definite blurring of the
temporal disc margins and questionable reti-
nal venous engorgement, O.U. At 3114 hours
disc margins were blurred everywhere except
nasally, there was possible hyperemia of the
discs, and veins near the disc had a diameter

estimated to be triple that of the accompany-

ing arteries. Death occurred between 3134
and 37% hours, with no examinations made
after 3134 hours. At the time eyeground
changes were seen, both of these monkeys
were too weak to resist handling ; thus, there
was no question of vascular changes induced
by neck stricture.

IV. AcIposis STUDIES

A. Rats

Nine white male rats of similar ages were
given 9.0 gm. of 50-percent methanol/kg.
—approximately the rat oral LD,,. Bloods
were obtained, each time in three animals,
at 414, 27, and 47 hours after administration
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Fig. 1 (Gzlger and Potts). Time course of plasma CO;-combining acapacity in rabbnts

of methanol. Their CO,-combining capacities
ranged from 47 to 80 vol. percent.

B. Rabbits

Rabbits were found to be very poor sub-
jects for acidosis studies. There was a tre-
mendous variation in normal CO,-combining
capacity, not only between different animals,
but also in the same rabbit over the course
of control periods lasting up to three weeks.
Our rabbits had a normal variation from 19
to 56 vol. percent.* Our five experiments
using anesthetized rabbits and drawing re-
peated 5.0 to 10 cc. blood samples are re-
ported only in the tables.
these experiments lasted less than eight hours
which probably did not give sufficient time
for the development of acidosis. Suffice it

*Frohlich™ found a normal range in rabbits
from 26 to 58 vol. percent; he also reported blood
loss of 6.0 cc., three times inside of 24 hours caused
decrease in rabbit COs-combmmg capacity. Pitt™
reported that ether caused drops in the plasrna CO,-
combining capacity of rabbits. In view of our
finding of considerable individual variability in COs-
combining capacity obtained from 1.0 cc. samples
from unanesthetized rabbits inside of an eight-hour
period, the conclusions of these authors may be
open to question.

after 7.0 gm./kg oral methanol.

to say here that none showed severe acidosis
following methanol.

In four rabbit experimgats, 7.0 gm.
rpethanol/kg. was given by gavage to un-
anesthetized animals, and 1.0 to 2.0 cc. blood
samples were drawn. One of these rabbits,
receiving a higher concentration than the
others, died in less than 20 hours which
might not have allowed him sufficient time to
develop acidosis.

The CO.-combining capac1ty determina-
tions obtained on the three remaining rabbits
are shown in Figure 1. The lines begin in
the control period at the mean normal CO,-
combining capacity for each animal. Metha-
nol produced no values less than the normal
rabbit range. The dotted line rabbit showed
a greatest postmethanol drop from his last
normal value immediately preceding admin-
istration of methanol of 16 vol. percent;
whereas, he showed a normal variability of
20 vol. percent.

C. Dogs

Figure 2 shows our experience with dogs.
It is the same type chart as the preceding
one, except that our dogs showed a normal
range of only 12 vol. percent among differ-

In addition,
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Fig. 2 (Gilger and Potts). Time course of plasma COs-combining capacity in dogs
after oral methanol. Methanol dose (gm./kg.) indicated adjacent to each curve. N

ent animals, and the variation of an indi-
vidual dog over a period of weeks was in-
significant. Control values, unlike those in
the rabbit chart, are each from single blood
samples drawn shortly before the adminis-
tration of methanol. Qur dogs receiving
doses lower than 6.3 gm./kg. are charted
with narrow unbroken lines.* All of these
dogs showed toxic symptoms, but their lack
of acidosis should not be given as much
weight as in the others. The slight drop
shown by the 4.0-gm. dog who died is insig-
nificant when compared with monkeys or
people. The dogs represented by heavier lines
all received doses which, according to the
literature, should have killed them. Only the
dog (line of dashes) who received 8.0 gm./
kg. and survived, developed acidosis. His
lowest CO,-combining capacity was 23 vol.
percent. The thick solid-line dog, who re-
ceived over 9.0 gm./kg. and died after 24
hours, maintained a normal acid-base bal-
ance. :

The possibility occurred to us that dogs

* In the only sizeable series™ of dogs given single
oral doses of methanol, 63 gm. of 100-percent
methanol/kg. was found to be the LDn-

30
HOURS AFTER METHANOL

40 50 60

as a species might be resistant to the de-
velopment of acidosis. Therefore, one of our
surviving dogs was given dilute HEI orally.
Inside¢cof three hours his COQ,-combining
capacity had dropped over 20 vol. percent.

D. Monkeys

Monkeys again reacted like humans (hg.
3). Our first monkey receiving 8.0 gm./kg.
is not charted because we got only one blood
sample due to our inexperience with the
clinical course of methanol poisoning in pri-
mates at that time. Survival occurred only
with 1.0 and 2.0 gm./kg. With 1.0 gm.—the
dot-dash line—the alkali reserve was un-
changed. With 2.0 gm—the solid line—the
COx-combining capacity dropped by 24 hours
to 16 vol. percent and by 48 hours had begun
to rise. This 2.0-gm. monkey made quite 2
contrast with our 7.0 gm./kg. dog.

The dog, after getting horribly drunk, was
comatose for 24 hours. He was unable to
stand for three days. His CO,-combining
capacities varied during this time between 50
and 54 vol. percent.

The 2.0 gm./kg. monkey was not intoxi-

cated. The only clini
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cated. The only clinical finding was question-
able impairment in grasp.

The monkeys getting lethal doses of 3.0,
40, and 6.0 gm./kg. had CO;-combining
capacities decreased by 24 hours to less than
15 vol. percent; and death followed in all
three cases without recovery from the severe
acidosis.

CONCLUSIONS
L. LETHAL DOSES .

We found the approximate single oral
lethal doses to be:

ANIMAL, TIMES MEAN HUMAN LETHAL DOSE
L Rats ............. e terreerreereeeana,

2. Rabbits ...

K B £

4. Monkeys .....ooovveinnrnnnnnns P 3

These doses in rats, rabbits, and dogs are
comparable to the figures available in the lit-
erature.

Harnack™ in 1912 was impressed by the
fact that with single lethal doses methanol
was the least toxic of the aliphatic alcohols
in experimental animals, whereas in man so
little methanol could cause blindness and/or

reacted diﬁé(ently in different animals. We
are in entire agreement with Harnack but
would differentiate mainly between primates
and’ nonprimates. Nonprimates required
seven or more times the average human
lethal dose. Death occurred in our monkeys
at 3.0 gm./kg.; whereas humans have been
reported as having survived 2.9 gm./kg.?"
Our series of monkey experiments was too
small to get accurate toxicity figures but
obviously monkey single oral lethal doses
are of the same order of magnitude as those
for humans. .

II. GENERAL CLINICAL PICTURE

The general clinical picture of methanol
poisoning in primates and nonprimates was
that of two different diseases. Nonprimates
showed severe early intoxication and nar-
cosis; narcosis lasted until death. Primates
showed much less intoxication than non-
primates and much less than primates
affected by ethyl alcohol. They then had a
sgnptomless latent period followed by sick-
ness and death. Narcosis appeared only as a

death. From this he concluded that methanol terminal manifestation.
60
k) -
VOLS. % P - ‘w, -, -
Cq = —--—‘*'_———--—.‘————-— -—
501 R

CONTROL

[¢) 10 20

30 40 50 60

HOURS AFTER METHANOL

Fig. 3 (Gilger and Potts). Time course of plasma CO,-combining capacity in monkeys after oral
: methanol. Methanol dose (gm./kg.) indicated adjacent to each curve. -
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111. EYE EXAMINATIONS

Early pupillary changes and corneal opaci-
fication following exposure keratitis in non-
primates are considered to be due to the
central narcotic effects of methanol and
not to toxic amblyopia.

The positional horizontal nystagmus pro-
duced by methanol has only been of passing
interest to most investigators, many un-
doubtedly overlooking it. Our observations
have been inadequate to illuminate the mech-
anism whereby this is caused.

Eyeground changes were not seen in non-
primates following methanol poisoning but
were seen in primates. )

IV. AcIposis STUDIES
Our rats showed no acidosis from metha-

nol. Wide normal variability in rabbit COs-

combining capacities makes them unsuitable

. for acidosis studies. Under our experimental

conditions, methanol did not cause acidosis
in rabbits. Only one dog out of nine experi-
ments developed acidosis. The rhesus ma-
caque usually developed severe acidosis.
Thus again we found a contrast in that in
nonprimates acidosis  occurred rarely
whereas in primates severe acidosis de-

veloped frequently.

SUM MARY

Both the literature and our experiments
indicate that only in primates is there close
similarity in response to methanol poisoning
with respect to: (1) Levels of toxic doses,
(2) generalized clinical symptoms, (3) clini-
cal ocular pathology, and (4) frequent de-
velopment of acidosis.

University Hospitals ( 6).

We wish to acknowledge the assistance of Mrs.
C. Stuart in locating many of the papers di
and of Mr. S. Rehmar for translation from the

Russian of reference 40 and of Mr. K. Kurahashi
for translation from the Japanese of reference 63.

TABLE 2
1. Rats: A. ACUTE on'.:x. TOXICITY EXPERIMENTS

Experi- WRMi: Dgge : R
ment eight me 2ol / esults -
No. (gm.) | kg rat) .
23 478 3.0 Survived
86 3.0 Survi
523 5.5 Survived
87 5.5 Survi
538 8.0 Survived
70 8.0 Survived
29 386 9.0 Survived
. 347 9.0  Survived
202 9.0 Survi
27 362 9.5 Survived
324 9.5 Died 22-23 hr.
388 9.5 ied at 6 da.
346 9.5 jed 22-25 hr.
. 316 9.5  Survived
X . 310 9's  Died 49-68 hr.
26 391 11.0 - Died 23-25 hr.
305 11.0 Died 34 da.
411 11.0 Died 4347 hr.
391 11.0 Died 24 da.
393 11.0 Died 2543 hr.
- 375 11.0 Died 4749 hr.
25 . 550 11.0 Died 29 hr.
523 14.0 Died 3hr. -~

Methanol was given in a SO-percent (by weight)
solution. :
At 3.0 gm. /kg. no clinical symptoms. From 5.5-9.0
gm./kg. increasing severity of ataxia, no coma. At
.5 gm./kg. all showed severe ataxia andstwo were
comatosg while under observation. At 11.0 gm./kg.
all had severe ataxia; 6 out of 7 were comatose. At
14.0 gm./kg. the rat showed severe ataxia and coma.

Nystagmus was present in many.
TABLE 3
1. RaTs: B. AcIpOsls STUDY
Decapi- Plasma COs~
Rat lenath ¢ tated at Combininé
No. (gn% (hr. after Capacity
. methanol)  (vol. %)
1 291 4 64.4
2 265 4 46.8
3 237 . 4 60.8
4 291 27 80.4
5 286 27 59.1
6 182 27 64.8
7 323 47 71.6
8 294 47 54.7
9 230 47 55.4

Each rat was given a single oral dose of 50 percent
methanol/kg. body weight. All were severely ataxic
and had nystagmus; two were semicomatose.

II. Rass!
(Methanol was gi
Experi- Rabbit .
, ment Weight A-“a‘m
, No. 3) ven
3 Nembutal
4 3.3 None
5 3.4 Nembutal
6 3.6 - Drop ethes
7 3.5 Drop ethe:
* Insufficient plasma for dupl
I1. Raesits: |

Experi- : Dosage
Weight
ment  "(ig) MeOH

(gm./kg.)
41 2.7
7.0
(30%)
42
& 1.9
4
7.0
(30%)
45 2.8

7.0
(30%)
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TABLE 4 Y

II. RaBBITS: A. PLASMA CO3-COMBINING CAPACITY OF RABBITS UNDER
ANESTHESIA WITH AND WITHOUT METHANOL

(Methanol was given in 50-per cent solution intravenously. The Van Slyke manometric
apparatus was used for CO; determinitions.)

Time after
Exeri- Rabbit Anesthetic Startof =~ MeOH . ol (O, capacity

ment  Weight Remarks
~No. (kg.) Given Er?emnii:)ent (gm./kg.) (am./kg.) (vol. %)
3 Nembutal 10 [ 50.3* Died 65 min. after start of experiment
20 0 51.2 7.2
0 o 287 (32
4 3.3 None 0 4.2 - Died 25 min. after start of experiment
20 [\] 47.4
- 25 0 4.2 45.1
5 3.4 Nembutal 28 (] 52.2 wrnea for S mim after MeOH; recovery
30 1.5 th artificial respimtion. Died 40 min.
40 0.7 2.2 31.7 after start of experimen
6 3.6 - Drop ether g 09 23.2 Died 150 min. after start of experiment
50 0.7 ,
70 0 36.1
N 80 2.6
140 (1] 46.6
150 1.4 5.4 53.9
7 3.5 Drop ether 45 (1] 19.0 Killed 380 min. after start of experiment
140 9 17.9 (12-2 +
195 1.0 T \16.8
210 1.0
225 1.0
240 1.0
w1
285 1.6 7%
345 1] 21.8* «
380 (1] 11.6 21.8%
* Insufficient plasma for duplicate determinations, ¢
TABLE 5

II. RaBBITS: B. EXPERIMENTS GIVING METHANOL BY GAVAGE WITHOUT ANESTHESIA
AND USING LAZAROW APPARATUS

Time Time
Experi- : Dosage Normal Drawn COs - Died
ment Vt;ekl‘zht MeOH  Bloods _after  capacity Eyu:dn (hr. after Remarks
No. (gm./kg.) Drawn MeOH (Vol. %) gro! MeOH)
(days) (hr.)
41 2.7 1 25.8 Normal Ataxia. Comatose from 2-22 hr.;
7.0 23 35.0 Normal semi-comatose thereafter until death.
(30%) 28 25.2 28.0 Normal t!;lyat?musz.s Al: 3 hr. pupils unreac-
. ve; from r. on pupils reactive.
46 2.4 (24.8 Normal 46 Died while sample 4 was gemz drawn.
46 30 I pn mteF x:uni:ture 46 hrf
point on average o
samples 4 and 5.
42 1 39.0 Normal OS Ataxia. Comatose from 1-5 hr.; semi-
& 1.9 comatose thereafter until death.
4“4 2 40.3 Nystagmus. Had previous surgery,
15 56.2 .D.
21 36.5
7.0 5 31.4 Normal
(30%) 23 20.4 Normal
27 25.7 . Normal Between
51 24.6 Normal 52 and 69
45 2.8 1 ?.m.) 41.4 Normal . Ataxia; semicomatose from § hr. un-
1 (p.m.) 28.6 - til death. Nystagmus.
6 41.1
13 39.9
20 35.2 Normal
; 7.0 24 37.8 Between Pupils moderately dilated.
(30%) 29 30.8 Normal 29 and 48
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3 OF METHANOL

Remarks

ixia from x-s hr. Nystagmus.
2. Recovery by S§ hr.

axia §-44 br. Somnolence. Re-
24 hr.

taxia after 1S min. Somnolence.
18. By 24 hr.mhnnao

he“ ) Beuuseo! co!
ined by veterinarian %

mperature and lu cw to per-
id auscultation. l‘)‘gi
. No autopsy.

E viously in Experiment 24.
pr:_ Marked euphoria.
re. Reeovery by 28 hr.

and g_uz;?a h:t hr. Comatoei :u;izx
108 ystagmus.

10t walk. At 28 hr. eouldwalkbnt
ite stairs. Recovery by 4

34 days previously in Exper. 31,
hec. voﬁltped in first half hr. About
ht red vomitus at 2} hr. Diarrheal
n 4-6 hr. Recovery by 24 hr.

days previously in Exper. 32.
eg kx lmmediate regur-

>£ an estima cc. Dosage
pm./kg. A;axxa and euphoria be-
t 45 min. Unable to stand. Ny-
Hangover at 24 hr. Recovery by

ixia and euphoria

nicomatose

-comatose
—semicomatose—pupils 1-2 mm.
27-46 hr.—comatose

convulsive running movements of

{ale:omndN us. 1}
day " ide open, " ex-

ahr—:‘ystagmus oontlnue(r 7th
to sit;

—could walk; left forelee 3X size
Both corneas opaque obscuring

nd vomted a vol. esﬁmated to

e-gavued with ﬁeﬂﬁe&l aoluﬁon
t 70 No vomiting after
5 o g, 0,18 min atter

vage—comatose; ﬂ”‘gﬁ ' z

comatose—exposure
wls. Death occurred between 28
. without reeoveryﬁmm coma.

VISUAL TOXICITY OF METHANOL &8
. 1
TABLE 7 \ )
IV. COxCOMBINING CAPACITY OF MONKEYS GIVEN SINGLE ORAL DOSES OF METHANOL
Time
CO»-
- MeOfT  after oW Eyegrounds Remar
et a5 mg) MOH  (ool'g) =
19 2.72 1 zg gg: Normal throughout No general clinical symptoms
el 53.3 '
21 2.19 2 o 52.7 Normal throughout Monkey used 1S days previously in Exper. 19.
(ave.) . No detected clinical aymptomaywith the fol-
24 15.9 poesible exception: At 24 hr. he got
28.7 y loose and failed to bite the observer.
21ds. 363 ubsequently became a pet, showing no evi-
dence of impairment of vision. Died 6 mo.
later from acute miliary tuberculosis
20 3.45 - 3 1] 32.6 No definite signs of intoxication. At 25§ hr,
8 23.3 sick, weak,had to lie down after struggling.
, 26 10.6 Blnrﬂn{}emporal disc mar- Pupils dilated but reacted to light. At 33% hr
ionable ve- sicger 1 down; e only rare spontane-
. rxement. 0.U. ous movemeuu: pupuls dilated and unreac-
34 12.4 O.U.. marginsblurred tive; hippus present; did not blink at threaten-
nasally. Retinal insie:tum but was semicomatose. 34~
veim had diameter 3 x that Rigor mortis present at 39} hr.
of arteries; posaible hyper-
emis of discs
17 2.88 4 0 41.5 Normal throughout Ataﬁa marked by 75 min. At first quiet but by
S 23.0 3 hr. was combative. Apparently mentally
23 13.9 alert. although pull on chain weaker. At 224
29 12.7 rested head against side of cage. At 29 hr.
down, conscious. Death occurred be-
tween 29 and 36 hr.
16 3.32 6 33.7 Normal Ataxia marked by 80 min.; pull on chain weak
35.6 Normal At 23 hr. stood and was apparently normal
24 14.4 Normal At 24 br. lying down and very weak
28 11 3( 0.2 Normal At 27 hr. became semicomatose, remaining so
¥ \12.1 until death
20 9.8 (m .8 Pinpoint retinal hemor- At 29 br. pupils dilated and unreactive
h 8.7 rhage temporal to disc in Death at 294 hr. f8llowing respiratory failure
29% 14.4 one eyg
18 2.76 8 s 39.2 Nonnal throughout Ataxia marked by 70 min.; incmaainxly weak
g ﬁ: g h!l;r downt. temaming
semicoma
Dea occurredmbetweenm 6 and 23 br.: at 23
br. rigor mortis was pronounced
TABLE 8
ORAL SINGLE LETHAL DOSES OF METHANOL IN NONPRIMATES
. Dose Zg R Number of uarce
Species gm./kg.  Methanol ult Animals So
Rat 8.3 70 LDso 48 Alder, et al.®
Rabbit 7.2 ? MLD Baer®
Rabbit 14.2 ? LD in less Munch and Schwartzes®
: : than 24 hr.
Dog 6.3 100 LDso 15 Haskell, et al.¥®
Dog 6.3 50 Approx. MLD 4 A. Leos

X Human lethal doses are often difficult to compute accurately. In the literature?” there are reports that
death has resulted from as little as 0. 34 occurred
The dose generally accepted as lethal is a

g. and surviv:
ut 0.85 to 1.4 gm./kg.
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