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IV. Methanol Toxicology

A. History of Methanol Poisoning

Methanol and ethanol are often confused by the lay public. It is a common

practice to refer to ethanol or ethyl alcohol as just "alcohol" and Is associated with the

making of "almhollc" beverages. However, methanol, commonly referred to as methyl

alcohol or wood alcohol, is a deadly Many of the cases of methanol poisoning

were due to the connotation given to wood "alcohol", which implied to many that it was

drinkable. This was especially true before the law required it to be labeled as a poison.

It has been suggested that the NPAC system twee II, Nomenclature) be used in naming

alcohols In order to eliminate the word "alcohol" and thus reduce the confusion. Thus,

"methanol" would be used instead of "methyl alcohol". Other alcohols, chiefly

pro l (isopropyl alcohol), suffer from the same misconception. The toxicity of

methanol under industrial conditona was first noted by MacParlan 
(4) in 1835 when he

noticed the eye afflictions among cabinet makers, metal workers, and hatters using

wood naphtha and methylated spirits in these occupations. Except for this, poisoning

from methanol was virtually unknown prior to 1880. The only commercial source of

methanol at that time was from the destructive distillation of wood. The disgusting

odor and vile taste of this methanol were repugnant and thus rarely ingested.

However, about 1890 a comparatively inexpensive method of "deodorizing" this crude

methanol was introduced. It was packaged under various names, such "Columbian

Spirits", "Purified "Colonial Spirits", etc. These products were widely

and shrewdly advertised having all sorts of virtues, including that of being an

inexpensive and comparatively harmless substitute for ordinary ethanol. It could be

used in making varnishes, liniments, tinctures, hair dyes, and as a fuel for lamps and

stoves. In the beginning its poisonous character was denied completely, which led to it

being used in the manufacture of Jamaica ginger, essence of lemon, alcoholic extracts,

cheap whisky, and many proprietary "remedies".

In the years 1903-1904 when the sale of this ethanol substitute was in full swing,

many deaths resulted. A concerneddoctor (Dr. Frank Buller) took it upon himself to

collect histories of death or blindness traced to the use of methanol, with undoubtedly

many other cases escaping this inquiry 
(5) because many doctors either did not report

cases in medical papers or failed to recognize methanol poisoning when occupationally

related. Because methanol produces central nervous system depression, similar to

ethanol, it is drunk by some derelicts whose poisonings are often not reported. Later

tabulations indicated that between the years 1899 and 1913, there were almost one

thousand cases of poisoning attributed to methanol. The results from some of the

reported cases are shown In Table 3. (
6, 7)
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TABLE 3

METHANOL POISONING

1899-1913

Permanently Impairment Temporarily

Total Cases Deaths Blind Of Vision Blind 

Ingestion 725 390 90 83 6-10

Inhalation 64 6 16 25 8

inhalation (a) 60 (b) N (b) (b)

(a) Additional cases heard before federal congressional committee

(b) data not available

In late 1904, twenty persons were poisonedwithin a 24-hour period In Kentucky.

Foreign countries that imported these products containing methanol also suffered

similar misfortunes. For example, in the same year, twenty persons were killed and

blinded in Ruula, from its misuse. As the result of these "accidents", a

campaign was waged by variousU.S. newspapers and by the medical profession against

the sale of these poisonous products. Resolutions were passed by the American Medical

Association denouncing these products as substitutes for ethanol. A committee of

manufacturers was farmed to help in securing a cheaper ethanol for industrial purposes.

After many discussions by various congressional committees hearing much

especially the testimonies from many workers blinded by using "Columbian

Spirits" In their jobs, a bill was introduced and passed which resulted in "denatured

alcohol". The denaturing process provides for adding various ingredients to ethanol that

renders it unfit for human consumption and yet does not destroy its value for

commerical use. This denatured ethanol was as inexpensive or more so than the

dangerous "Columbian Spirits", and thus some of the dangers from the latter were

alleviated. Even though the dangers of methanol and the many labels It was packaged

under were widely publicized, it was not until 1923 when a group of dock workers in

Hamburg, Germany were poisoned by its ingestion (7t that the public finally realized

that it was a poison. However, many other epidemics of methanol poisoning have

occurred since that time, although less frequent. For example, in Atlanta, Georgia in

1953, 320 cases of acute methanol poisoning resulted In 41 deaths which occurredfrom

drinking bootleg whiskey. During the years of World War U, se rv icemen often drank

whatever alcohol that was available. It was estimated that six percent of all the

nonfatal cases of blindness in the Armed Forces during this period was caused by

ethanol. The percenuge would undoubtedly be increased If consideration had been

given to the fatal QM In 1969, 18 persons were poisoned In Kentucky that

resulted six deaths when a relatively high methanol-containing product was

substituted for the brand of shellac thinner regularly used in producing a "home"-

derived cheap alcoholic beverage. Even today methanol poisoning is not uncommon.
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The symptoms of acute methanol poisoning usually occur 12 to 48 hours after it

has been ingested, sometimes even sooner. The usual symptoms are visual disturbances,

cerebral aberrations, severe acidosis, abdominal nausea wmm,

shortness of breath and dizziness. There is also a lowering of the
-combining

power of the
 The target areas of the body affected by the poisoning are the

eyes, *in, central nervous system and the gastrointestinal system.
(11) The amount

necessary to cause serious damage varies greatly and will be discussed later (see below,

C. Ingestion by Humans). It is usually alter the
 start of severe acidosis that partial and

complete losses of vision occur in victims. Retinal
 changes are characterist

ic of

methanol poisoning and total bilateral blindness
 may develop after only a few hours or

it may be delayed by several days. if observations
made on the victim at the onwt

of the visual
considerable retinal edema will be found and pos

papillitis with swelling and dilation of veins. Some diminution of the pupilia
 light

reflex will probably
 Cases where patients have fixed and dilated pupils are

usually fatW.
(12) Up to 50% of the nonfatal cases have residual ocular defects. Death

usually occurs as the result of the transient suspension of the taking In of air caused
 by

the failure of the respiratory center. This failure is associated with severe damage to

the central nervous system.

C. ingestion by Humans

Of the three ways that humans are subjected
 to methanol poisoning (ingestion,

inhalation, and subcutaneou
s absorption), direct ingestion is the quickest way to bring a

response. Even
 this response Is relatively slow in methanol when compared to

ethanol. Methanol has a latent period on the average of over twelve hours. This delay

is thought to be the time required for methanol to be metabolized to the more toxic

formaldehyde and formic add.
(1 3) The amount of methanol necessaryto cause serious

damage varies greatly and depends on the individual and the circumstanc
es under which

the poisoning occurred.

A book an methanol technolog
y (14) edited by Paul states that the usual fatal dose

of methanol is said to be between 30 to 100 milliliters, although 25 to 30 milliliters can

also be fatal if not treated immediately. There are others that have determined what

they consider to be lethal doses. As can be seen in Table 4, the amounts varies among

the different researchers.

B. Symptoms of 00)

TABLE 4
LETHAL DOSE OF METHANOL MU NS)

Researcher _fignAL Refere

P 15-250 (15)

Moeschlin 30-100 (16)

Paul 39.5 - 79.5 (14)

Gleason 55-255 (17)
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• N The quantity of food stuff In the gutro-intestinal tract and the nu tritional status
of the victim are important however, the intake of food is lass liable to interfere
with methanol concentration in the blood than in the case with ethanol. Death has

resulted after ingesting as little as 15 milliliters of a 46 percent methanol solution in
one ndi val while onothe person survived after drinking over 33 times that

amount. ( 19) Drinking of ethanol prior to or with methanol will usually lessen the
poisonous effect. No record exists as to whether occurred with the above
mentioned individual who survived the large consumption but one would strongly expect

that this might be the case. A chemical epidemiologic study of a methanol poi soning
outbreak involving 18 people of whom 8 died indicated a correlation
between severity of the poisoning and the level of ethanol in the body. Of the 26 people
screened in the emergency roam of the University of Kentu cky Medical Center for
suspected methanol thsow that also had ethanol in their blood showed
acidosis than the group that had competes very effectively
{metabolized in a competitive preferential ratio of approximately 9:1 to methanol) for
the enzyme responsible for the conversion of methanol to formaldehyde and formic
acid. (20, 21)

Many years ago, Roe (22) attributed the toxicity of methanol to the metabolites
that were produced by its metabolism. Since that time no definitive proof has been
brought forth. Formaldehyde has not been found In humans or other primates during
methanol poisoning but some researchers feel that is because of its high reactivity.
They think that it still may be responsible for some of the toxicity that methanol
exhibits. Formate is known to accumulate during methanol poisoning and correlates
well with the beginning of metabolic acidosis and the usual ocular toxicity. (23 / 24)

D. Inhalation By Humans

Inhalation of the vapor of methanol causes irritation to the mucous membrane. It
also may cause headache, vertigo, tinnitis (sounds in the ear), nausea, gastric
disturbances, conrol4ro twitchings, oppression in the chest, visual disturbances, and
even loss of vision. In severe cases of exposure, tracheitis, bronchitis and blepharospasm
{uncontrollable winking) may take Oace. (18) B e of methanol's high volatility, the
vapors ran easily become highly concentratedin a confined space. When at high
concentrations, the vapor causes violent inflammation of conjunctiva and epithelial
defects an the cornea of the eye. Q5)

The permissible exposure limit is 204 ppm (260 mg/m 3) and the IDLH
(immediately Dangerous to Life or Health) level is set at 25,000 ppm. It is
for a human to remain in an atmosphere containing 65 mg per liter of methanol for any
prolonged time. (25)

xt
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in a study it was estimated that exposure to methanol vapor at about 3000 pprn

• 
for eight hours a day may cause methanol accumulation in the body and thus might

_
constitute a toxic hazard. Since the two human subjects used to obtain the data were

at rest during the experimen
ts, vigorous activity stimulating respiration probabl

y would

[26)
z9 have increased the rate of absorption and thus increased the hazard.

McCord (27) stated 
that if it is permissible to apply results he ebtained from his

inhalation experimen
ts with monkeys to that of an assumed average-sized man, then

one ounce of methanol inhaled as vapors within a 41 hour period, but without constant

exposure, constitutes a threat to his well being or even his life.

After methanol is inhaled, the main quantity goes Into the blood, but a

considerable amount is dissolved in the fluids of the mouth and distribution to the

various organs of the body occurs quickly. The estimated tolerance values for methanol

are shown in Table 5. 17)
TABLE 5

ESTIMATED TOLERANC
E VALUES FOR METHANOLta)

Duration Eitirnated Tolerance Values ppm)

Ingle but not repeated exposure 1,000
1 hr 500
9 hr 200

24 hr
40 hr (b)

200

168 hr
30 days

10

60 days 5
90 days 3

Single or repeated exposures 500
1 hour out of every 24 hours
Two 1-hour exposures every 24 hours

or 200 2-hour exposures every 24 hours

(a) Advisory Center on Toxicolog
y , 1959.

(b) Based on five, g-hour working days.

E. Cutaneous Absorption in Humans

Studies on human male subjects, using well devised experiments indicate methanol

can be rapidly absorbed through the skin and cutaneous absorption can be a major route

of methanol uptake In man. 
(23) Although exposure of the skin to methanol is quite

tolerable, it has been known to cause irritation, eczema, and dermatltis.
(29) Even a

death has resulted when an Infant had methanol packs applied to Its chest.

C
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Cutaneous exposure of human subjects to 15% metWol trol mixtures were

found to be highly irritating to the skin while neat methanol was tolerable. It was

suggested that absorption of methanol from its mixture with petrol is likely to be more

Irritating because of the de-fatting effect by the petroleum distillate. Because

of the distillate's no pilic thre, the permeability of the skin to methanol Is

probably enhanced. After a five-minute exposure to the 13% methmollpetrol mixture,

alteration of the physical character of the epidermis was visible and the experiment had

to be terminated. Inflammation of the skin remained for several days but no blistering

occurred. (30A,30B) Synopses of these studies can be found In Appendix A in the two

papers by Ferry, Temple, and M en. However, Tada 
(25) 

using urinary methanol

concentrations concluded that cutaneous absorption could be a major route of methanol

absorption in humans. He stated that toxicologically relevant amounts could be

absorbed from relatively small areas of the skin in four hours if methanol was left in

direct skin contact. A synopsis of Tada's study can also be found in Appendix A.

In many of the cases where toxic effects have been reported as the result of

contact with methanol, the victims have also inhaled vapors. For example, a

painter went blind after accidentally spilling some methanol on his clothes and did not

change them.(31) Although this indicates a considerable amount of methanol was

absorbed through the skin, undoubtedly a large quantity was also inhaled.

The threshold of danger following skin absorption of methanol is approximately

Di of body weight when applied four times daily. (27)

F. Animal Studies

1. Introduction and Overview

5_thdy. of the literature on methanol poisoning leaves the d istinct impression that 

experimental investigations on nonprimates leave much to be desired in answering the

many questions connected with human physiology. However, In most cases this is the

only information that is available, since human experimentation is not very feasible.

Nevertheless, some value can be obtMn from animal studies but great care must

taken when drawing analogies with humans. Even studies with primates must be very

carefully evaluated when applying this knowledge to man. It is in this context that the

animal studies with methanol are discussed.

Methanol toxicity has been extensively studied using a variety of animals

including mice, rats, frogs, rabbits, cats, dogs, and monkeys and has been the subject of

many papers. McCord (27) In his studies with various animals demonstrated

sufficient quantities of methanol could be absorbed through the skin to cause death.

Using a gas-tight cover to prevent inhalation exposure, he applied pads soaked with

- L•
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led
1410
1914

Muller
Loewy

Inhalation
inhalation
Inhalation

30,000
2,000 -2,700 ppm
4,300 4,8N ppm

1 Drowsiness; Survived
24 hrs. na effect

2-8 hm With prolonged
exposure, moderate depression

38
39

Inhalation -k800 24 Moderate depression
trio!

2 of

the

Inhalation

Inhalation

22,300 ppm

60,000 ppm

2-8 hrs. No effect
first 2 wweuim
depression of central

system
Narcosis alter 1 hr.

Inhalation 31,000 ppm 10.0 -20.0 hrs. Minimal fatal
concentration determination.

iged

thse

1920 Ingestion

Ingestion

3% In dr inking
H2O

2-3% in drinking
H2O

Cons iderable decrease in reight
and finally death

Growth inhibited, mare than
with 10% ethanol

40

1927 Bachem Inhalation 176,000 ppm Minimal fatal concentration
determination

33

1929 Macht Inhalation Unspecified Stud ied behavior In a maze - less
severe depression of cenra

nervous system than with ethanol.

41

knees

1943 Lehmann Inhalation 5,000 ppm After 2-3 deep narcosis 25

1953 G4u Gavage 4.50 gfkg as
50% aqueous

solution

Df 23 raft, 70%
Blood samples indicated CO2

capacities ranged from 47 to 80
volume % in samples.

42

No acidosis seen.

1964 Tephly Injection MS -3.0 g/kg Studied methanol metabolism in the
rat. Concluded pe roxidatire system

involving hepatic cataisse plays
a major role in the oxidation

of methanol in the rat.

43

1964 Tephly Injection
Ip

1.0 g/kg
14 C-Methanol

Ox idation rate of methanol was
24 mg/kg/hr for first 21 hrs. At

end of 36 hth.

43

77% of the methano l had been
oxidized to 14c, labeled

Ct]2 and 24% was excreted
unchanged in LM pulmonary

4g/kg In a rate study, 14 C- methanol
oxidation to 14c , the latter
was decreased to in
rats IM a folate fldmt diet.

Cottonwoo l Either 13% methanol
pad 32 cm2 	neat methanol. In blood samples

in area methanol levels with 15%
saturated methano l were 3 times hi gher

1 min. than with neat methanol.
contact



Summa of Fans Reference

r
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determination

CWnle-tunic e himh
t tonus, finally

progressive paralysis

rea
mrea
 f et more often 46
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TABLE 8

EFFECT
S OF METHAN

OL
 ON FROGS

Means of

Year
Principal

_Invest kl M—
Administering

Mw

Approximate
Boseize___. 5, —

1933 Sammartino Inuave 5.3 cc

Mtrave
specified

1933 Sonnet Contact soluti0%
volution

tact 2.0%. 3%, 5%

1934 Gradineseo Conwt 5.0% solution Frequently caused first a
decrease later

47

Increase of chranaxy
thy mcitthIliV),
ending in lmati 111

15-30% wNtloCOr►taet
Definite peralyzant effect

temporary
could be reversed b)
savage

papers are also included in Appendix A. A more detailed account of the

experimentation mentioned
of course, found M the original papers

whose referen
ces are included in the tables. One will sometimes find a wide variation

in results from one researcher to the next and this should probably be expected. For

examp le , in inhalation experiments with animals, there are a variety of ways to
vaporize methanol; there are differences in the methods exposing the animals; there

are variations in the age and health status of the animals; and t
here are variabilit

y
 of

the analytical procedures for determini
ng t actual concentrat

th of methanol in t
the

air breat by the anima ls. addition, researcherdld have

advantage of today's sophisticated instruments.

Animals such as mice, rats, dogs, and rabbits vary in their tolerance to methanol

and in general can tolerate larger doses of met hanol than humans. 0
8979 ,80) For

example, the lethal dose for rats is approximatel
y nine times the equivalent dose in

humans. (2) The rat is a methanol insensitive species as it does not accumulate

formate after the administration of methanol. Monkeys are suscept  to

methanol vapors than guinea pigs, dogs, or rabbits; the latter being more resistant than

most animals. Some of the differences in methanol poisoning bet n humans and

nonKimato are listed Table 13.
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TABLE 9
EFFECTS OF MPTHANOL ON RABBITS

Means of
Principal Administering Approximate

Year Investigatar Dose Dose Size 5ummarr of Facts Referents

1 g77 Dujardin-Beaumetz Ingestion g.Ecclkg Death - mimimal fatal dose 48
determination

1900 Birch -Hirschfeld Ingestion Net specified Dilation and rigidity of pupils, 49
absence of defense reflexes.

inability to orient themselves in
space. Autopsy found degenerative

changes In the ganglionic cells
of the retina.

1902 Friedenwald Ingestion Large amt. Confirmed destructive effect on the 30
ganglionic tells of the retina.

1912 Nlclotsx Intravenous 16.lcc/kg Death - minimal fatal dose 51
injection determination

1913 Langgaard Ingestion 14.0cclkg Death - minimal fatal dose 32
determination

1914 Kasass Ingestion Toxic dose Pathologic examination of 40 53
rabbits showed changes in the

vascular membrane, In the mem-
brane of the optic nerve, In the
retina beginning with parenchy-
matous degenerated neuritis up

to axial atrophy.

1913 Tyson inhalation High Loss of consciousness, loss of 54
concentration pupillary reflexes, slight con-

striction of pupils, & death.

1922 Schwarzkopf Stomach Chronically Retinal ganglion cell degeneration 33
tube poisoned & occasional optic nerve de-

generation but no definite clinical
or ophthalmoscopic evidence of

ocular damage

1925 Munch Gavage lgmilkg Lethal dose 36

1926 Rost Ingestion 13.0 cc/kg Death - minimal fatal dose 37
determination

1927 Bachem inhalation 176,000 ppm Minimal fatal concentration 33
determination

1937 Lehmann Intravenous 10.7g/kg • Anesthetic dose (approximately 38
{ that of ethanol)

1937 Lehmann Intravenous 20.1celkg Death - minimal fatal dose 59
determination

1933 Gilger Ingestion 21 glkg as All three rabbits died between 42
30% aqueous I and 3 days. Acidosis studies

solution were ambiguous.

3.9g/kg as This rabbit died In less than
30% solution 24 hrs. alter given dose.

1957 Renkonen lntracutaneous 10 mg No akin reaction 79
lntracutaneous 33 mg 9-sq mm skin reaction occurred
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TABLE 11
EFFECTS OF METHANOL ON DOGS

• lkj 1 Principal
Means of

Admthstmin Approximate
Year fnrestlnater Anse 17osSize

18% 3Mfray inhalation Not specified
13,

13,

61

61
1899 Holden ing=tiw + 50=

2 doses,
3 days gradually subsid ed. Eighth day
apart a diffuse turbidity of the cornea

developed without signs of c-
gestlom Autopsy revealed cx-
tensire degemrafive changes of

ganglionic cells of the retina
and destruction of

medullary sheaths of fibers of
the optic nerve.

Summary of Facts Reference

Motor & sensory disturbance & 62
changes In the body temperature

and respiration.

Second day after fast dose 63
temporary blindness which later

1914 Loewy latiw 10,000-14,000
ppm

Timeduration: 2.0 4.0 bra.
No el feet

39

1,300 -2,000
ppm

Time duration: 24 hours
No effect

1914 Tyson inhalation High methanol
concentration

Four exposures over 1 th. Re-
duniw of body temperature and

a primary stimulation -
wt depression. Died after

fourth exposu

64

1921 H ell Ingestion 3. g Death - minimal fatal dose
determination

0

1923 de Schweinitx Ingestion Chronical ly
poisone

Oral dam given every2 to 3
days fm 9 to 10 da

sshowedshowedma*ed in imd
s

m
gave no indication of det ective
vision. No retinal ganglion cell

degeneration found.

66

1934 GradM o Intravenous 1c g Increase of the respiratory amplitude 67

Intravenous 1 8 Severe depress ion

1942 Sayers inhalation 430-500 ppm 8 hmtay for 379 days. No
significant toxic effect, no

unusual behavior, no impairment
of vision, loss of weight.

61

1935 GUger Ingestion 2.3g
to 9.

Seven dogs
dog (4.%/lee died between

29 & 46 hrL after administra tion

36

' on both

mal and

s, MC)

acct are

Umnetic

s on

tau, he

rm nt
I impact
poses of

— One dog (OX died between
242 hrs.

Highest non-lethal dose was S.Og/kg

inning of This dog had largest decrease
in CO2 bin w.

IL Most CO2 capacities dropped below

hardson's
tin rw142-54 1%)

in only 2 of 9 ge tW
es as the and returned to normal

53 hrs. Wm.
ami

example,

tnol than

er Heide
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TABLE 12
EFFECTS OF METHANOL ON MONKEYS

Means M
Principal Administering Approximate

Year investigator dose Dose Size Summary of Pam — Reference

1913 Tyson aUm high Loss of c i , 16ss of
papillary reflexes, Opt

constriction of pupils & death.

54

1931 M cCord Skin
absorption

0.5 cclkg x4 Lowest lethal dm. After 4th
application, death within 24 hrs.

27

Skin
absorption

1.3 mglkg x4 Desperate illness occurs by end
of day, death following day.

Skin
absorption
inhalation

1.3 mgAg el

1000 ppm

Dilated pupils within 1 hr,

Lethal after a few 16 hr expo sures.

1433 Gilger ingestion 3g/kg Minimal lethal dose 42

1933 GOg& Ingestion 1.0 gft Su viv Did not become acidotic 42
2.0 glkg Survived Sewrly aeidotk - CO2

combining capacity returned to
normal in 21 ft .

3.0 Og Died 32-38 hrs - Beverly acidotic
4.0 Og Died 29-36 hm - ftftrly acidotic
6.0 e4 Died at 29 hrs - mzerly acidotic
8.0 Died between 6-23

1961 Casper ingestion 7g/kg Minimal lethal dose 69

1968 Makar Injectionip 0.5gAg of
14c_ methanol
wi lmdw

amm of ethanol

Ethanol reduced
the oxidation of methanol 90%

70

1968 Makar Injection ip 60g
14c_

methanol

14c_ methanol was oxidized at
rate of 47 mg/kg/hr. between

1st & 4th , 49% of methanol
was oxidized to 14-C G.

70

33% removed by pulmonary
16% elimated unchanged by kidneys.

104 of 14c_ methanol was oxidized
at rate of 37 mg lltglhr between

1st and 4th hrs.

1975 McMartin Na utic
tube 20% tw/ofy )

Studied role of formic acid in
development of metabolic

ad s in monkey & reversal
with 4-methyl pra=le

24

1977 Bau Sufficient to
be non- lethal

but cause
acidot ic

state

Studied the alteration of the
ocular morphological find ings
produced by methanol with
light & electron microscopy.
light & electron may.

71

1977 Heyreh Ingestion 2g/kg and
subsequent

doses to
maintain

attenuated &
prolonged

intoxication

In ali 6 monkeys, c e
developed within 43 to 171

h s after Ingestion. The only
fundus Iasi& seen was optic
disc edema and associated

changes.

72



42

42

69

70

70

24

71

72

1977 McMartin Caanufa

1979 Martin-Amat Intravenous
Infusion

1979 McMartin Nasogastic
tube

1979 Blomstrand ingestion

73

70

73

76

S
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S

Reference

39

TABLE 12 (Cont'd)

Means of
Principal Administering Approximate

Yew eŝ or Dose Dose Size Summary of Fact Reference

1977 Martin-Amat Ingestion 2g/kg and Metabolic acidosis developed 23
subsequent concurrently with increasing
doses to formic acid concentration.
maintain A mechanism to explain

attenuated & toxicity is proposed.
prolonged

intoxication

Results suggest that folate-
dependent pathway is the major

route of formate metabolism
In the monkey

Infusion at rate calculated to
produce formate concentration

similar to those seen In
methanol-intoxicated monkeys
in which or'dar toxicity was
produced. Results similar to
that of methanol poisoning.

2g/kg Comparison of effects on lolate-
deficient monkey and untreated

control monkey suggest formaldehyde
is not a mayor factor in the

toxic syndrome. The predominant
role of formic acid is certified.

3-4g/kg Monkeys were allowed to develop
signs of methanol toxicity. Within

a few hour, after the injection
of 4-methyl-pyrazole signs of
recovery from toxic syndrome
were noted. They were alert,
strong, competitive & hungry.

1950 Naker Nasogastic 2glkg Studied role of folates in 77
tube of 20% W4v methanol toxicity

i0C methanol
[n water

showed that ethanol is much more toxic than methanol in mice and dogs and the same

was shown by Hammersten in rabbits. In rabbits and dogs, the lethal oral dose of

methanol was reported to be about twice that of ethanol.
( ) By intravenous injection,

the relative toxicities of methanol, ethanol, propanol and butanol were reported by Baer

in 1393 as 0.3, 1.0, 2.0 and 3.0, respectiveiy.(g3) In man, however, the toxicl of

methanol is an exception to Richardson 's rule and even one gram per kilogramkI .ofbody

weight or less can produce blindness or even death. ( )

The symptoms produced by methanol In most experimental animals are rather '-

uniform and are similar to the general anesthetic effects observed after administration

of ethanol and other alcohols of this series.(82) Although animals differ in their

tolerance to methanol, most laboratory animals tolerate high doses of this alcohol. In

mice, the symptoms produced by various doses are as follows (86 ): after kg/kg of body

weight, slight ataxia of less than one hour duration; after 3.3 g/kg, more pronounced

if

a
4
n

s

.i



Lethal Dose

Symptoms
Intoxication

Eye changes

Acidosis

Treatment
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TABLE 13 
42METHANOL POI SONING,

HUMANSHUMANS VS. NONPRIMATES

Humans

0.83 -1.4 g/kg
in humans

Less early Intoxica-
tion followed by
symptomless latent
period, then sickness
and death.

In many cases, partial
or complete blindness
accompanied by eye
ground changes such as
hyperemia of the optic
discs and venous en-
gorgement.

Often severe acidosis
(CO2- combining
capacity less than
20 vol.%)

Treatment with sodium
bicarbonate to control
acidosis and ethanol
to inhibit oxidation
rate.

Nonprimates

6 to 10 times the NWv4nt human

dose in rodents

(3 times the equivalent human dose
in monkeys)

Severe and early intoxication with
narcosis, lasting until death. Narcosis
is predominant symptom

Early pupillary changes and corneal
opacification following exposure
keratitis. Emr=M changes not seen
in non-primates

Rarely occurring and only at near lethal
or lethal doses

Treatment with sodium bicarbonate and

ethanol useless.

Metabolism Dehydrogenation of
methanol catalyzed
by the enzyme alcohol
dehydrogenase (ADH)

Catalase - peroxidase system

ataxia and slight anesthe sia in some after 7.5 g/kg, slight to deep anesthesia;

and after 10 g/kg, deep anesthesia within a few minutes after administration. Some

deaths occur from this dose range of 4 to 10 gfkg in surviving activity is

practically normal within 48 hours. In rabbits, 3 ml/kg produces practically no effects.

After 7 m1/4 or more, these animals exhibit almost immediate ataxia, loss of fighting

reflexes and coma

In 1955, a comparative study of methanol was conducted in rats, rabbits, dogs and

rhesus monkeys by Gilger and Potts.
(42)

 Administration of methanol was accomplished

by savage except for some of the experiments with rabbits in which administration was

by the Intravenous route. In rats, methanol at a dose of 4.75 g/kg resulted in an

approximately 70% lethality rate. In rabbits, oral administration of doses of either 2.1

g/kg or 3.5 g/kg caused death within three day& In neither the rats nor the rabbits, did
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analyses of CO2-combining capacity of blood demonstrate an acidotic condition nor did

ophthalmic examinations reveal any alterations or damage to the eye. In this same

study, methanol was administered orally in doses ranging from 2.5 g/kg to 9.0 g/kg to

nine dogs. The two animals that received 4.0 g/kg and 9.0 g/kg died between 28 and 46

hours after administration and the remaining animals survived. Eight grams per

kilogram (1.0 g/kg) was the highest nonlethal dose. In only two of the nine treated dogs

were CO2- combining capacities below normal range, and in none of the animals were

ophthalmoscopic changes detected.

sis The effects in rats, rabbits and dogs are in contrast to those observed when

methanol was administered to rhesus monkeys.
{42)

 Monkeys which received 1.0 and 2.0

g/kg respectively of methanol survived, while the four animals which received 3.0, 4.0,

[ 6.0 and 8.d glkg, respectively, died between 6 and 29 hours following administration of

een
 the dose. Of these six animals, the monkey which received the lowest dose did not

become acidotic and the one which received the highest dose died before the CO2"

combining capacity was determined. AU of the remaining monkeys became severely

acidotic. Two of the six animals exhibited ophthalmoscopic abnormalities consisting of

rthaJ

	

	
retinal hemorrhage in one animal and bleeding of the disc, venous engorgement and

possible hyperemia of the disc in the other.

From the results of their studies and those of other investigators, Gilger and Potts
• and

determined that only primates showed similarities in their response to methanol

poisoning.(42) Although the series of experiments they conducted with monkeys were

too small to get accurate toxicity data, they found the single oral lethal doses to be in

the same order of magnitude as those for humans (0.85 - 1.4g/kg). They found the

approximate single oral lethal doses in the following experimental animals to be as

indicated: (42)

Animal Times Mean Human Lethal Dose
hesia;

Some
Monkeys

Rabbits 7
'1ty is

fects.
Dogs

9

Rats 9
;Ming

3. Mechanism of Action(82)

sand -

lashed

	

	
Considerable animal experimentation has been conducted in an effort to

determine the mechanism of the toxic syndrome produced by methanol. In humans, this
0was

syndrome is characterized by a latent period of 12 to 24 hours, followed by metabolic _.
r

er 2.1

an
acidosis, ocur toxicity, coma and death.S

75
s 82la +f

Selection of an appropriate animal model for the toxic syndrome observed in man

has been a major difficulty in elucidating the mechanism of human methanol toxicity.
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Early studies of methanol toxicity were conducted with mice, rats, rabbits and dogs.
These species did not exhibit tie typical clinical syndrome observed in human poisoning
cases, particularly the severe acidosis and visual dlsturbances. (82) After conducting a
comparative study of methanol toxicity In rats, dogs, monkeys,
Gilger and his coUeagues(88,89) concluded the responses of primates
approximated human responses than did nonprimates rhesus
monkey as a model for methanol However, in 1961, Cooper end Fe e90)
reported a study in which they administered methanol orally to 12 rhesus monkeys
were unable to confirm the results of Gilger and p (42) Unlike GUger and Potts who
found lethality In monkeys at doses as low as 3 g/kg, Copper and Fe reported that
all monkeys which r eved doses of methanol of 6 g/kg or less survived. From data
they determined LI)30 to be approximately 7 to one
monkey where blindness was observed and this occurred transiently and at four days
after a dose of 9 of methanol. The consistent features methanol toxicity were
not observed in this study, except for a central nervous system depression, similar
that observed innonprimates. From their results they suggested that the monkey was
an animal model intermediate between humans and nonprimates.

Despite the conflicting results reported by Cr and FeMii90), a number of
more recent studies have confirmed the results of G4er and Potts 42) and established
that various swains and species of monkeys are an appropriate experimental model for
methanol intoxication in the human.

(23,24,71 ,72,73,9l ) In sufficient dosage, methanol
produces in monkeys a syndrome that is characterized by a latent period of 8 to 12
hours and the development of metabolic ad  toxicity, coma and
death.(23,24,71172)

Results of biochemical studies have provided evidence that differences in methyl
alcohol toxicity between nonprimates and primates, including are due to
differences in the enzymatic metabolism of both nonprimates
primates, methanol undergoes oxidation to formaldehyde which is
then rapidly oxidized to formic The formic acid, in converted
dioxide or eliminated in Although the same metabolic products are formed in
nonprimates primates, there Is evidence that the enzymatic pathways of

metabolism are different in the two groups of animals. In 1%4, Tephly at g.43)
conducted a study in which the simultaneous administration of ethanol with methanol
resulted in a 90% decrease of methanol oxidation in monkeys but only a 30% decrease In
rats. Since previous vitro studies Indicated that catalase-peroxldase had an equal
affinity for methanol and ethanol whereas the affinity of alcohol dehydrogense DH)
was 130 times greater for ethanol these investigators concluded
that the system was primarily responsible for methanol metabolism
in rats Mr et (70) also examined Inhibition of
methanol metabolism In the rat after administration of 3-a 1,2,4-
trthwle CAT), an inhibitor od catalase. This inhibitor did not affect methanol
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metabolism in the monkey but reduced the metabolism of this alcohol in rats by 30%.

The results Indicated to these authors that the mW rodaft system was

important in the oxidation of methanol in the rat but did not play a significant role in

the monkey. Evidence that methanol is primarily metabolized by ADH in primates was

provided by the study of Clay et 0.(
91) who reported that administration of 4-methyl-

that various strains and species of monkeys are an appropriate experimental model for

pyrazole, which is a specific inhibitor of hepatic ADH, prevented metabolic acidosis and

other signs of methanol toxicity in the pigtail monkey.

Auring the past few years, studies of methanol in rats and, particularly in

monkeys, have resulted in substantial progress In our understanding of the metabolism

of this 0mhol.  It 6 now accepted that the initial oxidation of methanol to 

formaldehyde is catalyzed ADH in wimates and by a caWase-ftroxidw sysznyin

nwvima.(92) Formaldehyde, in Thm, Is oxidized to formic acid in a reaction 

mediated by formaldehyde dehydrogenase. Formic acid is either eliminated in the urine

or oxidized m Mn dioxide and water by a folathAe nt on carbon system, or to a

limited degree, by mthl roxiduft. Despite this progress in understandingthe

metabolism of methanol, controversy still exists as to the mechanism of toxicity of 

methanol in primates, including man, and as to the differences in toxicity produced by

this alcohol in primates and non-primates.

The ocular toxicity produced by methanol In primates has been attributed by some

investigators to the formation of formaldehyde by others, formation of

formic acid. Potts and his coworkers, wlso proposed rhesus monkey as a model for

methanol suggested that the effects of methanol were related to the

generation of formaidehyth.(89) This view was also held by Cooper and Kim1(10) who

concluded from the results of in vitro experiments and studies with rabbits that

formaldehyde damage to retinal tells than methanol or formic arid. These

authors postulated that blindness occurs In victims of methyl alcohol poisoning because

formaldehyde is formed directly in retinal cells and inhibits the formation of adenosine-

$'-triphnsphate [ATP) In However, direct evIdmm that formaldehyde 6 the

taxis agent in methanol poisoning is not available. In a recent study, McMartin et
W.(75) reported that formaldehyde could not be detected in the urine, cerebrospinal

fluid, vitreous humor, liver, kidney, optic nerve brain In monkeys at a time when

marked metabolic acidosis and other characteristics of methanol poisoning were

observed. !Yuen In a folat eficient which Is especially susceptible to the

effects of methanol, McMartin coworkers(73) did not detect formaldehyde in

either body fluids or tissues after methanol adminisHatim According to the auth

the results suggest that formaldehyde is not a major factor In the toxic syndrome

produced by methanol although it Is not possible to completely eliminate this Chemical i

as a toxic Formaldehyde could be formed slowly within tells and

interfere with normal cellular function without ever reaching levels that are detectable

In body fluids or tissues.



In contrast, considerable evidence has accumulated that supports the role of

formic add as the toxic agent in methanol poisoning. McMartin et d. (24) and Clay et

al.(91) have shown that the accumulation of formic acid coincides with the metabolic

acidosis and outer toxic effects resulting from methanol administra to the monkey.

Additional evidence that formic acid is responsible for tM toxic effects of

methanol has been provided by other studies in which the production or metabolism of

formic acid has been altered In the rat and monkey. In both species, a foiat ewt 

one carbon system is involved oxidation of fermate to carbon dioxide 3,93) and

methanol toxicity can be altered by manipulation of the folate status of the animal.

Makar and Tephl ") reported that rats made folate deficient by maintenance an

foiat eficient diet not only metabolize formate at a reduced rate but also

accummulate formate and develop metabolic acidosis following methyl alcohol

administration. In monkeys, McMartin et  W. (23) have shown that the toxic syndrome of

methanol is greatly Intensified during states of folate Studies in other

species, notably the dog, have confirmedthat when folate deficiency is induced, an

increased susceptibility to methanol is Mbi.(93) Most recently, Noker and

TephIP7) reported that, after administration of methanol to m eyN stimulation of

formate metabolism by repetitive doses of fmyltetrMydrofolic acid or folic acid

resulted in a marked decrease blood formate accumulation and absences of metabolic

acidosis and blood bicarbonate depleti methanol toxicity, once established in

the animal, was reversed by fwmylteWahOrdoUc acid administration. Although

these studies provide evidence that formic acid is a major determinant of methanol

toxicity, the results of the studies by McMartin et W.(24) suggest this chemical is

not the only determinant. These investigators reported that, In their studies with

mmkeys, insufficient formic acid was generated to account for the meta bolic acidosis

produced by methanol and, therefore, other organic anions may also be involved.

26 Alcohols Toxicology
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