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Since attention has been drawn to the strong and almost disastrous toxicity of MeOH 25 years
ago, one might have hoped that related intoxications could be prevented. Unfortunately that is
not the case: There have been numerous intoxications in Westfalen [county in Germany] only
a few months ago, some even fatal. These poisonings can be related without doubt to the
consumption of brandy/spirit containing methanol. Again, it is shocking to see how little
methanol can be toxic: One woman died in Muenster, Westfalen, after having drunk 6
schnapps with a methanol content of 20vol%. That means that only 30 to 40g of methanol
caused the death of a otherwise healthy woman.
Hence, the toxicity of methanol is even greater than assumed previously. This gives rise to
questioning the very reason for methanol's toxicity. Even an experienced toxicologist like
Gadamer assumed that the toxicity was due to impurities.
This assumption has essentially been proved to be wrong on the basis of toxicological
experiments with animals. The severe series of intoxications in Hamburg in 1922 was caused
by almost pure methanol from America.
It has been suggested that the toxicity of methyl alcohol results from the metabolism of
methyl alcohol in the body to formic acid. There is no doubt about the toxicity of formic acid
which is barely combustible. Still, results from experiments with animals are contradictory to
the assumption that methyl alcohol needs to be oxidized first to be toxic. That is mainly
because methanol poisoning is not a typical acid poisoning not to mention a formic acid
poisoning. It has not been possible to prove a sufficiently high transformation of methyl
alcohol to formic acid, either. Additionally, assuming a formic acid poisoning therapeutic
attempts, like utilization of sodium bicarbonate, have failed to successfully save lives.
Actually most salts of formic acid are non toxic and the acid itself is not a strong acid. With
the dissociation constant of 2.05 exp 10-4 it is even less acidic than malic acid (4 exp 10-4) or
tartaric acid (9.7 exp 10-4). Experiments performed in our laboratory showed that the juices of
sour apples and lemons are much more acidic. Thus, the acidity of formic acid does not
explain the toxicity of methyl alcohol. Recently F. Leuthhardt explored the acidity of
different fruits. It is interesting to compare his figures with those relevant to this study. The
amount of acid that may result from conversion of the possibly lethal amount of 8 g methanol
equals approximately that of malic or tartaric acid contained in 400mL grape juice. Taking

into account the buffering properties of grape juice one would have to drink approximately
3.7L to get an equivalent of the maximal proton concentration derived from 8 g methanol. It is
very likely that this amount has been consumed without leading to death. Also it has to be
considered that the oxidation of methanol to formic acid would neither be complete nor very
fast.
If the crucial point is not the proton concentration (formic acid can just be described as a
medium strong acid) it may be related to the fact, that formic acid is hardly combustible and
thus acts rather as an inorganic acid. I believe that this is the most important point for its
toxicity. Methyl alcohol belongs to the group of compounds with just one carbon atom. These
compounds like formaldehyde or formic acid have in common that they are very slowly
oxidized in animal metabolism. Methyl alcohol is a poison as is ethyl alcohol with seemingly
less harmful, though much more dangerous, toxicity. It is seemingly less harmful because of
its less intense narcotic effect (Fuehner) and effects on the heart (Spiro) in comparison to
ethanol. It is well known that the narcotic effects of an alcohol increase with the number of
carbon atoms (Richardson's Rule). That is why methyl alcohol is a weaker narcotic than ethyl
alcohol. Perhaps the woman who died after having consumed 6 methanol containing schnapps
would have become inebriated sooner and thus stopped earlier if the drinks had contained
pure ethanol with no methanol. It is exactly the low acute toxicity of methyl alcohol that
makes it so dangerous (similarly the danger of CO poisoning is that the gas is odorless and
thus defensive reactions of the body are not triggered or too late).
Indeed all experiments confirm that methyl alcohol is slow to metabolize and that 48 h after
death more than a third of the consumed alcohol is still traceable in the body. Methyl alcohol
shares the property of an inorganic compound being hardly combustible and accumulates in
the body like an organic compound. Since methyl alcohol will not be oxidized - according to
Pohl (Biochem. Zschr., 127,66) hardly 0.5% of the supposedly toxic formic acid are formed and thus no toxic products will be formed it is possibly the physico-chemical properties of
methyl alcohol that account for its toxicity. Even more so since it circulates in higher
concentrations in the body than other aliphatic alcohols. If methyl alcohol acts as a strong
neurotoxin one has to consider the fact that it is a good solvent for phosphatides and steroids.
This is well known for lecithin. For steroids it was recently found that almost 2g of
cholesterol may be dissolved in methanol at 40°C. Even more important to me seems to be the
following fact: Methyl alcohol contains a hydroxyl group and thus an oxygen with valence
electrons. This is the reason why alcohols easily form complex salts with many substances.
Many complex salts are known from methyl alcohol with inorganic metal compounds. It

crystallizes with sodium, magnesium, calcium, aluminum, copper, iron etc to form double
salts. Knowing the significance of these elements for living animals, their fixation must be of
tremendous consequence especially for fermentative processes. To confirm the assumption I
investigated the effect of methyl alcohol on iron catalyzed oxidation processes. The
fundamental significance of heavy metal catalysis (in particular the one of iron) has been
described recently by Warburg, Meyehof et al.. I did find indeed that iron ions will be bound
in a complex with methyl alcohol in such ways that it is incapable to catalyze typical
oxidation processes. It seems that iron is bound in an easily reversible form which is of
physiological interest for hydrocyanic acid poisoning. The oxidation of a number of
compounds which are catalyzed by iron ions will be retarded or inhibited.

Guajak reaction:
The color of water with a drop of alcoholic Guajak solution and a droplet of diluted Fe(II)
sulfate solution changes to blue after adding a drop of diluted H2O2 because of the oxidation
of Guajak. Control samples containing methanol and ethanol respectively instead of water
stay colorless.

Benzidine reaction:
The color of water to which an alcoholic solution of benzidine and diluted Fe(II) sulfate
solution have been added changes to blue after addition of diluted H2O2 because of the
oxidation of benzidine. No oxidation was observed when using methanol or ethanol instead of
water or even a mixture of up to 75% water plus 25% alcohol. Using a mixture containing less
than 25% alcohol only a slight change of color was observed with ethyl alcohol leading to
faster reaction than methyl alcohol.

Indigo reaction:
The decolorization of indigo in water containing a bit of Fe(II) sulfate with H2O2 is retarded
effectively by adding methanol or ethanol. In contrast to the benzidine reaction ethanol is the
stronger inhibitor as can be seen from the results from the following experiments.

[Table with experimental details]

Phenol reaction:
A diluted solution of phenol containing Fe(II) sulfate changes its color to green after adding
H2O2 (oxidation to catechol). The reaction is inhibited effectively by adding methanol or
ethanol up to a ratio of only 0.1 alcohol and 0.9 of water. If less alcohol is used oxidation
occurs. Again, the inhibitory effect of ethyl alcohol is higher than that of methyl alcohol. It
seems possible that the inhibition of the described oxidations in alcohol solutions may be
caused by the fact of alcohol being a solvent for benzidine, guajak and phenol. With water
these substances would form a dispersion and Fe(II) could catalyze oxidation only after
adsorption to this dispersed phase. That this does not have to be the case may be shown by
experiments with aqueous solutions of benzidine hydrochloride.

[Table with experimental details]

Though oxidation is not completely inhibited by methyl alcohol or ethyl alcohol the important
fact is that the oxidation step indicated by the blue color is skipped. This step is related to
biological oxidations such as blood analysis of faces. According to these experiments
inhibition of adsorption does not occur. Therefore the inhibition of oxidation can be inhibited
by alcohol forming a complex with the otherwise catalytically active iron. Masking of heavy
metal ions does not generally cause inhibition of catalytic activity as can be seen from the
following example: An aqueous solution of phenylene diamine and α-naphtol will be readily
oxidized by the atmospheric oxygen to form indophenol blue. E. Wenheimer interpreted this
reaction as heavy metal catalysis. This reaction can be inhibited reversibly by adding
hydrocyanic acid. Adding heavy metal salts resumes the reaction. Oxidation of a solution of
α-naphtol and phenylene diamine is faster in the presence of copper than oxidation of a
copper free solution. Oxidation will be increased even more by adding potassium cyanide.
Interestingly, it depends on the order in which the ingredients are added. Increased reactivity
can only be observed when adding potassium cyanide after addition of copper salts whereas a
mixture of copper and potassium cyanide solutions has no increasing effect in aqueous
solution of phenylene diamine and α-naphtol. Apart from this, the catalytic effect is only a
temporary one. Applying ideal ratios and concentrations of the reagents
[Table with experimental details a) and b)]
the purple color of b) is more intense than the one of a) at first. After 30 seconds the intensity
of a) increases and eventually exceeds the one of b). This may be explained as follows:
Mixing copper and cyan ions yields a complex of less structured, thus high energy and with

strong catalytic properties. Over the time a more stable complex is formed that has lost its
catalytic effect. This describes a general principal of chemical and physico-chemical
reactivity of disordered systems that is important for biological processes (such as
fermentation).
Similar effects as for metal cyanide catalysis are to be observed for the accelerated oxidation
by copper and alcohol.
Methanol and ethanol on their own slightly inhibit the oxidation of the (copper free)
phenylene diamine and α-naphtol mix. The alcohols increase both Cu and Cu/cyanide
catalysis. Again, the order of ingredients is important as can be seen from the following
experiments.

[Table with experimental details]

In 2a)+b) and 3a)+b) the intensities invert. The similarities of the reactivity of the two
alcohols in vitro correspond to their similarities of their toxicological characteristics. The
higher toxicity of the methyl compound is a result of its greater resistance against degradation.
Methyl alcohol remains longer in the organism and in higher concentrations than ethyl
alcohol. Th. V. Fellenberg (Bern, Switzerland) has repeatedly found high and toxicologically
relevant amounts of methyl alcohol in fruit wine distillates, released during fermentation from
pectins. It is thus important to easily identify methyl alcohol. I myself successfully applied the
following method occasionally:

Identification of methyl alcohol in the presence of ethyl alcohol
Methanol and ethanol differ mainly in their property of residue formation with ammonium
sulfate (Spiro, 1921).
Shaking ethanol with the same volume of 22% ammonium sulfate solution (1:1) yields two
separate phases; an aqueous at the bottom and an alcoholic water mix at the top. Immediate
precipitation occurs when using methyl alcohol instead. Based on this behavior E. Meurice
developed a method to identify methanol in ethanol (Ch Zbl 1924, I, 519). Still, fast and clear
results are only obtained for ≥ 5% methyl alcohol. The limit of detection may be shifted to
concentrations as low as 1% methyl alcohol because of its property to aid emulsification of
water in alcohol.
Combining and shaking solutions of 2mL ethanol and 2mL ethanol / 1% methanol
respectively with 2mL 22% ammonium sulfate solution each results in fast and simultaneous

separation of phases/layers. The volume of the lower clear aqueous solution is approximately
a quarter of the alcohol containing top one. Addition of 10 droplets of water (3 drops =
0.1mL) and subsequent shaking yields differences in separation of the phases: In the case of
ethanol bigger droplets are formed which combine soon at the bottom in the aqueous phase.
The separation of phases in the methyl alcohol containing mixture is retarded. This difference
is more obvious after adding 12 droplets:
[...]
Using 76% alcohol instead of 95% no separation of phases can be observed (1 alcohol : 1
ammonium sulfate) when mixing one volume of alcohol and one volume ammonium sulfate
solution. Whereas separation is achieved when applying a different ratio (2 alcohol : 1
ammonium sulfate solution)
Here, the differences of emulsification are most intense after adding 6 and 7 droplets. In the
case of the methyl alcohol sample the 7th droplet usually led to the formation of emulsion.
When applying this method an alcoholic solution of the same specific weight as the sample
has to be used for the control samples. To test alcoholic beverages alcohol has to be separated
by distillation prior to analysis. Because of being hardly combustible and its tendency of
forming complexes, methyl alcohol acts as an inorganic poison in the organism. It seems to be
rational to regard methanol as such a toxin in therapy. Attempts to convert the alcohol into a
non toxic compound seem to be hopeless. Therefore, the aim must be to accelerate its retarded
elimination, seemingly by utilizing infusions of an alkaline salt solution with strong diuretic
effects.

