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9 November 2009

Dear Mr McDonald

ASPARTAME: Methanol toxicity and FSA-funded study

When we met on 15 October we agreed to consider further some of the points made
by you and your colleagues, and I am now replying on those points.

You consider that the symptoms of anecdotal evidence sufferers, following
consumption of aspartame, are caused largely by methanol poisoning. We have
considered this and attach a detailed Annex on methanol toxicity. Our conclusion is
that the body can safely handle a small quantity of methanol.

You also had concerns about the proposed FSA-funded study on aspartame. You
have proposed that we should conduct a different type of study in which individuals,
recruited via their GP’s, are encouraged to consider eliminating aspartame from their
diet for 2 months after being informed about ‘free methanol poisoning’ and the
effects alleged to be associated with aspartame consumption. Before commissioning
the study we are currently undertaking, we did consider the type of study you
suggested. We consider this type of study to be flawed because, by suggesting to
individuals that something may affect their health, a proportion of people will
experience the predicted outcome regardless of their actual health status. It is not
‘blinded’, since participants are asked to remove aspartame from their diet and it is
explained to them what effect this may have, they then expect an improvement in
their health, the results will be influenced by their views. A properly conducted
blinded study carries far more weight with the scientific community as the results are
obtained objectively without this type of bias, since neither the researcher nor
participant know when or if, placebo or test is being studied. It is also likely that by
suggesting to individuals that they change one element of their diet, they may also
make various other lifestyle changes which could affect the outcome; these will not
be controlled for in any way in the study you suggest.

Although we believe the study design that you suggest is flawed in a number of
ways, as described above, we would be interested in further details of the
individual/organisation undertaking the ‘elimination’ study in the USA, which was
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mentioned when we met at Aviation House. We would welcome the opportunity to
include the results in future evaluation alongside those from our own work.

Having considered the points you made we still intend to undertake the pilot study
we previously proposed. We believe that it is in the best interests of everybody for
us to continue to investigate the concerns raised by consumers.

Yours sincerely

Dr Stephen Johnson
Head - Food Additives Branch.



Annex I: Methanol toxicity.

Pharmacokinetics of methanol

After uptake the majority of the methanol (96.9%) is converted to carbon dioxide in
the liver, with a small fraction being excreted directly in the urine.

Methanol is oxidised sequentially to formaldehyde, formic acid and finally carbon
dioxide.

In humans and non-human primates, the oxidation of methanol to formaldehyde is
mediated by alcohol dehydrogenase. In other mammals, the reaction is mediated by
catalase but the conversion rates are similar.

The oxidation of formaldehyde to formate is mediated by several enzyme systems
including formaldehyde dehydrogenase.

Formate is then oxidised to carbon dioxide by folate dependent mechanisms

Formate oxidation to carbon dioxide is variable between species, which determines
sensitivity to methanol toxicity (it is twice as slow in humans and non-human
primates compared to rats). This variability is due to the availability of folate.

Zero order kinetics means that a substance is cleared at a constant rate regardless
of dose. Ethanol and methanol follow this type of kinetics. Once metabolic clearance
is saturated, unchanged methanol can still be excreted at a constant rate. However,
metabolic clearance of methanol (although saturable) is much faster than this
excretion of unchanged methanol. Thus, high doses of methanol can result in the
accumulation of formate. However, this does also mean that there is an amount of
methanol and/or ethanol that can be safely ingested and metabolised without
symptoms of toxicity.

Mechanism of toxicity

Toxicity becomes apparent when formate production continues to exceed clearance.
Formate inhibits the mitochondrial enzyme cytochrome oxidase, resulting in hypoxia
(lack of oxygen) in the tissues; acidosis and other clinical symptoms may also occur
if the formate load is high (Liesivuori and Savolainen, 1991). The ocular effects
associated with methanol poisoning appear to be due to hypoxia in areas of the
cerebral and distal optic nerve circulations. In severe methanol poisoning, there may
also be damage to the central nervous system.

Toxic dose

The minimum lethal dose is 0.3 to 1 g/kg body weight (bw) (20 to 60 g/person in a 60
kg adult). The minimum dose associated with ocular toxicity is unclear but may be
10 mIs (8g) (Vale, 2007).



Symptoms

In species that metabolise methanol poorly, acute and short term toxicity in methanol
poisoning is characterised by formic acidaemia, metabolic acidosis, ocular toxicity,
nervous system depression, blindness, coma and death. The consequences of
longer term exposure to lower levels of methanol are a range of ocular effects.

The symptoms of methanol poisoning, which may appear after an asymptomatic
period of 12-24 hours, include visual disturbances, nausea, abdominal and muscle
pain, dizziness, weakness and disturbances of consciousness ranging from coma to
chronic seizures. The ocular effects develop 12-48 hours after methanol ingestion
and range from, mild photophobia, misty or blurred vision to significantly reduced
visual acuity and complete blindness. Visual disturbances have been reported in
workers exposed to 1500 mg/m3 methanol or greater.

Acute vs chronic toxicity

The vast majority of human data relates to acute or short term toxicity.

Toxicity in humans vs animals

The conversion of formate to carbon dioxide is twice as slow in humans and non
human primates compared to rats, meaning that humans are more sensitive than
rats to methanol toxicity.

Methanol in the diet and in other natural sources

Methanol occurs naturally in food, notably in fresh fruits and vegetables and their
juices. In such foods it exists in two forms — “existing” (i.e. free) methanol in the juice
plus the “potential” (i.e. releasable) methanol that is made available as pectin is
broken down during digestions in the gastrointestinal tract. Therefore, a healthy diet
of fruit and vegetables would provide an even greater amount of methanol than
would be estimated from the methanol content. In fruit juices, the content may range
from 1- 640 mg/L with an average of 140 mg/L. Methanol may also occur in dried
legumes (1.5-7.9 mg/kg).

The amount of methanol released from dietary exposure to aspartame is less than
the dietary exposure to methanol from fruits and vegetables and their juices and
from alcoholic beverages. For example, a serving of tomato juice provides about 6
times more methanol than an equivalent volume of beverage sweetened 100% with
aspartame.

Formate may be consumed through consumption of honey, fruit syrups and roasted
coffee. Calcium formate supplements have been investigated in human volunteer
studies without apparent adverse effects, this study included extensive assessment
of ocular parameters.

Methanol and ethanol



It has been argued that the methanol in fruits is not of concern since it is always
accompanied by ethanol which acts as an antidote, by out-competing alcohol
dehydrogenase, this is exploited in the treatment of clinical methanol poisoning.

Alcohols are a diverse group of chemicals which are naturally present in a wide
range of foods, albeit at very low levels. For example, ethanol (the type of alcohol
found in alcoholic beverages) is naturally present in fruits and fruit juices; and is the
principal constituent in alcoholic beverages. Other foodstuffs too can contain varying
contents of ethanol if alcoholic beverages have been used in their preparation.
Methanol is present naturally in fruits, vegetables, and their juices. Other sources of
dietary methanol include filbert nuts and vegetables that are not typically used for
juices, such as potato, onion, Brussel sprouts, celery, and parsnip.

Where ethanol and methanol are consumed together, the ethanol is preferentially
catabolised (broken down) (due to its greater affinity for the enzyme) with the
methanol being catabolised thereafter. In the meantime methanol persists in the
blood stream, declining only gradually through urinary and pulmonary excretion. In
the clinical situation, much higher levels of ethanol, providing a constant infusion, are
used as an antidote to methanol poisoning. The basis for using a constant ethanol
dosing rather than a single bolus dose is that an excess of ethanol competitively
inhibits methanol metabolism and thus metabolic clearance of methanol is blocked,
preventing the formation of formate. However, methanol is still excreted at a
constant rate and thus levels decrease, eventually falling to a level where the rate of
metabolism to formate would not lead to a build up and toxicity of formate. If a single
bolus dose of ethanol were used, the metabolism of methanol would not be inhibited
for sufficiently long to allow methanol levels to fall, and once the bolus ethanol dose
was cleared, methanol would be metabolised but sufficient levels of methanol would
remain, allowing the build up of formate.

Thus, in the dietary context, the presence of ethanol would not act as an antidote but
would instead only delay methanol metabolism.

Can you set an ADI for methanol?

The ADI (Acceptable Daily Intake) or TDI (Tolerable Daily Intake — for contaminants)
is an amount which when consumed every day over a lifetime would not pose a
significant risk to health. It is calculated as follows:

NOAEL (no observed adverse effect level) = ADI/TDI

10 (inter-species uncertainty factor (UF)) x 10 (inter-individual UF)

The UFs of 10 are used if no specific pharmacokinetic data are available.



If an ADI/TDI was set for methanol it would ideally be based on chronic data,
preferably in humans. If animal data were used, it would be necessary to ensure that
the inter-species uncertainty factor of 10 adequately covered the known increased
sensitivity of humans to methanol.

At present there is not enough information on chronic oral exposure to methanol to
establish an ADI or TDI.

Other measures of safe levels of exposure to methanol

There are occupational limits based on inhalation exposure, these can be adapted to
estimate how much methanol can be safely inhaled over a specified period (this
assumes that inhaled and ingested methanol are comparable, as both are readily
and rapidly absorbed). In the UK this level is 260 mg/rn3 and would represent
exposure to 2600 mgs methanol in an 8 hour period.

Based on data from volunteer studies and the occupational limits, Paine and Dayan
(2001) suggest a dose of 2 g/day methanol as safe and 8 g/day as toxic in the
context of alcoholic drinks. This incorporates a safety factor of 4. The margin
between the toxic dose and the maximum amount of methanol released from
asparLame (4 mg/kg bw/day1 x 60 kg bw = 240 mg/day) would be 8000/240 mg/day
= 33, with the additional reassurance that the methanol released from aspartame is
likely to be at lower levels and over a longer time period than that from alcoholic
drinks). It was considered that the ethanol content of the drinks was not relevant to
this (see above).

ADI for aspartame and methanol

The ADI for aspartame is based on animal data. When established by the
Committee on Toxicity of Chemicals in Food, Consumer Products and the
Environment (COT), it was known that methanol was a breakdown product of
aspartame but that the amount formed was considered to be comparable to that
found naturally (specifically in canned fruit juices). It was considered that consuming
methanol from aspartame would have the same effects as consumption of such
juices and was thus not of concern.

Summary

Methanol is not a cumulative poison per se but toxicity occurs when the formation of
formate from formaldehyde continues to exceed the oxidation of formate to carbon
dioxide by folate dependent clearance mechanisms. This means that the body can
safely handle a small quantity of methanol. At low levels, such as those from
ingestion of aspartame, the reactions leading to the formation of formate do not
operate at full capacity and the constant elimination of methanol is more important in
its excretion. At high levels the reactions leading to the formation of formate operate
at full capacity and the constant elimination of methanol is a minor route.

1 Calculated on the basis that aspartame breakdown releases 10% methanol by weight. So for an ADI

of 40 mg/kg bw/day this would give 4 mg/kg bw/day of methanol.



The ethanol stated to accompany methanol in fruit juices would delay rather than
prevent the conversion of methanol to formate and so would mean that naturally
occurring methanol would be comparable to that released from aspartame.

At present there are insufficient data to establish a TDI or ADI for methanol.
However, the occupational exposure limits are equivalent to a methanol intake of
approximately 2600 mgs/8 hours and it has been suggested that 2 g/day would be a
safe daily dose for methanol in alcoholic drinks.

Other specific points raised by you:

1. Why has methanol never been taken into account in determining the AD! of
aspartame? The COT knew that methanol was produced following the
breakdown of aspartame but considered that it was comparable to drinking a
small amount of canned fruit juice and thus was not relevant to establishing
an ADI.

2. Why has the FSA not been aware of the MSDS for methanol? The FSA is
aware of the toxicity of methanol from the scientific literature as described
above which is compatible with the information given in the data sheet
However, it should also be noted that material safety data sheets are
intended for use in an occupational setting to assist with the handling and
transport of materials and are not necessarily relevant to the consideration of
low levels of exposure that would occur through the diet.

3. Why has the FSA not carried out its own studies? It is the responsibility of the
manufacturer to produce such studies, to a suitable standard and covering
the appropriate scientific areas. The FSA (and previously the Department of
Health) is responsible for ensuring that the studies are assessed by
independent experts to determine whether a product is safe for use and at
what levels. This takes into account whether the provided data is adequate to
demonstrate safety, both in the range and quality of studies conducted.
Additional data may be required which the manufacturer has to provide before
approval can be given.

4. Drip feeding humans methanol ensures long term methanol poisoning. The
body is able to metabolise small quantities of methanol, ultimately converting
it to carbon dioxide. It is only when this process is saturated that formate
levels start to rise and if this continues, toxicity can occur.
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