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formylation biosynthetic reactions (E92, 1976). Formaldehyde is converted to formate by a specific 
formaldehyde dehydrogenase, and formate is converted to carbon dioxide. In monkeys, about 70 % of 
the 14C from [14C-methyl]-aspartame follows this path to carbon dioxide (E92, 1976). Formate can 
enter the one-carbon metabolic pool by formylating tetrahydrofolic acid to N5,N10-methylene-
tetrahydrofolate.  

In mammals, methanol is readily absorbed following ingestion, inhalation and dermal exposure (COT, 
2011). Methanol can readily enter the total body water and has a volume of distribution of 0.6-0.7 l/kg 
bw. Methanol is subject to a significant first pass metabolism. The overall metabolism of methanol 
proceeds by stepwise oxidation via formaldehyde to formate and then to carbon dioxide. The 
metabolism of formaldehyde is very efficient. Even after intravenous infusion, it was difficult to detect 
formaldehyde in blood, in which formaldehyde has been reported to display a half-life of about 
1 minute (McMartin et al., 1979; Tephly and McMartin, 1984). The oxidation of formate to carbon 
dioxide varies between species, the rate of formate elimination in humans and non-human primates 
being half of that in rats (Kavet and Nauss, 1990). In rodents, formate is converted to carbon dioxide 
through a folate-dependent enzyme system and a catalase-dependent pathway (Dikalova et al., 2001) 
whereas in humans metabolism occurs exclusively through the folate-dependent pathway (Hanzlik et 
al., 2005). Studies in humans have shown that approximately 80 % of an oral [14C]formate dose 
(administered as a single dose of 3.9 g calcium formate) is exhaled as 14CO2, 2-7 % excreted in urine 
and approximately 10 % is metabolically incorporated (Hanzlik et al., 2005). 

Formaldehyde is an intermediate in the formation of formic acid from methanol. Even after 
intravenous infusion of formaldehyde in dogs, cats, rabbits, guinea pigs and rats, it was difficult to find 
this substance in the blood, because of a very short half-life (~ 1 minute). Formaldehyde formation 
was studied in older publications on acute toxicity of methanol, but this intermediate could not be 
detected in animals or in humans (Tephly and McMartin, 1984). In monkeys given methanol orally via 
a nasogastric tube [3 g/kg bw as a 20 % (w/v) solution of [C14]methanol (1300 dpm/µmol of 
methanol)], formaldehyde could be detected in the blood at a level of 27-45 ȝM over the period up to 
18 hours following dosing with methanol. No formaldehyde could be found in liver, kidney, urine or 
several neural tissues (LOD 25 ȝM; ~ 0.75 mg/L or 0.75 mg/kg tissue). Formic acid was readily 
detected in all tissues and body fluids studied, in particular in urine, liver, blood and kidney 
(McMartin et al., 1979).  

When 14C-methanol or [14C-methyl]-aspartame were given orally to rats or monkeys in equimolar 
doses, in both species, the radioactivity was rapidly eliminated via exhaled air (~ 60 % of the dose in 
rats; ~ 70 % in monkeys) within 8 hours post dosing. With methanol, a slightly higher rate of 
exhalation was observed, probably because hydrolysis and absorption are required when the 
radioactivity was administered as labelled aspartame. Virtually no radioactivity appeared in the faeces 
and 2-5 % of the dose was eliminated via urine. In rats, about 40 % and in monkeys about 30 % of the 
dose was not accounted for, but it is noted that residual radioactivity in the carcass from incorporation 
through the 1-carbon cycle was not studied. These studies were undertaken with dose levels of 10 to 
20 mg aspartame/kg bw (Oppermann, 1984).  

In a recent study (Lu et al., 2012) formaldehyde hydroxymethyl DNA adducts have been measured 
after administration of labelled [13CD4]-methanol to rats (500 and 2000 mg/kg bw/day for 5 days) in 
multiple tissues in a dose dependent manner. This finding is in line with the known metabolism of 
methanol.  

The half-life for the systemic clearance of methanol has been reported to be 2.5-3 hours following oral 
doses of less than 100 mg/kg bw methanol given to human volunteers, increasing to 24 hours or more 
for doses greater than 1000 mg/kg (WHO, 1997). Stegink et al. (1981b) reported a human volunteer 
study in which methanol cleared with a half life of 2.5 to 3 hours after administration for a dose of 
80 mg aspartame/kg bw.  


