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groups after eight to 10 days on the acrylamide diet.
All rats recovered at the same rate after stopping
the acrylamide treatment.

Effects of vitamins A and E on acrylamide neuro-
toxicity

Supplementation of 4IB diet with vitamin A (5 000
IU/kg) or vitamin E (52 IU/kg) had no effect on
neuropathy produced by dosing rats with acrylamide
(50 mg/kg IP) twice weekly. Rats fed supplemented
diet also recovered at the same rate as animals fed
control diet after stopping the acrylamide dosing.

Acrylamide toxicity in hens

The susceptibility of individual hens to the neuro-
toxic action of acrylamide varied tremendously. Out
of nine hens treated with acrylamide (50 mg/kg
orally three times a week), two showed slight ataxia
after four doses, five after six doses, and two birds
only after nine doses. All birds progressed to severe
weakness and ataxia but at differing rates. Four hens
were observed for several months after stopping
acrylamide dosing when ataxia was severe; they
appeared normal after two to three months. His-
tology of nerves from severely ataxic hens ‘showed
only scanty degeneration of nerve fibres in the
sciatic and peroneal nerves and very little degenera-
tion in the brachial nerves. Degenerating fibres were
seen in the intramuscular bundles but the picture
was badly obscured by adipose tissue. There was
some degeneration in the spinocerebellar tracts in the
cervical regions and in the medulla. A few degenerat-
ing fibres were seen in the cervical dorsal columns of
the spinal cord’ (Cavanagh, J. B., personal com-
munication). The degree of spinal cord involvement
in acrylamide neuropathy is therefore less than with
the organophosphorus compounds, but only a
limited degree of damage could be seen with the light
microscope in all the nervous tissue examined. The
nerve tissue damage produced by organophosphorus
compounds is known to be related to reaction with a
protein in brain which has esterase activity (Johnson,
1969). This esterase activity was measured in the
brain of an ataxic hen 24 hours after the last dose of
acrylamide. No inhibition was found.

Acrylamide toxicity in frogs and goldfish

Both species were sensitive to the general toxic
effects of acrylamide. Three doses of 50 ug/g in one
week killed three out of five frogs and a 2-hour
exposure to a 29 (w/v) solution of acrylamide
killed two out of three frogs. No ill effects were seen
in the survivors. Continuous exposure of goldfish
to 100 ppm acrylamide killed all seven in the group
in five to seven days, but no effects were seen at
50 ppm for up to 30 days. A variety of dosing and
exposure regimes was used with both species, but
no effects could be seen at sublethal doses.

Discussion

Three analogues of acrylamide, N-hydroxymethyl-
acrylamide, N-methylacrylamide, and N,N-diethyl-
acrylamide, free from contamination with acrylamide,
given in large doses over a long period produce
a peripheral neuropathy in rats. All these com-
pounds have an additive effect with acrylamide
(Table 1). Only the three compounds which pro-
duced neuropathy when given alone enhanced the
neurotoxicity of acrylamide. It is not known whether
the effect is strictly additive or synergistic, but the
similarity of the chemical structures makes the former
more likely. The failure of Hashimoto and Aldridge
(1970) to produce neuropathy with N-hydroxy-
methylacrylamide alone was probably due to the fact
that these workers used lower concentrations of the
compound (1 400 ppm for one week, then 700 ppm
for seven weeks). Acrylamide itself in very low
quantities (10 mg/kg five times a week) did not
produce ataxia for up to 116 doses (Fullerton and
Barnes, 1966). These workers showed that there were
some signs of regeneration of peripheral nerves in
severely affected rats, fed 200 ppm acrylamide,
killed while acrylamide was still being given. This
may also occur when high doses of weakly active
compounds are given, resulting in either no signs of
ataxia or an increase in the time (and hence the dose)
required to produce ataxia. Therefore it is probably
more reliable to test compounds which may have an
acrylamide-like action by observing their effects on
the development of acrylamide neuropathy. An
approximate value for relative potency may also be
made by this means.

The results indicate that although acrylamide can
no longer be considered unique in its action, small
alterations in structure result in considerable or
complete loss of activity. The potency of the com-
pound bears no relation to the reactivity with
sulphydryl groups in vitro, as shown in Table 1. It is
interesting that compound 7(S-B-propionamido-
glutathione), which is the product formed in vivo by
the reaction of acrylamide with liver glutathione,
was not toxic. Compound 6(3,3-iminodipropiona-
mide) was studied because of its similarity to the
neurolathyrogens but was found to be inactive.

Neither DDT nor phenobarbitone had any effect
on the development of acrylamide neuropathy as
assessed in these experiments, nor on the recovery.
Kaplan et al. (1973) found that the onset of ataxia
(assessed by failure of the rats to remain on a rotating
rod) was delayed by these compounds. However,
once these rats had developed ataxia they took
longer to recover than rats given acrylamide alone.
The extent of histological damage in these rats
correlated better with the total dose of acrylamide
given than with performance on the rotating rod.
There are two major differences in the experimental
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procedures used in the studies of Kaplan et al. and
those used in this study:

1. Kaplan et al. gave the acrylamide by daily intra-
peritoneal doses (50 mg/kg) whereas in the
present experiments acrylamide was given in the
diet (calculated daily dose 41 mg/kg);

2. the method of assessment of the neuropathy.

It is possible that the rotating rod test while having
the advantage of being an objective and easily
quantifiable assessment may be affected by factors
other than the extent of nerve damage.

Deficiency in either vitamin A or E produces
nerve damage (Pentschew and Schwarz, 1962;
Aberle, 1934), and Prineas (1969) described the
ultrastructural changes occurring in the nerves of
acrylamide-treated rats as similar to those produced
by vitamin E deficiency. However, the results in this
paper indicate that acrylamide is not acting by
producing a deficiency in these vitamins.

Hens given acrylamide developed a reversible
weakness and ataxia but microscopically the damage
to peripheral nerves was not extensive, even in hens
severely disabled. Similar findings were obtained in
rats by Suzuki and Pfaff (1973). This is consistent
with the findings of Schaumburg, Wisnieski, and
Spencer (1974) that the earliest changes are in the
nerve terminals which have degenerated, resulting in
loss of functional activity in the nerve, before much
change is observed in the nerve axons. Scanty
degeneration of nerves in the central nervous system
found in hens has also been observed in cats (Schaum-
burg, Wisniewski, and Spencer, 1974) and rats
(Suzuki and Pfaff, 1973). Neurotoxic organophos-
phorus compounds produce extensive degeneration
of the spinal tracts in hens (Barnes and Denz, 1953)
and there is little or no clinical recovery. It cannot be
judged at present whether the reversibility of
acrylamide neuropathy is a reflection of the lesser
damage to the spinal cord, as compared with that
caused by organophosphorus compounds, nor is it
known whether the central nerves damaged by
acrylamide undergo functional recovery. The initial
biochemical event which leads to degeneration of the
nerve is different in acrylamide and organophos-
phorus neuropathy, since the brain esterase which is
specifically inhibited by all neurotoxic organo-
phosphorus compounds is normal in hens treated
with acrylamide.

It was hoped that nerves from cold-blooded
animals might provide a suitable model for in vitro
studies of nerve function. Studies on the responses of
frogs and fish indicate that neuropathy cannot be
produced with sub-lethal doses and therefore these
animals do not provide a valid model for studying
acrylamide neuropathy. Similar insensitivity of frogs
to neurotoxic compounds has been found with
organophosphorus (Edery and Schatzberg-Porath,
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1960) and tribromimidazole compounds (Edwards,
unpublished data).
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