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Abstract—Measurements of the concentrations of acrylamide and N-hydroxymethylacrylamide in blood
of rats given a single intravenous dose indicated that both compounds distributed throughout
total body water within a few minutes. The concentrations of both compounds decreased exponentially
after this initial distribution, with a half-life of less than 2 hr. The reaction rates of the two compounds
with glutathione in vitro were the same and the presence of rat liver supernatant increased the rates
of both reactions. Both compounds caused a rapid decrease in liver glutathione in vivo, and the gluta-
thione conjugates were excreted in the bile. The breakdown of N-hydroxymethylacrylamide to acrylamide
in buffer was negligible and measurement of the specific radioactivity of the glutathione conjugate
of N-hydroxy['*Clmethylacrylamide excreted in the bile of a dosed rat indicated that there is very
little breakdown in rivo. Paper chromatography of blood extracts of rats dosed with N-methylacryla-
mide and N.N-diethylacrylamide did not give any evidence for breakdown of these compounds to
acrylamide. The results indicated that neurotoxic analogues of acrylamide are not neurotoxic by virtue
of formation of acrylamide. N-Hydroxymethylacrylamide and acrylamide are very similar in their distri-
bution in vivo and in their reactivity with glutathione, an indication of their reactivity with thiol
groups in general. The explanation of the fact that three times as much N-hydroxymethylacrylamide
as acrylamide is required to produce neuropathy must lic in a specific difference in reactivity at the

site which leads to the nerve damage.

Acrylamide produces peripheral neuropathy in a wide
range of species including man (see reviews by
Schaumburg and Spencer [1,2]). In contrast to earlier
findings, it has recently been shown [3] that three
chemical analogues of acrylamide, namely N-hydroxy-
methylacrylamide, N-methylacrylamide and N.N-
diethylacrylamide produce a similar neuropathy when
given to rats in high doses over long periods. N-hyd-
roxymethylacrylamide is very similar to-acrylamide
in its physical properties and the reactivity of the two
compounds with thiols, compared by measuring their
reactivity with glutathione in buffer, is the same [4].
However, N-hydroxymethylacrylamide is much less
neurotoxic than acrylamide. about 3 times the total
molar dose being required to produce the same
degree of disability [3]. N-Methylacrylamide and
N.N-diethylacrylamide are even less neurotoxic about
8 and 20 times the molar dose respectively being
required.

The purpose of this paper is to determine the rea-
sons for the differences in the neurotoxicity of these
four acrylic amides. The previous findings on reacti-
vity of acrylamide and N-hydroxymethylacrylamide
with glutathione [4] have been confirmed and
extended to studies in vivo. The distribution and
removal of these two compounds have been studied
by measuring blood concentrations after a single
dose. The possibility that acrylamide itself is the only
directly neurotoxic compound and that the analogues
are converted to acrylamide in vivo has been exam-
ined.

MATERIALS AND METHODS

Animals. Male rats of the Porton strain (200 + 20 g
body wt) were used.

Special  chemicals. N-Hydroxymethylacrylamide
was kindly given by Vinyl Products Ltd (Carshalton);
acrylamide was obtained from British Drug Houses
Ltd. (Poole); reduced glutathione (Schwarz-Mann)
from Micro-Bio Laboratories (London); ion exchange
resin (AG 1-X8 200-400 mesh) from Biorad Labora-
tories Ltd. (St. Albans); Instagel from Packard Instru-
ment Co. (Wembley); K!*CN and ['“C]paraformal-
dehyde from The Radiochemical Centre (Amersham).
N-Methylacrylamide and  N.N-diethylacrylamide
were prepared by Dr. Mattocks and Mr. Jones in
this laboratory. [1-'*Clacrylamide (mp 83-85°) was
synthesized by reacting K'*CN with ethylene chloro-
hydrin to produce ethylene ['*C]cyanohydrin, which
was then dehydrated by heating with sodium formate
to produce [1-!'*Clacrylonitrile. The [1-!*CJacryloni-
trile was converted to acrylamide essentially as de-
scribed by Weisgerber {5]. N-Hydroxy['*C]methyl-
acrylamide (mp 69-74°) was prepared by incubating
acrylamide with [**CJparaformaldehyde under alka-
line conditions as described by Hashimoto and
Aldridge [4] for the preparation of N-hydroxy-
methyl[ 1-'*Clacrylamide.

The glutathione conjugates of acrylamide and N-
hydroxymethylacrylamide were prepared by reacting
acrylamide or N-hydroxymethylacrylamide (0-32 mM)
with equimolar glutathione at pH 8 in the presence
of KCN (15 mM) to inhibit oxidation of glutathione.
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The product was separated by ion-exchange chromat-
ography on an acetate resin. The eluate was concen-
trated to a small volume and the glutathione conju-
gate precipitated by addition of excess ethanol. The
products migrated as a single ninhydrin-positive spot
when subjected to paper chromatography in butanol-
acetic acid-water (11:4:5 by vol.) and contained no
unreacted acrylic compounds.

Diazomethane was prepared by the method of De
Boer and Backer [6] and was re-distilled immediately
before use.

Acetate resin was prepared from Bio-Rad AGI1-X8
(200-400) resin (chloride form) by treatment with
cxcess sodium acetate.

Dosing. Acrylamide (100 mg/kg) and N-hydroxy-
methylacrylamide (140 mg/kg) were given intra-
venously in 099 saline, N-methylacrylamide (120
mg/kg) and N,N-diethylacrylamide (176 mg/kg)
were given intravenously in 60% m-dioxan-5-ol in
water. The volume of each solution injected was
| ml/kg.

Detection and assay of acrylic amides. Detection of
acrylic amides on paper chromatograms and assays
of acrylamide and N-hydroxymethylacrylamide were
carried out by the method of Mattocks [7] for «-
unsaturated carbonyl compounds using 4-dimethyl-
cinnemaldehyde reagent.

Assay of free acrylamide and N-hydroxymethylacryl-
amide in blood. At various times after dosing with
either compound, rats were anaesthetized with ether
and 2 ml blood removed from the posterior vena cava
into a heparinized syringe. Blood (1 ml) was mixed
with 3 ml methanol containing Tris (hydroxymethyl)-
aminomethane (0-1% w/v). The clear supernatant
obtained after centrifugation of the extract in a bench
centrifuge for 15 min was assayed by the method de-
scribed above. Blood extracts from rats dosed with
saline were used for blank values.

Paper  chromatography of blood extracts. Blood
extracts from rats dosed with acrylamide or its ana-
logues were prepared as described above. Samples
(100 ul) were applied to Whatman No. | chromat-
ography paper. Papers were developed by descending
chromatography for 16 hr at 25° using 60 ml butanol
saturated with water.

Reaction of acrylamide and N-hydroxymethylacryla-
mide with glutathione in vitro. Liver supernatants were
prepared by homogenizing livers in 5 vol. ice-cold
0-3 M sucrose and centrifuging at 27,000 g for 30 min.
Denatured supernatants were obtained by maintaining
the liver supernatant at 100° for 3min. Reaction
of acrylamide or N-hydroxymethylacrylamide with
glutathione was carried out at 377 in 3 ml Na/K phos-
phate buffer (0-1 M) pH 7:3 EDTA (2 mM), glutath-
ione (1-4 mM) and either sucrose (0-2M) alone, or
liver supernatant (equivalent to 0-13g liver/ml) or
denatured supernatant (equivalent to 0-13 g liver/ml).
The reaction was started by the addition of acryla-
mide or N-hydroxymethylacrylamide (final concn
10mM) and stopped by addition of 2ml ice-cold
perchloric acid (final concn 0-6 M). The supernatant
obtained by centrifuging at 25004 at 5° was used for
assay of free glutathione using the Ellman [8] method
as modified by Beutler er al. [9]. Estimations of the
amount of glutathione remaining were made at 6
times during the Ist hr. Equations for the second
order rate constants werc calculated using an iterative
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method to determine the best fit. Second order rate
constants were calculated from the slopes.

Assay of free glutathione in the liver. All rats were
starved from the time of dosing until the livers were
removed in order to avoid any effect of changes in
food consumption on liver glutathione. The livers
were homogenized in 11 vol. buffered ethanol as de-
scribed by Johnson [10]. The homogenate was centri-
fuged at 2500¢g for 20min and the supernatant
assayed for glutathione (the only non-protein sul-
phydryl compound present in significant quantities in
the liver [11, 12]) as described above.

Breakdown of N-hydroxymethylacrylamide in vitro.
Stoppered flasks containing solutions of N-hydroxy-
methylacrylamide (7-53 mg/ml) in buffers at different
pH values were incubated at 37°. Blank flasks and
flasks containing standards of formaldehyde (2-
500 ug/ml) at the appropriate pH values were incu-
bated alongside sample flasks. At various times, 5 ml
aliquots were removed and added to | ml Schiff’s
reagent for aldehydes [13]. The absorbance was mea-
sured at 560nm after 30min. Phosphate buffers
(0-1 M) were used for pH 3-5, 55 and 7-0. Although
35 is outside the buffering range for phosphate, the
pH did not alter during the experiment. Tris-HCl
buffers (0-1 M) were used for pH §8-0 and 9-0.

Identification of the glutathione conjugates of acryla-
mide and N-hydroxymethylacrylamide in extracts of
liver and bile. Ethanolic extracts of liver were pre-
pared as described for the assay of liver glutathionc.
The acidic amino acids were separated on a carbonate
ion-exchange column as described by Gaitonde [14],
and applied to Whatman No. | chromatography
paper after concentration by rotary evaporation. Bile
was collected by cannulation of the bile duct close
to the duodenum. The rats were maintained under
Nembutal anaesthesia and body temperature was
maintained at 37-39° by means of a lamp. The bile
(10 pl) was applied directly to Whatman No. | chro-
matography paper. Eluates of acetate columns (see
below) were concentrated by rotary evaporation
before application. Amino acids and peptides in all
samples were separated by descending chromat-
ography in butanol-acetic acid-water (11:4:5 by vol.)
at 25° for 16 hr using 60 ml solvent. Amino acid and
peptides were detected by ninhydrin spray and sul-
phur compounds by the platinic iodide spray of Toen-
nies and Kolbe [15].

Separation of the glutathione conjugates of acryla-
mide and N-hydroxymethylacrylamide from bile by ion-
exchange chromatography. Bile (1-5 ml) was applied di-
rectly to ion-exchange columns (15-5 x 09 cm) of ace-
tate resin and washed on with | ml water. The column
was eluted with 120 ml 0-1 N acetic acid followed by
0-22 N acetic acid. The glutathione conjugates of acryl-
amide and N-hydroxymethylacrylamide eluted in the
same volume, between 120 and 190ml. The con-
centration of glutathione conjugates in the cluate was
assayed with ninhydrin [16]. Absorbance was linear
for standards of both conjugates and the extinction
coefficients were the same. A standard was included
in each series assayed. The purity of all fractions was
checked by paper chromatography as described
above.

Estimation of specific radioactivity of glutathione
conjugates. The glutathione conjugates excreted in the
bile of rats dosed with either [1-'*CJacrylamide or
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N-hydroxy[!*C]methylacrylamide were isolated and
measured in the way described above. The radioacti-
vity was measured by scintillation counting in Insta-
gel. Efficiency of counting was estimated by internal
standardization. The chemical and radiochemical pur-
ity of all fractions was checked by paper chromat-
ography as described above. The chromatograms
were examined for ninhydrin-positive material and
scanned for counts using a Packard Radiochromato-
gram Scanner (Model 7200). The specific radioactivity
was compared with that of preparations in vitro made
by reacting 0-3 ml of the solution used for dosing with
glutathione as described for preparation of the unla-
belled conjugates except that the concentration of
reactants was 84 mM. The solution containing the
conjugates was diluted in bile from saline-dosed rats
then processed by ion exchange chromatography in
the same way as the bile from animals dosed with
the labelled compounds.

RESULTS

Concentration of acrylamide of N-hydroxymeth-
ylacrylamide in blood after intravenous dosing. The
blood concentrations of both compounds fell
exponentially after intravenous dosing (Fig. 1). The
half-lives for acrylamide and N-hydroxymethylacryla-
mide are 190 and 1-55 hr respectively. Extrapolation
of the decay curve back to zero time gives a con-
centration very close to the theoretical value for dilu-
tion in total body water, indicated by the arrow on
Fig. 1. Removal of acrylamide from the blood is pre-
dominantly via the kidneys, since Hashimoto and
Aldridge have shown that 60 per cent of the dose
is excreted in the urine.

Concentration of glutathione in the liver after dosing
with acrylamide or N-hydroxymethylacrylamide. After
dosing rats with either compound, the liver glutath-
ione fell rapidly, reaching a minimum of about 36
per cent normal values between 2 and 4hr, then
returned to normal, or slightly higher than normal
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Fig. 1. Semi-log plot of the blood concentrations of acryl-
amide and N-hydroxymethylacrylamide after intravenous
dosing. The concentration of acrylamide (@) or N-hydroxy-
methylacrylamide (O) at different times after an iv. dose
of 100mg/kg or 140 mg/kg respectively was measured as
described in Methods. The bars represent the standard
errors and the number of rats is given in brackets. The
theoretical concentration of either compound diluted in
total body water (assumed to be 70% of total body wt
[20]) is indicated by the arrow. The best straight lines
were calculated by an iterative method.
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Fig. 2. Concentration of glutathione in the liver after dos-
ing with acrylamide or N-hydroxymethylacrylamide. The
concentration of glutathione in the liver at different times
after dosing with either saline (@), 100 mg/kg acrylamide
(O) or 140 mg/kg N-hydroxymethylacrylamide (A) was
measured as described in the text. The bars represent the
standard errors. Each point is the mean of the values from
three rats except for the zero time measurements, which
is the mean of six values. All rats were dosed between
9.00 and 10.00a.m.

concentration by 24 hr (see Fig. 2). There is no gross
difference between the effects of the two compounds.
The control value did not vary greatly over the 24-hr
period. Jaeger et al. [17] have reported that depriving
rats of food greatly reduced the diurnal variation in
liver glutathione. However, in our rats, unlike those
of the above authors, there was little diurnal variation
even in fed rats (Edwards, unpublished data).

Reaction of acrylamide and N-hydroxymethylacryl-
amide with glutathione in vitro. The second order rate-
constants for the reaction of acrylamide and N-hyd-
roxymethylacrylamide with glutathione at pH 7-3 and
37° were both about 1-0 (see Table 1), slightly higher
than those obtained by Hashimoto and Aldridge un-
der similar conditions [4]. The rate of reaction was
faster (K = 1-65-2-46) in the presence of liver super-
natant. Denaturing the supernatant abolished the
stimulation of the rate of reaction, indicating that the
stimulation of the reaction rate is due to an enzyme
or enzymes In the liver supernatant. Boyland and
Chasseaud [18] have described the presence of glu-
tathione S-alkenetransferases in the liver which cata-
lyse the reaction of glutathione with a number of xf-
unsaturated carbonyl compounds.

The breakdown of N-hydroxymethylacrylamide in
vitro. The breakdown of N-hydroxymethylacrylamide
at different pH’s was monitored by measuring formal-
dehyde release. Breakdown at 37° was negligible at
pH < 7 and slow even at pH9 as shown in Table
2. These results are slightly higher than those
obtained by Rostovski and Novichkova [19] at 30°.

Identification of acrylamide in the blood of rats dosed
with acrylamide analogues. N-Hydroxymethylacryla-
mide could not be separated from acrylamide by any
of a considerable number of chromatographic
methods attempted. However, it was possible to
separate N-methylacrylamide from acrylamide by
descending chromatography in water-saturated
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Table 1. The rate of reaction of acrylamide and N-hydroxymethylacrylamide with glutathione in vitro

Addition of glutathione

Rate constant
(1./mole/min)

Acrylamide

N-Hydroxymethylacrylamide

Acrylamide + liver supernatant

Acrylamide + denatured supernatant
N-Hydroxymethylacrylamide + supernatant

094 £+ 0-09. 1-04 + 002, 099 + 0-03
1-17 £ 003, 1-04 + 005

1-65 + O-15, 206 = 0-2

0-87 + 0-04

1-82 + 0-05, 2:46 + 0-07

The rate constants were calculated from second order rate plots as described in the methods. Values of the rate
constant + standard errors obtained from individual experiments are given. The concentrations of glutathione were
1-4 mM, and of acrylamide and N-hydroxymethylacrylamide 10 mM. The concentration of glutathione in the absence
of acrylic amides was constant both in the presence and absence of liver supernatant.

Table 2. Breakdown in vitro of N-hydroxymethyl-
acrylamide
pH % Molar conversion in 24 hr
35 <05
55 <05
70 27
8-0 37
90 63

The 9, molar breakdown of N-hydroxymethylacrylamide
to acrylamide and at different formaldehyde pH values was
estimated by measuring formaldehyde release as described
in methods.

butanol. If N,N-diethylacrylamide was chromato-
graphed in this system no diazomethane-positive spot
could be detected on the paper. N,N-Diethylacryla-
mide applied to chromatography paper but not eluted
gave a strong colour, so presumably the compound
had evaporated during chromatography. Therefore it
was possible to identify acrylamide (or N-hydroxy-
methylacrylamide since these co-chromatograph in
this system) in the presence of N-methylacrylamide
or N .N-diethylacrylamide. Chromatography of meth-
anolic extracts of blood of rats 0-5 and 1 hr after dos-
ing rats with either N-methylacrylamide or N.N-
diethylacrylamide indicated that neither acrylamide
nor N-hydroxymethylacrylamide had been formed
(Table 3). A 5 per cent molar conversion to acryla-
mide or N-hydroxymethylacrylamide could have been
detected.

Identification of conjugation products of acrylamide
and N-hydroxymethylacrylamide in liver and bile. Since
it has been found impossible to separate acrylamide
from N-hydroxymethylacrylamide in blood samples,
N-hydroxy[ *CImethylacrylamide was therefore pre-
pared so that breakdown to acrylamide would result
in a loss of label and could be detected by a fall
in the ratio of '*C-label to acrylic amide (specific
radioactivity).

Radioactive N-hydroxymethylacrylamide polymer-
izes very readily and isolation of the monomer free
from contamination with polymerized forms (which
no longer contain the acrylic bond) was very difficult.
This made measurements of the ratio of '*C-label to
acrylic amides (specific radioactivity) by studying the
compounds circulating in the blood, subject to error.
The possibility of carrying out analogous measure-
ments on the conjugation products formed by reac-
tion with glutathione in vivo was therefore investi-
gated. This approach depends on the fact that estima-
tion of '*C-label measures only the conjugate formed
with  N-hydroxy[ '*C]methylacrylamide,  whereas
chemical assay with ninhydrin measures the sum of
the concentrations of conjugate formed from N-hyd-
roxy[ '*C]methylacrylamide and that formed from
any acrylamide liberated. It is essential that the two
compounds behave identically in all the systems used,
(see below).

Dosing with either acrylamide or N-hydroxymethyl-
acrylamide causes a loss of glutathione from the liver
(see Fig. 2). Paper chromatograms of bile and of liver
extracts of rats dosed with acrylamide were identical

Table 3. Separation of acrylamide, N-hydroxymethylacrylamide. N-methylacrylamide and
N,N-diethylacrylamide by paper chromatography and their identification in the blood of

dosed rats

Sample R; of spots
Acrylamide 078
N-Hydroxymethylacrylamide 0-78
N-Methylacrylamide 095
N,N-Diethylacrylamide No spot
Control blood 0051 034
Blood of rats dosed with acrylamide 0051 034 078
Blood of rats dosed with N-methylacrylamide 0-051 034 095
Blood of rats dosed with N.N-diethylacrylamide 0051 034

Blood extracts were prepared and chromatograms run and developed as described in the
text. The detection of acrylic compounds was sensitive down to 10 ug acrylamide and N-hyd-
roxymethylacrylamide and 50 ug, N.N-diethylacrylamide and N-methylacrylamide. The spots
at R; 0051 and 0-34, present in all blood samples, were very pale. N, N-diethylacrytamide
probably evaporates during chromatography (sce Results).
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Fig. 3. Diagram of paper chromatography of liver extracts
and bile of rats dosed with acrylamide or N-hydroxymeth-
ylacrylamide. Chromatography of extracts was carried out
as described in the text. The spots indicated are those
which were ninhydrin-positive. A dotted outline indicates
that the spot was very pale and not always detectable.
The hatched spot is the position to which purified glutath-
ione conjugates of acrylamide or N-hydroxymethylacryla-
mide run. This spot gives a strong positive reaction with
the platinic iodide spray for sulphur compounds. Key to
Samples—(1) Control bile. (2} Bile collected from rat 0-
24 hr after dosing with acrylamide or N-hydroxymethylac-
rylamide. (3) Standard glutathione conjugate of acrylamide
or N-hydroxymethylacrylamide. (4) Liver extract from rat
IS or 30 min after dosing with acrylamide or N-hydroxy-
methylacrylamide. (5) Control liver extract.

with those of rats dosed with N-hydroxymethylacryla-
mide (Fig. 3). The glutathione conjugates of both
compounds could be identified as a single spot
(absent from control samples) which gave colour with
ninhydrin, contained sulphur as shown by the platinic
iodide reagent, and had the same R, as the standard
conjugates. There were only traces of the conjugates
in the liver extract but the concentration in bile was
relatively high, so bile was used for further exper-
iments.

M easurement of glutathione conjugates of acrylamide
and N-hydroxymethylacrylamide in bile of dosed rats.
Bile was collected from rats from 0-2-5 hr after dosing
with saline, acrylamide (100 mg/kg) or N-hydroxy-
methylacrylamide (140 mg/kg) and the glutathione
conjugates isolated by ion-exchange chromatography.
The elution profile of bile from a rat dosed with acryl-
amide was indistinguishable from that of bile from
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a rat dosed with N-hydroxymethylacrylamide. The
fraction of the eluate which contained the glutathione
conjugates of acrylamide or N-hydroxymethylacryla-
mide was assayed for ninhydrin-positive material. The
amount of ninhydrin positive material in this fraction
of bile from saline-dosed rats is very small (see Table
4). After equimolar doses of acrylamide or N-hydroxy-
methylacrylamide, verysimilar quantities of the glutath-
ione conjugates were excreted in the bile.

The specific radioactivity of glutathione conjugates
excreted in bile after dosing with [1-'*Clacrylamide
or N-hydroxy[**Clmethylacrylamide. The specific
radioactivity of N-hydroxymethylacrylamide conju-
gate excreted from dosed rats is marginally lower
than that of material prepared in vitro (Table 5). No
lowering of specific radioactivity is seen in the excre-
tion products of rats dosed with [1-'*CJacrylamide
suggesting that the change is not an artifact induced
by the method. When fractions were subjected to
paper chromatography, all the radioactivity was con-
tained in a single spot coincident with the only nin-
hydrin-positive spot.

DISCUSSION

It has been shown [3] that about 3-times as much
N-hydroxymethylacrylamide as  acrylamide s
required to produce the same severity of neuropathy
in rats. The behaviour of acrylamide and N-hydroxy-
methylacrylamide in vivo as determined in this paper
does not provide an explanation for this difference.
Hashimoto and Aldridge [4] have shown that after
dosing with [I-'*CJacrylamide or N-hydroxymethyl
{1-'*Clacrylamide, similar amounts of label were
bound to proteins in different subcellular fractions of
brain and in different tissues. They concluded that
the distribution and reactivity of the two compounds
was very similar. The results in this paper provide
further evidence that this is in fact the case. Both
compounds distribute very rapidly throughout the
total body water and are then removed with a half-life
of under 2hr. The slightly more rapid removal of
N-hydroxymethylacrylamide is not sufficient to
account for the difference in toxicity. The second
order rate constants for reaction of the two com-
pounds with glutathione in buffer are the same for
the two compounds as shown previously by Hashi-
moto and Aldridge [4], although the actual values
obtained by these workers (091) was slightly lower
than in this study (see Table 1.). There is no great
difference between the reaction rates of the two com-
pounds with glutathione in vitro in the presence of

Table 4. Ninhydrin colour in 120--190ml eluate from acetate column sepa-
rations of bile collected from rats from 0-2-5 hr after dosing

Dose

Ninhydrin values

Saline

N-Hydroxymethylacrylamide (140 mg/kg)

Acrylamide (100 mg/kg)

0029, 0022, 0020,
0-027

0592,  0-502

0-540,  0-582

The fraction containing the glutathione conjugates (120-190 ml) was prepared
as described in the methods and 1-ml portions assayed for ninhydrin-positive
materials. The values given are the optical densities of the fractions from differ-

ent rats.
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Table 5. Specific radioactivity of glutathione conjugates excreted in bile after dosing with N-Hydroxy[!*C]methylacryla-
mide or [1-'*CJacrylamide

Time Specific radioactivity % Of
Dose (hr) Sample (dis/min per nmole}  control Significance
N-Hydroxy[!*C]methylacrylamide 0-13  Dosed rat 678, 742 100
in vitro prepn 682, 734
0-2 Dosed rat 657 + 06 (3) 91 P =002
in vitro prepn 720 £ 1-8(3)
0-24 Dosed rat 681 + 1-4(4) 96 P =015
in vitro prepn 70:6 + 07(3)
All times Dosed rat 679 + 1-0(9) 95 P = 003
combined in vitro prepn 712 £ 0-8(8)
[1-'*CJAcrylamide 0-2%  Dosed rat 142 + 34 (4) 100
in vitro prepn 135, 147

Animals were dosed and the glutathione conjugates isolated from the bile as described in Methods. In vitro prep-
arations were made by reacting some of the solution used for dosing with glutathione and isolating the product after
mixing with control bile. Values are given as the means + standard error with the number of rats in brackets, or
as individual values. Significance of the difference between the specific activity of the glutathione conjugate isolated
from dosed rats and that of the in vitro preparation was measured by Student’s t-test.

liver supernatant, although the reaction of N-hydroxy-
methylacrylamide with glutathione may be mar-
ginally faster.

The concentration of glutathione in the liver after
equimolar doses of acrylamide or N-hydroxymethyl-
acrylamide falls rapidly in the first 2 hr after dosing.
The liver glutathione concentrations returned to ap-
proximately normal values within 24 hr after dosing.

N-hydroxymethylacrylamide is not broken down to
acrylamide in vitro to any extent. The rapid removal
of free N-hydroxymethylacrylamide from the body
water means that only a rapid breakdown would pro-
duce sufficient acrylamide to exert any toxic affects.

The reaction products of acrylamide and N-hyd-
roxymethylacrylamide with liver glutathione are very
rapidly excreted in the bile and the proportion of the
dose excreted by this route is the same following dos-
ing rats with either compound. The specific radioacti-
vity of the glutathione conjugate excreted after dosing
with N-hydroxy[!*C]methylacrylamide is marginally
lower than that of the injected material. This indicates
a conversion of less than 9 per cent. Because the glu-
tathione conjugates of the two compounds behave
identically in all the systems used for their isolation
and assay, estimation of the ratio of counts to moles
of glutathione conjugate gives a measure of the pro-
portion of a dose of N-hydroxy['*C]methylacryla-
mide which has broken down to acrylamide.

These results indicate that the neurotoxicity of N-
hydroxymethylacrylamide, is due to toxicity of the
compound itself and not the result of conversion to
acrylamide in vivo. Similarly, no evidence for the con-
version of N-methylacrylamide or N,N-diethylacryla-
mide could be found by paper chromatography of
blood extracts from dosed rats.

Acrylamide covalently binds to protein in nervous
tissue, predominantly by reaction with the sulphydryl
groups in cysteine [4]. The reactivity of N-hydroxy-
methylacrylamide with sulphydryl groups measured
by its reactivity with glutathione, a simple thiol, is
the same as that of acrylamide. Since three times the
dose of this compound, compared with acrylamide,
is required to produce neuropathy, it may be pre-
sumed that either certain sulphydryl groups show dif-
ferential reactivity towards the two compounds, or
the binding site which is related to the development

of neuropathy is not a sulphydryl group. A quantita-
tive comparison between the effects of acrylamide and
N-hydroxymethylacrylamide (and possibly the other
two analogues of acrylamide) should give an indica-
tion of the relevance of a particular binding site to
the development of neuropathy.
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