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A~~act-Incorporation in vitro of either L-[U-Wltysine or ~-[~sS]methionine into 
proteins in isolated nervous tissues from rats treated with acrylamide has been deter- 
mined. Incorporation of the amino acids was different in different tissues. Both potas- 
sium cyanide and 2,4-dinitrophenol inhibited the incorporation, suggesting that the 
incorporation is dependent on aerobic energy metabolism. In the brain cortex and liver 
the incorporation of amino acids was not affected by acrylamide, while in the spinal 
cord it started to increase after the rats became paralytic, and it reached the maximum 
value after acrylamide was withdrawn. In contrast, in sciatic nerve, lysine incorporation 
was suppressed at the early stage but increased later as in the spinal cord. Methionine 
incorporation into sciatic nerve was not decreased. Equilibration of lysine between the 
suspending medium and the tissue both in control and treated rats was established 
within at least 10 min after the incubation was begun. Autoradiographically a large 
number of silver grains due to [“%]lysine was visible in the anterior horn cells of the 
spinal cord and in the Schwann cells of the sciatic nerve both in normal and treated rats. 
A possible mechanism for the altered protein metabolism is discussed. 

IT HAS been shown in a previous report’ that acrylamide (CH2=CH-CONH,) which 
produces peripheral neuropathy in animals and human beings,2 reacts with glutathione 
and protein in the central and peripheral nervous systems. Studies in vitro have also 
shown that acrylamide combined with cysteine sulphydryls in protein to produce 
S-carboxyethyl cysteine after hydrolysis.’ 

A disturbance of the axoplasmic flow of proteins labelled with radioactive Ieucine 
down the nerve roots in cats dosed with acrylamide has been shown by Pleasure, 
Mishler and Engel. The present study was undertaken to examine whether acrylamide 
affected the protein metaboIism of the nervous tissues. The effect of acrylamide on the 
in vitro incorporation of radioactive amino acids into the proteins of nervous tissues 
was investigated. 

MATERIALS AND METHODS 

Animals. Male Sprague-Dawley albino rats were obtained from the Laboratory of 
Experimental Animals, Osaka University. 

Dosing of ~cr~Jam~de. Rats (8 weeks old) were fed on a commercial powder diet 
(Oriental M powder) containing 500 ppm acrylamide for 4 weeks, followed by 4 weeks 
without acrylamide, and water ad Jib. The control group was fed powder only. 

Incubation of nervous tissues with radioactive amirao acids. The rats were killed by 
decapitation under ether anesthesia at varied times, and the brains, spinal cords, 
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sciatic nerves and livers were rapidly removed. Slices of 0.5 mm thickness were prepared 
from the brain cortex and the liver using a mechanical chopper made in this laboratory. 
The spinal cord was separated from the arachnoides and was divided into three parts, 
i.e. upper, middle and lower, each of the same length (corresponded approximately to 
the vertebral levels of C1 N T,, T, N T, and T10 N Sg, respectively), and each part 
was cut into small pieces of about 1 mm thickness by free hand. The sciatic nerve of 
both sides was removed from the roots to the peripheral end and the perineurium was 
carefully removed. About IO0 mg of each tissue was incubated in 2 ml of Krebs- 
Ringer phosphate buffer containing 0.011 M-glucose in a small flask with a glass 
stopper at 37” under the normal atmosphere. After a prein~ubation period of 5 min 
O-5 $Zi of either L-]UJ4C]lysine (198 mci~mmole, Daiichi Chemical Co.) or L-[~%]- 
methio~ine (maximum 49.3 mci~mmole, Comissariat A L’Energie Atomique) were 
added to the flask. After 2 hr incubation reaction was stopped by adding ice-cold 
20% TCA. Tissue was removed from the flask into a tube containing 10% TCA, 
homogenized by Ultra-Turrax and the protein fraction was extracted as previously 
described.’ The protein sample was then dissolved in 1 N-NaOH solution at 80” in 
15 min. An aliquot of the protein solution was used for the estimation of radioactivity 
by scintillation counting using a dioxane-toluene-Cab-O-%1 gel scintillator, and another 
for protein content by the method of Lowry et d4 The specific activity was expressed as 
dis/min~milligram protein. Time course of the penetration of [i4C]iysine from the 
suspending medium to the tissues was also determined by counting the radioactivity 
in the incubation medium and in the first 10% TCA extract. The rate of penetration 
was expressed as follows: dis/min in the TCA extract from 1 g wet tissue/dis~min in 
millilitre medium. 

To see the effect of metabolic inhibitors on the amino acid incorporation, either 
potassium cyanide (1 x 10W3 M) or 2,4-dinitrophenol (3 x 10m5 M) was added to 
some of the incubation flasks immediately before the labelled amino acid was added. 

Au~oradiographic study. About 5 mm lengths of the three parts of the spinal cord 
and the sciatic nerve were incubated with [14C]lysine as already described. After the 
incubation they were fixed in Bouin solution for one night. Autoradiography of para- 
ffin embedded sections was undertaken by the dipping method using Sakura NR-M2 
emulsion. Exposure was for 5 months at 5”. 

RESULTS 

Incor~~r~t~ff~z of [14C]~ysine into the protein friction of nervom tissues of the control 
rats. Figure 1 showed time course of the in~o~oration of [14C]lysine into proteins of 
the brain, spinal cord, sciatic nerve and liver of control rats. The incorporation 
proceeded in each tissue, linearly, for up to 3 hr. The incorporation per unit/protein 
weight was highest in the brain cortex followed by the sciatic nerve, liver and spinal 
cord. In the spinal cord the middle part showed the highest incorporation of the three 
(see Table 3), while protein content per unit weight of tissue was the lowest in the same 
part. Difference of the incorporation of the amino acid among different ages of rats 
observed by Mathesor? was not found among the rats aged between 8 and 16 weeks 
in the present experiment as shown below in Table 3. Both potassium cyanide (1 x 10d3 
M) and 2,4-dinitrophenol(3 x 10e5 M) showed inhibitor effects on the amino acid 
incorporation as shown in Table 1, though the incorporation gave essentially straight 
lines. 
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FIG. 1. Time course of [‘%Z]lysine incorporation into tissue proteins of normal rats. Tissues from 15 
rats aged 8 weeks were incubated at 37” in 2 ml Krebs-Ringer phosphate buffer containing 0.011 M- 

glucose and 0.5 &i L-[U-YZ]lysine. Each point represents the means of three experiments. 

Time course of the penetration of the amino acid from the suspending medium into 
the tissue was measured in the sciatic nerve. As shown in Table 2 the equilibrium 
between them seemed to be established within 5 min after the incubation. Neither 
potassium cyanide nor 2,4-dinitrophenol affected the process. 

Incorporation of [‘“C]Zysine in the treated rats. Under the dosing condition of acryl- 
amide described in Materials and Methods, the animal began to show a weakness of 
the hindlimbs at 2 weeks, slight disturbance in walking at 3 weeks and paralysis at 
4 weeks. After removing acrylamide from the diet the animal clinically recovered 

from paralysis in 5-6 weeks. 

TABLE 2. TIME COURSE OF THE PENETRATION OF [“‘C]LYSINE FROM THE SUSPENDING MEDIUM INTO THE 

SCIATIC NERVE OF NORMAL RATS, AND THE EFFECTS OF METABOLIC INHIBITORS ON THE PENETRATION 

Rate of penetration 

Incubation time Without inhibitor 
(min) (control) 

+Potassium cyanide +2,4_Dinitrophenol 
(1 x 1O-3 M) (3 x 1O-5 M) 

5 146 1.58 1.46 
15 1.63 1.79 1.72 
30 1.70 1.84 1.80 
60 1.58 1.62 1.55 

120 1.60 1.64 1.64 
180 1.69 1.77 1.70 

Incubation at 37” in 2 ml Krebs-Ringer phosphate buffer containing 0.011 M-glucose and 0.5 &i 
r_-[U-14C]lysine. Rate of penetration was calculated as; dis/min in the first 10 % TCA extract/dis/min 
in millilitre suspending medium. Results are means of three experiments. 
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The inco~oration of [‘4CJlysine into tissue proteins at various times after treatment 
was begun as shown in Table 3. In Fig. 2, the percentage incorporation of the control 
values after feeding acrylamide is shown. In the brain and liver no differences in the 
incorporation between normal and acrylamide-treated rats from the beginning to the 
end of the experiments were found. In the spinal cord, however, more lysine was 
incorporated in treated rats than in controls after 4 weeks of dosing. The incorporation 
continued to increase until 6 or 8 weeks and then tended to decrease of the normal level. 
The increase was most evident in the lower part. In the sciatic nerve, a slight decrease 
of the incorporation was observed after 2 and 3 weeks followed by a larger increase 
from 4 weeks. The maximum value was at 6 weeks as seen in the spinal cord. 

Spinal cord,lower 

Sciatic nerve 
Spinal cord. middle 

Spinal cord.upper 

Brain cortex 

e 
.~_~.~.~~~-~~- 

.-...A-_ 
.Fy==--- 

Acrylamide 500 ppm 
- 

I I I I I 
0 I 2 3 4 6 8 

Time, week 

FIG. 2. [‘4C]Lysine incorporation into tissue proteins of rats dosed with acrylamide for 4 weeks ex- 
pressed as per cent of controls at various time. 

The time course of the incorporation and the effect of either potassium cyanide or 
2,4-dinitrophenol on it were determined in the sciatic nerve of rats treated for 4 weeks. 
As shown in Fig. 3 the elevated incorporation proceeded linearlly. Both potassium 
cyanide and 2,4-dinitrophenol inhibited the incorporation to the same degree as 
in the control rats. 

The time course of penetration of the amino acid into tissue was also measured with 
sciatic nerve of rats after 4 weeks of dosing. As shown in Table 4 the concentration of 
the amino acid in the tissue and suspending medium reached an equilibrium within at 
least 10 min of incubation. Neither potassium cyanide nor 2,4-dinitrophenol affected 
the process. 

Incorporation of [35S]methionine into protein. Table 5 shows the incorporation of 
[35S]methionine into the protein fraction of each tissue and the effect of acrylamide 
on the incorporation from the second to sixth week of the experiment. The control 
inco~oration was by far the highest in the sciatic nerve followed by in the liver, the 
brain cortex and the spinal cord. This order of illcorporation was not coincident with 
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_ a Without inhibitor 

b t2.4- Dlnitrophenol 
(~xIO-~M) 

c + Potassium cyanide 

(I ~10.~ M) 

Time min 

FIG. 3. Time course of [%]lysine incorporation into sciatic nerve protein of rats dosed with acryl- 
amide for 4 weeks and the effects of metabolic inhibitors on the incorporation. 

that of Richter et al6 obtained by in vivo study. After treatment with acrylamide 
for 4 weeks, a significant increase in the incorporation was also demonstrated 
in the spinal cord and sciatic nerve but not in the brain and liver. No decreased incor- 
poration of methionine into the sciatic nerve protein was found at the early stage, in 
contrast with the results obtained with lysine. 

Autoradiographic study of [14C]Zysine in tissues. After the autoradiography of the in- 
corporated [14C]lysine in tissues, a large number of silver grains were visible in the 
anterior horn cells in the spinal cord and in the Schwann cells in the sciatic nerve, 
although tissue structures were considerably broken after 2 hr incubation in vitro as 

TABLE 4. TIME COURSE OF THE PENETRATION OF [WILYSINE FROM THE SUSPENDING MEDIUM INTO THE 

SCIATIC NERVE OF RATS DOSED WITH ACRYLAhfIDE FOR 4 WEEKS, AND THE EFFECTS OF METABOLIC INHIBI- 

TORS ON THE PENETRATION 

Rate of penetration 

Incubation time Without inhibitor $-Potassium cyanide +2,4-Dinitrophenol 
(min) (control) (1 x 1O-3 M) (3 x 1O-5 M) 

10 1.48 1.65 1.43 
30 1.52 1.37 1.68 
60 1.38 1.63 1.46 

120 1.45 1.46 1.51 
180 1.53 1.47 1.39 

Acrylamide 500 ppm in a powder diet was given until the end of the 4th week. Incubation at 37” in 
2 ml Krebs-Ringer phosphate buffer containing PO11 M-glucose and @5 pCi L-[U-‘%Z]lysine. Rate 
of penetration was calculated as; dis/min in the first 10 %TCA extract/dis/min in millilitre suspending 
medium. Results are means of three experiments. 
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shown in Fig. 4. No difference in mode of distribution of the silver grains was demon- 
strated between the control and the acrylamide-treated rats. Quantitative comparison 
of grains between them was not possible in this experimental condition. 

DISCUSSION 

In a previous report’ it was found that acrylamide reacted in uivo and in vitro with 
nonprotein sulphydryls and with proteins of rat tissues, and that labelling of the pro- 
tein in the nervous system with [14C]acrylamide persisted for more than 14 days. These 
results suggested the possibility that acrylamide might affect protein metabolism in 
tissues and might relate to the specific cumulative nature of this compound in the 
body.7 According to Simpson8 disturbances in protein metabolism are commonly seen 
in peripheral neuropathy. Cavanagh and Chen9 have recently demonstrated that 
amino acid incorporation into the nervous proteins is greatly altered by organo- 
mercury and bromophenyl compounds. 

In the present study the incorporation of amino acids into tissue proteins has been 
investigated in rats poisoned with acrylamide. The incorporation was shown to be 
different in different tissues, being highest in the brain cortex for lysine and in the 
sciatic nerve for methionine among tested, and to be dependent upon aerobic energy 
metabolism as shown by the inhibitory action of potassium cyanide and 2,4-dinitro- 
phenol on the incorporation, After dosing with acrylamide the incorporation was 
altered in the spinal cord and sciatic nerve. 

The decrease of [r4C]lysine incorporation in the sciatic nerve at the early stage may 
be connected with a biochemical mechanism of the neuropathy, such as the interrup- 
tion of the axoplasmic flow of protein in nerve roots shown by Pleasure et al3 
and the decreased metabolism of proteins in the axons and Schwann cells. It is 
unclear, however, why methionine incorporation was not reduced in the same stage. 

The increased incorporation of amino acids in the spinal cord may be due to an 
increase of protein metabolism in the anterior horn cells, in which a large number of 
silver grains due to [14C]lysine were visible in autoradiograms. From the present study 
it is not easy to decide whether the increased metabolism of protein is due to a regener- 
ating processlO after lesions in the tissue, such as demonstrated electron-microscopi- 
cally by Prineas,” or to the direct action of acrylamide on protein metabolism. It 
seems likely, however, that the increased metabolism is connected more with the 
regenerating process because the incorporation was elevated from the later stage of the 
neuropathy to the recovery stage after the withdrawal of acrylamide. Engh et aZ.l2 have 
recently shown by autoradiography an increased perikaryal synthetic function 
following peripheral axon injuries. In the present study it was also demonstrated with 
lysine that acrylamide did not affect the penetration of amino acid into tissues. The 
altered incorporation of amino acid into protein may, therefore, be attributed to the 
change in the protein metabolism. 

The increased incorporation of amino acids into the sciatic nerve at the later stage 
of the neuropathy might be related to the proliferation and increased metabolism of 
the Schwann cells13 in which many silver grains were demonstrated. Fullerton14 
suggested by electrophysiological and histological studies on peripheral nerves that 
degeneration began from the early stage of the acrylamide poisoning. 

In the present study the amino acid incorporation was determined in total proteins. 
Clouet and Waelsch15 showed an increased incorporation of [14C]lysine into brain 



1066 K. H~HIMOW and K. ANDO 

protein, especially of microsomal fraction, in rats dosed with an organic phosphorus 
inhibitor. Caston and SingerI observed that amino acids were incorporated into 
varied macromolecules in peripheral nerves. It may, therefore, be of interest to study 
the effect of acrylamide on varied subfractions of nervous tissues, above all of the 
spinal cord and sciatic nerve. 

From the fact that neither in the brain nor in the liver was the amino acid incorpora- 
tion affected by acrylamide, it seems that the compound has a specific effect on the 
spinal cord and peripheral nerve. If the reaction of acrylamide with tissue protein9 
plays any role in causing the lesions in the latter tissues, there should be specific 
structures and/or functions vulnerable to acrylamide in their proteins. The interruption 
of axopIasmic flow shown by Pleasure, Mishler and Engel might be an evidence of 
this view. 
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