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Electrophoretic Analysis on the Protein Alteration in the
Brain of Actylamide Administered Mouse
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To investigate the neurological effect of acrylamide, whole brain of intoxicated mouse in-
duced early hindlimbs ataxia was examined by using the methods of SDS-PAGE and
two-dimensional electrophoresis. In the gel patterns by SDS-PAGE, when the patterns of each
group were compared relatively, there were no remarkable changes but in the patterns of
2D-PAGE, some protein alterations were observed. Especially, the spots containing 20
(14,500, 5.64) and 21 (19,900, 6.78) were disappeared, and the spots 9 (31,300, 5.82), 11
(31,300, 5.36) and 19 (16,400, 5.42) showed marked decrease relatively in the case of treat-
ment group. Among these changed spots, the spot 20 (14,500, 5.64) showed higher quantity
than that of control group but several spots containing the spots 11 (31,300, 5.36), and
19(16.400, 5.42) were identical or equal to those of control in quantity in the case of recovery
group. It seems that acrylamide might already inhibit the brain protein synthesis mechanism at
the time of onset of distal neuropathy by participation in the protein metabolism so as to
impair the brain regulation ability followed by a malfunction of mouse central nervous system
(CNS) and recovery is gradually progressed with the dose and duration dependence after the

cessation of acrylamide administration.

KEY WORDS: Acrylamide, Brain, Neurotoxicity, Electrophoresis

Acrylamide monomer (CH, = CHCONH,) has
found many uses in the mining, paper and polym-
er industries but data from occupational accidents
have shown that acrylamide is also a neurotox-
icant. It induces a slowly progressive distal axonal
degeneration in many and animal subjected to
chronic exposure (Fullerton and Barnes, 1966).
The polymer is water soluble and believed to be
non-toxic (Kuperman, 1958). It is when handling
the monomer or during the process of polymeriza-
tion that there is a hazard (McCollister et al.,
1964).

The experimental intoxication of animals with
acrylamide is one of the best investigated model
systems for polyneuropathies of the dying-back
type. Acrylamide is often considered as specifically
neurotoxic. Nervertheless, a variety of systemic

effects on growth rate, food intake and faeces pro-
duction has been described (Gipon et al., 1977).

It was suggested that in the dying-back process
a malfunction of neuronal cell bodies would result
in a gradual decrease in the production of mate-
rials required for the maintenance of axonal in-
tegrity {(Cavanagh, 1969). Research on metabolic
changes in neuronal cell bodies of intoxicated
animals has centered upon protein. Protein synth-
esis, determined by in vivo incorporation of
leucine into proteins of brain stem, was decreased
prior to onset of neuropathy (schotman et al.,
1978} that was related to the development of and
recovery from the acrylamide neuropathy (Schot-
man et al., 1977).

In the present study, to investigate the protein
alteration caused by acrylamide intoxication the
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whole brain of intoxicated animal was analyzed by
electrophoretic separation using SDS-PAGE and
high resolution two-dimensional gel elec-
trophoresis.

Materials and Methods

Animal and Treatment

Male mice {10 weeks old) of an inbred strain
weighing approximately 34 g were used. They
were divided into three groups and housed indi-
vidually in separate cages.

Acrylamide was dissolved in sterile physiological
saline to deliver the desired dose and injected in-
traperitoneally with a dose of 50 mg/kg daily in
the afternoon 6 days per week with no injection
on Sunday for 2 weeks; control animals were re-
ceived and equivalent volume of saline. The third
group, recovery group, was further housed for 3
weeks after the final injection. Animals were
allowed free access to food and water throughout
the experimental period.

Tissue Taken for Electrophoretic Analysis

When animals exhibited splaying of the hind-
limbs as the earlist clinical sign, they were judged
to be neuropathic. On the 12th day (12 doses of
50 mg/kg = 600 mg/kg C.D.), when neuroto-
xicity was confirmed for the first time, the mice
were sacrificed by cervical dislocation and the
chest was opened and a cannula was passed
through the left ventricle into the ascending aorta
for perfusion. To remove all blood in the wanted
tissue, perfusion was performed for 15 min with a
vascular rinse solution (pH 7.4) using a peristaltic
pump (Gilson Co.).

The whole brain, from olfactory lobe to medulla
oblangata, was excised as possible as quickly,
weighed, frozen and stored at -70°C in a deep
freezer until analyzed.

Preparation of Soluble Protein

Tissues were thawed and placed in an ice-cold
10 mM tris-HCI buffer (pH 7.4) containing 5 mM
MgCl,. After cleaning the tissue from any adhering
tissue, they were blotted dry, weighed and minced
with fine scissors. All subsequent steps were car-

Korean J. Zool.

Vol. 33, No. 4

ried out at 0-4°C. Tissues were homogenized in 3
volume of buffer (10 mM tris-HCI, pH 7.4; 5 mM
MgCl,) using a Pyrex homogenizer and sonicated
in three strocks for 20 sec each at microtip limit
intensity with an ultrasonic system (Model W 385}
and 30 sec intervals were arranged for cooling.

The sonicated suspension was centrifuged at
4,000 g for 15 min and the supernatant fluid was
further centrifuge at 15,000 g for 45 min. The
obtained supernatant fluid was finally centrifuged
at 10,000 rpm for 10 min. Aliquots of supernatant
fluid were immediately used for electrophoresis
and the remaining portions were stored at -70°C
in a deep freezer.

The protein concentraion of the obtained pro-
tein solution was determined by the method of
Lowry et al. (1951) with an UV-visible recording
spectrophotometer (UV-260, Shimadzu).

SDS-polyacrylamide Gel Electrophoresis

For the electrophoretic analysis in this study,
LKB protein analyzing system was used.

Discontinuous gel electrophoresis was carried
out according to the method of Laemmli (1970)
with 5-12.5% T linear gradieng gel (16 x 18 x
0.75 mm). The amount of 40 g of soluble pro-
teins, 1% SDS, 5% mercaptoethanol, 0.02% bro-
mophenol blue, 25% glycerol and 125 mM tris--
glycine buffer (pH 6.8) were applied into the well
after boiling for 60 sec in a water bath. Elec-
trophoresis was performed with a constant current
of 15 mA per slab at 10°C until the tracking dye
reached the bottom of the gel.

The gel was stained for 2 hrs in a staining solu-
tion containing 0.2% Commassie brilliant blue
R-250, 45% methanol and 10% acetic acid , then
destained for 2 hrs in a destaining solution con-
taining 45% methanol and 10% acetic acid, and
further destained for overnight in a destaining
solution containing 7% acetic acid and 2%
glycerol. The relative concentration of each frac-
tion was measured by TLCrecording scanner (Shi-
madzu) at 570 nm.

Two-dimensional Gel Electrophoresis

For the high resolution two-dimensional elec-
trophoretic seperation, 2D-PAGE was performed
according to the method of O’Farrell (1975) ex-
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cept minor modifications.

Isoelectric focusing gel was prepared with
ampholines {(pH 3-10 and pH 5-8) as carriers and
polymerized in glass tube (150 x 2.3mm, inner
diameter). Then, prerunning was carried out as
following schedules, 200 volts for 15 min; 300
volts for 30 min; 400 volts for 45 min. The
amount of 500 g of soluble proteins were ap-
plied to each gel tube and running was performed
at 400 volts for 19 hrs, followed by a run at 800
volts for 1 hr. After the IEF was finished, the gel
was gently shaken in a 5 ml of SDS equilibrium
buffer for 30 min prior to being run on the SDS
slab gel', then loaded on the 2D-slab gel. The
remaining gels were placed in a 5 ml of same
buffer and stored at -70°C for up to 1 week be-
fore being run in the second dimensional elec-
trophoresis.

To measure pH gradient, unstained and une-
quilibrated IEF gel which was runned without
sample solution was cut into 0.5 cm pieces and
soaked overnight in a 2 ml of degassed, deionized
distilled water and the pH value of each segment
was measured with a pH meter.

For the second dimensional electrophoresis, all
conditions were as same as those of SDS-PAGE.
The second dimensional gels were stained and
destained by the same methods as SDS-PAGE.
All gels obtained by electrophoresis were dried
with a gel drier (LKB) for further uses.

Results

SDS-polyacrylamide Gel Electrophoresis

The protein pattern obtained by SDS-PAGE in
the molecular weight range of between about
250,000 and 10,000 dalton are shown in Figs.
1-3. The standard curve for the molecular weight
estimation of the present study is shown in Fig. 4.

When the protein patterns of control group and
of both treatment and recovery group were com-
pared, the bands of 44.000 dalton (actin}) was

slightly decreased in quantity in the case of treat-
ment goup but this band was recovered as same
quantity as that of control group in the case of
recovery group (Figs. 2, 3).

In general, there were no miarkedly changed
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bands but the minor quantitative changes were
observed throughtout the detected bands. Thus,
the portein patterns in SDS-PAGE were further
examined in the spot pattems by two-dimensional
electrophoretic analysis.

Two-dimensional Gel Electrophoresis

The major spots shown remarkable changes in
quantity in the spot patterns obtained by
2D-PAGE are shown and numbered in Figs. 5-7.
Table 1 showed the molecular weight, approxi-
mate isoelectric point and changed degree of each
major spot. When the spot patterns of control
group and of treatment group were compared,
many spots showed quantitative changes. Espe-
cially, the spots 2, 15, 16, 20 and 21 in spot
number were disappeared in the spot pattern of
treatment group (Fig. 6).

In the case of recovery group, many spots
among the changed spots were almost recovered
as same as those of control group in quantity but
the spots 1 and 20 were higher than those of
control group in quantity (Fig. 7).

In addition to the quantitatively altered spots
mentioned above, many other spots detected by
2D-PAGE showed minor quantitative changes, so
the general biochemical sign of the acrylamide
administrated mouse whole brain in the present
study was the quantitative loss of protein (Figs.
5-7).

Discussion

In the first description of the pharmacological
effects of acrylamide, Kuperman (1958) made the
interesting observations that in cats, ataxia de-
veloped when the total dose of about 200 mg/kg
of acrylamide had been reached regardless of
whether it had been given in a few large doses or
in many small doses over an extended period. He
suspected, on physiological grounds, that the le-
sion responsible for the ataxia might lie in the
brain stem region but made no pathological stu-

dies. By the dosing schedule in this study, the
mice began to show early signs of ataxia at the
12th day of dosing when they had been given
approximately 600 mg/kg.
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Fig. 1. SDS-polyacrylamide gel electrophoresis pattern of the mouse whole brain of control group.

Fig. 2. SDS-polyacrylamide gel electrophoresis pattemn of the mouse whole brain of treatment group.

Fig. 3. SDS-polyacrylamide gel electrophoresis pattern of the mouse whole brain of recovery group.

Fig. 4. Stnadard curve for molecular weight estimation. Marker proteins were: myosin, 212,000; bovine serum
albumin, 68,000; chicken egg albumin, 43,000; bovine pancreatic trypsinogen, 24.500; lysozyme, 14,300.

Cavanagh and Nalon (1982) reported that dur-
ing the early phase of the intoxication there is no
Wallerian degeneration of the peripheral axons,
but there is a rapid loss of Purkinje cells as shown
by cell counts and by the increasing numbers of
necrotic cells that come to represent as much as
10% of the remaining cells and the dramatic
changes in enzyme activity begins to dominate the
pathological picture. In the results of present
study, the marked decrease of total portein in the
acrylamide administrated mouse whole brain
showes the effect of acrylamide on the CNS at the
time of onset of peripheral neuropathy and the
recovery of altered protein in the brain of reco-
vered mice after final injection suggested that the

neuropathy is usually reversible after the cessation
of acrylamide exposure with the dose and dura-
tion of exposure being the limiting factors, and
long periods are required for functional recovery
although incomplete.

In the previous studies, a good correlation was
found between the development of a polyneuro-
pathy during chronic acrylamide intoxication and
the incorporation of leucine into porteins of spinal
cord and brain stem (Gipon et al, 1977). De-
creases in protein systhesis rates were measured
ranging from 45% for plasma proteins to 11% for
liver and a similar decrease in protein synthesis
rates was found in rats treated with methylenebi-
sacrylamide (MBA), and the effect of MBA or acry-



October 1990

Kim and Hah — Acrylamide and protein alteration

465

Table 1. Molecular weight, approximate isoelectric point and degree of each
major spot compared with whole brain of control group and of both treatment
group andgrecovery group by two-dimensional gel electrophoresis.

Spots  Molecular weigh Isoelectric point Changed degree
{number) (dalton) (ph) {treatment G.) (recovery G.)
1 86,500 5.65 - + +
2 58,800 6.01 D R
3 45,600 498 — R
4 45,100 4.96 + +
5 39,700 5.65 — R
6 35,500 5.83 — R
7 34,800 6.78 — R
8 29.900 574 — R
9 31,300 5.82 - = +
10 32,400 5.52 - +
11 31,300 5.36 —- - R
12 26,800 5.96 - R
13 23,900 5.94 — +
14 23,200 5.55 — +
15 23,900 5.03 D R
16 20,900 5.15 D R
17 17,300 5.31 — - R
18 19,900 5.65 — R
19 16,400 5.42 - - R
20 14,500 5.64 D ++
21 19,900 6.78 D R
22 10,300 5.97 — +

*The signs used in this table indicate the relative changes in quantity.

+ slight increase,

marked decrease., D: disappeared,

lamide on protein synthesis is not mediated by the
lower food intake in intoxicated animals {Schot-
man et al., 1977). The general sign of the retarda-
tion of body growth in intoxicated animals,
however, is due only partly to the decrease in
food consumption, since pair-fed controls showed
a greater increase in body weight than their dosed
counterparts (Gipon et al., 1977). This may sug-
gests that acrylamide and MBA also hamper body
growth by an as yet unidentified mechanism.

It is conceivable that binding of acrylamide to
tissue and plasma proteins underlies the cumula-
tive effects of acrylamide (Hashimoto and
Aldridge, 1970). The possibility that acrylamide
does not act by itself as neurotoxic agent but does
so indirectly via an intermediate compound or

—; slight decrease, + +; marked increae, — —;
R; recovered

metabolic process has to be considered as well. In
this respect, it is interesting that acrylamide ex-
certed an effect on the incorporation of leucine
first, and subsequently a functional inability de-
veloped at 5 and 8 hrs after a single dose of 100
mg/kg, respectively (Schotman et al., 1978). A
similar sequence has been observed in the chronic
experiments, and following recovery from chronic
intoxication an increase in leucine was detected
(Schotman et al., 1977).

In the further investigation of the level at which
acrylamide interferes with mechanisms of protein
synthesis (O’Donghue, 1985), further studies on
the interference with translational processes are
needed to understand the detailed effects of the
neurotoxin.



466

References

Cavanagh, J. B., 1969. Toxic substances and the ner-
vous system. Br. Med. Bull. 25:268-273.

* Cavanagh, J. B. and C. C. Nalon, 1982. Selective loss of
Purkinje cells from the rat cerebellum caused by acry-
lamide and the responses of [ -glucuronidase and f
-galactosidase. Acta. Neuropathol. 58:210-214.

Fullerton, P. M. and J. M. Barnes, 1966. Peripheral
neuropathy in rats produced by acrylamide. Br. J. Int.
Med. 23:210-221.

Gipon, L., P. Schotman, F. G. I. Jennekens, and W. H.
Gispen, 1977. Polyneuropathies and CNS protein
metabolism. I. Description of the acrylamide syndrome
inrats. Neuropathol. Appl. Neurobiol. 3:115-123.

Hashimoto, K. and W. N. Aldridge, 1970. Biochemical
studies on acrylamide, a neurotoxic agent. Biochem.
Parmacol. 19:2591-2604.

Kuperman, A.S., 1958. Effects of acrylamide on the
central nervous system of the cat. J. Pharmac. Exper.
Ther. 123:180-192.

Korean J. Zool.

Vol. 33, No. 4

o
Fig. 5. Two-dimensional gel electrophoresis pattern of

the normal mouse whole brain.

Fig. 6. Two-dimensional gel electrophoresis pattem of

the acrylamide administrated mouse whole brain.

Fig. 7. Two-dimensional gel electrophoresis pattern of

the mouse whole brain recovered after acrylamide adminis-

tration.

Laemmli, U. K., 1970. Clavage of structural porteins dur-
ing the assembly of the head of bacteriophage T,.
Nature 227:680-685.

Lowry, O. H., N. J. Rosenbrough, A. L. Farr, and R. d.
Randall, 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

McCollister, D. D., F. Oyen, and V. K. Rowe, 1964. Tox-
icology of acrylamide. Toxicol. Appl. Pharmacol.
6:172-181.

O’Donghue, J. L., 1985, Acrylamide, In: Neurotoxicity of
industrial and commercial chemicals. CRS Press, Flor-
ida, pp. 170-177.

O’Farrell, P. H., 1975. High resolution two-dimensional
electrophoresis of proteins. J. Biol. Chem.
250:4007-4021.

Schotman, P., L. Gipon, F. G. I. Jennekens, and W. H.
Gispen, 1977. Polyneuropathies and CNS portein
metabolism. II. Changes in the incorporation reat of
leucine during acrylamide intoxication. Neuropathol.
Appl. Neurobiol. 3:125-136.

Schotman, P., L. Gipon, F. G. L. Jennekens, and W. H.
Gispen, 1978. Polyneuropathies and CNS protein
metabolism. IlI. Changes in protein synthesis rate in-
duced by acrylamide intoxication. J. Neuropathol.
Exp. Neurol. 32:820-837.

Weber, K. and M. Osborn, 1969. The reliability of
molecular weight determinationby dodecyl sulfate
polyacrylamide gel electrophoresis. J. Biol. Chem.
244:4406-4412.

(Accepted June 25, 1990)



October 1990 Kim and Hah —Acrylamide and protein alteration 467

o

7 5} 1H 2 ( L LS z}od p)3l ] & A - ko)

Acrylamideo] o8t M5 =EHYTe| Hatelaol BE MI|HEN A

Acrylamide?] <14 5 4o] wlall £41517] glebe] 27| Fajubn] Fabo| frxl @z o] o]
SDS-PAGEs}E o] 2bgl slvjod sl o n Bl 2 JL SDS-polyacrylamide gel 41 7)o 5-of) ‘]
ol Aeln, ol S e elasked Mgk Sl Sfrief 4l ab4bo] Apo]sk ufrhulR| olel o)
of b4l sl ofof B aloll 4 Algldake] vp4 Abo| b LF"" doekado] wbats| gl ), =] ol 4
spot 20 (14.500, 5.64), 21 {19.900, 6.78) & 2| chol g0 4 ufa) 0wl spot 9(3]. 300
5.82), 11631.300, 5.36) % 19(16.400, 5.42)%-2 sl pho] zr4solvl, 2 e| ol 4] o 4
HERE Sl o] spotell 4 spot 20 (14.500, 5. 6414~ 3] 4fof] 4 LH s Mok sd Al F b el
S4-0-vk spot 11131300, 5.36), 19(16.400, 5.42) 4 c}4=2] spotir-e e Mol 4 of £ ) v
Sral ek wed i gleh

Lo S eb7he- 418 A wbas acrylamide b 2.0) 2] ub Al 7 gholl - Lpiay)

oAbl o] o] chul ) o) afof] Thod 4h o itad chu 3 &) Aol Ads]ir, o)L clsled e
2] ¥ A6l o 0o -’a;«f—*. | AA] o) ol ol bl slehis A% Al hsbel,
ek Edbell ok 5| M Body] py = W7 el o] £5ke] acrylamided]| of b xEo] Fz) sl

kA %« 41 2 o] 2} Ko 2| &) o] ited ,<| ho 140"_ b sl ),



