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HUSAIN, R., A. K. AGRAWAL, M. HASAN AND P. K. SETH. Modulation of acrylamide-induced neurochemical 
and behavioral deficits by cerebellar transplants in rats. PHARMACOL BIOCHEM BEHAV 49(3) 443-448, 1994.--Acryl- 
amide (30 mg/kg body wt.) administered intraperitoneally daily to young adult male rats, five times a week for 3 consecutive 
weeks, affected the cerebellar functions, as exhibited by a significant reduction in rotarod performance, spontaneous locomo- 
tor activity, glutathione-S-transferase activity, and 3H-flunitrazepam binding in cerebellum. Transplantation of dissociated 
fetal cerebellar cells (El4) to cerebellum resulted in a significant recovery in behavioral and neurochemical parameters 
evaluated 9 weeks after transplantation. Light- and electron-microscopic studies confirmed the viability and specificity of 
cerebellar grafts. 
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ENVIRONMENTAL contaminants of diverse chemical struc- 
tures, such as heavy metals, pesticides, plastic monomers, and 
certain solvents, have been implicated in the etiology of a 
variety of neurologic and neurodegenerative disorders, includ- 
ing Parkinson's disease, Alzheimer's, heterodegenerative 
ataxia, and amyotropic lateral sclerosis (5). The role of the 
axonal transport of essential proteins has also been indicated 
in system degeneration (26,28). 

Several reports to date have established the efficacy of stri- 
atal, adrenomedullary, or nigral transplants in treating Par- 
kinson's disease patients (4,10,21,23). However, the underly- 
ing mechanisms by which the neural transplants help to restore 
the lost functions and the extent to which they do so are not 
fully understood. 

Repeated exposure to acrylamide, a commonly used mono- 
mer, in the production of polymeric plastic devices is known 
to produce central, peripheral distal axonopathy of the dying 
back type in humans and experimental animals; its behavioral, 
biochemical, and histopathologic effects are well documented 
(13,20). 

The selective loss of cerebellar Purkinje cells by acrylamide 
and subsequent hind limb weakness, cerebellar ataxia, and 

failure to perform on the rotarod has been reported earlier (6). 
Cerebellar Purkinje cells are enriched in GABA-benzodiaze- 
pine receptors (1); therefore, 3H-flunitrazepam, a specific li- 
gand for GABA-benzodiazepine type I receptor complex, was 
used to evaluate the viability and extent of damage to cerebel- 
lar Purkinje neurons. Involvement of mixed-function oxidases 
in acrylamide neurotoxicity has also been reported (9), and 
the specific role of glutathione-S-transferase in catalyzing the 
conjugation of acrylamide with glutathione (thereby serving 
as the major pathway for its detoxification) prompted us to 
include it in the present study. Furthermore, we examined 
the restorative potential of transplantation of fetal cerebellar 
tissue on the neurochemical and behavioral deficits caused by 
systemic exposure to acrylamide. In addition, morphologic 
studies were conducted to demonstrate the viability of the 
graft in the damaged host cerebellar tissue. 

METHOD 

Animals and Treatment 

One hundred Wistar strain male albino rats (100 _+ 10 g) 
from our own animal breeding stock were housed in stainless- 
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steel cages under standard conditions with a 1-12-h l ight-dark 
cycle and free access to pellet food (Hindustan Lever Ltd.) 
and water. 

Acrylamide (30 mg/kg body wt.) dissolved in physiologic 
saline was injected intraperitoneally (IP) daily five times a 
week for 3 consecutive weeks in 70 rats. 

Transplantation 

The donor tissue for grafting was obtained from gestation 
day 14 rat embryos, as described by Das et al. (8). Gestation 
day 1 was counted from the presence of  sperm in the vaginal 
smears of rats allowed to mate overnight. 

Briefly, adult control and acrylamide-treated rats were an- 
esthetized with ketamine hydrochloride (0.5 mg/kg body wt.) 
and fixed in a stereotaxic frame. Craniotomy was performed 
bilaterally by drilling two symmetrical holes in the occipital 
bone so as to expose the cerebellum, using the stereotaxic 
coordinates according to the atlas of  Pelligrino et al. (24). 
Coordinates were: anterioposterior, 1.0 mm, mediolateral, 1.0 
mm; and dorsoventral, 1.0 mm, relative to ~,. The group desig- 
nated to be control received only an injection of  Ringer's lac- 
tate solution under identical conditions. 

Grafting of  cerebellar primordia and neocortical neurons 
was performed 24 h after the last exposure to acrylamide. 
Cerebellar primordia and neocortex from GD-14 rat embryos 
were dissected out and a slurry of embryonic neurons in Ring- 
er's lactate solution (5/xl) was prepared by repeated aspiration 
through a Pasteur pipette with a small bore. Three microliters 
of this suspension was stereotactically injected at the border 
between vermis and hemisphere through a glass capillary nee- 
dle fixed to a glass tuberculin syringe. The different groups of 
test rats were as follows: 

Group I (control): Forty rats received normal saline IP. Sur- 
gery was performed as in group III and Ringer's lactate 
solution was injected. 

Group II (acrylamide): Sixty rats received acrylamide, 30 mg/  
kg body wt., IP, for 5 consecutive days per week for 3 
weeks. 

Group III (transplanted): Twenty rats in which cerebellar sus- 
pensions were grafted were selected from group II. 

Group IV (sham control): Twenty rats in which neocortical 
suspensions were grafted were selected from group II. 

Behavioral Studies 

Rotarod performance. Six rats from each of the four ex- 
perimental groups were assessed for rotarod performance by 
the method of  Kaplan and Murphy (17). Each rat was given 2 
consecutive days of  training, with four trials per day separated 
by an intertrial interval of 5-10 min. The time elapsed from 
the onset of rotation until the subject fell from the rod (or 
completed the trial) served as the measure of  performance. 

Spontaneous locomotor activity. Six rats from each of  the 
four experimental groups were placed individually in the test 
chamber of a photoactometer (Techno, India), and spontane- 
ous locomotor activity was recorded for a period of 10 min by 
the method of Kuhn and Van Maanen (19). All testing was 
done between 1000 and 1400. The box was wiped clean before 
each rat was tested. Activity scores are expressed as counts per 
minute. 

Ten rats from each treatment group were decapitated and 
their brains were rapidly excised; cerebellar and neocortical 
tissue was dissected according to the method of  Glowinski 
and Iversen (11) and stored frozen at - 2 0 ° C  until further 
processing. 

Glutathione-S- Transferase Activity 

Briefly, cerebellar and neocortical tissue was homogenized 
in phosphate buffer (4 vol., 0.1 M, pH 7.4) containing KC! 
(0.15 M) and centrifuged at 14,000 × g for 20 min at 0°C 
to obtain postmitochondrial supernatant, which was carefully 
decanted and used for the estimation of Glutathione-S- 
Tranferase activity according to the method of Habig et al. 
(12) using l-Chloro-2,4-Dimitrobenzene as a substrate. 

Neurochemical Studies 

3H-Flunitrazepam binding. GABA-benzodiazepine (BZ) 
receptor complex was studied in a synaptic membrane prepa- 
ration of the cerebellar region using 3H-flunitrazepam as ra- 
dioligand after the method of Agrawal et al. (2), with a slight 
modification. Briefly, crude cerebellar synaptic membrane 
fraction was prepared by homogenizing the tissue in 19 vol. of 
0.32 M sucrose followed by centrifugation (50,000 × g for 10 
min). The pellet from this step was then homogenized in 5 mM 
Tris-HCl buffer, pH 7.4, and recentrifuged at the same speed. 
This procedure combined with the previous freezing step 
caused major lysis of structural cell components such as nerve 
endings. The final pellet was suspended in Tris-HC1 buffer 
(40 mM, pH 7.4) at a concentration of 50 mg wet-weight 
tissue/ml. 

Binding incubations were performed in triplicate in a final 
volume of 1.0 ml containing 40 mM Tris-HCl, pH 7.4, to- 
gether with 3H-flunitrazepam (0.7 nM, sp. act. 85 Ci/mmol) 
and 100/~1 membrane equivalent to 250/~g protein. The incu- 
bation was carried out at 40C in ice for 30 min. Receptor 
ligand complex was separated by filtration through glass fiber 
filter discs (GF/C) and washed twice with 5.0 ml cold Tris- 
HC1, pH 7.4. Filter discs were vacuum-dried and counted in 
a/~-counter with an efficiency of 50°70 for tritium. Parallel 
incubations were performed in the presence of excess unla- 
beled diazepam (1/~M) to determine the extent of nonspecific 
binding. Results are expressed as picomoles of 3H-ligand 
bound per milligrams of protein. 

Light and Electron Microscopy 

The brains of all rats were fixed by perfusion with phos- 
phate-buffered glutaraldehyde-paraformaldehyde solutions 
prepared along the lines recommended by Karnovsky (18). 
Rats were anesthetized with sodium pentobarbital (30 mg/kg 
body wt., IP) and perfused through the heart. The perfusion 
fluid was kept at a height of about 100 cm above the level of 
the animal's heart. The needle was introduced into the left 
ventricle and guided into the ascending aorta. The right auricle 
was cut with a sharp pair of scissors as soon as the perfusion 
was started, to drain out the perfusate after circulation. The 
duration of perfusion was 20-30 min, and the volume for each 
animal was approximately 300 ml (at the rate of about 10 ml /  
min). The brains were carefully removed from the cranium, 
taking care to avoid trauma. Small pieces of the cerebellum 
were dissected out and quickly immersed in the fixative used 
for perfusion for 3 h at 4°C. The tissue was then rinsed in 0.1 
M phosphate buffer (pH 7.3) and postfixed in I o70 osmotically 
adjusted osmium tetroxide for 1-2 h. After dehydration in 
graded alcohols, the material was embedded in araldite. The 
desired regions of the brain were sectioned to be 1 /~m thick 
with an LKB ultratome Model III and stained with toluidine 
blue for light microscopy. Adjacent ultrathin sections were 
obtained from the area of interest and were stained with ura- 
nyl acetate (29) and lead citrate (25) and examined with a 
Philips 410 LS electron microscope. 
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FIG. 1. Restorative effect of cerebellar (GD14) grafts on acrylamide- 
induced hind limb ataxia in rats. 

Protein Estimation 

Protein content  in postmitochondrial  fraction and cerebel- 
lar membrane  was estimated by the method of  Lowry et al. 
(22), using bovine serum albumin as a reference standard. 

Stat&tical Analysis 

Fisher's Exact test was applied to analyze the rotorod per- 
formance data. Two-way analysis o f  variance (randomized 
block design) was used to analyze the mean significant differ- 
ences o f  the p a r a m e t e r s - t h a t  is, spontaneous locomotor  ac- 
tivity, 3H-flunitrazepam binding,  and glutathione-S-transfer- 
ase activity. Post-hoc analysis was performed to compare the 
means between the two groups by calculating their least signif- 
icant differences. 

RESULTS 

The animals exposed to acrylamide exhibited a significant 
loss in average body weight compared  with controls (data not  
shown). Signs o f  hind limb weakness (measured by hind limb 
splays, i .e.,  distance between the hind paws while walking) 
were evident by the end of  Ist week of  treatment.  The severity 
o f  the weakness increased with further exposure, and by the 
end of  the t reatment  schedule rats had difficulty in walking 
as a result o f  the increase in hind l imb splay. In contrast,  
acrylamide-treated transplanted rats with cerebellar tissue 

T A B L E  1 

ROTAROD PERFORMANCE ON 2ND DAY OF TESTING 

Proportion of Rats Reaching 
at Least Two Complete Trials 

Group (30 s at 3 rpm) 

Sham 6 : 6 
Acrylamide (3 wk) 0 : 6* 
Acrylamide (9 wk) 1 : 6* 
Acrylamide + Cb tpt 4 : 6 * t  
Acrylamide + Nct tpt 1 :6  

*Significantly different from control group (p < 
0.01). + Significantly different from acrylamide group (3 
wk): p < 0.05 (Fisher Exact test). 
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FIG. 2. Ameliorating effect of fetal cerebellar transplants on sponta- 
neous locomotor activity in acrylamide-exposed male albino rats. 
Data are expressed as mean activity counts per minute ± SE of five 
rats. Two-way analysis of variance,/'(3, 13) = 177.76, p < 0.001. a, 
vs. control; b, vs. acrylamide *p < 0.001. 

showed a gradual improvement  in gait, and the number  o f  
animals with hind limb ataxia was considerably reduced (Fig. 
1) 9 and 12 weeks after transplantation. No other sign of  
toxicity or increased rate of  mortali ty was evident in the 
treated group compared with controls. 

Neurobehavioral Changes 

The acrylamide-treated rats revealed progressive truncal 
ataxia that advanced with treatment.  A significant decrease in 
their ability to stay on the rotating rod compared with sham 
controls was evident. However,  a significant recovery was ex- 
hibited by acrylamide-exposed transplanted rats in neuro- 
muscular coordination,  as assessed by rotarod performance 
(Table 1). 

The spontaneous locomotor  activity of  the animals,  ex- 
pressed as the average of  overall activity scores, is shown in 
Fig. 2. The acrylamide-exposed animals showed a significant 
reduction in motor  function compared with sham controls. 
However ,  the acrylamide-exposed transplanted rats with cere- 
bellar tissue were able to score more counts whereas the acryl- 
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FIG. 3. Ameliorating effect of fetal cerebellar transplants (GD-14) 
on GABA-ergic binding in the cerebellum of host rats with acryl- 
amide-induced Purkinje cell damage, 9 weeks after transplantation. 
Data are means ± SE of five rats per group. Two-way analysis of 
variance, F(4, 16) = 109.38, p < 0.01. a, vs. control; b, vs. acryl- 
amide (3 weeks). *p < 0.01. **p < 0.001. 
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FIG. 4. Scatchard analysis of binding of 3H-fiunitrazepam to cere- 
bellar membranes of control and acrylamide-treated rats. Each data 
point is the mean of three separate experiments performed in tripli- 
cate. 

amide-exposed and -transplanted rats with neocortical tissue 
failed to show improved motor  function. 

Neurochemical Changes 

Figure 3 shows the effect o f  the acrylamide t reatment  and 
fetal cerebellar transplants on 3H-flunitrazepam binding. A 
significant reduction in specific binding was observed in the 
acrylamide-exposed group at 3 weeks, which persisted up to 
the last dose at 9 weeks. The acrylamide-exposed animals 
transplanted with fetal cerebellar suspensions exhibited an in- 
crease in binding compared with acrylamide-exposed trans- 
planted rats with neocortical  tissue. Scatchard analysis re- 
vealed that this increase in binding resulted f rom an increase 
in the maximum number  of  binding sites (Bm~ (transplanted): 
1.2 pmol;  Bm~ (acrylamide): 0.6 pmoles) without  significantly 

FIG. 6. Photomicrograph of part of the cerebellar cortex of the 
acrylamide-treated rat. Note the disorganization of the Purkinje cell 
layer showing dark, irregular, and degenerating neurons. The underly- 
ing granular layer depicts pleomorphic round cells; some are aggre- 
gated and vacuolated at places ( x 200). 

affecting the affinity of  receptor (Kd [transplanted]: 0.96 nM; 
Kd [controls] :0.83 nM) (Fig. 4). 

The activity of  glutathione-S-transferase was significantly 
decreased at 3 and 12 weeks after exposure to acrylamide 
compared with animals not  treated. The animals receiving cer- 
ebellar transplants exhibited a recovery of  enzyme activity that 
was highly significant at 9 weeks after transplantation (Fig. 
5) whereas rats exposed to acrylamide and transplanted with 
neocortical grafts failed to show improvement  in enzyme ac- 
tivity. 

Morphologic Changes 

Light micrographs clearly demonstrated that the cerebellar 
cortex exhibited a characteristic tri laminar structure with 
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FIG. 5. Recovery of Glutathione-S-Transferase activity (expressed as 
nanomoles of conjugate formed per milligram protein per min) in 
acrylamide-treated rats with grafts of cerebellar suspensions (GD-14), 
9 weeks after transplantation. Data are mean + SE of five rats per 
group. Two-way analysis of variance, F(4, 16) = 87.794, p < 0.01. 
a, vs. control; b, vs. acrylamide (3 weeks). *p < 0.01. **/7 < 0.001. 

FIG. 7. Photomicrograph of a segment of the cerebeUar cortex of the 
control rat. Note the well-preserved flask-shaped Purkinje neurons in 
a single row. One shows a clearly defined apical dendrite (arrow). The 
underlying granular layer is composed of normal-looking round cells 
(×2o0). 
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FIG. 8. Electron micrograph of a neuron from the cerebellar cortex- 
transplanted material. A segment of the nucleus (Nu) is discernible. 
Note the well-preserved double nuclear membranes and clearly visual- 
ized nuclear pores (arrow). Peripheral clumping of the nuclear chro- 
matin is seen. The cytoplasmic organelles are equally well preserved. 
A number of mitochondrial profiles (M) are seen in the perikaryon 
( × 12,800). 

flask-shaped Purkinje neurons. The acrylamide-treated mate- 
rial showed pyknotic and degenerating Purkinje neurons of 
variegated morphology, some irregular in outline (Fig. 6). On 
the other hand, the control material exhibited well-preserved, 
flask-shaped Purkinje neurons organized in a single row, and 
their apical dendrites were often discernible (arrow, Fig. 7). 
The acrylamide-treated transplanted material showed the ul- 
trastructural features of a well-preserved neuron, depicting a 
segment of a nucleus (Nu, Fig. 7) with double nuclear mem- 
branes and nuclear pores (arrow, Fig. 8). Cytoplasmic organ- 
elles were also well-preserved, and a number of mitochondrial 
profiles (M) were noticeable in the perikaryon (Fig. 8). 

DISCUSSION 

The mechanism of neurotoxicity for acrylamide has been 
studied in our laboratory and elsewhere (15,16,26). In the 
present study using acrylamide, we have shown that fetal neu- 
ral transplants were able to restore lost function, as judged 

by behavioral, biochemical, and morphologic parameters. We 
earlier reported both an improvement in acylamide-induced 
hind limb ataxia and spinocerebellar degeneration by fetal 
medullary transplants, which lends support to our present ob- 
servations (14). 

The decrease in cerebellar synaptic membrane 3H-flunitraz- 
epam binding may also be related to the loss of these ceils; the 
decrease in the glutathione-S-transferase activity could be due 
to the direct action of acrylamide with the enzyme. Perhaps 
degeneration of these and other neuronal cells may cause the 
loss of glutathione, which offers a mechanism of removal for 
acrylamide, and thus may increase the bioavailability of free 
acrylamide for interaction with the enzyme. However, further 
studies are needed to confirm this. 

Cerebellum acts as a modulator of spinal reflexes. The se- 
lective death of cerebellar Purkinje cell due to acrylamide can 
be attributed to the perturbations in energy-linked functions 
by the monomer, as observed in our earlier study (14). In the 
cerebellum, neuronal networks are organized in a point-to- 
point manner, indicating cell-cell interactions between imma- 
ture and adult neuronal cells. In an elegant series of experi- 
ments, Sotello and Alvardo-Mallart (27) and Agrawal et al. 
(3) demonstrated that when transplanted in the cerebellum of 
Purkinje cell-degenerated mutant mice, fetal cerebellar Pur- 
kinje neurons reconstruct the deficient cerebellar circuitary in 
a point-to-point manner. The restoration of acrylamide- 
induced biochemical and behavioral deficits by fetal cerebellar 
transplants, especially rotarod performance and spontaneous 
locomotor activity at 9 weeks after transplantation, suggests 
partial restoration of the damaged cerebellar circuitary. Histo- 
logic studies further confirm that cerebellar grafts are anatom- 
ically integrated within the host cerebellum. The inability of 
neocortical grafts to reverse acrylamide-induced central ner- 
vous system deficits lends support to the specificity of cerebel- 
lar grafts. In conclusion, a possible mechanism for functional 
recovery in the current investigation could be the graft- 
induced substitution of GABA-ergic deficits in Purkinje neu- 
rons of acrylamide-damaged cerebellum. The involvement of 
atrophic influence of the graft, by way of releasing neuron- 
promoting and nerve growth factors in enhancing the repair 
process, may also be possible (7). 
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