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ABSTRACT

Acrylamide is neurotoxic to the experimental animals
and humans. Also, it has mutagenic and car cinogenic
effects. Acrylamide was orally administered to non-
anesthetized pregnant females by gastric intubation
(10 mg/kg/day). The animals were divided into three
groups as follows: 1) Group A, newborn from control
animals; 2) Group B, newbor ns from motherstreated
with acrylamide from day 7 (D7) of gestation till birth
(prenatal intoxicated group); 3) Group C, newborns
from mothers treated with acrylamide from D7 of
gestation till D28 after birth (perinatally intoxicated
group). In the present study acrylamide-induced his-
topathological and histochemical changes in brachial
and lumber regions of spinal cord, including some py-
knotic neurons and marked decrease of colour inten-
sity of DNA contents as well as obvious retardation of
sensorimotor reflexes of rat newborns. Thus acryla-
mide and itstoxic metabolites resulted in teratogenic-
ity in the rat newborns if their mother exposed to
them chronically during gestation and lactation peri-
ods. Asthe spinal motor neurons are the final output
neurons of motor systems, so a detailed developmen-
tal study is important for a greater understanding
motor reflexes development. Moreover, the data on
the acrylamide-induced effects on the embryonic and
postnatal development is relatively rare. So, the pre-
sent study was carried out to examine its effects on
the development of spinal cord.
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1. INTRODUCTION

Acrylamide is a useful industrial agent used in the manu-
facture of polymers and synthetic organic chemicals. Po-
lymeric acrylamide is used as filtration and flocculation
aids in the water treatment and waste processing in-
dustries, mining and paper mills [1]. Acrylamide is me-
tabolized to glycidamide by cytochrome P450 (CYP450)
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[2-5]. Acrylamide interacts with glutathione-S-transfe-
rase (GST) [2,6] to form N-acetyl-S-cysteine which ac-
counts approximately 70% of the urinary metabolites in
the rat [7].

Acrylamide is a well-documented neurotoxicant that
produces axonal pathology both in the central and peri-
pheral nervous system [8-10]. Most of studies on acry-
lamide were done using adult rodents, and not much
information is available on its effect on developing brain.
During maturation of the brain, there is an extensive reo-
rganization of neuronal structures, and exposure to neu-
rotoxicant such as acrylamide would likely affect the ex-
pression of proteins, enzymes, lipids and nucleic acids.

The spinal motor neurons are the final output neurons
of motor systems, so a detailed developmental study is
important for a greater understanding motor reflexes de-
velopment [11]. Neurophysiological research showed
that the spinal cord has an intrinsic capacity for gene-
rating complex locomotor patterns in response to simple
tonic inputs [12,13]. Motorneurons dysfunction due to
spinal cord injury is a disastrous complication in humans
[14]. Impaired reflex behaviors have been described in
patients with spastic gait resulting from spinal cord in-
jury [15]. Also, it is believed that the primary cause of
the spinal muscular atrophy is motorneuron degenera-
tion, while muscle weakness and atrophy occur secon-
darily [16,17]. Because the spinal motor neurons inner-
vating limb muscles are the final output neurons of motor
system, it is speculated that motor development in a ros-
trocaudal manner is closely related to the developmental
changes of spinal motor neurons [18].

Sensorimotor Reflexes

The term reflex is a stereotyped and distinct neural res-
ponse, which occurring largely at spinal level, evoked by
a fixed and usually peripheral stimulus [19]. These pe-
ripheral sensory inputs modify the behavior of various
animals during many different behaviors [20,21]. Impai-
red reflex input can contribute to severe dysfunction dur-
ing human walking [19]. [22] recorded that the simplest
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motor actions are reflexes, which mediated by relatively
straightforward circuitry in the spinal cord. The appea-
rance and the maturation of a number of sensorimotor re-
flexes are components of the mature motor repertoire of
the animal, and the expression of these can be correlated
with the development and maturation of the nervous sys-
tem [23]. [24] studied the effect of early nutritional de-
privation on reflex ontogeny and recorded that the deve-
lopment of physical features and reflexes was signifi-
cantly retarded in the malnourished rats.

Acrylamide affects on CNS and behavioral measures
in rats and also produces detectable effects on rotarod
performance prior to the occurrence of other observable
effects [10,21,25,26]. The lack of acrylamide effects on
forelimb hang reflex time or open field activity. The au-
thors suggested that motor deficits may be just starting to
appear in rats at the time they were tested in rotarod. The
performance of multi-model negative geotaxis and rota-
rod tasks requires the involvement of numerous central
and peripheral nervous system components. Thus, acry-
lamide effects on these two tasks may impact a variety of
systems and/or regions, such as muscle strength, res-
ponse to fatigue and cerebellar functions. However there
is only limited literature correlating behavioral abnorma-
lities with early pathological findings and their evolution
[21,25,27]. High dose of acrylamide exposure has been
shown to affect the dopaminergic system [28]. However
appropriate functioning of the vestibular system is es-
sential for negative geotaxis and rotarod performance [10,
29,30].

2. MATERIALSAND METHODS
2.1. Chemicals

Acrylamide (99% pure) and other chemicals were pur-
chased from Sigma chemical Company (St Louis, MO,
USA). All other chemicals used were of analytical grade.

2.2. Animals and Dosing Schedule

The study has used a total of sixty albino rats (Rattus
norvegicus). Forty five mature virgin females and 15 ma-
ture males weighing 140 - 150 g were purchased from
the Organization for Vaccine and Biological Preparations,
(Helwan laboratory farms, Egypt). Animals were marked,
housed 4 per cage and fed standard rodent pellet diet ma-
nufactured by the Egyptian Company for Oil and Soap.
Tap water was given ad libitum. Daily examination of
vaginal smear of each virgin female was carried out to
determine the estrous cycle. Estrous females exhibited
the presence of cornified cells in vaginal smear. Mating
was done by overnight housing of 2 pro-esterous females
with one male in separate cages. The presence of sperm
in vaginal smear determined the DO of gestation. Acry-
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lamide was dissolved in distilled water and orally admi-
nistered to non-anesthetized pregnant rats by gastric intu-
bation at a dose of 10 mg/kg/day.

The newborn babies were labeled into 3 groups as
follows:

Group A: pregnant rats were given saline (Normal
group).

Group B: pregnant rats were administered acrylamide
from D7 of gestation till birth (prenatal intoxicated
group).

Group C: pregnant rats were administered acrylamide
from D7 of gestation till D28 after birth (perinatal into-
xicated group).

2.2.1. Sensorimotor Reflex [31]

At birth, each mother housed with its newborns in large
cage kept in a ventilated room at constant temperature on
a 12:12 h light/ dark cycle. Thirty newborns from D2 to
D28 from each group were used for the present study.
Each test was conducted every day 5 times for a given
reflex from D2 until the reflex was expressed to its adult
level for 3 consecutive days. Six newborns from each
group were tested for each day of age. The positive res-
ponses were recorded (scores of 0/5 to 5/5). The average
score was calculated, converted to percentage and a re-
flex was described as being present or absent. The first
day a reflex was observed at least once in at least one
animal was considered as the day of its appearance. A
reflex was considered stable when it was expressed at the
adult percentage for 3 consecutive days. The period be-
tween the appearance of a reflex and its stabilization was
considered as the period of maturation. For testing, the
animals were brought in a room (25°C) reserved for that
purpose also the reflex body righting in the air, the test-
ing surface consisted of a slightly rough piece of Carton
(40 cm x 60 cm) of a light brown color. All tests were
conducted by the same experimenter.

2.2.1.1. Rooting

The animal was put on the test surface and the experi-
menter formed a cone with the fingers around the snout
of the animal. The reflex was considered present when
the animal followed the movement of the experimenter
slowly withdrawing his hand.

2.2.1.2. Grasp

The animal was held in air, the sole of the hand or the
foot was gently touched with the tip of a fine brush. The
left and right sides were tested equally. The reflex was
considered present when the animal closed stimulated
hand or foot around the brush.

2.2.1.3. Body Righting on a Surface

The animal was held in a supine position, the dorsum of
the head and of the trunk in contact with the test surface.
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The reflex was considered present after the experimenter
had released his hold, the animal turned on its ventrum or
limbs within 15 seconds.

2.2.1.4. Body Righting in the Air

The animal was held supine in the air at a distance of 30
cm from soft surface. The reflex was considered present
when release the animal turned in the air and landed on
its ventrum or limbs.

2.2.1.5. Hopping

The animal was held so that only one hand or foot touch-
ed the test surface; it was moved forward as the tested limb
dragged on the surface. The left and right sides were test-
ed equally. The reflex was considered present when the
animal lifted its limb and hopped in the direction of the
movement.

2.2.1.6. Chin Tactile Placing

The animal was held by posterior half of the body and
the skin of the chin was gently rubbed on the edge of the
test surface. The reflex was considered present when the
animal lifted one (or both) fore limb (FL) and placed it
on the surface.

2.2.1.7. Visual Placing

The animal was held by tail at 10 cm from the test sur-
face and was slowly brought closer to it. The reflex was
considered present when the animal raised its head and
extended its arm toward the surface before the arms came
into with the surface.

2.3. Histopathological and Histochemical
Preparation of Spinal Cord Regions

Segments of different spinal cord region were fixed in
10% buffered formalin (pH 7.4) for 48 hours. The tissue
was dehydrated in 70%, 80%, 90% and 95% ethyl al-
cohol and 2 changes of absolute alcohol followed by two
changes of xylene. The tissue was impregnated in para-
ffin wax and then embedded in paraffin wax. Sections (5
um) were cut, de-waxed, hydrated and stained in Ma-
yer’s haemalum solution for 3 min. The sections were
stained in Eosin for one min, washed in tap water and de-
hydrated. Haematoxylin and Eosin stained sections were
prepared according to the method of [32], Feulgen me-
thod was used for staining DNA [33], and toludine blue
stain [34].

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS for
windows version 11.0; SPSS Inc., Chicago) was used for
the statistical analyses. Comparative analyses were con-
ducted by using the general linear models procedure
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(SPSS, Inc.). The data were analyzed using one-way and
two-way analysis of variance (ANOVA) followed by
LSD computations to compare various groups with each
other. F-values express the general effect between groups,
and the effect of time, treatment and their interaction.
Results were expressed as mean + S.D. The level of sig-
nificance was expressed as P > 0.05 for insignificantly
different, while P < 0.05 was significantly different,
whereas P < 0.01 and P < 0.001 were highly and very
highly significantly different, respectively [35].

3.RESULTS
3.1. Sensorimotor Reflexes

The following reflexes; rooting, FL grasp, HL grasp, sur-
face body righting, air body righting, FL hopping, HL
hopping, chin tactile placing and visual placing were
examined in the newborns of all groups from D2 until
reflex maturation.

3.1.1. Rooting
Rooting was absent in 100% of all postnatal stages in all
groups between D2 and D28.

3.1.2. Grasp

3.1.2.1. Fore-Limb (FL) Grasp

This reflex was absent in all groups at D2. It appeared at
D4 by 31.67% in normal newborns and increased rapidly
to reach 100% at D10. The pattern of the reflex curve
indicated the high activation in these newborns. In Group
B, it appeared at D4 by 8.33% and increased to reach
100% at D15. In Group C, it appeared at D5 by 15% and
increased to attain 100% at D17. There were fluctuations
in the activation of the newborns as shown by the reflex
curve in Group B. Also, in Group C, the reflex curve
showed its development by a low rate (Figure 1). The
present analysis showed significant difference between
normal and treated groups as shown in Table 1.
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Figure 1. Fore-limb grasps percentage of rat newborns.
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Table 1. Ontogenesis of FL grasp reflex in rat newborns.
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Figure 2. Hind-limb grasps percentage of different groups.

Table 2. Ontogenesis of HL grasp reflex in rat newborns.

D/Groups A B C

4 31.67+£3.06 833+3.07 0.0+£0.0™
5 51.67+£3.07 1667558  15.00+4.28"
6 53.33+£3.33 3333558 8.33+£3.07™
7 63.33+333 1667558  10.00+3.65"
8 66.67+3.33  51.67+3.07°  21.67+543"
9 88.33+£3.07  73.33+4.94 46.67 + 422
10 100.0+£0.00 56.67+6.14™ 4833 +£543™
1 100.0+0.00 6833+3.07"  51.67+3.07"
12 100.0£0.00  95.00 £2.23 51.67+3.07"
13 100.0+£0.00 86.67+421"  73.33+3.33"
14 100.0+£0.00  91.67+3.07" 90.00 +2.58"
15 100.0+0.00  100.0 £ 0.00 95.00 +2.23
16 100.0+0.00  100.0 £ 0.00 96.67 +3.33
17 100.0+0.00  100.0 + 0.00 100.0 + 0.00

Data are expressed as a mean = S.E. (N = 6); Values significantly compared
to control newborns; ‘p<0.05, “p<0.01 and ""p < 0.001.

3.1.2.2. Hind-Limb (HL) Grasp

In normal newborns, HL grasp appeared later than FL
grasp and it was detected by 18.33% at D10 and in-
creased to reach 100% at D16. The linear shape of the
reflex curve of normal newborns showed the regularity
in the development of this reflex. In Groups B and C, it
appeared at D13 by 11.67% and 6.67%, respectively and
reached 100% at D19 and D21 in Groups B and C, re-
spectively. In the latter group, the reflex development at
the first two days of its expression was very slowly (Fig-
ure 2). The level of significance between normal and
treated newborns showed some variability (T able 2).

3.1.3. Surface Body Righting

This precocious reflex was already expressed by 50% of
the trials in Group A at D2 and increased quickly to
reach 100% at DS. In Groups B and C this reflex appea-
red by 10% at D2 and its expression increased in Group
B faster than in Group C to reach 100% at D12 and D13,
respectively. The irregularities in the reflex curve indi-
cate the weakness of the newborns of these groups (Fig-
ure 3). The difference between normal and treated
groups was significant (Table 3).

3.1.4. Air Body Righting

In normal newborns, the reflex appeared by 30% at D11,
then its expression increased regularly to attain 100% at
D17. The development of air body righting reflex in
treated groups reflected the retardation in reflex develop-
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D/Groups A B C
10 18.33 +3.07 0.0+0.0” 0.0 +0.0”
1n 18.33 +3.07 0.0+0.0” 0.0 +0.0”
12 38.33+£5.42 0.0+£0.0™" 0.0£0.0™
13 65.00£2.24 1167477  6.67+3.33"
14 81.67+3.07 2833+6.00™  5.00+223"
15 90.0+3.65  46.67+7.60"  21.67+542"
16 100.0£0.00 66.67 4217  4333+6.15™
17 100.0+£0.00  83.33+4.21" 78.33+4.01”
18 100.0+0.00  91.67+3.07" 80.00 + 3.65™
19 100.0£0.00  100.0 = 0.00 85.00 = 4.28"
20 100.0£0.00  100.0 = 0.00 96.67 +2.11
21 100.0£0.00  100.0 = 0.00 100 = 0.0

Data are expressed as a mean :t**S.E. (N=06); Xﬁlues significantly compared
to control newborns; p<0.05, p<0.01and p<0.001.
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Figure 3. Body righting on the surface percentage of rat new-
borns.
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Table 3. Ontogenesis of surface body righting reflex in rat
newborns.

Table 4. Ontogenesis of air body righting reflex in rat new-
borns.

D\Groups A B C D\Groups A B C
2 50.00 + 2.89 10.00 £2.58™"  10.00 +2.58"" 1 30.00£3.65 00.0+0.0™ 00.0+0.0™
3 66.67+3.78 8.00 +3.06™" 16.67 +6.67"" 12 28.33+£3.07  00.0+0.0"" 00.0+0.0™
4 95.83+£1.56  20.00+577" 1667421 13 31.67£3.07  00.0+0.0™ 00.0+0.0™
5 97.50+ 1.23 33.33+£4.94™  40.00+6.83" 14 53.33+£3.33  00.0+0.0™ 00.0+0.0™
6 100.0£0.00  21.67+7.92""  16.00+4.16™ 15 80.00 £3.65 16.67+5.58" 00.0+0.0™
7 100.0 + 0.00 58.33+£9.467  53.33+6.15" 16 95.00£2.24 16.67+8.43™ 00.0+0.0™
8 100.0£0.00 35001258  51.67+4.77" 17 100.0£0.00 28.33+8.33™ 18.33+3.07™
9 100.0 = 0.00 80.00 +5.77" 76.67+4.22" 18 100.0£0.00 68.33+3.07™ 30.00 £5.77"
10 100.0 = 0.00 94.00 +3.27 73.33£10.22 19 100.0+£0.00  85.00 +3.42™ 46.67+8.82"
1 100.0 + 0.00 98.33 + 1.67 80.00+3.65™ 20 100.0£0.00  100.0 = 0.00 6333+ 10.54"
12 100.0 + 0.00 100.0 + 0.00 9333 £4.22 21 100.0£0.00  100.0 = 0.00 95.00 = 3.42
13 100.0 + 0.00 100.0 + 0.00 100.0 + 0.00 22 100.0£0.00  100.0 £ 0.00 100.0 % 0.00

Data are expressed as a mean :E*S.E. (N=16); \*/*alues significantly compared
to control newborns; p<0.05, p<0.01 and p=<0.001.

ment where, it expressed at D15 by 16.67% in Group B
and at D17 by 18.33% in Group C. The activation in-
creased slowly to reach 100% at D20 in Group B and at
D22 in Group C (Table 4 and Figure 4).

3.1.5. Hopping

3.1.5.1. FL Hopping

FL hopping appeared in normal newborns by 48.33% at
D3 and its expression was regular and increased rapidly
to attain 100% at DS8. It was observed by 13.33% and
43.33% at D4 and D5 in Groups B and C, respectively.
The reflex expression increased slowly with irregular rate
to reach 100% at D14 in Group B and at D15 in Group C
(Figure 5). Table 5 elucidates the level of significance
between normal and treated groups.

3.1.5.2. HL Hopping

This reflex appeared in normal group by 38.33% at D3
and its expression increased quickly with regular pattern
to reach 100% at D10. In Groups B and C, it was detec-
ted by 21.67% and 11.67%, respectively at D5 and increa-
sed slowly to reach 100% at D16 in Group B and at D18
in Group C. The pattern of reflex curves of treated groups
showed the abnormalities in Groups B and C compared
with normal group (Figure 6). The level of significance
between normal and treated groups was varied (Table 6).

3.1.6. Chin Tactile Placing

The expression of this reflex was detected in normal
newborns by 8.33% at D4 then it was regular until it
showed 100% at D12. Detection of this reflex in Groups
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Data are expressed as a mean = S.E. (N = 6); Values significantly compared
to control newborns; p<0.05, p<0.0l and p=<0.001.
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Figure 4. Body righting in the air percentage of rat newborns.
Fore-limb hopping
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Figure 5. Fore-limb hopping percentage of rat newborns.

B and C noticed at D9 by 21.67% and 8.33%, respec-
tively then it increased rapidly to reach 100% in Group
B at D17 and in Group C at D18 (Table 7 and Figure 7).
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Table 5. Ontogenesis of FL hopping reflex in rat newborns.

Table 6. Ontogenesis of HL hopping reflex in rat newborns.

D/Groups A B C D\Groups A B C
3 48.33 £3.07 0.0+0.0™ 0.0+0.0™" 3 38.33+3.07 0.0+0.0" 0.0+0.0™
4 66.67+333  13.33+422™ 0.0+0.0™ 4 50.00 + 3.65 0.0+£0.0" 0.0£0.0™
5 96.67 +2.11 5333 +6.15 4333 + 422 5 60.00 £+ 3.65 21.67+3.07" 11.67 £3.07
6 90.00 + 2.58 56.67 + 760* 55.00 + 764* 6 70.00 £+ 3.65 21.67 + 307** 15.00 £ 2.24***
7 96.67 +5.16 58.33 + 543*** 5833 + 6.01** 7 93.33+£3.33 25.00 + 4.28*” 26.67 = 422”M
8 100.0 = 0.00 60.00 + 6.83” 51.67 + 5.43*"’ 8 95.00+2.24 70.00 £ 8.56” 20.00 + 5.77*“
9 100.0£0.00  91.67+1.67"  78.33+3.07" 9 95.00+3.42  7833+£6.54 36.67+7.60
10 10002000  9833+1.67  71.67+4.77" 10 1000000 83.33+4.22 46.67+3.33
. 00, 004258 674420
1 100.0 £ 0.00 88.33+4.77 68.33+4.77 1 100.0£0.00 90.00+2.58 56.67+4.22
- 12 100.0£0.00  75.00 +4.28™" 68.33+6.01"
12 100.0 £ 0.00 98.33 £1.67 81.67+£3.07
N 13 100.0+£0.00  91.67+3.07"  76.67+2.11""
13 100.0 £ 0.00 95.00 +3.42 91.67 £3.07
14 100.0 £ 0.00 98.33 +£1.67 83.33+4.22"
14 100.0 £ 0.00 100.0 £0.00 95.00 +3.42
15 100.0 + 0.00 100.0 + 0.00 91.67+1.67"
15 100.0 £ 0.00 100.0 £ 0.00 100.0 £ 0.00
16 100.0 £ 0.00 100.0 £ 0.00 86.67 +4.94"
Data are expressed as a mean :t**S.E. (N=16); Vﬁlues significantly compared
to control newborns; p<0.05, p<0.01 and * pP<0.001. 17 100.0 + 0.00 100.0 = 0.00 96.67 +£2.11
Hind-limb hopping 18 100.0 = 0.00 100.0 = 0.00 100.0 = 0.00
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Figure 6. Hind-limb hopping percentage of rat newborns.
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Data are expressed as a mean + S.E. (N = 6); Values significantly compared
to control newborns; p<0.05, p<0.01 and p<0.001.

Table 7. Ontogenesis of chin tactile placing reflex in rat new-

borns.
D/Groups A B C

4 8.33+4.77 0.0+ 0.0 0.0+0.0
5 15.00 +5.63 0.0+0.0" 0.0+0.0"
6 27.00 + 5.86 0.0+£0.0" 0.0£0.0"
7 36.67+£3.33 0.0+0.0™" 0.0+0.0™
8 60.00 +2.58 21.67+4.777  833+£4.017
9 80.00 + 2.58 61.67+4.77  51.67+3.07"
10 90.00 + 3.65 80.00 +5.77 58.33+4.77"
1 100.0 = 0.00 78.33£4.77"  73.33+422™
12 100.0 £ 0.00 70.00 £3.65""  80.00+4.47"
13 100.0 £ 0.00 75.00 £ 4.28™ 83.33 + 6.67
14 100.0 + 0.00 91.67 +3.07 86.67 +4.22°
15 100.0 + 0.00 96.67 +£2.11 91.67+3.07
16 100.0 = 0.00 100.0 + 0.00 96.67 £2.11
17 100.0 + 0.00 100.0 + 0.00 100.0 + 0.00

Figure 7. Chin tactile placing percentage of rat newborns.

Copyright © 2013 SciRes.

Data are expressed as a mean + S.E. (N = 6); Values significantly compared
to control newborns; p<0.05, p<0.01 and p<0.001.
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3.1.7. Visual Placing

This late reflex appeared at D15 in normal group by 46%
and matured rapidly to reach 100% at D17. It was de-
tected in Groups B and C at D16 and D17 by 28.3% and
30%, respectively then its expression increased to reach
100% at D19 in Group B and at D21 in Group C (Figure
8). This reflected the developmental retardation in eye
opening besides to the inability of the newborns to ex-
press the reflex physically in the treated groups. Table 8
revealed the level of significance between normal and
treated groups.

3.2. The Histopathology and Histochemical
Results of Brachial Region of Spinal Cord

3.2.1. Haematoxylin-Eosin Stain

In the present rat newborns, the spinal cord was sur-
rounded by meninges. The inner most layer of meninges
is the pia matter which adheres closely to the superficial
membranes of the cord. The second membrane is the ara-
chnoid. Externally, there is a thick fibrous dura matter
separated from the arachnoid by subdural space. The bra-
chial spinal cord is consists of centrally located gray mat-
ter and a peripheral white matter. In the gray matter, the
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Figure 8. Visual placing percentage in rat newborns.

Table 8. Ontogenesis of visual placing reflex in rat newborns.

D\Groups A B C

15 45.00 +5.63 0.0+0.0™ 0.0£0.0™
16 95.00+224 2833+10.147  27.0£86"
17 100.0 £ 0.00 80.00+5.77°  30.00+10.33"™
18 100.0 £ 0.00 95.00 +2.24 78.33+3.07
19 100.0 = 0.00 100.0 = 0.00 81.67+3.07"
20 100.0 + 0.00 100.0 + 0.00 96.67 +2.11
21 100.0 + 0.00 100.0 + 0.00 100.0 + 0.00

Data are expressed as a mean :E**S.E. (N=06); \*/*§lues significantly compared
to control newborns; p<0.05, p<0.01and p<0.001.
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neurons and glial cells were distributed. The white matter
has the axons of neurons and some glial (neuroglia) cells
(Figure9).

At D7, the normal motorneurons were large in size, had
many processes and had oval nuclei (Figure 9(a)). In
Group B, most motorneurons appeared small in size. Also,
some pyknotic cells were noticed (Figure 9(b)). In
Group C, motorneurons chromatolysis was recorded (Fig-
ure 9(c)). Between D14 and D28, the normal motor-
neurons increased in size with a more clearly differentia-
ted chromatin and a distinct thick coat of cytoplasm (Fig-
ures 9(d), (g) and (j)). In the treated groups, neurocyte

25pum

Figure 9. Transverse sections in the brachial spinal region
showing the glial cells (GC), motorneurons (MN), neurocyte
chromatolysis (NCH) and pyknosis (PKC). (a) Normal group at
D7; (b) Group B at D7; (c) Group C at D7; (d) Normal group at
D14; (e) Group B at D14; (f) Group C at D14; (g) Normal
group at D21; (h) Group B at D21; (i) Group C at D21; (j) Nor-
mal group at D28; (k) Group B at D28 and (1) Group C at D28
(H. & E)).
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chromatolysis and pyknotic neurons were present (Fig-
ures 9(e), (f), (i) and (I)). Group B showed some im-
provement at D21 and D28 (Figures 9(h) and (k)).

3.2.2. Toludine-Blue Stain
During the growth, Nissl granules were found in the pe-
rikaryon and in the proximal parts of the dendrites of the
neurons. At D7, the normal motorneurons stained well so,
the intensity of Nissl granules was high (Figure 10(a)).
In Groups B and C motorneurons were paled stained (Fig-
ures 10(b) and (c)).

Between D14 and D28, the normal motorneurons
stained deeply; this is a translation to the high amount of

Figure 10. Transverse sections in the brachial spinal region
showing the distribution of Nissl granules in motorneurons
(MN). (a) Normal group at D7; (b) Group B at D7; (c) Group C
at D7; (d) Normal group at D14; (e) Group B at D14, (f) Group
C at D14; (g) Normal group at D21; (h) Group B at D21; (i)
NisslGroup C at D21; (j) Normal group at D28; (k) Group B at
D28 and (1) Group C at D28 (Toludine-blue stain).

Copyright © 2013 SciRes.

Nissl granules in normal group (Figures 10(d), (g) and
(). In Groups B and C, motorneurons stained moder-
ately (Figures 10(e), (f), (h), (i), (k) and (I)).

3.2.3. Feulgen Stain

The DNA content of brachial motorneuron was demon-
strated using Feulgen stain. It was noticed that colour
intensity in the normal cells increased with age progress
(Figures 11(a), (d), (g) and (j)). The nuclei of Groups B
and C showed a markedly decrease in the colour inten-
sity specific for DNA and central chromatolysis (Figures
11(b), (c), (e), (), (h), (i), (k) and (1)). Group B showed
some improvements at the late ages.
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Figure 11. Transverse sections in the brachial spinal region
showing DNA in the nuclei of motorneurons (MN). (a) Normal
group at D7; (b) Group B at D7; (c) Group C at D7; (d) Normal
group at D14; (e) Group B at D14; (f) Group C at D14; (g)
Normal group at D21; (h) Group B at D21; (i) Group C at D21;
() Normal group at D28; (k) Group B at D28 and (1) Group C
at D28 (Feulgen staining technique).
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3.3. The Histopathology and Histochemical
Results of Lumber Region of Spinal Cord

3.3.1. Haematoxylin-Eosin Stain

The histological structure of the lumber spinal cord is
similar to that of the brachial spinal cord but the differ-
ence between both regions depends on the degree of the
neuronal development where the lumber motorneurons
were relatively smaller than the brachial motorneurons of
the same age (Figure 12). At D7, in Groups B and C,
most lumber motorneurons appeared small and less dif-
ferentiated compared to normal ones. Also, pyknosis and
neurocyte chromatolysis were detected (Figures 12(a)-

7

1
& -

Figure 12. Transverse sections in the lumber spinal region
showing the glial cells (GC), motorneurons (MN), neurocyte
chromatolysis (NCH) and pyknosis (PKC). (a) Normal group at
D7; (b) Group B at D7; (c) Group C at D7; (d) Normal group at
D14; (e) Group B at DI14; (f) Group C at D14; (g) Normal
group at D21; (h) Group B at D21; (i) Group C at D21; (j) Nor-
mal group at D28; (k) Group B at D28 and (1) Group C at D28
(H. & E)).
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(c)). Between D14 and D28, the normal motorneurons
increased in size while pyknotic cells and neurocyte
chromatolysis were still represented in treated groups
(Figures 12(e), (f), (i) and (I)). Group B showed some
improvement at D21 andD28 as in case of brachial re-
gion (Figures 12(h) and (k)).

3.3.2. Toludine-Blue Stain
Between D7 and D28, the normal lumber motorneurons
had a relatively high intensity of Nissl granules as in the
brachial motorneurons (Figures 13(a), (d), (g) and (j)).
At D7 and D14, motorneurons of Groups B and C were pa-
led stained while at D21 and D28, they were stained mo-
derately (Figures 13(b), (c), (), (f), (h), (i), (k) and (1)).
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Figure 13. Transverse sections in the lumber spinal region
showing the distribution of Nissl granules in motorneurons
(MN). (a) Normal group at D7; (b) Group B at D7; (c) Group C
at D7; (d) Normal group at D14; (e) Group B at D14; (f) Group
C at D14; (g) Normal group at D21; (h) Group B at D21; (i)
Group C at D21; (j) Normal group at D28; (k) Group B at D28
and (1) Group C at D28 (Toludine-blue stain).
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3.3.3. Feulgen Stain

Feulgen stain showed that the DNA content of normal
lumber motorneurons nuclei similar to the case of normal
brachial motorneurons but the nuclei of lumber mo-
torneurons were small in size (Figures 14(a), (d), (g) and
(). In treated groups, it was observed that the colour
intensity was markedly decreased as in the brachial re-
gion but the DNA-containing particles stainability was
less than of brachial ones, especially in Group C (Fig-
ures 14(b), (c), (e), (f), (h), (i), (k) and (I}).

4. DISCUSSION
4.1. Sensorimotor Reflexes

The experimental groups were differed in the develop-

Figure 14. Transverse sections in the lumber spinal region
showing DNA in the nuclei of motorneurons (MN). (a)
Normal group at D7; (b) Group B at D7; (¢) Group C at D7;
(d) Normal group at D14; (e) Group B at D14; (f) Group C
at D14; (g) Normal group at D21; (h) Group B at D21; (i)
Group C at D21; (j) Normal group at D28; (k) Group B at
D28 and (1) Group C at D28 (Feulgen staining technique).

Copyright © 2013 SciRes.

mental degree of sensorimotor reflexes at the same age.
Each reflex reflects the state of a certain part in the CNS
and the rate of its development [10,21,26,31,36]. In the
present treated newborns, the retardation in the deve-
lopment of sensorimotor reflexes is a feature of acryla-
mide neurotoxicity as mentioned by [25]. Acrylamide
exposure leads to prenatal and postnatal malnutrition
through its effects on mothers’ behaviors [21,37]. [24] re-
corded that malnutrition causes retardation in the deve-
lopment of sensorimotor reflexes. The present study show-
ed that acrylamide induces neuropathy and neuronal loss
which leads to behavioral abnormalities as mentioned by
[9,38,39]. [31] recorded that sensorimotor reflexes ex-
pression are mediated by the CNS neurons. Therefore,
the losing of these neurons will affect the expression of
these reflexes. [40,41] reported that the behavioral ab-
normalities in the developing newborns depend on CNS
regions where neuronal loss occurs. Also, acrymide im-
pair synapse function and neuronal connection [28]. It
was obvious from the present results that acrylamide
causes weakness, ataxia and malformation in the activity
of newborns of the treated groups; similar observations
were recorded by [27,42].

Rooting reflex had not been elicited in normal and
treated groups of rat newborns but the reason was not
clear. This result also recorded by [43]. Rooting is innate
in mammals [44] because the young find warmth and a
nipple. As this need decreases, the reflex also decrease as
reported by [23]. The disappearance of rooting in rat
pups may be due to inhibition of the subcortical regions
responsible for the reflex by the cerebral cortex [44,45].
The present study revealed that the lamination of the ce-
rebral cortex is not detectable in rat at D7 and D14 of
experimental time.

It is of interest that FL Grasp is a spinal reflex [21,31].
It appeared at D4 by 31.67% of the trails in the normal
newborns because the neurons-mediated reflexes (mo-
torneurons) differentiated at this age as seen in the pre-
sent histological sections. The reflex expression takes
place after the differentiation of its mediating neurons
[10,18,36]. In gerbil, this reflex appears after the second
postnatal day [31]. In the present normal newborns, the
reflex expression was regularly increased to reach 100%
at D10, which indicated the regular rate of cells differen-
tiations. The histological sections showed the well form
of the brachial motorneurons. In Group B, this reflex
detected at D4 by 8.33% due to the weakness of the
newborns which resulted from malnutrition regarded to
the bad behavior of the mothers as described by [37]. Its
development was slow to reach 100% at D15. In Group
C, FL grasp was detected at D5 by 15% that resulted
from retardation in development and differentiation of
reflex mediated neurons due to acrylamide exposure. The
development of FL grasp reflex in Group C was slow
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and irregular due to less activation of newborns as seen
by [25,46]. With age progress, this reflex attained 100%
at D17 by the mediating of persisting small neurons. The
late appearance and maturation of FL grasp in the new-
borns of treated groups resulted from malformations in
the FL and spinal cord. Also, concerned to acrylamide
which leads to malnutrition that delays the appearance
and maturation of sensorimotor reflexes [10]. In addition,
it was found that acrylamide delays reflex and motor de-
velopment as reported by [45,47].

HL grasp was observed in normal newborns at D10 by
18.33% of the trials, which appeared later than the FL
grasp. HL grasp was absent in gerbil at all [31], while it
present in Brazilian opossum [23]. In normal group, HL
grasp developed regularly due to early differentiation of
the present spinal cord neurons which mediate this spinal
reflex to reach 100% at D16. The present study showed
the high activations of the newborns reflected by the in-
tensity of Nissl granules in cells mediated this reflex as
seen by the present histological sections. In Groups B
and C, this reflex was detected at D13 by 11.67% and
6.67%, respectively. After that, the reflex expression in-
creased with the age mediated by the persisting neurons

to reach 100% at D19 in Group B and at D21 in Group C.

The present study shows a good relation between inten-
sity of Nissl granules and newborns activation where
granules intensity in the neurons refers to the high meta-
bolic activity of these neurons [48]. Therefore, the low
activetion of the newborns of the treated groups was re-
flected by the low intensity of Nissl granules. So acry-
lamide affects on motor development through its effect
on protein synthesis as mentioned by [49]. The late ap-
pearance and maturation of the hind-limb grasp reflex
resulted from dysfunctions of spinal cord neurons in the
treated newborns also this is in agreement with [9]. This
results in accordance to acrylamide that delays the motor
development [25,45].

Surface body righting reflex is a spinal reflex so it ap-
peared early at D2 in the present normal newborns by
50% of the trials. This reflex appeared before FL grasp in
most mammals except in the Brazilian Opossum [31].
This normal reflex developed rapidly to reach 100% at
D6 that resulted from coordination between FL and HL
as well as early maturation of the motorneurons; this is in
accordance to [23,43]. In Groups B and C, this reflex de-
tected at D2 by 10% due to acrylamide exposure and
developed slowly to reach 100% at D12 and D13, re-
spectively. The late appearance and maturation were due
to weakness of the newborns and malformation in spinal
cord. The neuronal loss in spinal cord affects on the spi-
nal reflexes [10,43,45]. This retardation in the reflex de-
velopment in the present treated groups resulted from
maternal acrylamide exposure, which not only leads to
malnutrition and protein deficiency as reported by [50]
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but also leads to CNS neuronal loss [10,37], CNS neu-
ropathy [51,52], weakness and ataxia [53] all the above
mentions cause retardation in reflexes development.

Air body righting is a cerebellar reflex, it appeared late
in normal rat newborns because cerebellum maturation
occurs late [10,31,45]. This normal reflex detected at
D11 by 30% of the trials and regularly increased to reach
100% at D17. This pattern of reflex development is due
to continuous differentiation and maturation of the pre-
sent cerebellar neurons. These results go parallel with
[54]. It reaches 100% at D22 in Mongolian gerbil [31]
and at D21 in both rabbit and Guinea pig [18]. In Group
B, this reflex detected at D15 by 16.67% and developed
to reach 100% at D20. In Group C, it detected late at
D17 by 18.33% and developed to reach 100% at D22.
This reflex developed earlier in Group B than in Group C
because the newborns of Group C exposed chronically to
acrylamide during lactation period. In both treated groups,
the retardation in reflex development resulted from the
late maturation and differentiation of the cerebellar neu-
rons and from the high number neuronal loss mediated
by acrylamide. Similar observations were recorded by
several authors [27,25].

FL hopping is a spinal reflex and tested in the forward
direction so it was detected early in Mongolian gerbil [31]
and in Brazilian opossum [23] due to early maturation of
motorneurons in spinal cord [18,10]. This reflex detected
at D3 in normal rat newborns by 48.33% and increased
rapidly to reach 100% at D8. This activation in reflex
expression is mediated by well-differentiated neurons.
This result goes parallel with [43,55]. In Groups B and C,
it was observed by 13.33% and 43.33% at D4 and D5,
respectively. The reflex developed slowly and irregularly
in both groups to reach 100% at D14 in Group B and at
D15 in Group C. This retardation in reflex development
due to maternal acrylamide consumption leads to neu-
ropathy in the CNS of their newborns as reported by [10,
25]. The late appearance and maturation of this reflex re-
sulted from the malformation in spinal cord and FL func-
tions in the present treated newborns.

HL hopping reflex tested in the forward direction as in
the case of FL hopping reflex. It appeared in Brazilian
opossum [23] and Mongolian gerbil [36]. In addition, it
is a spinal reflex which mediated by motorneurons [31].
So it appeared early in normal group at D3 by 38.33%
and developed rapidly to reach 100% at D10. The pre-
sent study showed that HL hopping maturation took
place after differentiation of motorneurons, also [36] and
[10] reported similar results. This reflex developed by
similar manner as in FL hopping in Groups B and C but
its maturation was later than in FL hopping in the normal
and treated groups. Its maturation detected at D15 in
Group B and at D18 in Group C. The late appearance
and maturation of this reflex regarded to malformations
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in spinal cord and HL under the effect of acrylamide.

Chin tactile placing reflex is a cerebral reflex [31]. So,
it appeared early at D4 by 8.33% after spinal reflexes and
before cerebellar reflexes, but it takes long time to reach
100% at D11 in normal rat newborns because the present
study showed that cerebral cortex takes long time to be
matured after birth in rat newborns. This result is in
agreement with [18,43]. The development of this reflex
is similar in Groups B and C. It appeared at D8 by
21.67% in Group B and by 8.33% in Group C. It in-
creased to attain 100% at D16 in Group B and at D17 in
Group C. The late appearance of this reflex is due to the
abnormalities in the cerebral cortex of the newborns of
these groups [31]. The abnormalities in reflex expression
resulted from the cerebral neuropathy caused by acryla-
mide as reported by [37]. The performance of this reflex
requires the involvement of numerous central and pe-
ripheral nervous system components. Thus, acrylamide
effects on these two tasks may impact a variety of sys-
tems and/or regions, such as muscle strength and re-
sponse to fatigue [25,27].

The visual placing reflex is a cerebral reflex but its
expression related to eye opening [31,43]. In normal rat
newborns, this reflex expressed at D15 by 46% and ex-
pressed by 100% at D17. The eye opening completed at
D15 so the animal takes a time to do the reflex after eye
opening. This result is in agreement with [24]. In the
other treated groups this reflex expressed at D16 by
28.33% and 27% in Groups B and C, respectively. The
previous ratios depend on the number of newborns,
which had opened eyes, and able to expressed this reflex
physically. It developed to reach 100% at D19 in Group
B and at D21 in Group C. This retardation produced by
acrylamide which leads to skeletal muscles weakness and
developmental alterations of the offspring [25,42]. Also,
acrylamide impair synapse function and neuronal con-
nection [28] so it affects on the expression of this reflex.

4.2. Compar ative Histopathological Studies

The detected spinal cord in normal and treated rat new-
borns is surrounded with meninges and consists of cen-
trally located gray matter where neurons and glial cells
are distributed and peripheral white matter. [36] men-
tioned that in the Mongolian gerbil at different ages, the
motorneurons of the ventral horn of spinal cord are al-
ready well differentiated in the day of birth, but the neu-
rons of the dorsal horn are smaller, less differentiated
and more densely packed, these findings agree with those
of [18,56] on rat newborns.

In the present normal rat newborns, the brachial and
lumber motorneurons were well differentiated at D7.
Their number and size increased with age progress, so
the spinal reflexes appeared and mature early after neu-
rons maturation. The brachial motor neurons appeared
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more differentiated than the lumber neurons. Also, [18]
reported that the brachial motorneurons are larger in size
and number than in the lumber motorneurons. The neu-
rotransmitters, like serotonin and noradrenaline, are
supposed to play a crucial role in the differentiation and
proliferation of the spinal cells [10,57].

In the present treated groups, the motorneurons were
small less differentiated compared to normal ones. Be-
tween D7 and D28, the normal motorneurons increased
in size, while pyknosis and neurocyte chromatolysis
were observed in the treated groups due to chronic acry-
lamide exposure. Group B showed some improvement at
D21 and D28 because of absence of acrylamide during
lactation. The present results improved that acrylamide
ingestion by pregnant dams will cause cells loss during
the development as reported by [37,53]. Acrylamide ex-
posure reduced motorneurons functions [53,45]. Acryla-
mide consumption impairs motor coordination, motor
control and behavioral activities that are regulated by
functional integration of neuronal activity in various re-
gions of the brain and the spinal cord. It reduced mo-
torneurons ability to generate action potentials [45,47,58].
Also, it effects on the pattern of neuronal axons and fi-
bers as well as synapse [9]. Therefore, acrylamide in-
duced dysfunction of neuronal electrical activity in the
mammalian spinal cord.

4.3. Histochemical Studies

The intensity of Nissl granules in the neurons refers to
the high metabolic activity of these neurons [48]. In
Group A of the present study, the intensity of Nissl gran-
ules in spinal cord neurons was high at all investigation
stages, which indicate the high rate of metabolism in
newborns neurons of this group. The present study
showed that the intensity of Nissl granules in the neurons
were more compact and have thickened cytoplasm coat.
These evidences are in agreement with [48] who found
the necessary protein so-called Nissl granules are present
in the cell body and dendrites.

In Group C, the investigated neurons appeared faint in
all stages due to the low amount of intracellular Nissl
granules and proteins. This result indicates the low rate
of metabolism in the neurons of this group, which may
affect on cells functions and in turn affect on the activa-
tion of the newborns. In Group B, the cells appeared
paled at D7 and D14 due to the low amount of Nissl
granules and proteins but stained intermediated at D21
and D28, which reflected the slow improvement due to
acrylamide withdrawals. The Nissl granules intensity in
treated groups was low due to the inability of the fetus to
synthesize required proteins where Nissl granules in
neurons are essential protein [45,48]. Acrylamide di-
rectly impairs protein synthesis in fetal tissues through
its effect on RNA and DNA as well as total and subcel-
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lular protein contents [59]. There are other metabolic
effects of acrylamide on the cell function include forma-
tion of free radical, alteration of cytoskeleton elements,
cells membrane necrosis and mitochondrial destruction
[49,60]. Also, acrylamide indirectly affects on the pro-
tein synthesis because it resulted in nutrients deficiency
which are essential in protein synthesis due to pre- and
post-natal acrylamide exposure impair the functions of
placenta and mammary glands [10,37,61]. The above
factors collectively reduce the metabolic activities of cell
and protein synthesis due to inadequate nutrients so the
intensity of Nissl granules was low in the treated group.
This explain the reduction in the activity of the treated
newborns which supported by the results of sensorimotor
reflexes.

DNA in the investigated neurons was stained red to
pink using Feulgen stain. The present histochemical re-
sult revealed that colour intensity in the normal cells in-
creased with age progress reflected the increasing in
DNA content of the cells with age development till D28
due to the change in cells size. The nuclei of Groups B
and C showed a markedly decrease in the intensity of the
colour specific for DNA demonstration, indicating a
marked loss of DNA. This colour reduction decreased
with age development in Group B but increased in Group
C. Moreover, central chromatolysis that observed in most
ages of the present treated groups due to DNA damage
induced by acrylamide [45,62,63]. The present study
showed chromatolysis in the most neurons of the deve-
lopmental rat newborns due to acrylamide and its meta-
bolic glycidamide derivative, which have a high potential
to form DNA adducts through their reaction with DNA
[10,59,64]. In Chinese hamster lung cell lines, acryla-
mide induced alteration in cell division and chromosomal
aberrations [65].

In conclusion, acrylamide affects on CNS regions of
the developed rat newborns if their mothers exposed to
acrylamide during gestation and lactation periods. These
effects appeared as histopathological changes within the
newborns tissues. These disturbances in the newborns
lead to behavioral and healthy abnormalities. So, acryla-
mide has a teratogenic effect on the rat newborns.
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