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Abstract
Background: Acrylamide is reported for its toxicity on the central and the peripheral nervous system and causes
paralysis. Bee venom (BV) and bradykinin-potentiating factor (BPF) have been documented for their potential
therapeutic effects as anti-neuroinflammation. The study aimed to ameliorate the neurotoxic effects of acrylamide
or chips by using BV or its extracted BPF. Mice were divided into 15 subgroups: control (G1.1, G1.2, G1.3) at 30, 45,
and 60 days, respectively; acrylamide- (10 mg/kg b.w.; orally daily) administered subgroup for 30 days (G2.1),
45 days (G2.2), and 60 days (G2.3); chips feeding group (1/3 of daily diet) for 30 days (G3.1), 45 days (G3.2), and
60 days (G3.3); bee venom-treated group for 60 days (1.319 mg/kg b.w.) (G4.1); BPF-treated group for 60 days
(2.314 mg/kg b.w.) (G4.2), day after the other day; and acrylamide- or chips-administered groups combined either
with BV (G5.1, G6.1) or BPF treatment (G5.2, G6.2) for 60 days.
Results: The results indicated that the approximate LD50 for BV and BPF equal to 13.19 mg/kg and 23.14 mg/kg,
respectively, and the extracted BPF contains 15 amino acids. Also, the results showed abnormal gait in mice of
acrylamide-administered groups which was accompanied by histopathological changes in the hippocampus,
cerebellum, and cerebral cortex. A marked gradual increase of alpha-synuclein expression was noted at the studied
region in the acrylamide- and chips-treated groups at 60 days of treatment as compared to control. Both BV- and
BPF-treated groups either separately or in co-administration with acrylamide or with chips did not show any
histopathological changes in the studied regions with downregulated expression of alpha-synuclein.
Conclusion: The study concluded the neuroprotective effect of BV and its extracted BPF against neurotoxicity
induced by acrylamide or chips administration.
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Background
Acrylamide is a white crystalline solid, non-volatile, odorless,
and has a high mobility in soil and groundwater (Ashoor &
Zent, 1984; Eriksson, 2005). The common uses of acrylamide
are in papermaking aids, dyes, cosmetics, production of polyacrylamides, flocculants in sewage and wastewater treatment,
enhancers of oil recovery, ore processing, clarifying drinking
water, and grouting agents for the construction of dam foundations (Smith & Oehme, 1991). Acrylamide is formed during heat processing of carbohydrate-rich foods at elevated

temperatures (120 °C) or above (Maillard reaction) during
frying, broiling, baking, roasting, grilling, and toasting
(Tareke, Rydberg, Karlsson, Eriksson, & Törnqvist, 2002) due
to the natural presence of the reactants (glucose/fructose
and asparagine) which are involved in the formation of acrylamide. Acrylamide is not found in foods which are not fried
or baked such as boiling (Eriksson, 2005; Törnqvist, 2005).
Acrylamide has been shown to be toxic to both the central
and the peripheral nervous system (LoPachin, 2004;
LoPachin, Schwarcz, Gaughan, Mansukhani, & Das, 2003).
Toxicological studies suggested that acrylamide causes
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paralysis of the cerebrospinal system (Johnson et al., 1986;
Zhang, Zhang, & Zhang, 2005).
Bee venom (BV) is known as apitoxin and a complex
mixture of at least 18 active components, including enzymes, biogenic amines, and several biologically active
peptides including melittin, apamin, mast cell degranulating peptide, adolapin, secapin, procamine, tertiapin,
and cardiopep, and non-peptide components (e.g., histamine, lipids, and carbohydrates) (Chen & Lariviere,
2010; Kwon et al., 2001; Orśolić, 2012; Son, Lee, Lee,
Song, & Lee, 2007). Bee venom contains a variety of enzyme constituents, including phospholipase A2, hyaluronidase, acid phosphatase, dipeptidylpeptidase IV,
carboxylesterase, and serine carboxypeptidase (Hoffman,
2006; Kim & Jin, 2016; Peiren et al., 2008; Son et al.,
2007). Numerous studies have reported that bee venom
has biological, toxicological, and pharmacological properties (Chen & Lariviere, 2010; Ozdemir, Kucuksezer,
Akdis, & Akdis, 2011; Son et al., 2007). Moreover, it was
documented as immune stimulator, and anticancer, with
radioprotective and neuroprotective effects (Gajski &
Garaj-Vrhovac, 2009; Khalil, Assaf, ElShebiney, & Salem,
2015; Orśolić, 2012; Son et al., 2007).
Bradykinin-potentiating peptides (BPPs) are peptides
which purified from several organisms including invertebrates (Torfs et al., 1999), wasp venoms (Konno et al.,
2002), amphibian skin secretions (Chen, Zhou,
Gagliardo, Walker, & Shaw, 2006; Conlon et al., 2005),
and crustaceans (Rittschof & Cohen, 2004). Also, BPPs
were documented in snakes as Bothrops jararaca
(Ferreira, 1965, Ferreira et al., 1970; Ferreira et al., 1995);
scorpion, Tityus serrulatus (Ferreira, Alves, & Henriques,
1993) and Buthus occitanus (Meki, Nassar, & Rochat,
1995); and jelly fish venoms (Abd-El-Rahim, 1995). BPPs
are peptides with hypotensive properties that have been
previously described in the literature regarding venom of
different animal groups (Hodgson & Isbister, 2009; Yeow
& Kini, 2012). Also, BPP plays a major role in the regulation of peripheral blood flow and in the primary reaction
of tissues to noxious stimuli (Roberts, 1989); thus, BPF
has profound effects on the cardiovascular system (Hodgson & Isbister, 2009). The aim of this study is to evaluate
the neuroprotective effect of bee venom (BV) and its extract of bradykinin-potentiating factor (BPF) against
acrylamide-induced neurotoxicity.

Methods
Chemicals

Acrylamide was obtained commercially from Sigma
Chemical Company, St. Louis, USA. Bee venom of Apis
mellifera was obtained from the Faculty of Agriculture,
Assiut University, Egypt. Bradykinin-potentiating factor
(BPF) was isolated from bee venom according to the
chemical methods of Ferreira (1965).
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Experimental design and processing

Determination of median lethal dose LD50 of the bee
venom (BV) and bradykinin-potentiating factor (BPF)
was carried out by intraperitoneal (i.p.) injection according to the method of Meier and Theakston (1986). The
BPF extract was analyzed for its amino acid contents in
the National Research Center using amino acid analyzer
LC3000, Germany. Male albino mice, Mus musculus,
weighing approximately 20–25 g were brought from the
farm of the Zoology Department, Sohag University,
Egypt. Animals were kept in the laboratory under normal conditions of light, temperature, and humidity with
access to food and water. Animals were classified into
six main groups (five mice each subgroup). The first
main group (G1) was a control. The second main group
(G2) was subdivided into three subgroups which were
orally administered with acrylamide (10 mg/kg b.w.)
daily for 30 days (G2.1), 45 days (G2.2), and 60 days
(G2.3). The third main group (G3) was subdivided into
three subgroups which were fed one third of its daily
diet by chips for 30 days (G3.1), 45 days (G3.2), and
60 days (G3.3). The fourth main group (G4) was subdivided into two groups which were treated i.p. with bee
venom (1.319 mg/kg b.w.) (G4.1) and BPF (2.314 mg/kg
b.w.) (G4.2), respectively, day after the other day for
60 days. The fifth main group (G5) was subdivided into
two groups (10 animals each) which were administered
with acrylamide orally (10 mg/kg b.w.) combined either
with i.p. by bee venom (1.319 mg/kg b.w.) (G5.1) or with
BPF (2.314 mg/kg b.w.) (G5.2), respectively, day after the
other day for 60 days. The sixth main group (G6) was
subdivided into two groups which were fed 1/3 of its
daily diet by chips for 60 days combined either with i.p.
by bee venom (1.319 mg/kg b.w.) (G6.1) or with BPF
(2.314 mg/kg b.w.) (G6.2), respectively, day after the
other day for 60 days. This study was approved by the
Social Science Ethical Committee of the Faculty of
Science, Tanta University, and complied with the Egyptian
Code of Conduct for Scientific Practice, National Research
Centre, Egypt.
Histological and immunohistochemical

All animals in studied groups were anesthetized, sacrificed, and dissected. The brains of the studied groups
were fixed in Carnoy’s fixative, dehydrated in ethyl alcohol, cleared in methyl benzoate, and embedded in paraffin wax at 60 °C for sectioning. The sections were
mounted on slides and were stained with hematoxylin
and eosin for general histology (Drury & Wallington,
1976). Sections were dehydrated in ascending grades of
ethanol, cleared in xylene, and mounted with DPX. For
immunostaining of α-synuclein, 7-μ-thick paraffin wax
sections of the brains of the studied groups were
mounted on Superfrost/Plus glass slides. The slides were
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deparaffinized in xylene, rehydrated in ethanol, and retrieved for re-antigenicity using 10 mM citrate buffer at
pH = 6 in 100 °C for an hour (Buchlowalow & Bocker,
2010). According to the manufacture protocol of the
Spring Bioscience company, the sections were treated
for 10 min with hydrogen peroxide block and protein
block then incubated with primary antibody against
α-synuclein (Rabbit, anti-synuclein-alpha polyclonal,
Spring Bioscience, Pleasanton, USA) for 3 h at room
temperature. Sections were then washed using phosphate buffer (pH 7.4) and incubated with secondary antibody (Biotinylated Goat Anti-polyvalent HRP DAB
detection system, Spring Bioscience, Pleasanton, USA).
DAB and chromogen were mixed to visualize the color
of reaction. Sections were dehydrated, cleared, and
mounted. Selected sections at the level of histological
and immunohistochemical were photographed and processed as required.

include glutamic and aspartic acids in concentrations
545.05 and 220.77 μg/ml, respectively. Positively charged
include lysine and arginine in concentrations 157.73 and
248.33 μg/ml, respectively.

Results

Morphological observation

Lethal dose of bee venom and bradykinin-potentiating
factor (BPF)

Decreased active movement, lethargy, and abnormal gait
were observed in mice of the acrylamide-administrated
group for 45 days (Fig. 3c, arrows) and for 60 days
(Fig. 3d, arrows). These symptoms showed an aggravating tendency as the administration period progressed.
The distance between hind limbs became wider when
walking. Furthermore, at 45 and 60 days from treatment,
mice dragged their feet as they could not support their
body (Fig. 3c, d). However, no abnormal change was observed in the control group and the group administered
with acrylamide for 30 days (Fig. 3a, b). The
chips-administered groups at 30, 45, and 60 days did not
show any abnormalities in walking (Fig. 3e–g). The bee
venom- and BPF-treated groups at 60 days of treatment
showed similar behavior that was noted in the control
group (Fig. 3h, i). The acrylamide-administrated groups
at 60 days treated with either bee venom or BPF showed
improvement in movement and gait (Fig. 3j, k) as compared with the acrylamide-administered group for 45
and 60 days. The combined chips groups either with bee
venom or with BPF treatment showed similar movement
to the control (Fig. 3l, m).

The approximate LD50 for bee venom and bradykinin-potentiating factor equal to 13.19 mg/kg and 23.14 mg/
kg, respectively, as shown in Tables 1 and 2 and Figs. 1
and 2.
Amino acid analysis of bradykinin-potentiating factor
(BPF)

Amino acid analysis of BPF separated from the bee venom
of Apis mellifera revealed the presence of 15 amino acids:
nonpolar aliphatic, aromatic, polar, negatively charged,
and positively charged. The nonpolar aliphatic includes
alanine, valine, leucine, isoleucine, methionine, and proline in concentrations 303.00, 111.46, 56.32, 16.04, 336.91,
and 51.12 μg/ml, respectively. Aromatic amino acids include phenylalanine and tyrosine in concentrations 20.02
and 65.40 μg/ml, respectively. Polar amino acids include
serine, histidine, and threonin in concentrations 110.51,
73.09, and 122.61 μg/ml, respectively. Negatively charged
Table 1 LD50 determination table of bee venom
M Weight Dose
Dose
(mg/mice) (mg/kg)

Survival
Dose (mg/kg/survival
time (min) time)

1

26

3.2

123.076923 34

3.6199095

2

29

3.6

124.137931 35

3.546798

3

31

2.8

90.3225806 36

2.5089606

4

34

2

58.8235294 45

1.3071895

5

25.5

1.2

47.0588235 18

2.6143791

6

25.8

1.8

69.7674419 40

1.744186

7

26.4

2.4

90.9090909 35

2.5974026

8

23.7

1.6

67.5105485 34

1.9856044

Table 2 LD50 determination table of BPF
M

Weight

Dose
(mg/mice)

Dose
(mg/kg)

Survival
time (min)

D/T

1

33

2.4

72.72

32

2.2725

2

32

1.2

37.5

23

1.630435

3

31

1.5

48.38

12

4.031667

4

29

0.9

31.03

76

0.408289

5

33.4

2

59.88024

50

1.197605

6

28.9

0.867

30

71

0.422535

7

28.9

0.289

10

77

0.12987

8

32

4.5

140.62

17

8.271765

Histological and immunohistochemical studies
Hippocampus

Histological examination of hematoxylin and eosinstained sections of the control group revealed the characteristic areas of the hippocampus (Fig. 4A). These
areas are the hippocampus proper and dentate gyrus.
The hippocampus proper is formed of Cornu Ammonis
that consists of various zones. CA1 and CA2 consist of
small pyramidal cells while CA3 and CA4 consist of
large pyramidal cells. CA4 projects into the dentate
gyrus (DG). The acrylamide-administered group along
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Fig. 1 LD determination curve of bee venom (13.19 mg/kg b.w.)

the experimental period (60 days) was shown to be severely affected. Inflammatory cells and vacuolation of
the small pyramidal cells with altered stained nuclei of
the CA1 (Fig. 4D) were noted as compared to both the
control (Fig. 4A, A1) and acrylamide administration for
30 days and 45 days (Fig. 4B, C), respectively. In the
chips feeding groups, time-dependent effects were also
observed. Vacuolation of the small pyramidal cells, a
lesser thickness of the CA1 zone, and cell detachment
(Fig. 4G) were noted in chips-fed group for 60 days as
compared to the groups feeding for 30 and 45 days
(Fig. 4E, F) and the control group (Fig. 4A, A1), respectively. In bee venom- and bradykinin-potentiating
factor-treated groups separately (Fig. 4H, I) or either
with acrylamide (Fig. 4J, K) or with chips administration

Fig. 2 LD50 determination curve of BPF (23.14 mg/kg b.w.)

(Fig. 4L, M), no histological changes were noted as those
observed in either the acrylamide- or chips-administered
groups at 60 days.
Immunohistochemical staining of selected groups for
α-synuclein showed its normal distribution in the control
group (Fig. 5a) as a mild positive expression in small pyramidal cells of the CA1 zone of the hippocampus. The
acrylamide-administrated groups showed a marked gradual
elevation of expression of immunostaining of α-synuclein.
Intracellular elevation in the acrylamide-administrated
group for 30 days was noted as compared to the increased
level both intra- and extracellular at both 45 and 60 days of
acrylamide administration (Fig. 5b–d), respectively. In chips
feeding at 60 days, slightly increased expression of
α-synuclein was noted at the periphery of the pyramidal
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Fig. 3 Photographs showing induced weakness of limbs at 45 (c) and 60 days (d) of the acrylamide-administered group compared to the control
(a) and acrylamide-administered group for 30 days (b). The chips feeding groups (e–g), bee venom group (h), and BPF- (i) treated group showed
normal movement and gait. The combined groups of treatments with bee venom (j) or with BPF showed improvement in movement and gait
as compared with the acrylamide-administered group (k–m). Arrows indicate dislocated limbs in acrylamide administration at 45 and 60 days

cells of the CA1 zone (Fig. 5e). In contrast, intracellular
expression of α-synuclein was not observed within the
pyramidal cells in the bee venom-treated groups (Fig. 5f) as
compared to both the control and acrylamide-administrated groups. The BPF group at 60 days of treatment
showed a negative intracellular expression of α-synuclein
(Fig. 5g) compared to the control group. The
acrylamide-administrated groups treated with either bee
venom (Fig. 5h) or BPF (Fig. 5i) showed normal expression
of α-synuclein similar to control. The expression in acrylamide combined treatment is severely downregulated as
compared to that observed in the acrylamide-administrated
group. The chips-fed groups either with bee venom (Fig. 5j)
or BPF (Fig. 5k) showed the normal expression and distribution of staining that was mostly similar to the control.

Cerebellum

Histological staining with hematoxylin and eosin of the
control group demonstrated that the cerebellum region
consists of two layers, an outer gray matter and an inner
white matter. In the gray matter, three distinct cell layers
can be distinguished. The innermost layer is the granular
cell layer, the middle layer is the Purkinje cell layer, and
the outer layer is the molecular layer. The Purkinje cell
layer forms the border between the granular and molecular layers. The white matter consists of myelinated
nerve fibers and also contains numerous neuroglia
(Fig. 6A, A1). In the acrylamide-administrated groups,
time-dependent effects were observed among the
Purkinje cell layer of the gray matter. Degenerated cells
were noted in 60 days of treatment (Fig. 6D) as
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Fig. 4 Photomicrographs of stained sections of the hippocampus showing the anatomy (a) and the small pyramidal cells in the CA1 zone of the
control group (A1). Inflammation cells (white arrows) and cell vacuolation (black arrow) of the CA1 zone in the acrylamide-administrated group
for 60 days (d) are shown compared to the control (A1) and acrylamide administration for 30 and 45 days (b, c), respectively. Cell vacuolation of
the CA1 cell zone in the chips feeding group (arrows, g) is shown at 60 days compared to both 30 and 45 days (d, f) of the chips feeding group.
The BV- (h) and BPF- (i) treated groups for 60 days are similar to the control group. The acrylamide-administrated groups treated either with BV
(j) or with BPF (k) showed improvement as compared with the acrylamide-administrated group for 60 days. The chips feeding groups treated
either with BV (l) or with BPF (m) showed improvement as compared with the chips feeding group for 60 days. H&E stain; scale bar, A is 50 μm;
A1–M is 10 μm

compared to both the control (Fig. 6 A1) and 30 days (Fig. 6)
B and 45 days of administration (Fig. 6C), respectively. In the
chips-fed groups, time-dependent effects were also observed
along the experimental periods. Degeneration of the Purkinje
cells was noted in the chips feeding group at 60 days
(Fig. 6G) compared to the groups feeding for 30 and
45 days (Fig. 6E, F) and the control group (Fig. 6
A1), respectively. In both the bee venom- and the
bradykinin-potentiating factor-treated groups (Fig. 6H, I)
throughout the different periods of study, no histological
changes were noted. The acrylamide-administrated groups
treated with either bee venom (Fig. 6J) or bradykinin-potentiating factor (Fig. 6K) along the experimental periods

showed an intact Purkinje cell layer, compared to the
acrylamide-administrated group (Fig. 6D). The chips feeding groups treated with either bee venom (Fig. 4L) or
bradykinin-potentiating factor (Fig. 6M) showed improvement in the defects of the Purkinje cells that were accompanied with the chips feeding group at 60 days (Fig. 6G).
Immunohistochemical staining of α-synuclein for selected groups showed its normal distribution in the
control group (Fig. 7a) as a mild positive expression in
the three layers of the cerebellum region. The expression of α-synuclein in the acrylamide-administrated
groups from 30 to 60 days of administration is elevated
gradually within the nucleus and the cytoplasm of the
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Fig. 5 Photomicrographs of immunohistochemistry of α-synuclein in the CA1 region of the hippocampus of the control group (a). The
acrylamide-administrated groups showed a gradual increase in the expression from 30 to 45 days of treatment (arrows; b, c) and denser
expression at 60 days (arrows, d). The chips feeding group at 60 days showed increase of intracellular expression (arrows, e). The BV- and
BPF-treated groups showed nearly the same expression of the control (f, g). The acrylamide-administrated groups treated with either BV
(h) or BPF (i) showed normal expression of α-synuclein similar to the control. The chips feeding groups treated with either BV (j) or BPF
(k) showed the normal distribution of staining similar to the control. Immunostaining of α-synuclein; scale bar 5 μm

Purkinje cells and best detected at 45 (Fig. 7c) and
60 days (Fig. 7d) than at 30 days of administration
(Fig. 7b), respectively. In the chips feeding group at
60 days, the increase of intracellular expression of
α-synuclein was noted in the Purkinje cells (Fig. 7e). In
contrast, the increased expression of α-synuclein was
not observed within the Purkinje cells in bee
venom-injected groups (Fig. 7f ) or bradykinin-potentiating factor group (Fig. 7g) at 60 days of treatment. The
acrylamide-administrated groups treated with either
bee venom (Fig. 7h) or bradykinin-potentiating factor
(Fig. 5i) for 60 days showed downregulated expression
of α-synuclein that returned to normal pattern compared to the acrylamide-administrated group. The chips
feeding groups treated with either bee venom (Fig. 7j)
or bradykinin-potentiating factor (Fig. 7k) for 60 days
showed the normal expression and distribution of staining that was mostly similar to the control.

Cerebral cortex

Hematoxylin and eosin stain revealed normal neurons of
the cerebral cortex that appeared with normal soma,
dendrites, and nuclei in the control group (Fig. 8a). In
the acrylamide-administrated groups, time-dependent
effects regarding the morphological appearance of the
neurons were observed. Severe shrinkage of neurons was
noted in the acrylamide-administrated groups for 60 days
(Fig. 8d) as compared to both the control (Fig. 8a) and
30 (Fig. 8b) and 45 (Fig. 8c) days of acrylamide administration, respectively. The chips feeding groups at 45 and
60 days showing shrunken neurons and increased
inflammatory cells in the severely vacuolated background of glia (Fig. 8f, g) similar to the acrylamide-administrated groups were noted. The chips feeding group
at 30 days was less affected than that at 45 and 60 days of
administration and look like those of the control. In both
the bee venom- and the bradykinin-potentiating
factor-treated groups at 60 days (Fig. 8h, i), no histological
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Fig. 6 Photomicrographs of the cerebellar region showing the gray (GM) and white matter (WM), granular cell layer (GCl), Purkinje cell layer (PCL),
and the molecular cell layer (MCl) of control are shown (A, A1). In the acrylamide-administrated groups, degeneration of the Purkinje cell was
shown at 60 days (arrows, D) compared to 30 and 45 days (arrows; B, C) and the control (A1). In the chips feeding groups, Purkinje cell
degeneration was noted at 60 (arrows, G) than at 30 (E) and 45 (arrows, F) days of feeding. The BV- (H) and BPF-treated groups at 60 days of
treatment (I) showed Purkinje cells similar to the control. The acrylamide-administrated groups treated with either BV (J) or BPF (K) showed
improvement compared to degeneration which has been detected in the acrylamide group. The chips feeding groups treated with either BV (L)
or BPF (M) showed improvement in Purkinje cell integrity compared to chips-induced Purkinje cell degeneration. H&E stain; scale bar, A 50 μm;
A1–M 10 μm

changes in the neurons were noted. The acrylamide-administrated groups treated with either bee venom (Fig. 8j) or
bradykinin-potentiating factor (Fig. 8k) showed improvement in the morphological appearance of neurons, compared to the acrylamide-administrated group at 60 days.
The chips feeding groups treated with either bee venom
(Fig. 8l) or bradykinin-potentiating factor (Fig. 8m) showed
improvement in the morphological appearance of neurons
compared to the chips feeding group at 60 days.
Immunohistochemical staining of α-synuclein for selected groups showed its normal distribution in the control group (Fig. 9a) as a mild positive expression in
neurons and glia of the cerebrum region. The

acrylamide-administrated groups, along the different experimental periods (Fig. 9b–d), showed marked elevation
in α-synuclein expression consistent with the expression
in both the hippocampus and cerebellum. In the chips
feeding group at 60 days, increased expression of
α-synuclein was noted in neurons (Fig. 9e). In contrast,
the bee venom-injected group (Fig. 9f ) and
bradykinin-potentiating factor treated-group (Fig. 9g) at
60 days showed α-synuclein expression similar to the
control. The acrylamide-administrated groups treated
with either bee venom (Fig. 9h) or bradykinin-potentiating factor (Fig. 9i) at 60 days showed a downregulation
of α-synuclein compared to the acrylamide-
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Fig. 7 Photomicrographs of immunohistochemistry of α-synuclein in the cerebellar region of the control group (a). The acrylamide-administrated
groups showed a gradual increase in expression from 30 days (arrows, b) and 45 days (arrows, c) and denser in 60 days of administration (arrows,
d). The chips feeding group showed increase of intracellular expression (arrows, e). The BV- and BPF-treated groups showed nearly the same
expression of the control (f, g). The acrylamide-administrated groups treated with either BV (h) or BPF (i) showing downregulated expression of
α-synuclein expression compared to acrylamide-induced overexpression. The chips feeding groups treated with either BV (j) or BPF (k) showed
the normal expression and distribution of staining similar to the control. Immunostaining of α-synuclein; scale bar 5 μm

administrated group at 60 days. The chips feeding
groups treated with either bee venom (Fig. 9j) or
bradykinin-potentiating factor (Fig. 9k) showed also
downregulated expression in both the neurons and the
glia compared to the expression in the chips feeding
groups.

Discussion
In the present study, abnormal neurobehavioral and morphological changes were recorded in mice treated with
acrylamide. The changes include hind limb dysfunction, abnormal gait, ataxia, increased landing of the limbs, weakness of the muscles, and general emaciation. These changes
are consistent with the neuronal atrophy of the studied regions of the brain in the acrylamide-administered groups in
a time-dependent manner. The results coincide with those
reported in other investigations concerning acrylamide
neurotoxicity (AL-Mosaibih, 2013; El-Bohi, Moustafa, El
sharkawi, & Sabik, 2011; Shukla et al., 2002) similar to
those observed in the present investigation that led to dysfunction of limbs and abnormal behavior. Acrylamide has

been proved to induce a central and peripheral neuropathy
in laboratory animals including rats and monkeys as well as
in humans (Lehning et al., 2003 a, b; LoPachin, 2004; Seale,
Feng, Agarwal, & El-Alfy, 2012). Furthermore, acrylamide
induces neuropathy and neuronal loss which leads to behavioral abnormalities in early development (Crofton et al.,
1996; El-Bakry, Abdul-Hamid, & Allam, 2013; Lehning,
Balaban, Ross, & LoPachin, 2002a; Lehning, Balaban, Ross,
Reid, & LoPachin, 2002b). Also, acrylamide consumption
impairs motor coordination and motor control and reduces
motor neurons’ ability to generate action potentials (Guo,
Li, & Xiao, 2010; Wise, Gordon, Soper, Duchai, & Morrissey, 1995). A low dose of acrylamide in the drinking water
revealed focal gliosis, and a high dose of acrylamide showed
lesions with severe diffuse gliosis and causes progressive degeneration of Purkinje cell dendrites in the cerebellar cortex
(Eman & Amany, 2008; Lehning et al. 2002 a, b). In high
doses of acrylamide (15 and 30 mg/kg), neuron abnormalities such as increased concentrated nuclei, darkly stained
basophilic chromatin, small cell bodies, absent nucleoli, and
dopaminergic system alterations were reported (Agrawal &
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Fig. 8 Photomicrographs of the cerebral cortex showing neurons of the control group (a). The acrylamide-administrated groups at 30 days
(arrows, b), 45 days (arrows, c), and 60 days (arrows, d) showing gradual shrinkage of neurons. The chips feeding groups at 30 days (e), 45 days
(arrows, f), and 60 days (arrows, g) showing also the gradual neuronal shrinkage and glial vacuolation. The BV- and BPF-treated groups at 60 days
(h, i) showing similarity to the control. The acrylamide-administrated groups treated with either BV or BPF showing recovery (j, k). The chips
feeding groups treated with either BV or BPF showing recovery (l, m). H&E stain; scale bar 10 μm

Squibb, 1981; Tian et al., 2015). The mechanism underlying
acrylamide-induced neuronal injury related to acrylamideinduced apoptosis through elevated expression of apoptotic
markers as indicated with bcl2 and Bax (Li, Jiang, & Cui,
2008) in the cerebral cortex of rats. In the present investigation, cell vacuolation, inflammatory cell infiltration, Purkinje cell degeneration, and neuronal shrinkage with
concomitant elevation of α-synuclein in the studied regions
of the brain were noted. These effects were clarified in a
time-dependent manner in either the acrylamide- or
chips-administered groups compared to the control. Thus,
acrylamide of chemical source or of carbohydrate-rich
foods processing at elevated temperatures induces cell dysfunction and degeneration of neuronal cells through elevated α-synuclein resulting in limb dysfunction and
movement arrest as observed at the morphological,

histological, and immunohistochemical levels of the present
investigation.
From the other side, several researches aimed to find
appropriate therapeutics to alleviate acrylamide toxicity
and to prevent potential neuronal damages. In this regard,
many compounds from a variety of plants, vitamins, and
chemicals have been tested and proved to ameliorate the
acrylamide toxicity. Extraction of Panax ginseng, Acorus
calamus, linalool, grape leaves, garlic, curcumin, and selenium was investigated (Cao, Liu, Jia, et al., 2008; Mannaa,
Abdel-Wahhab, Ahmed, & Park, 2006; Mehri, Meshki, &
Hosseinzadeh, 2014; Osman, Romeilah, Elgammal, Ramis, &
Hasan, 2015; Prasad & Muralidhara, 2014; Shukla et al.,
2002; Taha, Korshom, Mandour, & Sadek, 2013; Teodor,
Cuciureanu, Slencu, Zamosteanu, & Cuciureanu, 2011). The
present investigation clarified the ameliorated effect of bee
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Fig. 9 Photomicrographs of immunohistochemistry of α-synuclein in neurons and the glia of the cerebral cortex of the control group (a). The
acrylamide-administrated groups showed increase in expression at 30 and 45 days and more denser at 60 days of administration (arrows, b–d),
respectively. The chips feeding group (arrows, e) showed increased expression of α-synuclein. The BV- and BPF-treated groups (f, g) at 60 days
showed α-synuclein expression similar to the control. The acrylamide-administrated groups treated with either BV (h) or BPF (i) showing
downregulated expression of α-synuclein compared to acrylamide administration. The chips feeding groups treated with either BV (j) or BPF (k)
showing the normal expression and distribution of staining that was mostly similar to the control. Immunostaining of α-synuclein; scale bar 5 μm

venom against neurotoxicity induced by acrylamide as indicated in neuronal integrity, and suppressed α-synuclein
expression in co-administrated animals with acrylamide or
chips administration results in efficient limb movement at
morphological level of observation. BV was reported as a
potential therapeutic agent for anti-neuroinflammatory effects in an animal model of amyotrophic lateral sclerosis and
alleviated mitochondrial disruption in symptomatic hSOD
1G93A transgenic mice and multiple sclerosis (Castro et al.,
2005; Nam et al., 2003; Yang et al., 2010). Bee venom also
provides sustained protection against the mouse model that
mimics the chronic degenerative process of Parkinson’s disease (Alvarez-Fischer et al., 2013; Kim et al., 2011; Yoon &
Lee, 2013). The protective effect of bee venom was attributed
to its melittin, a small peptide which represents 40 to
60% of dry whole honeybee venom which has several
interesting pharmacological properties as a result of
its interaction with negatively charged phospholipids
and inhibits the activity of the Na/K-ATPase (Lopina,
2001). Additionally, melittin could improve motor
activity and protection of dopaminergic neurons and

decrease neuroinflammation in mice model (Yang et
al., 2010).
In addition, the present data showed the amelioration
effect of bradykinin-potentiating factor (BPF) isolated
from bee venom against neurotoxicity that is induced by
acrylamide or chips administration. Suppressed neurodegeneration in the brain tissues under investigation and
decreased α-synuclein expression similar to those
observed in bee venom co-administration with either
acrylamide or chips were observed. Bradykinin protects
against brain microvascular endothelial cell death induced by pathophysiological stimuli (Bovenzi et al.,
2010). In the same context, bradykinin postconditioning
induces protection against ischemic brain injury and
promotes neuronal survival (Danielisová, Gottlieb,
Némethová, & Burda, 2008). In addition, bradykinin has
anti-inflammatory and neuroprotective effects in the
central nervous system by modulating microglial function. In cultured microglia, bradykinin inhibits lipopolysaccharide (LPS)-induced tumor necrosis factor-alpha
(TNF-a) (Noda et al., 2007). The protective role of
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bradykinin in general was reported in different tissues
including cardiac ischemia (Pinto et al., 2000) and renal
system (Bascands, Schanstra, Couture, & Girolami,
2003) and liver damage (Sancho-Bru et al., 2007).

Conclusions
The present study was conducted to evaluate the effect
of acrylamide of chemical source and of carbohydraterich foods processing at elevated temperatures on the
nerve cells at different brain regions and, from the other
side, to evaluate the ameliorative role of bee venom and
its extracted bradykinin-potentiating factor on the degenerative effects induced by acrylamide. From the presented
data, it is obvious that either the bee venom or its bradykinin extract ameliorates the degenerative effects and suppresses the expression of α-synuclein in different brain
regions under investigation. The ameliorative effects at both
histological and immunohistochemical levels result in coordinated movement of co-administrated animals with acrylamide and bee venom or its bradykinin-potentiating factor.
The study recommended to consider both BV and BPF as
therapeutic agents in the neurodegenerative diseases in
which α-synuclein plays the effective role as Parkinson’s
disease.
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