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Acrylamide,  one  of  the  major  environmental  public  health  problems,  results  from  its
increased  accumulation  in the  process  of cooking  food  materials.  This  study  aimed  to
demonstrate  the  light  and  electron  microscopic  structural  effects  of acrylamide  on  the
skeletal  muscle  fibers  of adult  male  albino  rat tongue  and  to investigate  the possible  pro-
tective  effect  of  vitamin  E co-administration.  Thirty  adult  male  albino  Sprague–Dawley  rats
were divided  into  3 groups,  each  group  included  10 rats.  Group  I  (control),  group  II which
was subdivided  into  two  equal  subgroups:  subgroup  IIa: included  5 rats  that  received  acryl-
amide  orally  once  daily  for  20  days.  Subgroup  IIb: included  5 rats  that  received  acrylamide
orally  once  daily  for  40 days.  Group  III  was  also  subdivided  into  two  equal  subgroups:  sub-
group IIIa: included  5 rats  that  received  acrylamide  and  vitamin  E orally  once  daily  for  20
days. Subgroup  IIIb:  included  5 rats  that  received  acrylamide  and  vitamin  E  orally  once
daily for  40  days.  At  the  end  of  the  experiment  the tongue  was  dissected  out  for histological
and  electron  microscopic  studies,  another  muscle  sample  was  homogenized  and  processed
for biochemical  estimation  of malondialdehyde  (MDA)  and  total  antioxidant  capacity  (TAC).
Light  microscopic  study  of tongue  skeletal  muscles  in acrylamide  exposed  animals  revealed
abnormal wavy  course  and  splitting  of  the muscle  fibers  with  fatty  infiltration  in between.
Moreover,  pyknosis  and  remnants  of  nuclei  were  detected.  EM  revealed  marked  aggre-
gation  of mitochondria  of  different  size  and  shape  with  giant  cells  formation,  and  partial
loss of myofilaments.  There  were  statistically  significant  increase  in  MDA  and  decrease
in TAC indicating  oxidative  stress  in acrylamide  administrated  groups  (group  II) than  the
control  group  which  increased  by prolonged  duration  (subgroup  IIb  versus  subgroup  IIa,
p < 0.0001).  This  oxidative  stress  could  explain  the histological  changes  in tongue  muscles  of
acrylamide  exposed  rats.  Co-administration  of  vitamin  E with  acrylamide  ameliorated  most
of the  above  mentioned  histological  changes  in the  animals  used  and signs  of  improvement
that  became  better  with  prolonged  administration  of  it (subgroup  IIIb  versus  subgroup  IIIa,
p < 0.0001)  were  detected.  It could  be  concluded  that,  chronic  exposure  to acrylamide  might

lead  to  skeletal  muscle  damage  in  rat  tongue  which  becomes  worth  with  prolonged  dura-
tion of exposure.  Acrylamide  induced  oxidative  stress  is the  implicated  mechanism  of  such

s.  This
histological  change

given  concomitantly  with
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1. Introduction

Acrylamide (ACR) is a low molecular weight, water
soluble vinyl monomer from which polyacrylamides are
synthesized to be used in the personal care and grooming
products, such as lotions, cosmetics and deodorants [1]. It
is commonly used in industries and laboratories. Its indus-
trial application is associated with pollution and health
risks. In addition, ACR is also, extensively used in molecular
laboratories for gel chromatography [2]. Acrylamide has
been reported to be present in plant material like potatoes,
carrots, radish, lettuce, Chinese cabbage, parsley, onions,
spinach and rice paddy [3] in sugar [4] and olives [5]. Major
health concerns are associated with ACR due to its various
sources and methods of exposure as in drinking water,
inhalation, skin absorption and occupational exposure [6].
Direct exposure to acrylamide may  result from ingestion
of high-carbohydrate foods prepared at high temperatures
such as potato crisps, crackers and French fries [7]. Indirect
exposure may  result from residual traces of the monomer
in food packaging where polyacrylamide is used as a bind-
ing agent [8]. Acrylamide is formed in foods, if the heating
frying is done in an oven, on a frying pan or by microwave
heating, while no acrylamide has been detected in boiled
food products [9,10]. It is generated from food components
during heat treatment resulting from the reaction between
the amino acid asparagines and reducing sugars (Maillard
reaction) [11–13]. ACR has been reported to be neurotoxic
[14,15], toxic to the reproductive system [16,17] and
carcinogenic in experimental animals [18]. Although the
polymer is nontoxic, occupational exposure of humans
and experimental intoxication of laboratory animals with
the monomeric form produces a neurotoxic syndrome
characterized by ataxia, skeletal muscle weakness and
weight loss [19,20].

Some studies demonstrated that acrylamide-induced
cytotoxicity was relevant to oxidative stress [21]. The
cytotoxic properties of acrylamide by affecting the cel-
lular redox status may  lead to generation of reactive
oxygen species (ROS) causing cytotoxic and genotoxic
effects [22]. Some strategies have been postulated to
reduce acrylamide-mediated cytotoxicity by using natural
antioxidant like vitamin E. Vitamin E can protect cellular
structures against damage from free radicals such as peroxy
radical, hydroxyl radical, as well as super oxide. Also, it has
protective effect from oxidation products such as malon-
dialdehyde (MDA) and hydroxynonenal. Vitamin E, as an
important antioxidant, plays a role in inhibition of mutagen
formation as well as repair of membranes and DNA [23].

So, the aim of the current study is to demonstrate the
light and electron microscopic structural effects of acryla-
mide on the skeletal muscle fibers of adult male albino rat
tongue and to investigate the possible protective effect of
vitamin E co-administration.

2. Materials and methods
2.1. Animals

A total of 30 adult male albino Sprague–Dawley rats
(200–250 g) were used in this study.
py and Ultrastructure 3 (2015) 137–147

2.2. Used drugs

• Acrylamide (99.9 purity) was obtained from sigma chem-
ical Co. Its molecular formula is C3H5NO. The applied dose
of 15 mg/kg body weight [24] was dissolved in 0.2 ml
saline solution and given orally by gastric tube.

• Vitamin E was  obtained from sigma chemical Co. The
applied dose of 100 mg/kg body weight [25] was  dis-
solved in 1 ml  of corn oil and given orally by gastric tube.

2.3. Experimental protocol

The experimental protocol of the study was  approved
by the ethical committee of Medical Faculty of Mansoura
University. Animals were used in accordance with the Ani-
mal  Welfare Act and Guide for Care Use of MERC (Mansoura
Experimental Research Center) prepared by Mansoura Uni-
versity. The rats were housed in metal cages with meshes.
They were maintained on commercial food and libitum
consisting of standard laboratory rat chow and had free
access to drinking water. All cages were kept at room
temperature. Rats were divided into 3 groups, each group
included 10 rats:

• Group I: Animals received 1 ml  normal saline 0.9% orally
by gavage and served as control.

• Group II: Animals were further subdivided into two equal
subgroups:

Subgroup IIa: included 5 rats that received acrylamide
orally once daily for 20 days.

Subgroup IIb: included 5 rats that received acrylamide
orally once daily for 40 days.

• Group III:  Animals were further subdivided into two  equal
subgroups:

Subgroup IIIa: included 5 rats that received acrylamide
and vitamin E orally once daily for 20 days.

Subgroup IIIb: included 5 rats that received acrylamide
and vitamin E orally once daily for 40 days.

At the end of the experiment the tongue was  dissected
out for histological and electron microscopic studies.

2.4. Histological study

Specimens from the tongue were fixed in Bouin’s solu-
tion. After fixation, specimens were dehydrated in an
ascending series of alcohol, cleared in two  changes of
xylene and embedded in molten paraffin. Sections of 5
microns thickness were cut using rotary microtome and
mounted on clean slides. For histological examination, sec-
tions were stained with hematoxylin and eosin (H&E) [26].

2.5. Electron microscopic study

For transmission electron microscopy, small pieces of
the tongue were fixed in 2.5% glutaraldehyde buffered
with 0.1 M cacodylate (pH 7.2) for 2 h. The specimens

were thereafter washed three times with the same buffer
and post fixed in 1% buffered osmium tetroxide for 2 h
then dehydrated in graded series of ethanol, infiltrated
with epoxy resin mixture and embedded in epon–araldide
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ixture. Ultrathin sections were cut by LKB ultratome
nd stained with uranyl acetate and lead citrate [27]. The
ltrastructural analysis was carried out with transmission
lectron microscope in the Electron Microscopic Unit, in
aculty of Medicine, Tanta University.

.6. Morphometric study

The degenerated fibers and pyknotic (shrunken deeply
tained) nuclei were counted in 10 (non-overlapping) high
ower fields (HPF) at a magnification (×400) in H&E stained
ections of T.S. of skeletal muscle of the tongue for each
nimal in all groups.

.7. Determination of tissue malondialdehyde (MDA)
nd total antioxidant capacity (TAC)

To carry out the assays, the skeletal muscle of the tongue
as weighed and homogenized by adding a 9 times of

he volume of 0.9% saline. The 10% homogenate was cen-
rifuged for 10 min  (1800 g/min) and the supernatant was
iluted with 10 times of the volume of 0.9% saline to
% concentration. Malondialdehyde (MDA) as a marker of

ipid peroxidation, was determined according to the thio-
arbituric acid reaction described by Draper et al. [28].
ne volume of sample was combined with two volumes
f the stock reagent containing 15% trichloroacetic acid,
.375% thiobarbituric acid and 0.25 M HCl. The mixture
as kept in a boiling water bath for 15 min  and after cool-

ng, centrifuged at 1000 × g for 10 min. The absorbencies
ere measured at 535 nm against a reagent blank (Jen-
ay, Genova Model, UK). Quantitations were obtained by
sing molar extinction coefficient of 1.56 × 105 M−1 cm−1.

he results were expressed as nmoleMDA/g tissue.

Total antioxidants were colorimetrically determined
ccording to the method described by Koracevic et al.
29] using the kit (Cat. No. # TA 2512) supplied by Bio-
iagnostics, Dokki, Giza, Egypt.

ig. 1. Photomicrographs of H&E stained sections in the tongue of a control rat (
he  underlying connective tissue that contains normal skeletal muscle fibers (*)
arallel  bundles of muscle fibers with elongated vesicular nuclei (black arrow)
broblasts (white arrow) in the endomysium between the muscle fibers. (C) A t
ith  acidophilic cytoplasm and peripherally located nuclei (black arrow). The indiv
eads) containing small blood capillaries (crossed arrow).
py and Ultrastructure 3 (2015) 137–147 139

2.8. Statistical analysis

Data were expressed as mean value ± SD. Comparisons
between two related groups were carried out by paired
t-test while comparisons between more than two groups
were carried out by analysis of variance followed by Tukey’s
test, using SPSS for Windows (15.0 Version). Differences
were considered statistically significant when p < 0.05.

3. Results

3.1. Histological results

3.1.1. Light microscopic findings
3.1.1.1. Group I (control group). Examination of H&E
stained sections of the tongue of the control group showed
the tongue section with keratinized papillae covering
the underlying connective tissue that contained bundles
of skeletal muscle fibers running in different directions
(Fig. 1A). A longitudinal section in the skeletal muscle
revealed the presence of bundles or fascicles of mus-
cle fibers separated by perimysial connective tissue. The
muscle fibers appeared parallel, long, cylindrical and non-
branching with acidophilic crossly striated sarcoplasm. The
nuclei were multiple, vesicular, elongated and peripheral
in position under the sarcolemma. The fibers were con-
nected together by CT endomysium that showed flat nuclei
of fibroblasts (Fig. 1B). In transverse sections, the muscle
fibers appeared polygonal with acidophilic myofibrils and
peripherally located nuclei. The endomysial connective tis-
sue among the muscle fibers showed some blood vessels
(Fig. 1C).

3.1.1.2. Group II (animals receiving acrylamide). Longitu-
dinal sections in the skeletal muscle of rats of subgroup

IIa (after 20 days of acrylamide administration) showed
abnormal wavy course of the muscle fibers with split-
ting of the myofibers and fragmentation of the sarcoplasm.
Moreover, dense pyknotic nuclei and remnants of nuclei

group I). (A) Tongue section with keratinized papillae (arrows) covering
 running in different directions. (B) A longitudinal section (LS) showing

 peripherally located beneath the sarcolemma. Notice the flat nuclei of
ransverse section (TS) showing polygonal shaped skeletal muscle fibers
idual fibers are separated by loose connective tissue endomysium (arrow
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Fig. 2. Photomicrographs of a longitudinal section in the tongue of acrylamide treated rats. (A) Subgroup IIa (acrylamide for 20 days) showing wavy course
of  the muscle fibers with splitting (crossed arrow) of some fibers. Notice the fragmentation (curved arrow) of the sarcoplasm, the dense pyknotic nuclei
(white  arrow) and the remnants of nuclei (arrow head). (B) Subgroup IIb (acrylamide for 40 days) showing wide splitting (crossed arrow) of the myofibers.
Fragmentation (curved arrow) of the sarcoplasm, the dense pyknotic nuclei (white arrow) and the remnants of nuclei (arrow head) are also present. H&E,

Mic.  Mag. ×400.

were detected (Fig. 2A). After 40 days of treatment
with acrylamide (subgroup IIb) splitting of the myofibers
was increased. Fragmentation of the sarcoplasm, dense
pyknotic nuclei and remnants of nuclei were also seen
(Fig. 2B).

Transverse sections of subgroup IIa showed splitting
in some muscle fibers which appeared as a separation
in the muscle fiber. In addition, degenerated segments of
the muscle fibers, fatty infiltration in between the mus-
cle fibers, and mononuclear cellular infiltration appeared
(Fig. 3A). After 40 days of treatment (subgroup IIb), fatty

infiltration in between muscle fibers, cellular infiltration
and degeneration of the muscle fibers were increased
(Fig. 3B).

Fig. 3. Photomicrographs of a transverse section in the tongue of acrylamide treat
(curved arrow), cellular infiltration (black arrow) and fatty infiltration (*) of the m
cellular infiltration (black arrow) and fatty infiltration (*) of the muscle fibers. No
3.1.1.3. Group III (animals receiving acrylamide and vitamin
E). After 20 days of acrylamide and vitamin E adminis-
tration (subgroup IIIa), H&E stained sections showed mild
focal histological changes. Some fibers still have wavy
course and splitting of other fibers were also observed.
Some mytotic nuclei appeared (Fig. 4A). The histological
picture of tongue muscles of the animals treated with acryl-
amide and vitamin E for 40 days (subgroup IIIb) was  more
or less similar to control. Parallel muscle fibers with periph-
erally located nuclei and minute splitting within the fibers
were detected (Fig. 4B).
Transverse sections of subgroup IIIa showed centrally
located nuclei in some muscle fibers. Degenerated seg-
ments of some muscle fibers were occasionally found

ed rats. (A) Subgroup IIa showing splitting (crossed arrow), degeneration
uscle fibers. (B) Subgroup IIb showing more degeneration (curved arrow),
tice the presence of pyknotic nucleus (white arrow).
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Fig. 4. Photomicrographs of a longitudinal section in the tongue of acrylamide and vitamin E treated rats. (A) Subgroup IIIa (acrylamide and vitamin E for
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0  days) showing few wavy course of some fibers. Splitting (arrow) betw
rrow).  (B) Subgroup IIIb (acrylamide and vitamin E for 40 days) showing m
ore  or less similar to the control group.

Fig. 5A). After 40 days of treatment (subgroup IIIb) intact
uscle fibers with no splitting or fragmentation were seen.

entral nucleation of some muscles fibers was clearly evi-
ent (Fig. 5B).

.1.2. Electron microscopic findings

.1.2.1. Group I (control group). Using the electron micro-
cope, the sarcoplasm appeared filled with myofibrils
rranged parallel to the long axis of the myofiber. The
yofibrils showed regular arrangement of alternating light

I) and dark (A) bands. A pale narrow region, the H band,
ould be seen transecting the A band with a dark M
ine within it. Z line was seen bisecting the light band.

arcomeres were seen between two successive Z lines.
val nuclei were seen under the sarcolemma, with their
eterochromatin distributed along the inner surface of the
uclear envelope. Mitochondria were seen separating the

ig. 5. Photomicrographs of a transverse section in the tongue of acrylamide a
keletal muscle fibers with acidophilic cytoplasm and peripherally located nucle
bers  and degeneration (curved arrow) of other fibers. (B) Subgroup IIIb showing
eripherally located nuclei. Central nucleation (arrow) of some muscle fibers is c
muscle fibers is still evident. Notice the presence of mitotic nuclei (white
plitting (crossed arrow) within the fibers otherwise the myofibrils appear

myofibrils and few mitochondria were also observed at the
subsarcolemmal area (Fig. 6).

3.1.2.2. Group II (animals receiving acrylamide). Electron
micrographs of longitudinal sections of skeletal muscle
fibers of subgroup IIa showed marked aggregation of
mitochondria of different size and shape in the subsar-
colemmal and intermyofibrillar spaces with degenerated
parts of myofibrils (Fig. 7A). Fusion of some mitochondria
to form giant ones and vacuolation of others, disruption of Z
line and partial loss of myofilaments were observed. More-
over, numerous pinocytotic vesicles were present beneath
the plasma membrane and between the myofibrils (Fig. 7B).

In subgroup IIb, areas of myofibrillar disarray with loss
of sarcomere pattern were observed. Mitochondria were
apparently decreased in number. Disorganization and lysis
of myofibrils were also detected (Fig. 7C). In addition, small

nd vitamin E treated rats. (A) Subgroup IIIa showing polygonal shaped
i. Notice the presence of centrally located nuclei (arrow) in some muscle

 polygonal shaped skeletal muscle fibers with acidophilic cytoplasm and
learly evident.
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Fig. 6. An electron micrograph of a longitudinal section in the tongue of
a  control rat (group I) showing parallel arrangement of myofibrils (mF)
with light and dark bands. Sarcomeres are seen between two successive

Z  lines (black arrow). The oval elongated nucleus (N) lies just beneath
the sarcolemma (arrow head). Notice the presence of subsarcolemmal
mitochondria (sM) and intermyofibrillar mitochondria (iM) (TEM ×5000).

darkly stained degenerated mitochondria with focal dis-
ruption and lysis of Z lines were noticed (Fig. 7D).

3.1.2.3. Group III (animals receiving acrylamide and vitamin
E). Electron micrographs of longitudinal section of skeletal
muscles of subgroup IIIa showed aggregation of mitochon-
dria in the intermyofibrillar space and parallel arrangement
of myofibrils with light and dark bands (Fig. 8A). Fused giant
mitochondria with clear cristae in the intermyofibrillar
space, disruption of Z line and partial loss of myofilaments
were also noticed (Fig. 8B).

After 40 days of treatment (subgroup IIIb) large numbers
of mitochondria in the subsarcolemmal space and in pairs
around the Z line were seen (Fig. 8C). In addition, parallel
arrangement of myofibrils with light and dark bands and
clear successive Z lines were also observed (Fig. 8D).

3.2. Morphometric and statistical results

In Table 1, the results of the current study showed a
statistically significant increase in MDA, pyknotic cells and
degenerated muscle fibers in rats exposed to acrylamide
for 20 days than the control group in both treated and
untreated while, there was statistically significant decrease
in total antioxidant capacity. Moreover, statistically sig-
nificant decrease in MDA, pyknotic cells and degenerated
muscle fibers was demonstrated in treated group with vita-
min  E for 20 days than untreated group with increase in
total antioxidant capacity.

A nearly similar results were observed in Table 2 as there
was statistically significant increase in MDA, pyknotic cells

and degenerated muscle fibers in rats exposed to acryla-
mide for 40 days than the control with also, decrease in
total antioxidant capacity but the reverse was observed in
treated group when compared to the untreated group. All
py and Ultrastructure 3 (2015) 137–147

markers in the treated 40 days rats showed none statis-
tically significant difference in comparison to the control
group.

In Table 3, MDA, pyknotic cells and degenerated mus-
cle fibers showed statistically significant increase in rats
received acrylamide for 40 days than those for 20 days
and statistically significant decrease in treated 40 days
than those treated 20 days rats. Total antioxidant capacity
showed a reverse results as there was  a statistically signifi-
cant decrease in untreated 40 days than untreated 20 days
rats with increase in vitamin E treated 40 days than vitamin
E treated 20 days rats.

4. Discussion

Acrylamide, one of the major environmental public
health problems, results from its increased accumulation
in the process of cooking food materials [30]. Acrylamide
(ACR) toxicity on human and experimental animals was
well documented in a series of reports since the Swedish
food administration alarm in 2002 [31–33]. Acrylamide is
a small organic molecule with very high water solubility.
These properties facilitate its rapid absorption and distri-
bution through body [34].

The current study was  designed to investigate the possi-
ble effects of acrylamide on the skeletal muscle fibers of the
tongue of adult male albino rat. Light and electron micro-
scopic examinations of the skeletal muscle fibers were
done in addition of estimating the oxidative stress marker
MDA  and TAC trying to explain the histological changes
associated with chronic acrylamide exposure. Moreover,
vitamin E was administrated for two  different durations
for testing its possible protective effects.

In the present study, light microscopic examination of
the longitudinal and cross sections of the tongue skeletal
muscle fibers as well as electron microscopic examination
of the longitudinal sections revealed normal histological
structure of tongue skeletal muscles of the adult male
albino rats in group I (control group). In subgroup (IIa)
in which rats received acrylamide at a dose of 15 mg/kg
body weight for 20 days, structural changes appeared. At
the level of light microscope, abnormal wavy course of the
muscle fibers with splitting of the myofibers and fragmen-
tation of the sarcoplasm were detected. Moreover, dense
pyknotic nuclei and remnants of nuclei were observed. It
has been mentioned that splitting of muscle fibers is an
adaptive response, which occurs when the fiber reaches
a critical size at which supply of oxygen and exchange of
metabolites are no longer efficient [35].

Transverse sections of subgroup IIa showed splitting in
some muscle fibers which appeared as a separation in the
muscle fiber. In addition, fatty infiltration in between the
muscle fibers, degenerated segments of the muscle fibers
and mononuclear cellular infiltration appeared. Fatty and
mononuclear cellular infiltrations were also, observed by
Almoeiz et al. [36] in their study of the effect of ACR on
liver. They found liver damage characterized by the devel-

opment of cytoplasmic fatty vacuolation and necrosis of
the centrilobular hepatocytes with lymphocytic infiltra-
tion. Mononuclear cellular infiltration could be explained
by the release of certain mediators during degeneration of
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Fig. 7. An electron micrograph of a longitudinal section in the tongue of acrylamide treated rats. (A) Subgroup IIa showing marked aggregation of mitochon-
dria  of different size and shape in subsarcolemmal space (sM) and inter myofibrillar space (iM). Notice degeneration of parts of myofibrils (mF) (B) Higher
magnification of (A) showing fused giant mitochondria (GM) with clear cristae and vacuolated mitochondria (VM) in the inter myofibrillar space. Disruption
of  Z line (white arrow), partial loss of myofilaments (crossed arrow) and numerous pinocytotic vesicles (P) are present. (C) Subgroup IIb showing areas
of  myofibrillar disarray with loss of sarcomere pattern. Apparent decrease in the number of mitochondria (M)  and disorganization and lysis of myofibrils
(mF)  are noticed. (D) Higher magnification of (C) showing small darkly stained degenerated mitochondria (M) and loss of Z line (black arrow).

Table 1
Biochemical and histological parameters in control rats exposed to acrylamide for 20 days (untreated and treated).

Control 20 days 20 days + vitamin E ANOVA
p value

MDA  3.2 ± 0.72 8.6 ± 1.9a 5.3 ± 1.2b,c <0.0001
Total  antioxidants 0.65 ± 0.19 0.22 ± 0.06a 0.39 ± 0.11b,c <0.0001
Degenerated muscle fibers 0.49 ± 0.17 3.2 ± 0.85a 1.3 ± 0.42b,c <0.0001
Pyknotic cells 0.35 ± 0.13 1.9 ± 0.56a 0.93 ± 0.28b,c <0.0001

p: Probability test used: ANOVA followed by Tukey.
a Significance between control group and 20 days group.
b Significance between control group and 20 days group + vitamin E.
c Significance between 20 days group and 20 days group + vitamin E.
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Fig. 8. An electron micrograph of a longitudinal section in the tongue of acrylamide and vitamin E treated rats. (A) Subgroup IIIa showing aggregation
of  mitochondria (M)  in the intermyofibrillar space, parallel arrangement of myofibrils (mF) with light and dark bands. Notice the presence of dilated
sarcoplasmic reticulum cisternae (S) (B) Higher magnification of (A) showing fused giant mitochondria (GM) with clear cristae in the inter myofibrillar
space,  disruption of Z line (white arrow) and partial loss of myofilaments (crossed arrow). Notice the presence of dilated sarcoplasmic reticulum cisternae
(S)  (C) Subgroup IIIb showing large number of subsarcolemmal mitochondria (sM) and mitochondria (M)  in pairs around Z line. (D) Higher magnification
of  (C) showing parallel arrangement of myofibrils (mF) with light and dark bands and clear successive Z lines (white arrow).

Table 2
Biochemical and histological parameters in control rats exposed to acrylamide for 40 days (untreated and treated).

Control 40 days 40 days + vitamin E ANOVA
p value

MDA 3.2 ± 0.72 12.3 ± 2.3a 3.6 ± 1.7c <0.0001
Total  antioxidants 0.65 ± 0.19 0.10 ± 0.027a 0.59 ± 0.16c <0.0001
Degenerated muscle fibers 0.49 ± 0.17 4.3 ± 0.87a 0.57 ± 0.16c <0.0001
Pyknotic cells 0.35 ± 0.13 2.7 ± 0.86a 0.38 ± 0.14c <0.0001

p: Probability test used: ANOVA followed by Tukey.
a Significance between control group and 20 days group.
b Significance between control group and 20 days group + vitamin E.
c Significance between 20 days group and 20 days group + vitamin E.
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Table  3
Biochemical and histological parameters in rats exposed to acrylamide for 20 and 40 days (untreated and treated).

20 days 40 days p value 20 days + vitamin E 40 days + vitamin E p value

MDA  8.6 ± 1.9 12.3 ± 2.3 0.006 5.3 ± 1.2 3.6 ± 1.7 0.018
Total  antioxidants 0.22 ± 0.06 0.10 ± 0.027 <0.0001 0.39 ± 0.11 0.59 ± 0.16 0.004
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Degenerated muscle fibers 3.2 ± 0.85 4.3 ± 0.87 

Pyknotic cells 1.9 ± 0.56 2.7 ± 0.86

: Probability test used: paired t-test.

yocytes which initiate inflammatory reaction and attract
nflammatory cells [37].

The previous histological changes were exaggerated
ith prolongation of the duration of exposure, as regard

he fatty infiltration in between the muscle fibers, the
ononuclear cellular infiltration and the fragmentation of

he muscle fibers. This was confirmed previously by Shi-
omol et al. [38] as they stated that the toxic effects of ACR

n different tissues is a dose dependent which increased by
ncreasing the dose or the duration.

Electron micrographs of skeletal muscle fibers of sub-
roup IIa showed marked aggregation of mitochondria
f different size and shape in the subsarcolemmal and
ntermyofibrillar spaces with degenerated parts of myofib-
ils. Fusion of some mitochondria to form giant ones and
acuolation of others, disruption of Z line and partial loss of
yofilaments were observed. By 40 days of exposure (sub-

roup IIb), small darkly stained degenerated mitochondria
ith focal disruption and lysis of Z lines were noticed.

he effect of ACR on mitochondria was described pre-
iously by El-Sayyad et al. [39] on retinal cells of rats
xposed to ACR with their off springs. It was also stated
hat morphological mitochondrial abnormalities are most
requently associated with defects of the respiratory chain.
ubsarcolemmal accumulations of mitochondria and their
roliferation were explained as an attempt by the cell to
ompensate for the respiratory chain defect [35]. The pre-
ious results coincided with our observation and could
xplain the accumulation of subsarcolemmal mitochon-
ria in this study. Moreover the appearance of giant fused
itochondria in the present work could be explained

ccording to some researchers by the fact that cells are
rotected from mitochondrial dysfunction by complemen-
ation of DNA products in fused mitochondria and thus
ompensate for defects induced by various kinds of damage
40,41].

The findings of the current study are mostly related to
he oxidative stress effect of acrylamide on the skeletal

uscle and it coincides with the study of Hori et al. [42]
ho stated that destruction of muscle fibers with edema

nd inflammatory cell infiltration are prominent features
f oxidative stress effect on skeletal muscle. Their findings
ere also, observed in our study as there were degenerated

egments of the muscle fibers and mononuclear cellular
nfiltration in subgroup IIa that increased more in sub-
roup IIb. Similar histological features were observed by
eiss et al. [43]. They noticed that cross-sectional area of
yofibers was decreased significantly in association with
ncreased oxidative damage in addition to fatty infiltra-
ion, endomysial fibrosis which manifested by increased
xtracellular matrix between myofibers and these coin-
ides with the result of our study.
 1.3 ± 0.42 0.57 ± 0.16 <0.0001
0.93 ± 0.28 0.38 ± 0.14 <0.0001

Apoptosis which is presented by appearance of dense
pyknotic nuclei and remnants of nuclei could be explained
also, by the oxidative stress damage effect of acrylamide
on skeletal muscle which proved by Sumizawa et al. [44]
and Lakshmi et al. [45]. They stated that oxidative stress
and apoptosis play an important role in ACR induced toxic-
ity. ACR also, enhanced levels of lipid peroxidative product,
protein carbonyl content, and hydroxyl radical, while, it
induced apoptosis through alteration of Bcl-2 family pro-
tein expression [45].

In addition to the oxidative stress mechanism of acryl-
amide effect at the cellular levels, acrylamide would likely
affect the expression of proteins, enzymes, lipids and
nucleic acids [46]. Such effect is enhanced by decreased
production of endogenous cellular antioxidant [25] and
depletion of cellular antioxidant reduced glutathione (GSH)
[38]. Moreover, there are other metabolic effects of acryla-
mide on the cell function include formation of free radical,
alteration of cytoskeleton elements, cell membrane necro-
sis and mitochondrial destruction [47]. This is in agreement
with our study, as there were mitochondrial changes in
the form of small darkly stained degenerated mitochon-
dria with focal disruption and lysis of Z lines. DNA damage
induced by acrylamide was  reported by Guo et al. [48] in
the form of central chromatolysis and marked loss of DNA
which may  be due to acrylamide and its metabolic glyci-
damide derivative.

In rodents, ACR is rapidly metabolized and excreted
predominantly in the urine as metabolites derived from
reduced glutathione (GSH) conjugation. The rest is
excreted as glycidamide (GA), glyceramide and N-acetyl-
S-(3-amino-2-hydroxy-3-oxopropyl) cysteine [38]. This
explains its genotoxic effect through its metabolite glyci-
damide formed via epoxidation by CYP2E1 and leads to the
formation of glycidamide-DNA and hemoglobin adducts
[49].

In the current study, MDA  and TAC were measured
in tissue sample homogenizate of skeletal muscle of the
tongue trying to find an explanation of the histological
changes at light and electron microscopic levels in rats
received ACR. There are statistically significant increase in
MDA level and decrease in TAC in group IIa and IIb than the
control group and group IIb than group IIa. These findings
are indicator of oxidative stress in muscles of ACR exposed
rats that increased by prolongation of the duration of expo-
sure. These results coincide with Yousef and El-Demerdash
[50] and Catalgol et al. [51] who stated that ACR might
indirectly stimulate the antioxidant response via glu-

tathione depletion leading to oxidative stress and ROS
production either by itself or during metabolization via
CYP2E1 [52]. Moreover, Venkataswamy et al. [53] revealed
significant decreased in hepatic and cerebral cortex of
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brain antioxidant enzymes activity in chick embryos
treated with acrylamide with imbalance between oxidant
and antioxidant production as there is decreased activity
of superoxide dismutase, catalase, glutathione peroxidase
and glutathione-S-transferase enzymes responsible for the
loss of detoxification of such free radicals. Also, acrylamide
induced the depletion of glutathione and ascorbic acid lev-
els in hippocampus region of chick brain [54] and induce
hepatocyte oxidative damage [55]. Recently, in 2014 it is
reported that oxidative stress has been demonstrated to
be a key mechanism in many ACR induced cell injuries and
neurodegenerative diseases [56] as well as testicular and
epididymal tissues [57].

In the present study, vitamin E was administrated in
combination with ACR for two durations (IIIa, 20 and IIIb, 40
days respectively). The histological picture was improved
at 20 days (group IIIa) than the non-treated group (IIa)
while that of group IIIb (treated group for 40 days) showed
picture nearly similar to that of the control. At the level of
light microscope, central nucleation of some muscle fibers
was clearly evident. This finding comes in accordance with
Minamoto et al. [58] as they stated that central nuclei were
reported in cases of muscle fiber regeneration. Improve-
ments in the biochemical parameters (decrease in MDA
and increase in TAC in treated than non treated group) also,
indicate subsidence of oxidative stress.

The choice of vitamin E for prevention of changes in
skeletal muscles of the tongue due to exposure of ACR is
based on its utilization for the same purpose but on other
organs as testes [59] and spinal cord as well as brain [60].
Vitamin E can protect critical cellular structures against
damage from both free radicals such as peroxy radical,
hydroxyl radical, and super oxide, and from oxidation prod-
ucts such as manoldialdehyde and hydroxynonenal. Thus,
the increased free radicals generated by acrylamide expo-
sure in testes might have been scavenged from the testes
during recovery period [59]. Vitamin E, as an important
antioxidant, plays a role in inhibition of mutagen formation
and repair of membranes and DNA [60].

From the present study, it could be concluded that,
chronic exposure to acrylamide might lead to skele-
tal muscle damage in rat tongue which becomes worth
with prolonged duration of exposure. Acrylamide induced
oxidative stress is the implicated mechanism of such his-
tological changes. This toxic effect of acrylamide could be
minimized when vitamin E is given concomitantly with it
by its antioxidant effect.

Conflict of interest

We  declare that no benefits in any form have been
received or will be received from a commercial party
related directly or indirectly to the subject of this article.
We also declare that we have no conflicts of interest in
connection with this paper.

References
[1] Exon JH. A review of the toxicology of acrylamide. J Toxicol Envi-
ron  Health B Crit Rev 2006;9:397–412, http://dx.doi.org/10.1080/
10937400600681430.

[

py and Ultrastructure 3 (2015) 137–147

[2] Tareke E, Rydberg P, Karlsson P, Eriksson S, Tornqvist M. Acryla-
mide: a cooking carcinogen? Chem Res Toxicol 2000;13:517–22,
http://dx.doi.org/10.1021/tx9901938.

[3] Arikawa A, Shiga M.  Determination of trace acrylamide in the crops
by  gas chromatography. Bunseki Kagaku 1980;29:33–9. Chem Abstr
93:202742.

[4] Schultzova J, Tekel J. Acrylamide monomer occurrence in sugar. Dtsch
Lebensm -Rundsch 1996;92:281–2. Chem Abstr 125: 326762.

[5] Friedman M.  Chemistry, biochemistry, and safety of acrylamide:
a  review. J Agric Food Chem 2003;51:4504–26, http://dx.doi.org/
10.1021/jf030204+.

[6] Shipp A, Lawrance G, Gentry R, McDonald T, Bartow H,
Bounds J, et al. Acrylamide: review of toxicity data and dose
response analyses for cancer and non cancer effects. Crit
Rev Toxicol 2006;36(6–7):481–608, http://dx.doi.org/10.1080/
10408440600851377.

[7] Tareke E, Rydberg P, Karlsson P, Eriksson S, Tornqvist M.  Analysis of
acrylamide, a carcinogen formed in heated foodstuffs. J Agric Food
Chem 2002;50:4998–5006, http://dx.doi.org/10.1021/jf020302f.

[8] Zhang Y, Zhang G, Zhang Y. Occurrence and analytical methods of
acrylamide in heat-treated foods: review and recent developments.
J  Chromatogr A 2005;1075:1–21.

[9] Eriksson S (Ph.D. thesis) Acrylamide in food products: identifica-
tion, formation and analytical methodology. Stockholm, Sweden:
Department of Environmental Chemistry, Stockholm University;
2005.

10] Törqvist M. Acrylamide in food: the discovery and its implications. In:
Friedman M,  Mottram D, editors. Chemistry and safety of acrylamide
in  food. New York, NY, USA: Springer Science, Business Media Inc.;
2005. p. 1–19.

11] Mottram DS, Wedzieha BL, Dodson AT. Acrylarmide is formed in
the Maillard reaction. Nature 2002;419:448–9, http://dx.doi.org/
10.1038/419448a.

12] Dybing E, Sanner T. Risk assessment of acrylamide in foods. Toxicol
Sci 2003;75:7–15, http://dx.doi.org/10.1093/toxsci/kfg165.

13] Parzefall W.  Minireview on the toxicity of dietary acrylamide.
Food Chem Toxicol 2008;46:1360–4, http://dx.doi.org/10.1016/
j.fct.2007.08.027.

14] Lehning EJ, Balaban CD, Ross JF, LoPachin RM.  Acrylamide neu-
ropathy. III. Spatiotemporal characteristics of nerve cell damage in
rat  forebrain. Neurotoxicology 2003;24:125–36, http://dx.doi.org/
10.1016/S0161-813X(02)00155-9.

15] Seale SM, Feng Q, Agarwal AK, El-Alfy AT. Neurobehavioral
and transcriptional effects of acrylamide in juvenile rats.
Pharmacol Biochem Behav 2012;101(1):77–84, http://dx.doi.org/
10.1016/j.pbb.2011.12.006.

16] Favor J, Shelby MD.  Transmitted mutational events induced in
mouse germ cells following acrylamide or glycidamide expo-
sure. Mutat Res 2005;580:21–30, http://dx.doi.org/10.1016/
j.mrgentox.2004.09.010.

17] Ma  Y, Shi J, Zheng M,  Liu J, Tian S, He X, et al. Tox-
icological effects of acrylamide on the reproductive system
of  weaning male rats. Toxicol Ind Health 2011;27(7):617–27,
http://dx.doi.org/10.1177/0748233710394235.

18] Hogervorst JG, Baars BJ, Schouten LJ, Konings EJ, Goldbohm RA,
van den Brandt PA. The carcinogenicity of dietary acrylamide
intake: a comparative discussion of epidemiological and exper-
imental animal research. Crit Rev Toxicol 2010;40(6):485–512,
http://dx.doi.org/10.3109/10408440903524254.

19] LoPachin RM,  Ross JF, Lehning EJ. Nerve terminals as the
primary site of acrylamide action: a hypothesis. Neurotox-
icolgy 2002;23(1):43–59, http://dx.doi.org/10.1016/S0161-
813X(01)00074-2.

20] LoPachin RM,  Schwarcz AI, Gaughan CL, Mansukhani S, Das S. In vivo
and in vitro effects of acrylamide on synaptosomal neurotrans-
mider uptake and release. Neurotoxicology 2004;25(3):349–63,
http://dx.doi.org/10.1016/S0161-813X(03)00149-9.

21] Rodríguez-Ramiro I, Ramos S, Bravo L, Goya L, Martín MÁ.  Procyani-
din B2 and a cocoa polyphenolic extract inhibit acrylamide-induced
apoptosis in human Caco-2 cells by preventing oxidative stress and
http://dx.doi.org/10.1016/j.jnutbio.2010.10.005.
22] Prasad SN. Evidence of acrylamide induced oxidative stress

and neurotoxicity in Drosophila melanogaster: its ameliora-
tion with spice active enrichment: relevance to neuropathy.

dx.doi.org/10.1080/10937400600681430
dx.doi.org/10.1080/10937400600681430
dx.doi.org/10.1021/tx9901938
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0315
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0320
dx.doi.org/10.1021/jf030204+
dx.doi.org/10.1021/jf030204+
dx.doi.org/10.1080/10408440600851377
dx.doi.org/10.1080/10408440600851377
dx.doi.org/10.1021/jf020302f
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0340
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0345
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0350
dx.doi.org/10.1038/419448a
dx.doi.org/10.1038/419448a
dx.doi.org/10.1093/toxsci/kfg165
dx.doi.org/10.1016/j.fct.2007.08.027
dx.doi.org/10.1016/j.fct.2007.08.027
dx.doi.org/10.1016/S0161-813X(02)00155-9
dx.doi.org/10.1016/S0161-813X(02)00155-9
dx.doi.org/10.1016/j.pbb.2011.12.006
dx.doi.org/10.1016/j.pbb.2011.12.006
dx.doi.org/10.1016/j.mrgentox.2004.09.010
dx.doi.org/10.1016/j.mrgentox.2004.09.010
dx.doi.org/10.1177/0748233710394235
dx.doi.org/10.3109/10408440903524254
dx.doi.org/10.1016/S0161-813X(01)00074-2
dx.doi.org/10.1016/S0161-813X(01)00074-2
dx.doi.org/10.1016/S0161-813X(03)00149-9
dx.doi.org/10.1016/j.jnutbio.2010.10.005


icrosco

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

2012;19(2):158–61, http://dx.doi.org/10.4103/0971-6580.97216.
R.H. Al-Serwi, F.M. Ghoneim / Journal of M

Neurotoxicology 2012;33(5):1254–64, http://dx.doi.org/10.1016/
j.neuro.2012.07.006.

23] Rahangadale S, Jangir BL, Patil M,  Verma T, Bhandarkar A, Sonkusale
P, et al. Evaluation of protective effect of vitamin E on acryl-
amide induced testicular toxicity in wistar rats. Toxicol Int
2012;19(2):158–61, http://dx.doi.org/10.4103/0971-6580.97216.

24]  Lopachin R, Balaban C, Ross J. Acrylamide axonopathy revis-
ited. Toxicol Appl Pharmacol 2003;188:135–53, http://dx.doi.org/
10.1016/S0041-008X(02)00072-8.

25] Mehri S, Karami HV, Hassani FV, Hosseinzadeh H. Chrysin
reduced acrylamide-induced neurotoxicity in both in vitro
and in vivo assessments. Iran Biomed J 2014;18(2):101–6,
http://dx.doi.org/10.6091/ibj.1291.2013.

26] Stevens A, Wilson I. The haematoxylins and eosin. In: Bancroft JD,
Stevens A, editors. Theory and practice of histological techniques.
4th ed. New York: Churchill-Livingstone; 1996. p. 99–112 [chapter
6].

27] Bozzola JJ, Russell LD. Electron microscopy: principles and tech-
niques for biologists. 2nd ed. Jones & Bartlett Publishers; 1998.

28] Draper HH, Squires EJ, Mahmoodi H, Wu J, Agarwal S, Hadley MA.
Comparative evaluation of thiobarbituric acid methods for the deter-
mination of malondialdehydes in biological materials. Free Rad Biol
Med  1993;15:353–63.

29] Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V. Method
for  the measurement of antioxidant activity in human fluids. J Clin
Pathol 2001;54:356–61, http://dx.doi.org/10.1136/jcp.54.5.356.

30] Zhang Y, Zhang Y. Formation and reduction of acrylamide
in  Maillard reaction: a review based on the current state
of  knowledge. Crit Rev Food Sci Nutr 2007;47(5):521–42,
http://dx.doi.org/10.1080/10408390600920070.

31] LoPachin RM.  The changing view of acrylamide neurotoxic-
ity. Neurotoxicology 2004;25:617–30, http://dx.doi.org/10.1016/
j.neuro.2004.01.004.

32] Park HR, Kim MS, Kim SJ, Park M,  Kong KH, Kim HS, et al.
Acrylamide induces cell death in neural progenitor cells and
impairs hippocampal neurogenesis. Toxicol Lett 2010;193(1):86–93,
http://dx.doi.org/10.1016/j.toxlet.2009.12.015.

33] Raju J, Sondagar C, Roberts J, Aziz SA, Caldwell D, Vavasour
E,  et al. Dietary acrylamide does not increase colon aberrant
crypt foci formation. Food Chem Toxicol 2011;49(6):1373–80,
http://dx.doi.org/10.1016/j.fct.2011.03.022.

34] Mannaa F, Abdel-Wahhab MA,  Ahmed HH, Park MH.  Protective
role of Panax ginseng extract standardized with ginsenoside Rg3
against acrylamide-induced neurotoxicity in rats. J Appl Toxicol
2006;26(3):198–206, http://dx.doi.org/10.1002/jat.1128.

35] Cullen MJ,  Johnson MA,  Mastaglia FL. Pathological reactions of skele-
tal muscle. In: Mastaglia FL, Walton JN, editors. Skeletal muscle
pathology. Edinburgh: Churchill Livingstone; 2001. p. 123–84.

36] Almoeiz YH, Maha EO, Warda SA. Effects of acrylamide toxicity on
growth performance and serobiochemisty of wistar rats. Br J Pharma-
col  Toxicol 2013;4(4):163–8.

37] Stevnes A, Lowe J. Tissue response to damage. In: Stevnes A, Lowe J,
editors. Pathology. 2nd ed. Mosby; 2000. p. 35–60.

38] Shinomol GK, Raghunath N, Bharath MM,  Muralidhara. Pro-
phylaxis with Bacopa monnieri attenuates acrylamide induced
neurotoxicity and oxidative damage via elevated antioxidant
function. Cent Nerv Syst Agents Med  Chem 2013;13(1):3–12,
http://dx.doi.org/10.2174/1871524911313010003.

39] El-Sayyad HI, Sakr SA, Badawy GM,  Afify HS. Hazardous
effects of fried potato chips on the development of retina
in albino rats. Asian Pac J Trop Biomed 2011;1(4):253–60,
http://dx.doi.org/10.1016/S2221-1691(11)60038-5.

40] Ono T, Isobe K, Nakada K, Hayashi JI. Human cells are pro-
tected from mitochondrial dysfunction by complementation of
DNA products in fused mitochondria. Nat Genet 2001;28(3):272–5,
http://dx.doi.org/10.1038/90116.

41] Wakabayashi T. Megamitochondria formation – physiol-

ogy and pathology. J Cell Mol  Med  2002;6(4):497–538,
http://dx.doi.org/10.1111/j.1582-4934.2002.tb00452.x.

42] Hori K, Tsujii M,  Iino T, Satonaka H, Uemura T, Akeda
K, et al. Protective effect of edaravone for tourniquet-
induced ischemia–reperfusion injury on skeletal muscle in

[

py and Ultrastructure 3 (2015) 137–147 147

murine hindlimb. BMC  Musculoskelet Disord 2013;27:14–13,
http://dx.doi.org/10.1186/1471-2474-14-113.

43] Weiss DJ, Casale GP, Koutakis P, Nella AA, Swanson SA, Zhu Z,
et  al. Oxidative damage and myofiber degeneration in the gas-
trocnemius of patients with peripheral arterial disease. J Transl
Med 2013;25:11–230, http://dx.doi.org/10.1186/1479-5876-11-
230.

44] Sumizawa T, Igisu H. Suppression of acrylamide toxicity by car-
boxyfullerene in human neuroblastoma cells in vitro. Arch Toxicol
2009;83(9):817–24, http://dx.doi.org/10.1007/s00204-009-0438-7.

45] Lakshmi D, Gopinath K, Jayanthy G, Anjum S, Prakash D,
Sudhandiran G. Ameliorating effect of fish oil on acrylamide
induced oxidative stress and neuronal apoptosis in cerebral
cortex. Neurochem Res 2012;37(9):1859–67, http://dx.doi.org/
10.1007/s11064-012-0794-1.

46] Allam A, El-Ghareeb A, Abdul-Hamid M,  Baikry A, Sabri M.
Prenatal and perinatal acrylamide disrupts the development
of  cerebellum in rat. Biochemical and morphological stud-
ies. Toxicol Ind Health 2011;27(4):291–306, http://dx.doi.org/
10.1177/0748233710386412.

47] El-Bakry AM, Abdul-Hamid M,  Allam A. Prenatal and peri-
natal exposure of acrylamide disrupts the development
of spinal cord in rats. World J Neurosci 2013;3(1):17–31,
http://dx.doi.org/10.4236/wjns.2013.31003.

48] Guo C, Li B, Xiao J. General survey of mechanisms of acrylamide
neurotoxicity. J Hyg Res 2010;39:282–5.

49] Ghanayem BI, McDaniel LP, Churchwell MI, Twaddle NC, Snyder R,
Fennell TR, et al. Role of CYP2E1 in the epoxidation of acrylamide to
glycidamide and formation of DNA and hemoglobin adducts. Toxicol
Sci  2005;88(2):311–8, http://dx.doi.org/10.1093/toxsci/kfi307.

50] Yousef MI,  El-Demerdash FM.  Acrylamide-induced oxida-
tive stress and biochemical perturbations in rats. Toxicology
2006;219(1–3):133–41, http://dx.doi.org/10.1016/j.tox.2005.11.
008.

51] Catalgol B, Ozhan G, Alpertunga B. Acrylamide-induced oxidative
stress in human erythrocytes. Hum Exp Toxicol 2009;28(10):611–7,
http://dx.doi.org/10.1177/0960327109350664.

52] LoPachin RM, Barber DS, Gavin T. Molecular mechanisms of
the conjugated �,�-unsaturated carbonyl derivatives: relevance
to  neurotoxicity and neurodegenerative diseases. Toxicol Sci
2008;104(2):235–49, http://dx.doi.org/10.1093/toxsci/kfm301.

53] Venkataswamy M,  Meenabai M,  Divya K, Pallavi C, Thyaga Raju K.
assessment of alterations in antioxidant enzymes and histology of
liver and cerebral cortex of developing chick embryo in acrylamide
toxicity. Int J Adv Res 2013;1(5):256–64.

54] Thyaga Raju K, Venkataswamy M,  Subbaiah KV, Suman B, Meenabai
M,  Rao KJ. Depletion of vitamin-C and glutathione by acrylamide
causes damage to hippocampus region of brain in chick Embryo. Int
J  Adv Pharm Res 2013;4(3):1471–9.

55] Newairy AA, El-Sharaky AS, Badreldeen MM,  Eweda SM,
Sheweita SA. The hepatoprotective effects of selenium against
cadmium toxicity in rats. Toxicology 2007;242(1–3):23–30,
http://dx.doi.org/10.1016/j.tox.2007.09.001.

56] Ali MA,  Aly EM,  Elawady AI. Effectiveness of selenium on acryl-
amide toxicity to retina. Int J Ophthalmol 2014;7(4):614–20,
http://dx.doi.org/10.3980/j.issn.2222-3959.2014.04.05.

57] Lebda M, Gad S, Gaafar H. Effects of lipoic acid on acrylamide
induced testicular damage. Mater Sociomed 2014;26(3):208–12,
http://dx.doi.org/10.5455/msm.2014.26.208-212.

58] Minamoto VB, Grazziano CR, Salvini TF. Effect of single and periodic
contusion on the rat soleus muscle at different stages of regen-
eration. Anat Rec 1999;254(2):281–7, http://dx.doi.org/10.1002/
(SICI)1097-0185(19990201)254:2<281::AID-AR14>3.0.CO;2-Z.

59] Rahangadale S, Jangir BL, Patil M,  Verma T, Bhandarkar A, Sonkusale
P,  et al. Evaluation of protective effect of vitamin e on acryl-
amide induced testicular toxicity in wistar rats. Toxicol Int
60]  Rahangadale S, Kurkure N, Prajapati B, Hedaoo V, Bhandarkar
AG.  Neuroprotective effect of vitamin e supplementation in
wistar rat treated with acrylamide. Toxicol Int 2012;19(1):1–8,
http://dx.doi.org/10.4103/0971-6580.94505.

dx.doi.org/10.1016/j.neuro.2012.07.006
dx.doi.org/10.1016/j.neuro.2012.07.006
dx.doi.org/10.4103/0971-6580.97216
dx.doi.org/10.1016/S0041-008X(02)00072-8
dx.doi.org/10.1016/S0041-008X(02)00072-8
dx.doi.org/10.6091/ibj.1291.2013
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0430
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0435
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0440
dx.doi.org/10.1136/jcp.54.5.356
dx.doi.org/10.1080/10408390600920070
dx.doi.org/10.1016/j.neuro.2004.01.004
dx.doi.org/10.1016/j.neuro.2004.01.004
dx.doi.org/10.1016/j.toxlet.2009.12.015
dx.doi.org/10.1016/j.fct.2011.03.022
dx.doi.org/10.1002/jat.1128
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0475
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0480
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0485
dx.doi.org/10.2174/1871524911313010003
dx.doi.org/10.1016/S2221-1691(11)60038-5
dx.doi.org/10.1038/90116
dx.doi.org/10.1111/j.1582-4934.2002.tb00452.x
dx.doi.org/10.1186/1471-2474-14-113
dx.doi.org/10.1186/1479-5876-11-230
dx.doi.org/10.1186/1479-5876-11-230
dx.doi.org/10.1007/s00204-009-0438-7
dx.doi.org/10.1007/s11064-012-0794-1
dx.doi.org/10.1007/s11064-012-0794-1
dx.doi.org/10.1177/0748233710386412
dx.doi.org/10.1177/0748233710386412
dx.doi.org/10.4236/wjns.2013.31003
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0540
dx.doi.org/10.1093/toxsci/kfi307
dx.doi.org/10.1016/j.tox.2005.11.008
dx.doi.org/10.1016/j.tox.2005.11.008
dx.doi.org/10.1177/0960327109350664
dx.doi.org/10.1093/toxsci/kfm301
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0565
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
http://refhub.elsevier.com/S2213-879X(15)00026-7/sbref0570
dx.doi.org/10.1016/j.tox.2007.09.001
dx.doi.org/10.3980/j.issn.2222-3959.2014.04.05
dx.doi.org/10.5455/msm.2014.26.208-212
dx.doi.org/10.1002/(SICI)1097-0185(19990201)254:2<281::AID-AR14>3.0.CO;2-Z
dx.doi.org/10.1002/(SICI)1097-0185(19990201)254:2<281::AID-AR14>3.0.CO;2-Z
dx.doi.org/10.4103/0971-6580.97216
dx.doi.org/10.4103/0971-6580.94505

	The impact of vitamin E against acrylamide induced toxicity on skeletal muscles of adult male albino rat tongue: Light and...
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Used drugs
	2.3 Experimental protocol
	2.4 Histological study
	2.5 Electron microscopic study
	2.6 Morphometric study
	2.7 Determination of tissue malondialdehyde (MDA) and total antioxidant capacity (TAC)
	2.8 Statistical analysis

	3 Results
	3.1 Histological results
	3.1.1 Light microscopic findings
	3.1.1.1 Group I (control group)
	3.1.1.2 Group II (animals receiving acrylamide)
	3.1.1.3 Group III (animals receiving acrylamide and vitamin E)

	3.1.2 Electron microscopic findings
	3.1.2.1 Group I (control group)
	3.1.2.2 Group II (animals receiving acrylamide)
	3.1.2.3 Group III (animals receiving acrylamide and vitamin E)


	3.2 Morphometric and statistical results

	4 Discussion
	Conflict of interest
	References


