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ABSTRACT 

Background: Acrylamide (ACR) naturally forms during high-temperature cooking of food. Many studies 
concluded that ACR has neurological, reproductive toxicities, and can produce carcinogenesis. However, the 
toxic effect of acrylamide on diaphragmatic muscle is not fully investigated . 

Objective: To evaluate the effect of acrylamide on diaphragmatic muscle and the effect of swimming 
exercise on diaphragmatic muscle after exposure to acrylamide. 

Materials and methods: Thirty white male albino rats classified into three groups, control, acrylamide, and 
(swimming & acrylamide) groups. Muscle enzymes were assayed. The diaphragm was weighed, and 
diaphragmatic muscle contractions were recorded and assessed histologically . 

Results: Acrylamide group significantly increased Creatine kinase-MB (CK-MB) and LDH insignificantly 
while Troponin I and T decreased. Acrylamide increased Malondialdehyde (MDA) and decreased 
Superoxide dismutase (SOD). Swimming exercise with acrylamide increased LDH, SOD, decreased 
Troponin I and T and MDA. Acrylamide increased diaphragmatic muscle weight and decreased muscle 
contraction immediately and after 30 minutes of activity, swimming exercise returned the weight of the 
muscle near to normal and increased contractions. Histologically, acrylamide group showed degeneration, 
splitting, fatty and cellular infiltration, dilatation and hemorrhage of the blood vessel, reduction of glycogen 
and decrease expression of desmin. Swimming exercise improved the histological architecture of the 
diaphragmatic muscle, increased glycogen content and the expression of desmin . 

Conclusion: Acrylamide induced muscle myopathy by oxidative stress, muscle dystrophy, reduction of 
glycogen content and decreased desmin expression with reduction of diaphragmatic muscle contraction. 
Swimming exercise ameliorated the effect of acrylamide on diaphragmatic muscle by reversing the previous 
undesired effects of acrylamide  . 

Keywords: Acrylamide, Swimming exercise, Diaphragm, Myopathy. 

Abbreviations: LDH (lactate dehydrogenase enzyme), CK-MB (Creatine kinase – MB), MDA 
(Malondialdehyde) & SOD (superoxide dismutase). ELISA (Enzyme-Linked immunosorbent assay). 
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INTRODUCTION 

     Acrylamide is a chemical compound 
(C3H5NO) used in making 
polyacrylamide and acrylamide 
copolymers, which are used in many 
industrial processes, like production of 
paper, dyes, plastics, and in the treatment 
of drinking water and wastewater (Dotson, 
2011). They are also found in consumer 
products, like food packaging, and some 
adhesives. Acrylamide has been found in 
certain foods that were heated to a 
temperature above 120 degrees Celsius 
(248 F), but not in food that heated below 
this temperature.  French fries and potato 
chips were found to have higher levels of 
acrylamide in comparison with other 
foods (Ubaoji and Orji, 2016). 

     Acrylamide has many health hazards. 
Acrylamide has been reported as a 
neurotoxin, these effects are central and 
peripheral neuropathy causing 
hallucinations, drowsiness, distal 
numbness, ataxia, and distal numbness 
(Ubaoji and Orji, 2016).  It is also toxic to 
the reproductive system (Favor, 2005) and 
carcinogenic. Many studies in rodent’s 
models reported the relationship between 
acrylamide exposures and several types of 
cancer (Arribas-Lorenzo and Morales, 
2012). The effect of acrylamide on 
skeletal muscle has been studied by a few 
researches (Al-Serwi and Ghoniem, 2015). 

     Exercise is one of the important 
methods to enhance physical fitness and 
overall health (Kylasov and Gavrov, 
2011). It increases growth, development, 
weight loss, strength muscle, and heart, 
and prevent aging. It is one of the 
important treatments of obesity and 
diabetes it has many benefits on skeletal 

muscles include increased glucose 
transporters, fatty acid oxidation enzymes 
and antioxidant levels (Ryan, 2010).   
Exercise leads to the production of 
reactive oxygen species (ROS) during 
muscular contraction which results in an 
increased expression of antioxidant 
enzymes and increases its production to 
protect against muscle damage (Kim et al, 
2013). 

     Acrylamide has proven to induce 
neuropathy (Motamedshariaty et al., 
2014), but its effect on the diaphragmatic 
muscle isn’t fully studied . 

     The aim of the present work was to 
study the effect of acrylamide on 
diaphragmatic muscle and the role of 
swimming exercise on diaphragmatic 
muscle after exposure to acrylamide. 

MATERIALS AND METHODS 

     Thirty white male albino rats of local 
strain, weighing 150 ± 20 grams were fed 
with standard laboratory diet and water 
“ad libitum” and housed in the animal 
house at Faculty of Medicine, Menoufia 
University under normal light/dark cycle 
and room temperature. The animals were 
acclimatized to these conditions for 10 
days before the experiment. Rats were 
kept in stainless steel cages (40 x 35 x 35 
cm, 5 rats in each cage).  We followed the 
international guidelines for the care and 
use of laboratory animals, and the study 
was approved by the institutional ethical 
committee on the animal experiment of 
the faculty of medicine, Menoufia 
University. 
     The animals were classified into three 
groups of ten animals each. 
Group (1) Control group. 
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Group (2) Acrylamide group: Acrylamide 
was given in a dose of (15mg/kg/day 
dissolved in 0.9% saline solution and were 
taken orally by gastric tube, for 20 days 
(Al-Serwi and Ghoniem, 2015). 
Acrylamide powder was purchased from 
Sigma Aldrich, Germany. 
Group (3) Swimming exercise and 
acrylamide group: The swimming 
program (40 min/day) 5 days/ week for 3 
weeks. This group received acrylamide in 
a dose of (15mg/kg/day orally, for 20 days 
(Al-Serwi and Ghoniem, 2015). 

     Weights of rats were measured at the 
start and at the end of the experiment to 
detect the change in body weight. At the 
end of the experiment, retro-orbital blood 
samples were collected to measure muscle 
enzymes (Creatine kinase (CK-MB), 
Lactate dehydrogenase (LDH) enzymes, 
troponin I and troponin T), tissue 
malondialdehyde (MDA), and superoxide 
dismutase (SOD). Rats were then 
sacrificed by cervical decapitation, the 
diaphragm was excised, weighed, and 
diaphragmatic muscles contractions were 
recorded and finally assessed 
histologically. 

Swimming exercise program: 
Swimming exercise was performed in a 
rounded plastic water tank (80 cm × 70 
cm) at 32 ±5 C and a 55 cm water depth. ?
The protocol had two phases: adaptation 
and training (Jiang et al., 2014). During 
the adaptive phase, the rats swam 20 min 
per day for 5 days. The purpose of 
adaptation was to reduce water-induced 
stress (Contarteze et al., 2008). After two 
day rest, the training period began. The 
swimming program increased 
progressively from 20 min to 40 min per 
day for 5 days in 1st week. The swimming 
programs in 2nd and 3rd weeks were 
maintained at 40 min per day . 

Determination of muscle enzymes: 
Retro-orbital blood samples were 

collected and three milliliters of blood was 
collected in a clean graduated centrifuged 
tube and left for clotting at room 
temperature in a water bath for 15 
minutes. The supernatant sera were 
collected in a dry tube and stored at -20 
until usage (Schermer, 1968). These 
samples were used for measurement of 
LDH, CK-MB, troponin I and troponin T.  
LDH was measured using calorimetry, 
both LDH and CK-MB were purchased 
from (Biosystem, Spain).  Troponin I was 
determined by Enzyme-Linked 
immunosorbent assay (ELISA) kits 
(BioMerieux, Inc., USA). Troponin T was 
determined by ELISA kits 
(Thermoscientific, Inc., USA) . 

Determination of tissue 
malondialdehyde (MDA) and 
superoxide dismutase (SOD):  The 
diaphragm was weighed and homogenized 
by adding 9 times of the volume of 0.9% 
saline. The 10% homogenate was 
centrifuged for 10 min (1800 g/min) and 
the supernatant was used for measurement 
of MDA & SOD. Malondialdehyde is a 
marker of lipid peroxidation was 
determined using thiobarbituric acid 
reaction (Draper et al., 1993). Superoxide 
dismutase was measured using 
calorimetry method. MDA & SOD were 
purchased from (Biodiagnostic Company, 
Egypt). 

Recording of direct diaphragmatic 
muscle contraction using oscillograph: 
Rats were sacrificed by cervical 
decapitation. The skin over the thorax was 
opened, along the right border of the 
sternum. The frontal part of the right 
thoracic wall was removed. The 
mediastinum behind the sternum was 
incised and a cut was made just above the 
frontal insertion of the diaphragm, the 
frontal part of the left thoracic wall was 
then removed and the phrenic nerve was 
seen quite distinctly after left lung was 
removed. The abdominal muscles were 
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cut along the costal margin and the last rib 
held with a pair of forceps. The diaphragm 
was now cut out and weighed. The strip 
was cut out beyond the tendinous part and 
put in aerated solution was 7.4 pH and 
warmed by heated water jacket 
maintained at 37-38 °C (Kreb's solution). 
The diaphragm cut into two half (partly 
used for recording contraction and part for 
histological assessment). The contraction 
of diaphragmatic muscle was recorded 
using oscillograph (Harvard apparatus, 
USA). The stimulation was carried out by 
supramaximal electric shock at a rate 
2/sec with 50 volts strength for 30 minutes 
(El-Kotb et al., 2014). 
Histopathology study: The diaphragm of rats 
of different groups was dissected and fixed in 
10% neutral buffered formalin then 
dehydrated in ascending grades of alcohol.  
Specimens were cleared and embedded in 
paraffin. After deparaffinized,  3-5 microns 
thick tissue sections were cut by sliding 
microtome and were subjected to the 
following stains; Haematoxylin and eosin 
stain (H&E) and Periodic Acid Schiff (PAS). 
Immunohistochemistry of Desmin  (D33): 

Desmin  (D33)(Cell  Marque, USA) were also 
done. 

     For quantitative assessment, the 
degenerative muscle fibers were counted. 
The mean area percent was measured for 
the optical density for PAS reaction in 
diaphragm tissues and anti-Desmin 
immune histochemical reaction. These 
measures were done using (Image J 1.47v, 
National Institute of Health, Bethesda, 
MD, USA) at Anatomy and Embryology 
Department, Faculty of Medicine, 
Menoufia University). For each group of 
rats, slides from studied animals were 
examined and five fields were analyzed. 

Statistical analysis:  
     We used SPSS version 16 in our 
research. The data were analyzed as mean 
± standard error of the mean (S.E.M). The 
significance of difference between means 
was determined using ANOVA (analysis 
of variance) followed by post hoc Tukey’s 
test. p<0.05 was significant. 
 

RESULTS 
 
     Changes in body weight (g): 
Swimming and acrylamide group showed 
a significant decrease (39±2.62, 
p<0.0001) when compared to control and 

acrylamide groups (69±2.69 and 63.7±4.1 
respectively). There was no significant 
change between control and acrylamide 
groups (Fig. 1). 
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Figure (1): Changes in body weight (g) in control, acrylamide and 
swimming & acrylamide groups. 

 
Values were measured as mean ± S.E.M. * Significant when compared to control group. #Significant when 
compared to acrylamide group. 
 
 
 
     Measurement of LDH (U/l) and CK-MB 
(ng/ml) enzymes:  LDH in Swimming & 
acrylamide group showed significant increase 
1836.8±87.3U/l when compared to control 
and acrylamide groups (1527.8±31.2 U/l, 
p<0.01 and 1619±62.6 U/l, p<0.05 

respectively). CK-MB in acrylamide group 
showed significant increase 128.7±2.55 ng/ml 
when compared to control and (Swimming & 
acrylamide) groups (103.9±707ng/ml, p<0.01 
and 98.2±3.13ng/ml, p<0.001 respectively – 
Fig 2a & b).  

Figure (2a & b): LDH (U/l) and CK-MB (ng/ml) in control, acrylamide and 
(swimming & acrylamide) groups. 

 
Values were measured as mean ± S.E.M. * Significant when compared to control group. # Significant when 
compared to acrylamide group. $ Significant when compared to (swimming &acrylamide) group. 
 
 
     Troponin I (ng/ml) and troponin T 
(pg/ml):  Troponin I in acrylamide, and 
swimming & acrylamide groups showed 
significant decrease (0.63±0.017 ng/ml 
and 0.65±0.016 ng/ml, respectively, 

p<0.0001) when compared to control 
group 0.86±0.027 ng/ml. Troponin T, 
swimming & acrylamide group showed 
significant decrease 67.03±2.33 pg/ml, 
p<0.05 when compared to control group 
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74.2±1.69 pg/ml. There were no 
significant difference between acrylamide 
and control, and no significant difference 

between acrylamide and swimming & 
acrylamide groups (Table 1). 

Table (1): Troponin I (ng/ml) and troponin T (pg/ml) in control, acrylamide and 
(swimming & acrylamide) groups. 

 
Groups 

Parameters 
Control Acrylamide Swimming 

and 
acrylamide 

ANOVA 

Troponin I (ng/ml) 0.86±0.027 0.63±0.017* 0.65±0.016* P<0.0001 

Troponin T (pg/ml) 74.2±1.69 69.14±1.29 67.03±2.33* P<0.05 

Values were measured as mean ± S.E.M. * Significant when compared to control group. 
     MDA (nmol/g) and SOD (µ/g): MDA, 
acrylamide group showed a significant 
increase (48.1±5.45 nmol/g, p<0.0001) 
when compared to control group 
(5.7±1.64 nmol/g). Swimming exercise 
with acrylamide administration 
significantly decreased MDA (28.08±5.8 
nmol/g, p<0.05) when compared to 
acrylamide group, and significant increase 
(p<0.01) when compared to control group 

 (Fig 3a). SOD, acrylamide group showed 
significant decrease (0.038 ±0.0037µ/g, 
p<0.001) when compared to control group 
(0.062± 0.0045 µ/g).  Swimming exercise 
with acrylamide administration 
significantly increased SOD 
(0.047±0.0025 µ/g, p<0.01) when 
compared to acrylamide group and a 
significant decrease (p<0.05) when 
compared to control group (Fig. 3b). 

 a b 
Figure (3a & b): MDA (nmol/g) and SOD (µ/g) in control, acrylamide and (swimming 
& acrylamide) groups 
Values were measured as mean ± S.E.M. * Significant when compared to control group. # Significant when 
compared to acrylamide group. 
 

     Diaphragmatic muscle weight and direct 
muscle contraction: Acrylamide group 
showed significant increase in muscle weight 
(0.87±0.03) when compared to control 
(0.74±0.018, p<0.01) and (swimming 
&acrylamide) (0.76±0.02, p<0.05) groups. 
Regarding muscle contraction (immediate and 

after 30 minutes of activity), acrylamide 
group showed a significant decrease when 
compared to control and swimming 
&acrylamide groups, p<0.0001. Swimming 
&acrylamide group showed a significant 
increase when compared to acrylamide group, 
p<0.0001 (Table 3 & Fig 4). 

*# 
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Table (2): Diaphragmatic muscle weight/g and direct muscle contraction/g tension 
(immediate and after 30 minutes of activity).  

         Groups 
 
Parameters 

Control Acrylamide Swimming and 
acrylamide 

ANOVA 

Muscle weight/g 0.74±0.018 0.87±0.03* 0.76±0.02 *P<0.01 
$P<0.05 

Muscle contraction/g 
tension (Immediate) 

3.8±0.07 1.8±0.15* 3.1±0.08*# *#$P<0.0001 

Muscle contraction/g 
tension (after 30 of  
minutes) 

2.96±0.059 1.07±0.05* 1.7±0.06*# *#$P<0.0001 

Values were measured as mean ± S.E.M. * Significant when compared to control group. #  

Significant when compared to acrylamide group. $ Significant when compared to 
swimming &acrylamide group. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4): Direct diaphragmatic muscle contraction/g tension (immediate and after 
30 minutes of activity) in control, acrylamide and swimming & acrylamide groups. 
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Histopathological result : 

 

Figure (5):  H&E staining of rat diaphragm of different groups.  In control groups a 
transverse section showing polygonal-shaped muscle fibers with acidophilic 
cytoplasm and peripherally located nuclei (n). The individual fibers are 
separated by loose connective tissue endomysium (E) containing small blood 
capillaries (tailed arrow). The diaphragm made up of small bundles which are 
surrounded by a perimysium connective tissue (p). b, and c. A longitudinal 
section showing parallel bundles of muscle fibers with elongated vesicular 
nuclei (n) peripherally located beneath the sarcolemma. In acrylamide group, 
degenerated fibers (crossed arrow), wavy course of the muscle fibers (curved 
arrow) with the splitting of some fibers (white arrow), wide endomysium (E) 
were observed. Fatty infiltration (notched arrow), cellular infiltration (curved 
arrow), dense pyknotic nuclei (N), dilation of blood vessels (star), and 
hemorrhage from others were noticed (corrugated line) (d-f). swimming 
exercise with acrylamide showed significant improvement of histological 
architecture of the diaphragmatic sections with almost normal muscle fibers, 
however, some muscle fibers were degenerated (crossed arrow) and some 
nuclei showed mitosis (N) (g,h). ** Significant (p<0.001) compared with 
control, ●Significant (p<0.05) compared with acrylamide group (i). Scale bar 
=  100  µm  (a,  b,  d, e, and g)  and  50  µm  (c,  f, and h). 
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Figure (6): Representative PAS staining of rat diaphragm of different groups.  In control group, 

strong PAS +ve reaction in the sarcoplasm of diaphragm muscle fibers (arrows) was 
detected (a). Acrylamide treated group showed weak +ve reaction in the sarcoplasm 
of muscle fibers (stars) (b). Swimming exercise with acrylamide showed areas with 
moderate +ve reaction (arrow) and areas with weak +ve reaction (star) (c). Periodic 
acid-Schiff (PAS)-stained sections showing glycogen reduction in acrylamide group 
compared to the control (a), which increased in (swimming & acrylamide) group (d). 
** Significant (p<0.001) compared with control, ● significant (p<0.05) compared 
with acrylamide group (i). Scale bar = 50 µm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure (7):  

Representative Desmin staining of rat diaphragm of different groups.  In 
control group, strong desmin reaction (arrow) was detected (a). Acrylamide 
treated group showed weak desmin reaction (stars) (b). Swimming exercise 
with acrylamide showed areas with strong reaction (arrow) and areas with 
weak reaction (star) (c).Swimming exercise significantly up-regulated the 
acrylamide-induced decrease in expression of desmin in the muscle fibers of 
the diaphragm. (d) ** Significant (p<0.001) compared with control, ● 
significant (p<0.05) compared with acrylamide group (i). Scale bar = 50 µm
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DISCUSSION 
     Acrylamide has many health hazards. 
The toxic effect of acrylamide on the body 
has been investigated by many types of 
research (Dotson, 2011 and Yang et al., 
2016). However, the toxic effect of 
acrylamide on diaphragmatic muscle is 
not fully investigated. In the present 
research, the toxic effect of acrylamide on 
the diaphragm and the possible protective 
effect of swimming exercise on 
diaphragmatic muscle after exposure to 
acrylamide were investigated. (Swimming 
& acrylamide) group showed a significant 
decrease in body weight when compared 
to control and acrylamide groups. This 
result was in agreement with previous 
study (Metz et al., 2016), that reported that 
exercise decreases fat deposition in male 
and female rats and decrease body weight. 

     Acrylamide group had a non-
significant increase in LDH when 
compared to control group. This result 
was in agreement with Rajeh and Al-
Dhaheri (2017) who reported that 
acrylamide did not affect LDH activity 
even in different doses. That indicates that 
sub-acute levels of ACR exposure over a 
short period of time do not cause the 
release of detectable limits of LDH in the 
serum of the patients. While swimming 
exercise with acrylamide significantly 
increased LDH, this result may be due to 
muscle fatigue induced by exercise and 
accumulation of lactate and thereby 
increase expression of LDH as LDH has a 
preventive effect on muscle fatigue (Wan 
et al., 2017) . 

     Creatine kinase-MB enzyme was 
detected as a marker of tissue damage as 
in myocardial infarction and muscle 
diseases (Brancaccio et al., 2007 and 

Baird et al., 2012).  CK-MB was 
significantly increased in acrylamide 
group when compared to other groups. 
This result may be due to the damaging 
effect of acrylamide on diaphragmatic 
muscle, this hypothesis was supported by 
our histological result and the oxidative 
imbalance. Exercise following 
Acrylamide administration significantly 
decreases CK-MB. This result may be due 
to the improvement effect of swimming 
exercise on diaphragmatic muscle fiber as 
detected by our histological result. (Lee et 
al., 2012) reported that swimming 
exercise has a protective effect by 
preventing the destruction of skeletal 
muscle fiber, and improved muscle 
atrophy caused by diabetes.  

     Troponin I and troponin T are sensitive 
markers of myocardial damage. Other 
non-cardiac diseases detected troponin 
levels like pulmonary embolism, sepsis, 
subarachnoid hemorrhage, renal failure, 
and inflammatory muscle conditions e.g. 
polymyositis and dermatomyositis (Dhir 
and Jiang, 2013). Acrylamide and 
(swimming & acrylamide) groups showed 
a decrease in troponin I and T when 
compared to control group these result 
may be due to acrylamide and swimming 
exercise have no effect on the cardiac 
muscle and don’t cause damage of cardiac 
muscle but, the decrease than control 
group is not fully understood . 

     Our results detected oxidative 
imbalance in the acrylamide group as the 
elevated MDA and reduced SOD which 
may be involved in cellular damage, this 
was in agreement with Sadek (2012) who 
concluded that acrylamide caused 
significant decrease of SOD, glutathione 
level and catalase activity and increases in 
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MDA due to the oxidative stress caused 
by acrylamide on membrane of rat's 
stomach, kidney, and liver. Exercise 
following Acrylamide administration 
significantly decreases MDA and elevates 
SOD, These results were in agreement 
with Qi et al. (2016) who concluded that 
swimming exercise decreased the damage 
in the skeletal muscle cells by inhibition 
of oxidative stress in skeletal muscles and 
the decrease in lipid deposition. 

     The weight of the diaphragm was 
significantly increased in acrylamide 
group when compared to control and 
(swimming & acrylamide) groups, most 
probably due to cellular and fatty 
infiltrations as well as dilated blood 
vessels and hemorrhage detected by light 
microscope. Other researches showed a 
decrease in skeletal muscle weight and 
muscle atrophy with acrylamide 
administration (EFSA, 2015).  

     Our results revealed that  the muscle 
contraction either the immediate or after 
30 minutes showed a significant decrease 
in the acrylamide group when compared 
to control and (swimming & acrylamide) 
group, this is may be due to the myopathy 
occurred with acrylamide administration 
and detected by light microscopy as 
cellular and fatty infiltrations as well as 
dilated blood vessels and hemorrhage 
these results were in agreement with Biltz 
and Meyer (2017) who concluded that 
adipocytes accumulation within the 
skeletal muscle is a common 
manifestation of muscle myopathies and 
decreased functional capacity & 
contractility may be also due to the 
oxidative stress caused by elevated MDA 
and reduced SOD these results were in 
agreement with Choi et al. (2016) who 

stated that increased oxidative stress 
associated with muscular dystrophy, 
decreased glycogen deposits in the 
diaphragm of rats detected by PAS stain 
may be a cause of decreased contractility 
this was in agreement with ? rtenblad et 
al. (2013) who concluded that 
intramyofibrillar glycogen has a key role 
during repeated contractions by 
counteracting contractile impairments 
caused by defective release of  
sarcoplasmic reticulum Ca+2, also our 
results revealed a decrease  expression of 
desmin in the muscle fibers of the 
diaphragm which affect muscle 
contraction this was consistent with the 
results of Palmisano et al. (2015) who 
detected the central role of desmin in both 
mechanical stress transmission and 
transduction in muscle. They have 
demonstrated that desmin is specifically 
involved in myofibrillar alignment, 
nuclear integration within the myofibrillar 
matrix, mechanical response to high 
stress, and stress-mediated signaling in 
muscle. These results demonstrate that the 
Z-disk, and its desmin cytoskeleton, plays 
a central role in both muscle signal 
transduction and force transmission in 
muscle fibers. 

     Our results revealed significant 
increase in muscle contraction in 
swimming & acrylamide group when 
compared to acrylamide group this was in 
agreement with Steinbacher and Eckl 
(2015) who concluded that the repetitive 
muscle contractions during endurance 
training lead to a variety of responses 
including phenotypic and physiological 
responses, which cause activation of 
mitochondrial biogenesis, transformation 
of fiber type and angiogenesis. 
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     Light microscopic examination of the 
diaphragm revealed the normal 
histological structure of diaphragmatic 
muscles of the adult male albino rats in 
control group. Rats that received 
acrylamide their diaphragmatic sections 
showed degenerated muscle fibers with 
dense pyknotic nuclei and wavy 
appearance with the splitting of some 
myofibers. The pathologists have been 
described these changes to be muscle 
myopathy (Joyce et al. (2012). Al- Serwi 
and Ghoneim (2015) observed a similar 
finding in rat tongue exposed to 
acrylamide . 

     The splitting of muscle fibers is an 
adaptive response, which occurs as a 
result of an inefficient supply of oxygen 
and exchange of metabolites and increases 
reactive oxygen species as 
malondialdehyde as detected by our result. 
Soliman et al. (2017) also suggested that 
nuclear migration play a part in the 
pathogenesis of muscle fiber splitting. 
Degenerated muscle fibers could be 
explained by the overproduction of 
reactive oxygen species (ROS) and 
oxidative stress (Abou zaid et al., 2017).  

     Cellular and fatty infiltrations, as well 
as dilated blood vessels and hemorrhage 
from others, were noticed in acrylamide 
group. The same results were detected by 
Gedik et al. (2017) in their study of the 
effect of acrylamide on the liver. Chen et 
al. (2018) explained the cellular 
infiltration by degeneration of myocytes 
which lead to the release of certain 
mediators that initiate inflammatory 
reaction attracting inflammatory cells. 
These findings are mostly due to the 
oxidative stress effect of acrylamide on 
the diaphragm and it coincides with Choi 

et al. (2016) who stated that increased 
oxidative stress has been associated with 
muscular dystrophy. 

     The detection of glycogen deposits, 
visualized on PAS-stained sections, was 
reduced in amount in the diaphragm of 
rats with acrylamide. The same results 
reported by Kovac et al. (2015). Reduced 
glycogen may be due to redirecting the 
cell metabolism to more intensive 
acrylamide biotransformation by 
mobilizing more of glutathione and 
increasing the activity of glutathione-S-
transferase (GST) (Veenapani et al., 
2010). This also might be as a result of 
break-down of glycogen into glucose 
molecules since Rawi et al. (2012) found a 
strong correlation between an increase of 
serum glucose level in rats and acrylamide 
administration. 

     Our results revealed that acrylamide-
induced decrease in expression of desmin 
in the muscle fibers of the diaphragm. 
This is in agreement with Sakai et al. 
(2009) who stated that acrylamide as an 
inhibitor of the intermediate filaments 
(vimentin and desmin) significantly 
decreased the contractions induced by 
acetylcholine (ACh) of the rat isolated 
bronchial smooth muscle. Moreover, 
decreased desmin reaction reported in this 
study in accordance with Capetanaki et al. 
(2015) who said that desmin deficiency 
cause defects in membranes and 
membranous organelles resulting in 
skeletal and cardiac myopathies in mice 
and humans. The desmin filament system 
is critical for force transmission and 
connects Z-discs longitudinally and 
laterally . 

     Interestingly, the treadmill exercise 
significantly ameliorated most of the 
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above mentioned histological and 
immunohistochemical changes. These 
results were in agreement with 
Nalbandian et al. (2013) who reported 
histological improvement in uphill 
exercised valosin-containing protein 
(R155H/+) mice. 

     Inconsistent with these results Jensen 
et al. (2011) said that exercise increases 
the glycogen storage capacity in skeletal 
muscles; they added muscle glycogen is 
important for survival during acute 
emergencies as substrate for “fight or 
flight” reactions   Also, Hearris et al. 
(2018) reported that endurance training 
increases glycogen content in muscles . 

     In confirmation, Paulsen et al. (2009) 
concluded that both desmin protein 
content and the mean power generated by 
the muscle were increased after exercise 
training; they added a reinforced desmin 
cytoskeleton may be necessary for the 
muscle to increase the force generation. 

CONCLUSION 
Acrylamide induced muscle myopathy by 
increasing CK-MB, MDA & degeneration 
of muscle fibers and decreasing SOD, 
glycogen content, expression of desmin 
and diaphragmatic muscle contraction. 
Swimming exercise with acrylamide 
ameliorated the effect of acrylamide on 
diaphragmatic muscle and had a 
protective effect against muscle myopathy 
induced by acrylamide by reversing the 
previous undesired effect of acrylamide.  
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 شیماء عبد الغنى مطاوع -مروة الغالم  -غادة السید الجروانى 

  جامعة المنوفیة -كلیة الطب - التشریح وعلم األجنة  و الفسیولوجیا االكلینیكیة قسمى

ث: ة البح ة.  خلفی رارة العالی ات الح ي درج ام  ف ى الطع اء طھ د اثن ون األكریالمی یتك
لیة ،  بیة وتناس میة عص ھ س د ل ى أن االكریالمی ات إل ن الدراس د م ت العدی وخلص
د  ام لألكریالمی أثیر الس إن الت ك ، ف ع ذل رطان. وم رض الس ى م ؤدى إل ن ان ی ویمك

 على العضالت الغشائیة لم یتم التحقق منھ.

ن البح دف م ة  ث:الھ أثیر ممارس ائیة وت الت الغش ى العض د عل أثیر األكریالمی یم ت تقی
 السباحة على العضالت الغشائیة بعد التعرض لألكریالمید.

ث: رق البح واد وط اء،  م ورالجرذان البیض ن ذك ون م ث ثالث ذا البح ى ھ تخدم ف إس
د،  ة األكریالمی تحكم، و مجموع ة ال الث مجموعات:مجموع ى ث مت ال وقس

با ة الس لة  ومجموع الت ووزن عض ات العض اس إنزیم م قی د ت د. وق ع األكریالمی حة م
 الحجاب الحاجزوتسجیل إنقباضھا ودراسة أانسجتھا.

ائج: ونین اى  النت ض التروب ا انخف د  بینم اتین كینازوالمالوندالدھی بة الكری زادت نس
زیم  دل ان ا زاد مع د، بینم ة االكریالمی موتازفى مجموع ید دیس ى وسوبراوكس وت

ى  و الالكتی ونین اى وت موتازوانخفض التروب ید دیس ت دیھیدروجینازوسوبراوكس
ن وزن  د م د. زاد األكریالمی ع االكریالمی باحة م ة الس ى مجموع د ف المالوندالدھی

د  ور وبع ى الف الت عل ص العض ض تقل ائیة وانخف الت الغش ن  30العض ة م دقیق
ادة االنق الت وزی باحة وزن العض ة الس ادت ممارس ا أع اط ، كم القرب النش ات ب باض

لل  یم ، وتس اس ، وتقس د انتك ة األكریالمی رت مجموع یجیا: أظھ ى .نس ن الطبیع م
مین  دل الدیس ص مع ة ونق ة الدموی ف األوعی ع ونزی ة ، وتوس ة والخلوی الدھنی
لة  یجیة للعض ة النس ین البنی ى تحس باحة إل ة الس ا أدت ممارس وجین ، بینم والجلیك

 دل الدیسمین. الغشائیة وزیادة محتوى الجلیكوجین ومع
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ة: بب  الخالص د یس بب إاألكریالمی ك  بس رذان وذل ائیة للج الت الغش ى العض تالل ف ع
ل  وجین، وتقلی وى الجلیك ل محت الت ،و تقلی ى العض مور ف دي ،وض اد التأكس اإلجھ
ة  ا  أدت ممارس ائیة، بینم الت الغش ات العض ل إنقباض ع تقلی مین م دل الدس مع

أثیر األكریالمی ین ت ى تحس باحة إل س الس ق عك ن طری ائیة ع الت الغش ى العض د عل
 اآلثار غیر المرغوبة فیھا لألكریالمید.

 

 


