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 Consumption of processed high cholesterol diet is associated with the development 
of metabolic diseases.  The present work evaluated the role of soaked barley on decreasing the 
high cholesterol level that impairing the structure and function of the gastrocnemius muscle of 
mother rats and their offspring. Sixty virgin female albino rats and twenty healthy males (100g 
body weight) were used in the experimental work. Mating was carried out and pregnancy was 
determined. Pregnant were arranged into 4 groups (n=15); control (C), barley supplemented 
group (B) (20%), hypercholesterolemic-group (H) (3%) and hypercholesterolemic & malted barley 
group (H+B). The third (H) and fourth groups (HB) were consumed hypercholesterolemic diet 
for 4 months prior to conception and through gestation and lactation period. The fourth group 
supplemented malted barley containing a hypercholesterolemic diet during gestation and 
lactation period. At 21 days post-partum, the mother rats and their offspring were anesthetized 
with sodium phenobarbitone (9.1 mg/kg) and sacrificed. Blood was collected from heart and 
their sera were separated. Also, the gastrocnemius of both mother and their offspring were 
removed.  Histological, transmission electron microscopy and biochemical investigations were 
carried out. The present findings showed that the high cholesterol diet possessed abnormal 
expression of protein bands (SDS-PAGE), associated with poor expression of lactic dehydrogenase 
(LDH) and glucose-6-phosphate dehydrogenase (G6PD) isoenzymes coincides with damage of 
the gastrocnemius muscle fibers. The elevated sera cholesterol level induces a decrease of the 
muscle contents of glutathione-s-transferase and superoxide dismutase. These were followed 
by increased the lipid peroxidation malondialdhyde (MDA) and apoptic marker caspase-3. On 
the other side, dietary supplementation of barley plus a hypercholesterolemic diet increased the 
muscle contents of the assayed antioxidant enzymes and decreased MDA, caspase 3 and LDH 
isoenzyme expression. This led to improvement of the muscle structure. The authors concluded 
that malted barley contained flavonoids and phytonutrients with a potent antioxidant activity 
which reduced the oxidative stress resulted from ingestion of hypercholesterolemic diet. This 
led to improvement of the myoblast structures in mother rats and their offspring.

Keywords: Barley, Cholesterol Diet, Gastrocnemius, Light And Transmission 
Electron Microscope ; Offspring, Oxidative Stress, Pregnant.

 The skeletal muscles make up about 55% 
of human body mass and play important roles in 
contraction and relaxation. They are the main site 
for glucose utilization, oxidation of fatty acids and 
metabolism of proteins (Kuo and Ehrlich, 2015).

 Skeletal muscles are also made up of 
muscle fibers population (I, IIA, IIX and IIB). 
They are regulated by their myosin heavy chains, 
which control the contraction and relaxation (Hoh, 
2011). This involved the conversion of the chemical 



216 El-Sayyad et al., Biosci., Biotech. Res. Asia,  Vol. 17(2), 215-228 (2020)

energy through hydrolysis of ATP into contraction 
of the cytoskeletal apparatus (Schiaffino and 
Reggiani, 2011; Pataky et al., 2019). Two points 
are important of the muscle. First of it is the higher 
inclusion of cholesterol in their sarcolemma which 
facilitate the membrane fluidity (Barrientos et al., 
2017). The second its high content of mitochondria 
required for ATP production.The muscle fibers 
were highly susceptible to  ROS-induced damage 
of their fibers (Zhang et al., 2017).
 Myocytes are highly susceptible to the 
obesity associated inflammation and generation 
of ROS through the reduction of  superoxide 
dismutase, catalase and glutathione peroxidase 
(Moylan and Reid, 2007).  Consumption of fat 
diet was found to decrease the actin filaments 
(F-actin) necessary to control glucose transporter 4 
(GLUT4) and predicting early insulin resistance in 
the skeletal muscle (Grice et al., 2019). Oxidative 
stress associated with obesity is significantly 
involved in establishing insulin resistance in both 
adipocytes and myocytes (Gozalez-Franquesa and 
Patti, 2017). High fat diet significantly decreased 
type I fiber In lumbar muscles, while increased type 
II. Such phenomena can indicate skeletal muscle 
reaction to overload of dietary lipid to regulate 
metabolic homeostasis (Hua et al., 2017).
 Soaked barley foods are a prebiotic 
that increased the production luminal butyrate. 
It provided the enzymes (a-amylase, ß-amylase) 
required for various forms of sugar, such as 
monosaccharide glucose, disaccharide maltose 
, disaccharide maltotriose, and maltodextrines 
(Hanai et al., 2004; Kranz et al., 2015). Germinating 
barley food attenuated inflammation by reducing 
sera levels of tumor necrosis factor-a and IL-6 
and 8  of ulcerative colitis (Faghfoori et al., 2011) 
modulating gut microbiota (Zhong et al.2015), and 
anti-hyperglycaemia (Ramakrishna et al., 2017).
 Little of work is available about the 
phytomedicinal importance of fermented barley 
against the ingestion of hypercholesterolemic diet 
which induces skeletal muscle damage. The present 
work focused on assessing the histopathological, 
ultrastructural and biochemical changes of high 
cholesterol diet on gastrocnemius muscle of mother 
rats and their offspring as well as the effect of 
ingested soaked barley grain.

Material and Methods

ethical Consideration
 This research was carried out according 
to the National Institute of Health, s guide to the 
use of the laboratory animals and supported by the 
Mansoura University,s Egyptian Committee for 
Animal Care and Bioethics. 
Preparation of a high Cholesterol diet and 
assessment of hyperlipidemia
 It was done by ingestion of 3% cholesterol 
diet containing 10% animal fat, 2% cholic acid 
and 1% thiouracil in addition to the normal diet 
for 4 months prior to conception and throughout 
pregnancy and lactation period (Enkhmaa  et al., 
2005). For critical assessment of hyperlipidemia, 
under sterile condition, the blood is aspirated from 
the ocular artery by capillary tube, centrifuged at 
2000 rpm and sera were removed. Total Cholesterol 
(Deeg and Ziegenhorn, 1983) and LDL (Friedewald 
et al., 1972) were estimated.
diets Containing soaked Barley
 The standard diet is composed of 20% 
malted barley. The hypercholesterolemic groups 
were fed on diet containing 20% barley prior to 
conception and during the gestation and lactation 
period.
experimental animal
 Sixty virgin female and twenty adult 
male albino rats (Rattus norvegicus) weighing 
approximately 100gm body weight, obtained from 
Helwan Breading Farm, Ministry of Health, Egypt, 
have been used for experimental investigation. It 
has been provided free access to food and water 
ad libitum. They kept in good ventilation with 12 
hour light/dark cycle. Virgin females were allowed 
for mating with fertile male (3 female/1male) 
for overnight. In the next morning, visualizing 
sperm in the vaginal smear determine the onset 
of gestation. The pregnant rats were arranged into 
4 groups (n=15) including; control (C), barley 
supplemented group (B), hypercholesterolemic-
group (H) and hypercholesterolemic & soaked 
barley group (H+B. Mothers of the studied groups 
were anaesthetized by subcutaneous injection of 
sodium phenobarbitone (9.1 mg/kg) at 3 weeks 
post-partum and sacrificed. Blood was collected 
from the heart of both mothers and their offspring, 
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allowed to coagulate, and sera were separated 
and kept in refrigerator. At the same time, their 
gastrocnemius were dissected and investigated as 
follows:
histological investigation
 The specimens were fixed in 10 % 
phosphate buffered formalin (pH 7.4), dehydrated 
in the highest degree of ethyl alcohol, cleared in 
toluene and mounted in melted paraplast 58-62ºC. 
Five µm histological sections were cut, stained with 
hematoxylin & eosin and examined under a bright 
field light microscope.
transmission electron Microscopy (teM)
 Extra- specimens were fixed in 2.5% in 
0.1 M phosphate buffer (pH 7.4), followed by 1 % 
osmium tetraoxide. They were then dehydrated in 
ascending ethyl alcohol, cleared with acetone and 
embeded in epoxy resin. Ultrathin sections were 
cut on a LKB Ultratome IV (LKB Instruments, 
Bromma, Sweden) with a diamond knife and 
mounted on grids, stained with uranyl acetate 
and lead citrate, and viewed under a Joel 100CX 
electron transmission microscope (Musashino 
3-chome, Akishima, Tokyo 196-8558, Japan).
Biochemical Assessments of Sera Lipid Profiles
 Sera levels of total cholesterol (TC) 
(Deeg and Ziegenhorn, 1983), Triglycerides (TG) 
(Fossati and Prencipe, 1982) and high density 
lipoproteins (HDL) (Grove, 1979) were assayed. 
Low density lipoproteins (LDL) was calculated 
from the total concentrations of cholesterol (TC), 
HDL-cholesterol and triglycerides according 
to Friedewald et al (1972). The glucose was 
determined by blood glucometers one touch ultra 
(Life Scan Milipitas, CA, USA).
assessment of sera antioxidants Glutathione-
s-transferase and superoxide dismutase 
activities
 Glutathione S-transferase (GST) is 
determined through the conjugation of 1- chloro- 
2,4- dinitrobenzene with reduced glutathione 
followed by measuring the absorbance at 340 
nm ( Prins and loose, 1969). Also, determination 
of superoxide dismutase (SOD) depends on the 
reduction of nitroblue tetrazolium (NBT) by 
superoxide radicals to the blue colored formazan 
and assayed calorimetrically at 560 nm (Nishikimi 
et al. (1972),
determination of serum Mda Content
 It is evaluated on the basis of red colour 

development according to Ohkawa et al. (1979), 
and calculated at 532 nm for specifying the degree 
of peroxidation and expressed as nmol/ mg protein.
determination of serum Caspase-3
 It is determined calorimetrically by 
using a Stressgen kit (catalog No. 907-013). 
The cleavage of the peptide can be quantitated 
spectrophotometrically at a wavelength of 405nm. 
The level of caspase enzymatic activity in the cell 
lysate is directly proportional to the color reaction.
determination of Muscle actin Beta and 
Keratin 18
 Actin beta (ACTb, catalogue no. 
SEB340Mi) and keratin 18 (KRT18, catalogue no. 
SEB231Ra) were assayed by using Enzyme-linked 
Immunosorbent Assay Kit of Cloud-Clone Corp.
a s s e s s m e n t  o f  M u s c l e  i s o e n z y m e s 
electrophoresis
 Fresh samples of gastrocnemius muscle of 
the studied groups were homogenized and analyzed 
by SDS-PAGE (Laemeli, 1970).The protein content 
was separated and determined (Lowry et al., 1951). 
Electrophoresis was done at 4°C in polyacrylamide 
gel and protein bands were visualized by staining 
with coomassie blue R-250 (60 mg/L) in an acidic 
medium (Andrew, 1970). The assayed enzymes are:
Glucose-6-Phosphate dehydrogenase (G6Pd)
 The electrophoretic buffer contained 
5mM tris, 80 mM aspartate and 20 µM NADP+ 
at (pH 7.4) and visualized the enzyme activity at 
30°C in a media composed of  in 20 mL, 1.2 mM 
tris-phosphate buffer (pH 8.5), 25% (v/v) glycerol, 
30 µM glucose-6-phosphate, 4 mM NADP+, 6mg 
p-nitroblue tetrazolium and 0.5mg phenazine 
methosulfate (Gaal et al., 1980).
lactic dehydrogenase isoenzymes
 After electrophoresis, the gels were 
incubated into media containing  18.4 mL H2O, 
4mL 1M tris, 12mL tetrazolium-blue, 4 mL 
phenazine methosulphate, 4mL Na-lactate  and 
1.3 mL NAD  to develop color reaction for 20 min. 
Investigating the gel, the appearance or absence of 
a certain isoenzymatic band of the isoenzymes were  
recorded (to  Lehnert and Berlet,1979).
statistical analysis
 Statistics were calculated with SPSS for 
windows version 15.0 (SPSS Inc., Chicago, IL, 
USA). The means value obtained in the different 
groups were compared by one-way post-hoc 
analysis of variance (ANOVA) test. All results 
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were expressed as mean±standard error (SE) and 
significance were defined at p <0.05 and highly 
significant at p<0.01.

results

light and ultra-structural observations
Gastrocnemius of Mother rats
 At light microscopic level, mother 
rats ingested a high cholesterol diet showed a 
considerable widening of the interstitial spaces 
between the muscle fibers. The muscle fibers 
possessed focal necrosis (Fig. 1A2). On the other 
side, barley supplementation in diet containing 
a high fat diet showed restoration of the muscle 

fibers. Its histological picture seemed to be of 
nearly normal characteristic feature (Fig.1A3). 
Regard the control (Fig.1 A) and barley fed groups 
(Fig.1 A1)
 At transmission electron microscopy, 
compared to the control (Fig.3 A), the myofibrils 
were disorganized and lacked normally oriented 
muscle bands in mother fed on a high cholesterol 
diet. The nuclei of the myocytes become 
pyknotic. They were enclosed by electron dense 
heterochromatin. Many necrotic foci were diffusely 
scattered in the muscle fibers. Lipid deposits were 
appeared in between the myofibers. Damaging of 
the mitochondria was become evident (Fig. 3 A1 
and A2).

Fig.1. Photomicrograph of horizontal section of gastrocnemius muscle. A-A3.Mother rats.A&A1. Control showing 
normal muscle fibers. A2. Maternally ingested a high cholesterol diet showing fragility and degeneration  of muscle 
fibers. A3. Barley fed hypercholesterolemic mothers showing amelioration. B-B3.1 week-old offspring.C-C3.3 week-
old offspring.Note massive degeneration of muscle fibers of offspring of mother ingested a high cholesterol diet (B2 
& C2) compared to control (B&C) and barely supplemented offspring (B1& C1). B3&C3. One and three week-old 
offspring maternally supplemented barley beside high cholesterol diet showing restoration of  the arrangement of 
muscle fibers. HE. Abbreviations; DMF,deformed myofibers; NMF, necrotic myofibrils; RCI, round cell infiltration
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Fig. 2. Photomicrograph of cross section of gastrocnemius muscle of offspring.   A1-C1.1 week-old) and A2-C2.3 
week-old offspring.A1 & A2. Control showing normal cross section of nucleated muscle fibers. B1&B2.Offspring 
of mother ingested a high cholesterol diet showing atrophied and eosinophilic muscle fibers. C1& C2. One and 
3week-old offspring of mother ingested a high cholesterol and barley showing improved structure of muscle fibers 
with characteristic nucleation. HE.Abbreviations; AMF, aggregated myofibrils; DMF, degenerated myofibrils

 In mother rat ingested barley and a 
hypercholesterolemic diet, the muscle fibers 
restored their regularly orientated muscle bands. 
Glycogen granules and mitochondria were detected 
in between muscle fibrils (Fig. 3A-A3).
Gastrocnemius of offspring
 At light microscopy level, offspring of 
mother ingested a high cholesterol diet showed 
abnormal structure of muscle fibers characterized 
by expansion of the endomysium and increased 
perimysial connective tissue. The thickening of 
muscle fibers varied markedly between each other. 
Some of the muscle fibers appeared damaging and 
fragmented (Fig.1B2 & C2). In cross sections, 
the muscle fibers become widely separated and 

possessed dense infiltration of leukocytes. In 1 
week -old, there was a remarked indistinct cross 
striation associated with the presence of necrotic 
areas. Dense inflammation associated with necrotic 
foci and lipid deposits were observed in 3-week-
old offspring (Fig. 2 B1, B2). Regard the normal 
structural of control and barley fed group (Figs. 1 
B and C, 2 A1 and A2).
 In offspring of mother’s ingested barley 
and a high cholesterol diet, the histological picture 
of the gastrocnemius appeared comparatively 
improved (Figs. 1 B3, C3 and 2 C1, C2).
 At transmission electron microscopy, 
the muscle of offspring of hypercholesterolemic 
mother showed a detected disorganization of 
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Fig. 3. Transmission electron micrograph of gastrocnemius muscle.A-A3.Mother rats.A. Control showing normal 
muscle fibers with characteric band.A1&A2. Maternally ingested a high cholesterol diet showing fat deposits and 
degenerated muscle fibers. A3. Maternally ingested barley and a high cholesterol diet showing amelioration.  B-B3.
One week-old offspring.C-C3.Three week old offspring.Note massive degeneration in muscle fibers of 1 week-
old offspring (B1 & B2) and 3 week old offspring (C1 &C2) maternally fed on a high cholesterol diet. B3 & C3. 
One and three week-old offspring maternally supplemented barley beside high cholesterol diet showing moderate 
improvement.. Abbreviations; A, A-bands; DM, deformed mitochondria; DMF, deformed myofibrils; DZ, disorganized 
Z-lines; GG, Glycogen granules; H, H-zone; I, I-band; LD, lipid droplets; Ly, Lysosomes; M, Mitochondria; N, 
Nucleus; PyN,pyknotic nucleus; Z, Z-line

muscle fibers with corrugated sarcolemma. The 
myocyte nuclei become pyknotic and enclosed by 
electron dense chromatin. Their nucleolar envelope 

become convoluted (Fig.3 B1, B2 and C1, C2) 
compared to the normal ordinary myocytes of H, 
A, I and Z bands in control (Fig. 3 B and C).
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Fig. 4. Diagram representing sera level of GST (A) and SOD (B)of mother ingested a hypercholesterolemic diet and/
or barley-supplementation and their offspring. Abbreviations; B, barley; C, control; GST, glutathione-s-transferase; 
H, hypercholesterolemic diet; HB, hypercholesterolemic diet containing barley; SOD, superoxide dismutase. Each 
result represents the mean±SE(n=5). Stars mean high significant at P < 0.05

 On the other hand, offspring of mother 
ingested barley containing a high cholesterol diet 
preserved most of the elementary structure of the 
muscle associated with nearly almost the normal 
muscle bands of the muscle fibers. The distribution 
of nuclear chromatin appeared to be of normal 
characteristic structure. The intefibillar structure 
showed normal mitochondrial distribution with 
characteristic internal cristae (Figs. 3 B3 and C3).
Biochemical observations of Mothers
 Compared to both of the control and 
barley fed mother rats, sera of mothers ingested a 
high cholesterol diet showed significant decrease 
of the activities of both glutathione s-transferase  
and superoxide dismutase with a concomitant 
significantly increase of MDA and casp3. However, 
there was a detected decrease of MDA and 
casp 3 and increase to almost normal value of 
the assayed antioxidant enzymes in muscle of 
hypercholesterolemic mothers ingested barley 
(Figs. 4 and 5).
 In experimental mother rats fed on a high 
cholesterol diet, there was a detected significant 
decrease of the sera total protein and B-actin s 
with a concomitant increase of keratin. However, 
ingestion of barley and a high cholesterol diet, 
showed a detected improvement of the assayed 
parameters but their levels were still less than the 
control values (Figs. 6& 7).

Biochemical observations of offspring
 Offspring of mothers ingested a high 
cholesterol diet possessed a significant depletion of 
the activities of both the sera  GST and SOD (Fig.4 
A and B). The decrease of the antioxidant enzymes 
were associated with increased sera levels of MDA 
and Casp-3. The mentioned dramatic alterations 
were ameliorated in those of mothers ingested 
barley plus a high cholesterol diet but were still 
not matched with the control values (Fig. 5 A and 
B).
 In one and three week-old offspring 
of mothers ingested a high cholesterol diet, the 
muscle contents of total protein and B-actin were 
markedly decreased coincides with a marked 
increase of keratin. However, in those of mothers 
ingested  barley plus a high cholesterol diet, the 
muscle contents of the assayed actin and protein 
were significantly improved but still differed from 
the control values (Figs. 6 & 7 A and B).
sodium dodecylsulfate–Polyacrylamide Gel 
electrophoresis (sds-PaGe)
 Sodium dodecylsulfate–polyacrylamide 
gel electrophoresis of gastrocnemius muscle of 
mother rat ingested a high cholesterol diet and their 
offspring showed a decreased expression of the 
protein bands compared to the control and barley 
fed group (Fig. 8).
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Fig. 5. Diagram representing sera levels of MDA (A) and caspas3 (B) of mother rat ingested a hypercholesterolemic 
diet  and/ or  barley-supplementation and their offspring.Abbreviations; B, barley; C, control; Casp3, caspase-3; 
H, hypercholesterolemic diet; HB, hypercholesterolemic diet containing barley; MDA,malondialdhyde.Each result 
represents the mean±SE( n=5).Star means significant at P < 0.05

Fig. 6.  Diagram representing gastrocnemius muscle total protein of mother rats ingested a high cholesterol diet and 
/or barley-supplementation and their offspring.Abbreviations; B, barley; C, control; H, hypercholesterolemic diet; 
HB, hypercholesterolemic diet containing barley. Each result represents the mean±SE n=5).   Star means significant 
at P < 0.05

l a c t i c  d e h y d r o g e n a s e  i s o e n z y m e s 
electrophoresis (ldh)
 Following differential LDH isoenzymes 
of gastrocnemius muscle of mother, LDH expressed 
five isoenzyme fractions. In mother ingested a high 
cholesterol diet, the second and third isoenzyme 
fractions become denser, while the fractions IV 

and V appeared faintly compared to the other 
groups. On the other side, 1week-old offspring 
showed increased densities of the isoenzyme 
fractions II, III, IV and V compared to the other 
groups. The densities of the isoenzyme fractions 
were comparatively decreased in 3week-old 
offspring, compared to that of the control and 
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Fig. 7. Diagram representing gastrocnemius muscle B-Actin (A) and keratin (B) contents of mother rats ingested 
a high cholesterol diet and /or barley-supplementation and their offspring.Abbreviations; B, barley; C, control; H, 
hypercholesterolemic diet; HB, hypercholesterolemic diet containing barley.Each result represents the mean ±SE( 
n=5). Star means significant at P < 0.05

barley fed groups. On offspring of mother ingested 
a high cholesterol diet containing barley, the LDH 
isoenzymes of the gastrocnemius muscle were 
improved (Fig. 9).
Glucose-6-Phosphatase dehydrogenase 
isoenzyme electrophoresis (G6Pd)
 In mother G6-PHD, three isoenzyme 
fractions were identified in gastrocnemius muscle. 
Mother ingested a high cholesterol diet showed 
faint expression of the isoenzyme fractions I, II & 
III comparing with either control or barley group. In 
mother ingested a high cholesterol diet containing 

barley, there was a detected newly isoenzyme 
fraction IV and faint expression of fraction III.
 In 1week-old offspring G6-PDH, four 
isoenzyme fractions are observed. Offspring of 
mother rats ingested on a high cholesterol diet 
showed a weak expression of the isoenzyme 
fractions III and IV compared to either the control 
or barley groups. In offspring of mother ingested 
a high cholesterol diet containing barley, there was 
a detected decreased expression of the isoenzyme 
fraction III and newly expression of the isoenzyme 
fraction V. In 3week-old offspring G6-PDH, four 
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Fig. 8. Diagram representing SDS-PAGE protein expression of gastrocnemius muscle of mother rat ingested a 
high cholesterol diet and/or barley supplementation and their 1& 3week-old offspring. Star illustrated decreased  
expression of protein bands compared to  either control or barley group. Abbreviations; B, barley supplementation; 
C, control; H, high cholesterol diet; HB, high cholesterol diet with barley; M, marker; P1W, postnatal 1week-old; 
P3W, postnatal 3week-old

isoenzyme fractions were observed. Offspring of 
mothers ingested on a high cholesterol diet showed 
decreased expression of the isoenzyme fractions 
compared to the control or barley group. In those 
maternally fed on a high cholesterol diet containing 
barley, decreased expression of the isoenzyme 
fractions were observed compared to the other 
groups (Fig. 9).

disCussion

 The present study showed that mothers 
ingested a high cholesterol diet was abnormally 
disorganized the gastrocnemius muscle clarified by 
expanding of the interstitial space, focal necrosis and 
disorganized muscle bands. The affected myocytes 
had compacted nuclear chromatin materials that 
displayed sign of pyknosis. Leukocytic infiltration 
was detected in the necrotic zone.  Ultrastructurally, 
lipid deposits were observed in between the muscle 
fibers. The alterations in mother rats reflected the 

abnormal structural organization of gastrocnemius 
muscle in their offspring. The muscle fibers varied 
in thickness, expanding of the endomysium, 
increased perimysial connective tissue, splitting 
and damaged myofibrils as well as dense collection 
of inflammatory cells especially in necrotic 
patches.
 The present results are consistent with 
authors who reported increased accumulation of 
lipid in  the soleus and tibialis anterior muscles  
associated damage of muscle fibers (Collino et al., 
2014) and atrophy of  the tibialis anterior of mice 
ingested a high fat diet (Abrigo et al., 2016). Also, 
mitochondrial damage and increased intracellular 
oxidative stress were reported in skeletal muscle in 
obese diabetic patients  (Dos Santos et al., 2018).
 Rats fed  on either  45 percent  or 60 percent 
fat diet  for 3 weeks  had injured   gastrocnemius 
assessed by  acidophilic staining and deposition 
of lipid droplets in between muscle fibers (Ickin 
et al., 2015). Extra-myocellular deposition of lipid 
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Fig. 9. Diagram representing LDH and G6-PHD isoenzyme electrophoresis of gastrocnemius muscle of mother rats 
ingested a high cholesterol diet and/or barley and their 1& 3week-old offspring. Note alterations of the isoenzyme 
expression in hypercholesterolemic groups especially fractions IV and V compared to the control. Abbreviations; B, 
barley supplementation; C, control; H, high cholesterol diet; HB, high cholesterol diet with barley; P1W, postnatal 
1week-old; P3W, postnatal 3week-old

coincides with decrease of type 1 fiber and increase 
of type 2 in lumbar muscle (Hua et al., 2017).
 The observed increase of sera maternal 
levels of LDL, and cholesterol associated depletion 
of the antioxidant enzyme defense of glutathione 
s-transferase and superoxide dismutase as well 
as increased lipid peroxidation assessed by 
malondialdhyde reflected the increased oxidative 
stress and muscle damage. This was represented 
by increased expression of sera levels of caspase 
3.  The depletion of the antioxidant enzymes are 
known to increase the production of reactive 
oxygen species superoxide, post– myocyte 
damage resulting from leakage electron from the 
mitochondrial transport chain (Kim et al., 2008).
 Also, the diseased gastrocnemius muscle 
of mother rats ingested a high cholesterol diet and 

their offspring was explained decreased protein 
synthesis and missing of protein bands following 
SDS-PAGE analysis, associated increased 
expression of LDH isoenzyme fractions predicting 
the muscle damage. At the same time, the G6-PD 
isoenzymes expression was decreased. Glucose-6-
phosphate dehydrogenase  is known to be involved 
in the myosin light chain phosphorylation via 
pentose phosphate pathway which is a major source 
of NADPH, which regulates various enzymatic 
(Gupta et al., 2011). This can explain the muscle 
damage.
 In addition, the gastrocnemius muscle 
of mother rats ingested a high cholesterol diet 
and their offspring showed a significant decrease 
of total protein and B-actin concomitant with 
increased keratin content. This finding is consistent 
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with that of  Lóry et al. (2019) who reported 
depletion of protein in muscle of obese rat due 
to reduction of the aminopeptidase A activity and 
angiotensin-converting enzyme in the skeletal 
muscle leading to dysfunction of myosin heavy 
chain.
 Also, the high cholesterol diet was found 
to decrease the protein muscle content and ß-actin 
correlates with increased muscle keratin. ß-actin 
is known to be localized in stress fibers of circular 
bundles. This may be resulted from decreased 
phosphorylation (Sun et al., 2019) and associated 
depletion of cortical filamentous actin of glucose 
transporter 4 (Grice et al., 2019).  Reduction 
of protein and ß-actin explained the muscle 
dysfunction.
 Keratin is also the intermediate protein 
filament required for transducing contractile force 
(Muried et al., 2020). Overexpression of keratin 
is associated with the development of muscular 
atrophy Toivola et al., 2008).
 On the other side, barley supplementation 
to mother  rat ingested a high cholesterol diet 
restored the striation of muscle fibers associated 
with increased the assayed antioxidant enzymes 
and decreased the MDA marker of oxidative 
stress and caspase 3 that assessed cell death. This 
improvement of muscular structure reflected the 
increase of G6PD and protenin and ß-catenin 
content.
 Barley contain varieties of nutrients such 
as ß-glucan which decrease blood cholesterol   
(Aludatt et al., 2012) in animals and human (Wilson 
et al., 2004; AbuMweis et al., 2010). Also, it is rich 
in antioxidant and phenolic components (Wilson et 
al., 2004; AbuMweis et al.,2010), which  increased 
the high-density lipoprotein (HDL) (Shimizu 
et al.,2019), that scavenge free radicals in cell 
membranes, preventing damage to their cellular 
lipids and proteins or DNA (Lobo et al.,2010)
 T h e  a u t h o r s  c o n c l u d e d  t h a t 
supplementation with barley has therapeutic 
potential against muscular dystrophy caused 
by hypercholesterolemia. The dietary soaked 
barley restored almost the antioxidant enzymes 
and reduced oxidative stress. The gastrocnemius 
muscle restored almost the normal structural 
pattern and protein and actin content for performing 
its function in both mother rats and their offspring.
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