
 

ISSN   2682-275X 

 Alfarama Journal of Basic & Applied Sciences 
https://ajbas.journals.ekb.eg 

ajbas@sci.psu.edu.eg 

Faculty of Science Port Said University 
 

http://sci.psu.edu.eg/en/ 

January 2021, Volume 2, Issue 1   DOI: 10.21608/ajbas.2020.37472.1026 

 Submitted: 28-07-2020  

 Accepted:  30-08-2020 Pages: 70-80 

 

 

 

Role of Drenched Barley in Improving Cerebral Structure and Function in 

Hypercholesterolemic Albino Rat Dam 

 

Zahraa A. Greash
1,*

,  Osama A. Abbas
1
,  Hassan I. El-Sayyad

2
 

1
Zoology Department, Faculty of Science, Port Said Univ., Egypt. 

2
Zoology Department, Faculty of Science, Mansoura Univ., Egypt 

* Corresponding author: drz.g2009@yahoo.com. 

ABSTRACT 

High cholesterol diet was responsible for metabolic disease development that 

considers one of the public health problems. However, there is a little information about 

the impact of barley supplementation on hypercholesterolemia associated cerebral 

damage. Sixty virgin female albino rats (Rattus norvegicus) weighing 100 g body weight 

were used and categorized into four groups (control, barley, a hypercholesterolemic diet 

with/without barley). The hypercholesterolemic females ingested a high cholesterol diet 

(3% cholesterol) for four months before conception and throughout gestation and 

lactation period. Dams of the studied groups were sacrificed at the third week-

postpartum. Cerebrum was removed and processed for histopathological, proliferating 

cell nuclear antigen (PCNA) and glial fibrillary acidic protein (GFAP) 

immunohistochemical investigations. Assessments of antioxidants, lipid peroxidation, 

neurotransmitters and interleukins levels were carried out. The present findings showed 

that the ingestion of drenched barley to mothers fed on a high cholesterol diet decreased 

lipid peroxidation, and decreased inflammatory markers coincides with increased 

assayed both antioxidant enzymes and neurotransmitters. These were reflected in the 

histological picture as well as increased proliferating cell nuclear antigen and decreased 

glial fibrillary acidic protein immunohistochemically. The authors concluded that 

drenched barley contains essential nutrients and flavonoids which increased the 

antioxidant defense facilitated to improve the drastic damage induced by a high 

cholesterol diet on cerebral neurons and restored their functional activity. 
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1. INTRODUCTION 

                  High cholesterol intake is closely linked to atherosclerosis, hypertension, obesity, diabetes and cancer 

[1-4]. The elevated dietary intake of the oxidized-cholesterol for 14 weeks could affect the memory that was 

positively associated with increased oxidative stress and reduced brain tissues coenzyme Q10 [5]. This is 

also correlated with the altering of the cerebral microvasculature and increase cerebral inflammation [6] 

leading to deposition of amyloid-β (Aβ) and the development of Alzheimer's disease [7]. High cholesterol 

diet associated with accumulation of Aβ resulted in reducing the cholesterol homeostasis that causes 
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neurodegeneration of cerebral neurons [8]. Studies indicated that not only the cholesterol content but also its 

distribution within neurons, involved in Aβ biogenesis [9] and may harm microglia-derived exosomes 

resulting in impairment of cognition and synaptic plasticity [10].  

        Barley contains numerous vital nutrients such as antioxidants and phenolic compounds [11,12]. The 

phenolic compounds attain 0.2–0.4% such as benzoic and cinnamic acid derivates, flavonoids, chalcones, 

tannins, quinones, proanthocyanidins and amino phenolic compounds [13,14].  

Also,phenolic acids, flavonoids, lignans, tocols, phytosterols, and folate are included which                   

possessed potent antioxidant, anti-proliferative, and cholesterol-lowering activities [15]. β-glucans exhibited 

hypolipidemia especially of cholesterol and triglyceride levels in an animal model  [16] and humans [17-19] 

by increasing their transport towards the large intestine [20] and reduces cholesterol absorption, and its 

excretion [21] . 

               The present work was aimed to demonstrate the therapeutic potential of drenched barley on the 

cerebrum structure and function of rat dam ingested diet rich in cholesterol. 

2. MATERIALS AND METHODS  

2.1 Preparation of a high cholesterol diet: 

 The diet is composed of 3% cholesterol, 10% animal fat, 2% cholic acid and 2% thiouracil and the rest is 

standard diet formula [22]. Rats were fed for 4 months before conception and throughout pregnancy as well 

as lactation period. 

2.2 Diets containing drenched barley:  

 A standard diet containing all the nutrients requirements were prepared and used for the control individuals. 

Barley was soaked for three days prior to mixing with either a standard diet or hypercholesterolemic diet at a 

ratio of 20% (Table 1).  Both control and hypercholesterolemic dams were fed on this dietary regimen 

during gestation and lactation period. The hypercholesterolemic group was fed on a diet containing drenched 

barley after 6 weeks of continuous feeding on a high cholesterol diet prior to conception and throughout 

gestation as well as lactation periods. 

2.3. Experimental animals:  

This laboratory work was carried out according to the requirements of the National Institute of Health and 

the Egyptian Committee of Bioethics and use of Laboratory Animals. Sixty virgin female and twenty adult 

male albino rats (Rattus norvegicus) weighing about 100 g body weight were brought from Helwan 

Breeding Farm, Ministry of Health, Egypt. They were adapted and housed in a well-ventilated lab with 12 

light and dark hours. Free access to food and water was provided ad libitum. The matting was carried out 

and pregnancy was determined by observing sperm in vaginal smears the next morning and zero date of 

gestation was recorded. The pregnant were divided into 4 groups (n=15); control (C), barley (B), high 

cholesterol diet (H) (3%) and/or drenched barley (20%) feeding (H+B) group. Dams of the studied groups 

were sacrificed at the 3rd week postpartum and their cerebra were dissected and investigated as follows:  

 

2.4.  Histological investigation:  

The cerebra of the studied groups were separated and fixed immediately in 10% phosphate-buffered 

formalin (pH 7.4), dehydrated in ethyl alcohol ascending series, cleared in xylene then mounted in molten 

paraplast at 58-62 ºC. Five µm histological sections were cut, stained with Hematoxylin& eosin [23], and 

examined under a bright field light microscope. 
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Table (1): Percentage of dietary constituents in the different studied groups: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5. Immunohistochemistry for PCNA, GFAP, and β-amyloid:  

Five μm histological sections of formalin-fixed, paraffin-embedded cerebrum tissue were placed on 

polylysine-coated glass slides. Tissue sections were deparaffinized in xylene after overnight packing at 65°C 

and rehydrated in alcohol descending grades. Endogenous peroxidase activity was removed by incubation of 

tissue sections in 3% H2O2 for 10 minutes at room temperature. The tissue sections were placed in digested 

media composed of  0.05 % trypsin (pH 7.8) for 15 minutes at 37°C and incubated with the primary 

antibody of Glial fibrillary acidic protein GFAP, the primary antibody against proliferating cell nuclear 

antigen PCNA and amyloid-β (DAKO, clone MIB5, 1:50, mouse) at 1:50 overnight at 4°C. After washing, 

the slides were incubated at room temperature with secondary biotin linked anti-mouse antibody for 50 

minutes, and with the streptavidin-peroxidase complex for 50 minutes, then washed and incubated with 

developing solution (diaminobenzidine-hydrogen peroxide; DAKO), and counterstained with hematoxylin. 

As a result of the immune reaction, brown cytoplasmic or nuclear labeling counterstained with hematoxylin 

was visualized. Incubated sections with 1% nonimmune serum phosphate buffer solution (PBS), the solution 

used as negative controls. The sections were examined by using a bright-field light Olympus microscope 

with a digital canon camera. 

2.6.  Biochemical assays:  

The cerebrum tissue was separated, homogenized in 10% ice-cold 2.5 mM-tris buffer (pH 7.5) and 

centrifuged at 14000-x-g for 15 minutes at 4°C and the supernatant was kept in a deep freeze for the 

following biochemical investigations: 

2.6.1. Determination of superoxide dismutase and glutathione-S-transferase activities:  

Superoxide dismutase (SOD) was determined by using the BioVision Kit (BioVision Research Products, 

980 Linda Vista Avenue, Mountain View, CA 94043, USA,  Catalog. No. K335-100) by the reduction of the 

superoxides with nitro blue tetrazolium to blue color of formazan and measured at 560 nm [24]. Meanwhile, 

glutathione-S-reductase (GSH) was determined by using the BioVision Kit (BioVision Incorporated, 155 S. 

Milpitas Boulevard, Milpitas, CA 95035, USA, Catalog. No. K264-100) by precipitation of protein using 

tungstate-sulfuric acid solution followed by reaction with 5,5` dithiobis-25-nitrobenzoic acid (DNTB) and 

formation of the yellow color and read at 412 nm [25].  

2.6.2.Determination of lipid peroxidation end product as malondialdehyde:  

It is determined by using the BioVision Kit (BioVision Incorporated, 155 S. Milpitas Boulevard, Milpitas, 

CA 95035, USA, Catalog. No. K739-100)  by adding 500 µl of the thiobarbituric acid reagent to the sample 

supernatant, boiling in a water bath then coaling, the reddish-pink color was developed and measured at 534 

nm [26].  

72



AJBAS Volume 2, Issue 1, 2021 Greash, et al 

 

 

 

2.6.3. Determination of 8-hydroxy-2-deoxy guanosine (8-hdG):  

It is determined by using the Bioxytech-ELISA Kit (OXIS Health Products, Portland, OR, USA, Catalog. 

No. KOG-200S/E) and the reaction were measured at 450 nm [27].  

2.6.4. Assessments of Caspase-3:  

It is determined by using a Stress-gen colorimetric kit (catalog. No. 907-013). The cleavage of the peptide 

was measured spectrophotometrically at a wavelength of 405 nm.  

2.6.5. Determination of dopamine (DA), serotonin (5-HT), and γ-aminobutyric acid (GABA) 

neurotransmitters:  

High-performance liquid chromatography (HPLC) with the precolumn PTC derivatization technique was 

used to measure γ-amino-butyric acid, dopamine, and serotonin [28]. The assay conditions were carried out 

at 46 
o
C, 254 nm, and flow rate: 1ml/min. Dopamine, and serotonin were assayed on bases of removal of 

trace elements and lipid from the tested samples by solid-phase extraction CHROMABOND column NH2 

phase Cat. No. 730031 and injected directly into an AQUA column 150 54.6 mm (Phenomenex, USA) [29].  

2.6.6. Determination of interleukin:  

It is estimated by using Enzyme-linked Immunosorbent Assay Kit of Cloud-Clone Corp, Cat. No. 

SEA079Ra for interleukin 6, Cat. No. SEA056Ra for interleukin 10 and Cat. No.SEA063Ra for interleukin 

17.  

         2.6.7. Assessments of phosphatidylethanolamine, sphingomyelin, and polyenylphosphatidylcholine: 

Phosphatidylethanolamine (PE), Sphingomyelin (SM), and polyenylphosphatidylcholine (PPC) were 

estimated in cerebrum tissues according to Parker and Peterson method [30].  

2.6.8. Determination of homocysteine, and amyloid–B: 

It is estimated by using Enzyme-linked Immunosorbent Assay Kit of Cloud-Clone Corp, Homocysteine 

(Hcy, cataloge. no. CSB-E13376r) and amyloid-B42 (Ab1-42, cataloge. no. CEA946Ra).  

2.6.9. Determination of iron concentration: 

Samples of the studied groups were digested by 1 mL of nitric acid at highest purity and diluted with 4 mL 

bi-distilled water and their iron concentration was measured by atomic absorption spectrometry [31].  

2.7. Statistical analysis:  

The statistical analysis was performed with one-way post-hoc analysis of variance (ANOVA) using SPSS 

(version 15) software package for Windows (SPSS Inc., Chicago, IL, USA). The data were presented as a 

mean ± standard error (SE) and significance were defined as (p < 0.05) and highly significant when (p < 

0.01). 

 

3. RESULTS AND DISCUSSION  

The present study manifested abnormal structural organization of cerebral tissues in rat dams with high 

dietary intake of cholesterol. The histopathological abnormalities clarified by detecting inflammation of the 

neuropil characterized by dense aggregation of microglia cells in both the outer granular and polymorphic 

layers. It was associated with hyalinization and degeneration of neuropil. Many intra- and extracytoplasmic 

vacuoles of varying sizes were observed. The pyramidal cells that appeared within the outer pyramidal layer 

were shrunken with loss of their processes and had pericellular halos. The neuropil inclosing the neurons 

showed vacuolation of varying sizes. Also, many of the neurons had pericellular halos and showed 

vacuolated background (Fig. 1). These observations parallel with increasing the inflammatory markers of 

caspase-3, interleukin-6, and -17 in the high cholesterol diet mother rats (Table 2, 3). Different results 

suggest increased IL-6 and caspase-1 expression in the brain post-high cholesterol diet [32] and 

hypothalamus post-high fat diet [33]. Neuronal death in a variety of neurodegenerative diseases, including 
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Alzheimer’s disease (AD), has been associated with deregulated caspase activation [34] associated with 

disease onset occurred earlier than the induction of neuronal apoptosis [35].  

Oxidative stress plays an important role in the pathogenesis of many diseases. These were illustrated and 

confirmed in this study by increased 8-hydroxyguanosine level and MDA concentration parallel with 

decreased glutathione-s-reductase and superoxide dismutase activities (Table 2). The relation between 

hypercholesterolemia and oxidative stress in causing endothelial dysfunction in cerebral arterioles even with 

atherosclerotic lesions absence was recorded [36], there are neuropathological changes occur during the 

feeding of hypercholesterolemic diet via increased the oxidant malondialdehyde production in the 

hippocampus [37], highlighting the link between oxidative stress, memory impairment [5], cognition 

disorders [38] and Alzheimer’s disease (AD) towards the Aβ peptide consequences and surrounding 

molecules in terms of oxidative damage [39].  

High cholesterol diet causing damage to the brain by enhancing inflammatory and oxidative reactions which 

induce neuronal apoptosis illustrating by increasing iron and homocysteine concentrations (Table 3), that led 

to neurodegenerative diseases, such as Alzheimer's disease, stroke  and vascular dementia [40, 41]. As well 

as, a high cholesterol diet causes marked impairment in brain functions that have been evaluated by 

depleting dopamine, serotonin, and γ-aminobutyric acid neurotransmitters (Table 3), which is consistent 

with [42] recorded dopamine, and serotonin depletion in the striatum and cortex of hypercholesterolemic 

mice, respectively. Lacking serotonin may predispose individuals to impulse aggression [43]. Also, 

depletion of GABA contributes to ongoing neuronal excitability and possibly to neuronal death [44] and 

increased the damage observed in hyperglycemic stroke [45]. 

The brain is a rich organ in phospholipids [46], that involve in transmission and relay signals from the 

membrane to intracellular compartments or other cells, changes in its levels may contribute to different 

pathogenic processes, such as in Alzheimer’s disease [47], depression and anxiety disorders [48]. The 

assayed phospholipid fractions levels were markedly decreased in the brain of high cholesterol diet (Table 

2), similar findings reported in the hippocampus in Alzheimer’s disease [49] and the brain of western diet 

mice [50].  

The presented findings observed the dietary of high cholesterol diet manifested up-regulation of amyloid-β 

(Table 3), that agree with the neuropathological analysis indicated that the hypercholesterolemic diet 

significantly increased beta-amyloid load by elevating both deposit number and size [51], enhanced the 

cortical beta-amyloid which resemble an AD-like pathology [52, 53], induce neuronal, astrocytic death [54], 

synapse loss and memory impairment [55]. 

In the cerebral of a mother fed on a high cholesterol diet, there was comparative reductions of PCNA 

immunohistochemical reaction and overexpression of both GFAP and β-amyloid immunohistochemical 

reaction (Fig. 2) that reflect the neurodegenerative states and metabolic abnormalities. These agree with [56] 

indicated the effect of hypercholesterolemia on the blood-brain barrier (BBB) integrity through increasing 

the expression of tight junction proteins and Glial fibrillary acidic protein (GFAP). Also, recorded increased 

in the beta immunostained plaque-like deposits in mice fed the HFHC diet [57].   

On the other hand, barley revealed an improvement in the assayed cerebral biochemical analysis (Table 2, 3) 

when added to the hypercholesterolemic diet. These results were parallel with apparent amelioration of the 

cerebral histopathological (Fig. 1) and immunohistochemical pictures (Fig. 2) and agree with numerous 

studies that recorded the effect of whole grains such as oats and barley in lowering blood cholesterol due to 

its high content of soluble fiber [58-60]. Barley exhibited several vital components including phenolic, 

flavonoids [11, 12, 15] and phytochemicals compounds with strong antioxidant, antiproliferative and 

cholesterol-lowering efficiency, so it has the ability in reducing certain diseases [15], such as total stroke by 

increasing the HDL cholesterol medium and small particle [61]. As well as, daily oral administration of 

talbina increases the brain content of dopamine (DA), serotonin (5-HT) and gamma-aminobutyric acid 

(GABA) in male albino rats [62]. 
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Table (2): Cerebral activities of GSH and SOD, contents of phospholipids, MDA, Casp3, 8-HdG and Iron 

of mother fed on a high cholesterol diet with or without barley-supplementation:  

 

 

 

 

 

 

 

 

 

Each result represents the mean±SE of n=5. Star means significant at P < 0.05 comparing with the control 

group. Abbreviations; B, barley; C, control; Casp3, caspase-3; GSH, glutathione-s-reductase; H, 

hypercholesterolemic diet; HB, hypercholesterolemic diet containing barley; 8-HdG, 8-

hydroxydeoxyguanosine; MDA, malondialdehyde; PE, phosphatidylethanolamine; PPC, 

polyenylphosphatidylcholine; SM, sphingomyelin; SOD, superoxide dismutase. 

 

 

 

 

 

Table (3): Cerebral contents of DA, 5-HT, GABA, Amyloid β, Homocystine, IL6, IL17 and IL10 of rat dam 

fed on a high cholesterol diet with or without barley-supplementation:  

 

 

 

 

 

 

 

Each result represents the mean±SE of n=5. One star means significant at P < 0.05; Double stars mean high 

significant at P < 0.01 comparing with the control group. Abbreviations; B, barley; C, control; DA, 

dopamine; GABA, γ-aminobutyric acid; H, hypercholesterolemic diet; HB, hypercholesterolemic diet 

containing barley; HCY, Homocystine; 5-HT, serotonin; IL6, interleukin 6; IL10, interleukin 10; IL17, 

interleukin 17. 
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Fig. (1): Photomicrograph of sagittal histological section of cerebral cortex of  rat dam. (A-C) control dam 

showing normal pattern of cerebral cell layers. (A1-C1) dam fed on high cholesterol diet showing cerebral 

histopathological abnormalities in the form of pyknotic neuronal cells (PyNC) in the outer pyramidal cell layer 

and gliosis cell accumulation (GCA) in the outer granular cell layer and inner pyramidal cell layer with 

accumulation of gliosis cells (AG). (A2-C2) dam fed on high cholesterol diet with barley showing marked 

improvement in the cerebral layers. H&E. Abbreviations; IPCL, inner pyramidal cell layer; MCL, molecular cell 

layer; NC, normal cell; OGCL, outer granular cell layer; OPCL, outer pyramidal cell layer. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Photomicrograph of formalin-fixed, paraffin-embedded cerebral cortex of rat dam 

immunohistochemically stained with PCNA antibody (A-C), GFAP antibody (A1-C1) and amyloid-β 

antibody (A2-C2). A, A1& A2, control dam showing increased PCNA expression, decreased GFAP expression 

and absence of  amyloid-β expression in neuronal cells, respectively. B, B1& B2, dam fed on a high cholesterol 

diet showing decreased expression of PCNA, increased GFAP and amyloid-β expressions, respectively. C, C1& 

C2, dam fed on a high cholesterol diet containing barley showing moderate expressions of PCNA, GFAP and 

amyloid-β, respectively. Arrowheads indicate the positive immunoreaction. D. Chart illustrating image analysis 

of immunohistochemical reaction of PCNA, GFAP and amyloid-β of cerebral cortex.  Abbreviations; B, 

barley supplemented dam; C, control dam; H, dam fed on a high cholesterol diet; HB, dam fed on high 

cholesterol diet containing barley. Note, decreased PCNA, increased GFAP and amyloid-β average image 

analysis in hypercholesterolemic group compared to the other experimental groups. 

(D) 
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4. CONCLUSION  

The present research concluded that dam fed on high cholesterol diet is involved in oxidative stress and 

inflammatory reactions associated with neurodegeneration of the cerebral cortex. The decrease of 

inflammatory and apoptotic markers was achieved after consumption of drenched barley may be due to its 

prospected high antioxidant activity that scavenges the free radicals and consequently restores the cerebral 

structure and function. 
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