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Abstract 
The uniqueness of   Extra Virgin Olive Oil (EVOO) convincing evidence that its intake has many health 
aspects by increased longevity and prevention of many age-associated non infectious diseases such as 
cardiovascular and neurodegenerative diseases. In this study, Twenty-four rats were divided into 4 groups 
(6 rats each), as a following: Control group, EVOO group: rats were oral administrated with EVOO at a dose 
of 1ml/100g body weight for two weeks, Irradiated group (IR): rats were exposed to 6Gy of whole body γ-
radiation; EVOO and IR group: rats were oral administrated with EVOO for two weeks prior to irradiation 
(6Gy). EVOO successfully reduces cellular destruction, chromosomal aberrations, pro-inflammatory 
markers interleukin-1β (IL-1β), and ameliorates heart and coronary arteries tissues damages, accompanied 
by lowering Vascular Endothelial Growth Factor (VEGF), Total Cholesterol (TC) and Triglyceride levels (TG). 
Therefore, EVOO provided adequate protection for cells against exposure to harmful ionizing irradiation (6 
Gy). 
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1. Introduction 
 

The Mediterranean diet (MD) is very healthy and ecological (Shannon et al. 2021). Greater devotion 
to the MD is related to enhanced long life and avoidance of many age-associated noninfectious diseases 
such as cardiovascular and neurodegenerative diseases (D’Alessandro and De Pergola 2015). The MD 
includes many healthy components, but extra virgin olive oil (EVOO) stands out because it is the main 
source of fat in the MD (Celano et al. 2018). The soluble fraction of EVOO mainly contains phenolic 
compounds, including phenolic acids, phenolic alcohols, hydroxytyrosol and tyrosol, and their secoiridoid 
precursors such as oleuropein, its aglycone [oleuropein-aglycone mono-aldehyde] and the dialdehydic 
form of deacetoxy [oleuropein-aglycone di-aldehyde (Carullo et al. 2020; Venturinia et al. 2022). In 
addition to, fatty acids and antioxidants (De Santis et al. 2022). Many studies showed that EVOO is the 
interestingly different oil that offered a different fluorescence spectrum, in contrast to the other vegetable 
oils (Kyriakidis and Skarkalis 2000).  

Ionizing radiation exposure damage starts from cell membrane damage to cell necrosis passing by a 
number of biological consequences such as inflammation, physiological disorders, immune system 
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compromise, and carcinogenesis. The purposes of all modern applied radiological research are to minimize 
radiation exposure risks (Montaser et al. 2019) mediated by ROS production, so the antioxidant system is 
the key role in treatment-related toxicities (Tan et al. 2022). Therefore, interest remains on the 
identification and development of nontoxic and effective radio-protectors (Kalekhan et al. 2022).    

It has been pointed out that EVOO high consumption is related to a generally lower risk of colon 
pain, breast or skin cancer as well as favorable effects on aging and coronary diseases (Foscolou et al. 
2018).  

Several studies indicate that the consumption of EVOO and its phenolic compounds, especially 
hydroxytyrosol and tyrosol, has healthful effects (Jimenez-Lopez et al. 2020). The mechanisms of action of 
phenolic compounds are diverse and might be mediated by the gut microbiota (Martin-Pelaez et al. 2017). 
Examples of proposed mechanisms of action for phenolic compounds include: increased expression and 
activity of glutathione related enzymes, induction of nuclear factor erythroid 2-related factor 2, inhibition 
of the pro-inflammatory activity of enzymes such as cyclooxygenase-2, or modulation of different signaling 
pathways such as nuclear factor k-light chain enhancer of activated B cells (NF-kB) or mitogen activated 
protein kinase (Pedret et al. 2018).  

New research has established epigenetic actions of EVOO and its phenolic compounds. Epigenetic 
mechanisms are processes that produce reversible heritable variations that are not attributable to changes 
in the DNA sequence but can regulate gene expression (Casadesús and Noyer-Weidner 2013). Genetics is 
responsible for approximately 30% of the known variance, with the remaining 70% depending on 
epigenetics modulated by environmental factors (such as diet). Indeed, numerous cellular processes are 
influenced by epigenetic modifications. Major mechanisms involved in epigenetic regulation are DNA 
methylation, histone modification, and regulation by noncoding RNAs [i.e., microRNAs]. These epigenetic 
changes are relatively stable, tissue-specific, and can be inherited across several generations. Heritability 
failure of epigenetic marks may result in inappropriate initiation or inhibition of gene expression and lead 
to pathological conditions. In addition, these epigenetic modifications are modulated by environmental 
and lifestyle factors such as diet and physical activity (Siddeek and Simeoni 2022). 

Several epidemiological studies have confirmed that abundant consumption of foods of plant origin 
is associated with reduced risk of developing cancers (Lamy et al. 2014). 

The present study will manipulate the most useful role of EVOO via its type of extraction (highly 
refined EVOO from Italy) that contains a high ratio of numerous fluorescent compounds, like pigments that 
are effective as an epigenetic agent. In addition to other broad beneficial constituents of it that have a 
valuable health benefits. 
 
2. Material and Methods 
 
Chemicals 
 

- Highly refined olive oil was purchased from LOBA Chemie (Italy). 
- Colchicine and other chemicals from Sigma-Aldrich Chem. Co. 
 

Experimental Animals 
 

24 healthy adult male Swiss Albino rats weighing 240 -250 gm were acquired from the animal house 
of the NCRRT. They were accommodated in polypropylene cages regarding typical laboratory 
circumstances and regulated temperature (24±4°C) throughout the experiment (Mansour 2013). All the 
study's protocols, animal precautions, and treatment were in agreement with the guiding principles 
allocated by the Research Ethics Committee (REC-NCRRT) with No. (81A/21). Standard pellets and water 
were delivered ad-labium to the animals.   
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Radiation Source 
 

Gamma Whole-body irradiation process was performed with a Canadian Gamma Cell. Caesium-137 
(137Cs) unit at the National Centre for Radiation Research and Technology (NCRRT), Egyptian Atomic Energy 
Authority, Cairo. 137Cs source offers a dose rate of 0.604rad/sec at the time of experiment. Whereas 
regarding the whole shielding for the working staff. 

 
Experimental design 
 

Rats were separated into four groups, six animals each group, and were managed as follows: Group 
I: control group, Group II: rats were orally treated with EVOO (EVOO group) with dose (1ml/100g) body 
weight) (Farahat et al. 2019). Group III: rats were irradiated with 6Gy γ-irradiation (El-Deeb et al. 2006), 
Group. IV: rats irradiated with 6Gy γ-irradiation after EVOO administration as in group II. After the end of 
treatments, rats were sacrificed under light ether anesthesia. 

 
Collection of samples 
 

Blood, heart, and femoral bone marrow samples were obtained from the experimental animals 
following normal laboratory procedures and stored at -200C until used. The mutagenic effect was 
evaluated by the bone-marrow chromosomal aberration analysis. 

 
Biochemical and Immunological investigations 
 
Biochemical estimations 
 

Total cholesterol content in blood serum was determined according to Allain et al. (1974). 
Triglycerides were measured according to Fossati and Principe (1982).  

 
Immunological estimations 
 

Determination of IL-1β, IL-10, and VEGF according to their principles of Catalog No (MB5825017, 
MBS355232,and BMS626-2)  respectively, My Bio Source (China) by Elisa Kits Based on sandwich Enzyme-
Linked Immunosorbent Assay. Quantitative detection of serum IL -1β, IL -10, and VEGF concentrations in 
rat serum, a specific antibody for each one well coated plate was used. Standards and samples (plasma) 
are pipetted into the wells; each one present in a sample bind to the immobilized antibody specific for it.  

Then were washed and biotinylated anti-interleukins were added. After washing away, the 
unbound biotinylated antibody, conjugated streptavidin is pipetted to the wells. Then were washed, 
finally, a substrate solution was added so color developed in proportion to the amount of interleukin 
bound. The Stop Solution changes the color from blue to yellow, and the intensity of the color is measured 
at 450 nm.  

All previous immunological parameters were measured by Eliza reader TECAN Infinite F50 plus and 
obtained data were analyzed by software Magellan™ Switzerland. 

 
Chromosomal aberration analysis 
 

Animals were injected IP with 0.3 ml/Kg b. wt. of 0.025 % colchicine (Sigma-Aldrich Chem. Co.) two 
hours before dissection. Both femurs from each animal were removed, bone marrow was flushed out with 
phosphate buffer by syringe. Samples then centrifuged at 2000rpm for 10 min. then supernatant 
discarded. Hypotonic solution (0.56% Kcl) added to the pellet for 20 min at 37oC. Samples centrifuged 
again then fixative (1acetic acid:3methanol v/v) added to the pellet 3 repeated times with centrifuge in 
between each time. Slides were dried and stained with 10 % Giemsa (Sigma-Aldrich Chem. Co.) at pH 6.8 
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for 5 min (Darwish and Mosallam 2019). Chromosomal aberrations were scored under light microscope 
(Leitz Wetzlar Ortholux Germany), and fifty cells were examined for each slide.  

 
Histopathology  
 

Whole heart was fixed in 10% formaldehyde fixative for twenty hours washing was done with tap 
water then serial dilutions of alcohol (methyl, ethyl and absolute ethyl) were used for dehydration 
specimens were cleared in xylene and embedded in paraffin at 56 degrees in hot air oven for 24 h. Paraffin 
bees wax tissue blocks were prepared for sectioning at 4 micron thickness of rotary LEITZ microtome. The 
obtained tissue sections were collected on glass slides, deparaffinized and stained by hematoxylin& eosin 
stain (Suvarnaet al. 2013) for examination through the light microscope. 

 
Statistical Analysis 
 

 The data obtained in the present work are represented in tables as mean ± standard error. 
Statistical analysis was carried out using one-way analysis of variance (ANOVA) for testing the significance 
between various treated groups (Lazic 2008).  
 
3. Results 
 

Results in Table 1 showed that EVOO administration caused a significant decrease in the total 
cholesterol and triglyceride concentration as compared with that of control. On the other hand, radiation 
induced a significant increase in their values with ≈ 2 folds as compared with control. Meanwhile, 
treatment with EVOO before irradiation reduced both values to be significantly lower than that of 
irradiated group, but still significantly higher than that of control group.  

The results of VEGF in Table 1 indicated also that EVOO administration induced significant inhibitory 
effect as compared with control. While gamma irradiation induced a significant elevation of the VEGF 
concentration when compared with control group. Moreover, current data revealed that intake of EVOO 
before irradiation can manage the level of VEGF.  
 
Table 1. Effect of EVOO administration on serum total cholesterol, triglycerides levels (mg/dl) and VEGF 
(pg/ml) in irradiated rats (Mean± S.E). 

 
Groups 

Total 
Cholesterol 

mg/dl 

Triglyceride 
mg/dl 

VEGF 
pg/ml 

Control 
130±2.4 98.2±3.8 79.8±1.5 

EVOO group 
106.7±4.3

a
 83.7±3.1

a
 75.5±0.6

a
 

IR 
273.5±4.9

ab
 176.0±3.5

ab
 116.5±1.7

ab
 

EVOO+IR 
208±2.5

abc
 126.8±3.0

abc
 94.3±1.3

abc
 

Significant with control (a) Significant with EVOO group (b) Significant with IR group (c) 

 
IL-10 always high in normal control group for immune regulation, while ionizing irradiation group 

caused a significant decrease when compared with control. EVOO treated group showed non-significant 
changes with control. EVOO treatment before irradiation verifying significant protection. 

On contrary IL-1β showed low concentration in control group while ionizing irradiation group 
recorded a significant increase when compared with control. EVOO treated group showed non-significant 
with control. Also, EVOO treatment before irradiation verifying significant protection as shown in Figure 
(1). 
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Figure 1. Serum IL-1β and IL-10 Concentration in Irradiated and/or EVOO Treated Rats. 

a significant when compared with control group. b significant when compared with EVOO group. c 
significant when compared with irradiated group. 

 
Results in Table 2 revealed that EVOO administration did not cause any significant difference 

among the scored chromosomal aberrations when compared with the control group. On the other hand, 
irradiation induced a significant increase in the scored fragments, ring and dicentrics, polyploid and total 
aberrations by approximately 10, 4, 4, and 11 folds respectively as compared with that of control. While 
treatment with EVOO before irradiation reduced all of these values by approximately 0.5 fold to be 
significantly lower than that of irradiated group, but still significantly higher than that of control group. 
 
Table 2. Chromosome aberrations and aberrant cells percentage in rat bone marrow cells in irradiated 
and/or EVOO treated rats (Mean± S.E). 

Aberration types/50 metaphase Fragment Ring&Dicentric Polyploidy Total Abb. 

Control  7.3±0.6 0±0 0±0 7.3±0.6 

EVOO 5.5±0.4 0±0 0±0 5.5±0.4 

IR  
ab 

75.2±2.0 
ab 

3.8±0.3 
ab 

3.7±0.3 
ab 

82.7±2.3 

EVOO +IR 
abc 

36.2±2.4 
abc 

1.3±0.3 
abc 

1.8±0.3 
abc 

39.3±2.7 
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Figure 2. Showed normal histology of myocardial bundles with normal cellular boundary and clear nucleus. 
 

While group of animals exposed to 6 Gy γ-irradiation presented many marked signs as shown in 
Figure (3A) which reveals degeneration of myocardial muscle bundles, while Figure (3B) showing few 
inflammatory cells infiltration in between hyalinized myocardial bundles. Also Figure (3C) clearly display 
deposition of the hemosiderin pigment on the interna of hyalinized vascular wall of myocardial blood 
vessel. 
 

 
Figure 3. Myocardial bundles of γ-irradiated rat group, showing degeneration (B: arrow), infiltration and 

hemosiderin deposition (C: arrows), A- (H&E x40); B-(H&E x80); C-(H&E x40). 
 

In contrast, group of animals treated with EVOO before γ-irradiation showing mild degeneration in 
myocardial bundle Figure (4).  
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Figure 4. Myocardial bundles of EVOO-treated & γ-irradiated rat is showing mild degeneration. 

 
4. Discussion 
 

EVOO has numerous biological functions owing to its high content of monounsaturated fats and 
antioxidants, which have various health benefits. EVOO consumption decreases the risk of heart disease 
and type 2 diabetes, recover brain function, and it also has anti-inflammatory effects, that play a role in 
reducing the risk of some types of cancer. Besides, it is one of the good sources of vitamin E, K and some 
minerals (iron, calcium, and zinc) (Schwingshackl et al. 2020). 

Exposure to ionizing radiation intensively causes release cytokine and chemokine, increase in the 
levels of free radicals, tumor suppressor gene inhibition and oncogenes stimulation (Goyes et al. 2018). 

In the present study, we examine the biochemical, immunological, cytogenetic and histopathology 
destruction effects of radiation exposure (6Gy). The results showed that the radiation elevates the 
cholesterol, triglyceride, IL-1β levels. On the other hand, the levels of IL-10 decreased after irradiation 
agreed with Nwokocha et al. (2012) investigation. 

The presents study results are in covenant with prior studies that proved rises in the inflammatory 
markers’ measurements as IL-1β, IL-6, tumor necrosis- α (TNF-α) and interferon- γ (IFN-γ), after γ-
irradiation (Asmaa and Amel 2021). Also, IL-10 recorded   in an   inhibitory manner associated   with   
radiation   oxidative   stress (Shmarina et al. 2001). The equilibrium   between   necrosis and   IL-10 level is   
a   vital process to sustain immune homeostasis (Li et al. 2014).  

Vascular endothelial growth factor (VEGF) triggers crucial signaling processes that regulate tumor 
angiogenesis and, therefore, represents an attractive target for the development of novel anticancer 
therapeutics. VEGF expression is controlled by ROS levels and oxidative stress by related transcription 
factors (Vanderstraeten et al. 2020). High dose of ionizing radiation was indicated to cause rise in VEGFA 
transcript levels (Kim et al. 2020) and angiogenesis in several tissues and cell types (Chang et al. 2021). 

γ-irradiation also induced genetic alterations and more than one type of chromosomal aberrations, 
(i.e., dicentrics, rings and deletions) consequently led to cell dysfunction and death (Ballarini and Carante 
2016). In the same manner, present study showed increase of the total aberrant cells including fragments, 
rings, dicentrics and polyploidy. 

Histopathology examination of myocardial tissue showed sever damage as myocardial muscle 
bundles degenerating. Disturbance of permeability is the main reason of all cellular damage or even 
mitochondrial damage. So, Infiltration of some inflammatory cells in between hyalinized myocardial 
bundles pointed us to severe cell membrane damage. With hemosiderin pigment spreads in the interna of 
hyalinized vascular wall of myocardial blood vessel also due to red blood cells damage.  

The effect of oxidative stress after irradiation originates mainly from membrane oxidative damages 
in lipids bilayer of endothelial and smooth muscle cells in blood vessels including heart and allover body 
cells membrane as mentioned by (Rietjens et al. 2007). 

https://www.openaccessjournals.com/peer-reviewed-articles/tumor-109.html
https://www.openaccessjournals.com/peer-reviewed-articles/gene-4901.html
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Group treated with EVOO showed no histopathology effects in heart sections that indicate its safety 
in the treated dose. On the other hand, group of animals given EVOO before irradiation showed mild 
damage as EVOO played protective role against gamma irradiation. 

The gained results of the present study revealed satisfied notable enhancement for all measured 
biochemical, immunological, cytological, and histological parameters. EVOO administration optimized the 
levels of lipid profile (total cholesterol and triglycerides) and VEGF not only when compared with irradiated 
groups but also with the control group.  

In the same way, EVOO significantly ameliorate the pro-inflammatory and regulatory mediators as 
scored for IL-1β and IL-10. EVOO also reduced the frequencies of fragments, rings, and dicentrics as 
structural aberrations and polyploidy scores as numerical type aberration. In addition, EVOO 
administration before γ-irradiation show mild degeneration in myocardial bundle compared with 
myocardium histopathological sections of irradiated group.  

In healthy humans, the mother’s intake of olive oil during pregnancy can affect placental histone 
acetylation in immune regulatory genes (Fabiani et al. 2008). 

Its oleuropein content stabilizes the proteasome, during initiation of replicative senescence, and 
prolonged life span (Acevedo et al. 2019). EVOO is furthermore important in diminishing the accumulation 
of genetic alterations in radiotherapy-treated patients or subjects exposed to high but non-lethal levels of 
radiation (5-12 Gy) (Koukourakis 2012). 

In addition, EVOO polyphenols are capable to minimize oxidative stress and related inflammatory 
effects related to chronic degenerative diseases (Calabriso et al. 2016). Zrelli et al. (2011) studied precisely 
the hydroxyl tyrosol role in regulation of the intracellular reactive oxygen species levels in vascular 
endothelial cells and prevention of cardiovascular diseases. EVOO reduced inflammation by decreasing 
inflammatory markers in dendritic cells (De Santis et al. 2021). 

Other important unsaturated fatty acid residues in EVOO are the essential linoleic and linolenic 
acids which are present in plasma membranes, prevent cellular proliferation and trigger the synthesis of IL-
6, IL-8 and VEGF (inflammatory and angiogenic factors), along with production of nitrite (Smith et al. 2012). 

Novel study has confirmed epigenetic activities of EVOO and its phenolic compounds. Epigenetic 
mechanisms are manners that induce reversible heritable alterations that are not associated with 
modifications in the DNA sequence but can control gene expression. Genetics is responsible for ∼30% of 
the identified variations, and∼70% are subjected to epigenetics modulation by environmental aspects. 
Main mechanisms of epigenetic are DNA methylation, histone modification, and regulation by non-coding 
RNAs(microRNAs). These epigenetic alterations are moderately stable, tissue specific, and can be 
hereditary through numerous generations (Del Saz-Lara et al. 2022). 

According to all aforementioned traditional interpretations, which are, satisfy the unique role of 
EVOO on many health aspects. Our conclusion and opinion coincide with the recent epigenetic theory that 
explains its role via changes in gene expression (Ahmed et al. 2022). The present research model of our 
study was designed according to the useful role of EVOO via its type of extraction (highly refined EVOO 
LOBA Chemie from Italy) that contains a high ratio of numerous fluorescent compounds, like pigments 
such as chlorophyll and beta-carotene that be effective as an epigenetic agent. Adding up to the other 
broad beneficial constituents of it (lipophilic compounds such as tocopherols, carotenoids, lutein, and 
carotene) that it has a valuable health benefit especially for acting as an antioxidant (Ahmed et al. 2018).     

Therefore, modern nutritional strategies display the use of EVOO as epigenetic agent. This point of 
discussion is clearly in view of its ability to prevent the development of certain chronic pathologies, such as 
cancer or cardiovascular disease, through epigenetic mechanisms. Of course, more research is required 
using appropriate in vitro and in vivo models to clarify the epigenetic effects of EVOO and its potential 
future role as adjunct “therapeutic” agents. 
 
5. Conclusions 
 

Elucidating the epigenetic effects of EVOO and its OOPCs may contribute to identifying and 
developing different nutritional strategies focused on the use of these compounds as epigenetic agents. As 
we suppose the existence of another explanation factor that related to the physical energy nature of 
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EVOO, which produced from its stereochemistry composition in the configuration and frequency of its 
molecules, so EVOO considered one of the epigenetic agents. 
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