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Abstract: Finding new uses for wastes of table olive and olive oil production are of great value to the economy, environment, 
and human health. This study was designed to investigate the possible modulatory effect of nano or native olive seeds powder 
(OSP) against endothelial dysfunction induced by high fat high fructose (HFHF) diet in rats. For the current work, 60 adult male 
Sprague-Dawley rats weighing 120g±5g were divided into six groups 10 rats for each group. Group 1: rats were fed a balanced 
diet and served as normal control. Group 2: rats were fed HFHF diet served as positive control rats diet for 8 weeks. Group 3: rats 
were fed HFHF diet supplemented with 5% olive seeds powder. Group 4: rats were fed HFHF diet supplemented with10% olive 
seeds powder. Group 5: rats were fed HFHF diet supplemented with 5% nano olive seeds. Group 6: rats were fed HFHF diet 
supplemented with 10% nano olive seeds. Results of phytochemical analysis of (OSP) showed that each 100g of OSP contains 
1004.9 mg total polyphenols as gallic acid equivalent (GAE%) and 24 mg total flavonoids as quercetin equivalent (QE%). Results 
of the biochemical analysis indicated that feeding HFHFdiet caused a significant increment in serum glucose, insulin level, 
calculated HOMA-IR, lipids profile total cholesterol (TC), triacylglycerols (TAGs), low density lipoprotein cholesterol (LDL-C), 
very low density lipoprotein cholesterol (VLDL-C), lipase enzyme activity with a significant decrease in high density lipoprotein 
cholesterol (HDL-C) as compared to control group. Also, interleukin-6 (IL-6) and C-reactive protein (CRP), malondialdehyde 
(MDA), Endothelin (ET-1), vascular cellular adhesion molecule-1 (VCAM-1), and E- selectin were significantly increased in 
HFHF fed rats as compared to the control group. Whereas, serum nitric oxide, prostacyclin, endothelial nitric oxide synthase 
(eNos) activity were significantly decreased in HFHF fed rats as compared to the control group. These results suggesting that 
feeding rats HFHF diet for 8 weeks induced endothelial dysfunction. Also, the histopathological examination of aorta sections 
supported results of biochemical analysis showed significant swelling and corrugation of the endothelial cells that lining the 
intima in the untreated HFHF group as compared to the control group. Results confirmed that dietary supplementation with olive 
seed powder either in native or in nano form at the tested doses reversed both alterations biochemical parameters and pathological 
changes in aorta tissue. Moreover, Nano form showed a more powerful effect than native powder. 
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1. Introduction 

Endothelium is an active inner layer of the blood vessel. It 
generates many factors that regulate vascular tone, adhesion 

of circulating blood cells, smooth muscle proliferation, and 
inflammation. Also, the endothelium is responsible for 
maintaining a relaxed vascular tone and low levels of 
oxidative stress by releasing mediators such as nitric oxide 
(NO), prostacyclin (PGI2), and endothelin-1 (ET1) [1]. 
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Endothelial dysfunction is characterized by an imbalance 
between vasodilation and vasoconstriction, elevated reactive 
oxygen species (ROS), and proinflammatory factors, as well 
as deficiency of nitric oxide (NO) bioavailability, and is 
known to precede overt coronary artery disease [2, 3]. 

Fructose is widely used as a sweetener in many processed 
foods and beverages. The consumption of processed foods 
and beverages has increased dramatically over the past few 
decades. There is increasing evidence that high dietary 
fructose consumption causes dyslipidemia, insulin resistance, 
obesity, and endothelial dysfunction [4]. All of these factors 
are associated with an increased risk of cardiovascular 
diseases (CVD), one of the main causes of morbidity and 
mortality worldwide [5, 6]. 

Also, the consumption of high fat diet significantly impairs 
glucose tolerance and oxidative stress with the induction of 
dyslipidemia [7]. Moreover, long term feeding of a western 
diet characterizes by foods rich in saturated fat and sugars, 
contributes to endothelial dysfunction and aortic remodeling 
in adult rats [8]. 

Olive seed is considered an interesting source of potent 
antioxidants such polyphenolic compounds as 
hydroxytyrosol, gallic acid, oleuropein, and ferulic acid. It 
also a valuable source for flavonoid components as 
narengenin, rutin, quercetin [9]. 

The major challenges of dietary polyphenols include their 
poor water solubility and oral bioavailability [10]. With the 
aid of nanoencapsulation, absorption, and circulation of 
bioactive food components appear to increase in vivo, which 
assists in achieving the desired concentration and biological 
activity of these compounds [11]. Therefore, the objective of 
this study is to investigate the effect of olive seeds powder 
either in native or in nano form on endothelial dysfunction 
induced by high fructose high fat diet. 

2. Materials and Methods 

2.1. Materials 

2.1.1. Chemicals 

Olive fruit was purchased from the Ministry of 
Agriculture, Cairo, Egypt. Fructose was purchased from El 
Gomhoria Co., Cairo, Egypt. Kits for estimation of glucose, 
lipids profile, MDA, and nitric oxide were purchased from 
biodiagnostic Co., Cairo, Egypt. Insulin, C-reactive protein, 
prostacyclin, endothelin-1, VCAM-1, and eNOS ELIZA kits 
were purchased from My Biosource Co., USA. IL-6 kit was 
purchased from Quantikine Co., Japan, and Lipase activity 
kit was purchased from Abnova Co., Japan. 

2.1.2. Animals 

Sixty healthy adult male albino rats “Sprague – Dawely” 
strain weighing 100 – 120 g were used. The animals were 
obtained from the National Research Center, Dokki, Giza, 
Egypt. Rats were randomly housed individually in stainless 
steel cages with a constantly controlled environment; 
temperature 25°C ± 5°C, air humidity 55% ± 10%, and 12/12 
hrs light/dark were held. All rats were offered a balanced diet 

with drinking water ad libitum for a week for adaptation. 

2.1.3. Diet 

The experimental diets used in the present study were the 
balanced diet that prepared according to AIN- 93 adjusted by 
Reeves et al. [12] and high fructose –high fat diet (HFHF) 
which contain (30%) fructose and (45%) fat that was 
prepared according to Yoo et al. [13]. 

2.2. Methods 

2.2.1. Preparation of Olive Seeds Powder 

Olive seeds were washed and dried for seven days then 
grinded by using an electric blender (Panasonic) and the 
powder formed was sieved until certain sizes were achieved. 

2.2.2. Chemical Analysis of Olive Seed Powder 

The approximate composition of moisture, protein, fat, 
total polyphenols, flavonoids, and crude fiber of olive seeds 
powder were determined in Agriculture Research Center 
according to Association of Official Analytical Chemists 
AOAC [14]. Carbohydrate content was calculated by 
subtracting the sum of moisture, fat, protein, crud fiber from 
one hundred. 

2.2.3. Preparation of Olive Seeds Nanoparticles 

Ball milling technique was used to prepare olive seed 
nanoparticles. A 2 g charge of Olive seeds powder was 
loaded into ball milling vials of ball mills. The used ball mills 
in the current experiments consist of a stainless-steel vial, 
which is mounted on a vibrating plate. The Silicon Carbide 
ball with a diameter of 0.5 cm collides repeatedly with the 
plate and the powder inside the vial for 24 hours. 

2.2.4. Characterization of Nano-Olive Seeds 

Characterization is divided into three classes to 
characterized physicochemical properties of both olive seeds 
native and nanoparticles namely Identification, Microscopic, 
and Index class. Microscopic class is used to identify the 
morphology and texture of both native and nanoparticles 
Transmission Electron Microscopy (TEM) by using Jeol, 
JEM-2100 high-resolution, Japan instrument. Identification 
was carried out by Powder X-ray Diffraction (XRD) to 
confirm the synthesis of olive seed nanoparticles without any 
change in composition due to the synthesis process by using 
Bruker D8 Discover instrument. Index class was carried out 
to give information about specific surface area and pore size 
of both olive seeds particles by Brunauer, Emmett and Teller 
(BET) and Dubinin-Astakhov (DA) method using 
Quantachrome, NOVA touch LX2, model; NT2LX-2, USA 
instrument. 

2.3. Induction of Endothelial Dysfunction 

ED was induced by feeding rats HFHF diet for 8 weeks. 

2.4. Experimental Design 

Sixty rats were randomly divided into six groups: 10 rats 
for each group. 
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Group1: Negative control group, rats were fed on a 
balanced diet. 

Group1: Positive control group, rats fed HFHF diet. 
Group3: Rats fed HFHF diet supplemented with 5% olive 

seeds powder. 
Group4: Rats fed HFHF diet supplemented with 10% olive 

seeds powder. 
Group5: Rats fed on HFHF diet, supplemented with 5% 

nanoparticles of olive seeds. 
Group6: Rats fed on HFHF diet supplemented with 10% 

nanoparticles of olive seeds. 

2.5. Sampling 

At the end of the experimental period (8 weeks), all rats 
were fasted for 12 hours (from 7 p.m to 7 a.m) then sacrificed 
by decapitation. Blood samples were collected from the 
hepatic portal vein in one centrifuge tube for separation of 
serum by allowing blood samples left for 15 minutes at room 
temperature, then centrifuged at 4000 rpm for 20 minutes. 
Part of serum was used immediately for serum glucose 
determination and the other part was kept at -20°C in plastic 
vials until used for biochemical analyses. Aorta was 
separated from the rats then washed in saline and kept in 
formalin solution 10% concentration for histological 
examination by using hematoxylin and eosin stain (H and E 
stain). 

2.6. Biochemical Analyses 

Fasting serum glucose level was estimated according to the 
enzymatic colorimetric method as described by Trinder, [15]. 
Serum insulin was estimated using rat insulin ELISA Kit as 
described by Sapin et al. [16]. Meanwhile, homeostatic 
model assessment of insulin resistance (HOMA-IR) was 
calculated by the following equation according to Matthews 
et al. [17].  
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Serum Lipase activity was determined calorimetrically as 
described by Lombard et al. [18]. Total Cholesterol, 
Triacylglycerols, and HDL-C were assayed calorimetrically 
as described by Allain et al. [19], Fassati, and Prencipe [20], 
and Lopez–Virella et al. [21], respectively. Finally, LDL-C 
and VLDLL-C were calculated according to Friedewald et al. 
[22]. By the following equation: 

LDL- cholesterol (mg/dl)=TC- (VLDL-C+HDL-C) 

VLDL-cholesterol (mg/dl)=TAGs/5 

Serum C- reactive protein (CRP), interleukin -6 (Il-6), 
prostacyclin, Endothelin-1, vascular adhesion molecules 
(VCAM-1), and E-selectin were measured by the quantitative 
sandwich enzyme immunoassay technique according to 
Roberts et al. [23] Peters et al. [24] Docherty and Gerrard 
[25]- Wakisaka et al. [26] Besemer et al. [27] Zheng et al. 
[28], respectively. Serum Malondialdehyde (MDA) and 

Nitric oxide were measured colorimetrically as described by 
Ohkawa et al. [29], Montgomery, and Dymock [30]. eNOS 
activity as described by Banchroft et al. [31]. 

2.7. Histopathological Examination 

Aorta tissue specimen was collected and preserved in 10% 
formalin solution for microscopic examination. Part of aorta 
specimens embedded in paraffin wax and tissue blocks were 
sectioned into 5µm thick slices. The obtained tissue sections 
were stained with hematoxylin and eosin H&E stain [32]. 
The slides were examined under light microscope at a 
magnification power X 400. 

2.8. Statistical Analysis 

Data were statistically analyzed by Statistical Package for 
Social Science (SPSS) version 16.0 statistical packages. 
Values were presented as mean ± standard deviation (S. D). 
Statistical differences between groups were performed using 
one way ANOVA, the mean difference was significant at the 
level (p<0.05) level according to [33]. 

3. Results and Discussion 

3.1. Chemical Analysis of Olive Seed Powder 

Table 1 showed the approximate chemical composition of 
native olive seeds in 100g dried sample. Results showed that 
the protein content was 28%, indicating high level protein in 
olive seeds in comparison with the olive fruit as previously 
described by the results of [34]. 

Also, the results of Bianchi [35] supported the results of 
the current study by confirming that olive seed contains a 
considerable amount of fat as oil (22–27%.). Furthermore, 
The current results showed that the fiber content of olive 
seeds was 23.81% . In the olive seed, fiber is the major active 
component of olive seed mainly as cellulose and 
hemicellulose as previously reported by Rodriguez et al. [34] 
and Naghmouchi et al. [36]. 

Table 1. The nutritive value of olive seeds in 100 g dried sample. 

Olive seeds chemical composition g/100g 

Protein 28.68 
Fat 17.42 
Carbohydrate 14.52 
Crude fiber 23.81 
Moisture 0.5 
Total polyphenols 1.0049 
Flavonoids 0.024 

3.2. Characterization of Native and Nano Olive Seeds 

Zeta sizing was carried out for both olive seeds 
nanoparticles and olive seeds as shown in Figure 1 Zeta 
sizing curve illustrated the different sizes for olive seeds 
nanoparticles but all of them in nano size. However, this high 
particle size distribution due to ball mill methods which give 
various sizes. Zeta sizing of olive seeds is 1.4µm. 

Transmission Electronic Microscope (TEM) images 
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showed in Figure 2 carried out at magnification allow 
identifying the individual nanoscale size particles, 
agglomeration, and concentration. The shape of the 
individual olive seed nanoparticles is subspherical to sub 
cubic with a size range from 35 to 65 nm. The homogenous 
particles are good with large particle size distribution. TEM 
image of olive seeds illustrated the cubic to subcubic shape 
with a size of about 1µm. 

X-ray diffraction (XRD) pattern show similarity of olive 
seeds and olive seeds nanoparticles which indicated the 
successfulness of the synthesis method to convert micron size 
olive seeds to nano one without any destruction or 
decomposition for the origin structure of olive seeds by ball 
milling. The characteristic very sharp peaks for olive seed 
and olive seeds nanoparticles at 2θ=15, 21.6, 30.4, 31.9, 35, 
38.65, 43.76, 45.8 and 75.7° where Broad weak peaks at 
2θ=16.77 and 41.93° as shown in Figure 3. The well-

formation olive seeds nanoparticles with high purity confirm 
that the ball mill method is an effective and simple method 
for the synthesis of olive seed nanoparticles. 

The BET surface area, DA pore size, and volume results 
are presented in Figure 4 Olive seed and olive seed 
nanoparticles have multipoint BET around 20.7 m2·g-1 and 
96.8 m2·g-1 for olive seed and olive seeds nanoparticles, 
respectively. Olive seed and olive seed nanoparticles have 
almost the same average pore size of 1.67 nm and a total pore 
volume of 0.0174 cc/g. DA pore size and volume showed 
good diffusion rates of gas molecules into pores and high 
surface area per unit volume. The nitrogen adsorption-
desorption isotherm curve shows type IV isotherms which 
illustrated the presence of microporous structures. The high 
BET surface area of olive seed nanoparticles makes it very 
high chemical activity which increased its bioactivity. 

 

Figure 1. Zeta sizing curve of a) olive seeds powder and b) olive seed nanoparticles. 
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Figure 2. TEM image of olive seeds nanoparticles (a) and native olive seeds (b). 

 
Figure 3. XRD pattern of both types of native olive seed and olive seeds nanoparticles. 

 

Figure 4. DA pore Size of native olive seed (a) and olive seeds nanoparticles (b). 

3.3. Effect of Native or Nano Olive Seeds on Serum 

Glucose, Insulin Levels and Calculated HOMA-IR in 

Experimental Groups 

Data from Table 2 revealed that there was a statistically 
significant increase in serum glucose and insulin levels with 
a consequence elevation of calculated HOMA-IR indicating 
insulin resistance in rats fed on HFHF diet for 8 weeks when 
compared to the healthy control group (p<0.05). Otherwise, 

supplementation with olive seeds powder either in a native or 
nano form had a significant effect in modulating these altered 
parameters and reversed them near to their normal levels. 
The more significant reduction in serum glucose and insulin 
levels were observed in both HFHF group supplemented with 
5% and 10% native olive seeds when compared to HFHF 
group. Besides, the results of the present work showed that 
the supplementation with olive seeds either in native or nano 
form showed nearly a similar effect on HOMA-IR. 
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Table 2. The effect of native or nano olive seeds on (Blood glucose, serum insulin levels, and HOMA-IR) in all experimental rat groups. 

Parameters 
Healthy control 

group 
HFHF group 

HFHF + 5% olive 

seed group 

HFHF + 10% 

olive seed group 

HFHF + 5% nano 

olive seed group 

HFHF + 10% nano 

olive seed group 

Blood glucose (mg/dl) 92.78±7.86a 156.46±1.80b 101.12±4.46c 99.77±6.42c 94.43±0.30a,c 97.31±6.83a,c 
Insulin (µIU/ml) 1.16±0.13a 3.13±0.22b 2.14±0.30c 2.09±0.13c 2.42±0.21d 2.41±0.26d 
HOMA-IR 0. 28±0.043a 1.21±0.09b 0.53±0.081c 0.52±0.048c 0.56±0.056c 0.58±0.077c 

Values are represented as mean ±SD (n=8). 
There was no significant difference between means have the same letter in the same column (P<0.05). 

Several hypotheses have been proposed to explain the 
development of insulin resistance in fructose fed conditions, 
including impairment of intracellular insulin signaling pathway, 
a change in the activities of several enzymes regulating hepatic 
glucose metabolism, and a generation of reactive oxygen 
species (ROS) Basciano et al. [37], Tran et al. [38]. 

Insulin resistance is frequently associated with other 
abnormalities that impair endothelial function, such as 
hyperglycemia, hypertension, dyslipidemia, and altered 
coagulation/fibrinolysis. Also, it contributes to obesity [39, 40]. 

The results of Lozano et al. [41] supported the result of the 
current study, which reported that consumption of high fat 
high -fructose diet induced fasting hyperglycemia and 
hyperinsulinemia complicated with vascular complications 
and endothelial dysfunction. 

Several previous works confirmed the beneficial effect of 
some structural components of olive seeds in modulating 
insulin resistance. Oleuropin (an active component in olive 
seeds) is reported to act as a-glucosidase inhibitors, reducing 
the absorption of carbohydrates in the gut so act as a 
hypoglycemic agent [42]. 

Also, (HT) as an active component in olive seeds significantly 
decreased fasting hyperglycemia and increases insulin 
sensitivity leading to a decrease in homeostatic model 
assessment-insulin resistance [43] and enhances glucose 
tolerance and increases insulin sensitivity, leading to a decrease 
in homeostatic model assessment-insulin resistance [44]. 

Naringenin is an important constituent of olive seed 
powder [9] that can absorb glucose from the intestine of 
diabetic rats [45]. In mice fed high fat diet, Naringenin could 
improve insulin resistance via activation of the AMP-
activated protein kinase pathway [46]. The main problem of 
Naringenin could be attributed to the fact that it is poorly 
dissolved in water and poorly absorbed in the intestine after 
oral administration due to the quick elimination by diverse 

enzymes located in the gut and liver [47]. Therefore, 
nanosizing this flavanone and/or loading it onto NPs, or 
encapsulating it in a nanoformulation can be considered as 
practical methods to improve its bioavailability [48]. 

Oleanolic acid is an active component of olive seed [9] 
that improves hepatic insulin resistance through antioxidant, 
hypolipidemic and anti-inflammatory activities in db/db 
diabetic mice. Furthermore, the ability of nano-oleanolic acid 
to mitigate insulin resistance is more potent than oleanolic 
acid in the native form [49]. 

The significant reduction in glucose and insulin levels 
caused by olive seed supplementation may be also related to 
the high insoluble fiber content as cellulose. Cellulose can 
reduce insulin resistance and the risk of developing type 2 
diabetes (T2D) by about 20–30% [50]. Hence, it appears that 
fiber intake increases insulin sensitivity by changing both 
adipose tissue and skeletal muscle metabolism. 

3.4. Effect of Native or Nano Olive Seeds on Lipids Profile 

(TC, TAGs, HDL-C, LDL-C and VLDL-C levels) and 

Lipase Enzyme in Experimental Groups 

The current results summarized in Table 3 showed that 
feeding HFHF diet for 8 weeks resulted in a significant 
increase in serum TC, TAGs, LDL-C, VLDL-C, and lipase 
enzyme activity with a significant reduction in HDL-C as 
compared to the healthy control group (p<0.05). Results also 
demonstrated that dietary supplementation with olive seeds 
either in native or in nano form showed a significant 
improvement in these altered parameters (p<0.05). There was 
a marked improvement in lipids profile in the rat group 
supplemented with 10% nano olive seeds, which was nearly 
approached that of the healthy control group with no 
significant difference observed in comparison with healthy 
control (p<0.05). 

Table 3. The effect of native or nano olive seeds on serum lipids profile (TC, TAGs, HDL-C, & LDL -C) levels and lipase enzyme activity in all experimental 

rat groups. 

Parameter 
Healthy 

control group 
HFHF group 

HFHF + 5% 

olive seed group 

HFHF + 10% 

olive seed group 

HFHF + 5% nano 

olive seed group 

HFHF + 10% nano 

olive seed group 

Total cholesterol (TC) (mg/dl) 60.82±4.39a 83.86±3.05b 71.32±2.74c 69.50±5.43c 73.12±1.13c 62.54±8.60a 
Triacylglycerol (TAGs) (mg/dl) 47.51±6.90a 109.75±3.70b 91.16±13.06c 63.25±5.96d 62.08±5.14d 48.49±3.74a 
High density lipoprotein (HDL-C) (mg/dl) 44.19±2.08a 35.12±3.11b 43.61±3.19a 43.69±2.14a 41.50±6.79a 43.31±3.92a 
Low density lipoprotein (LDL-C) (mg/dl) 7.23±0.20a 26.83±0.077b 9.34±0.017c 12.89±0.039d 9.35±0.069c 9.61±0.015c 
Lipase enzyme activity (U/L) 107.10±4.50a 399.83±18.20b 196.98±6.76c 189.02±10.27c 197.96±9.96c 176.87±8.22d 

Values are represented as mean ±SD (n=8). 
There was no significant difference between means have the same letter in the same column (P<0.05). 

In the present study, HFHF diet leads to dyslipidemia 
manifested by a significant increase in TC, TAGs, and LDL-

C with a significant decrease in HDL-C levels as compared 
to the normal control group (p<0.05). A high-fat and high-
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calorie diet can cause dyslipidemia and thereafter endothelial 
dysfunction [51]. Previous work of Zhuhua et al. [52] 
reported that rats fed a high-fructose diet (60%) or high-fat 
and high-fructose developed dyslipidemia, especially 
hypertriglyceridemia, insulin resistance, and hypertension 
which consider the main risk factors associated with CVD. 
HFHF diet induced a significant reduction in serum HDL-C 
level and elevation of serum TAGs, TC, LDL-C, glucose, and 
insulin levels in mice [53]. The elevation in triacylglycerol is 
explained by Angelopoulos et al. [54] reported that fructose 
is metabolized in the liver into glyceraldehyde and 
dihydroxyacetone phosphate, ultimately becoming 
triacylglycerols (de novo lipogenthesis). 

The results of the present study confirmed that nano olive 
seeds improved lipids profile and lipase enzyme activity 
more than its native form. The results were confirmed by [9] 
work, demonstrated that all rats fed a hypercholesterolemic 
diet supplemented with olive seeds powder (5% & 10%) 
showed a significant decrease in serum LDL-C and TAGs as 
compared to the positive control rats. Furthermore, [55] 
demonstrated that olive seed hydrolysate showed 
hypolipidemic activity by reducing serum cholesterol in mice 
at two different concentration levels (200 and 400 
mg/kg/day). This effect was attributed to a reduction in the 
micellar cholesterol solubility and inhibition of important 
enzymes (pancreatic lipase and cholesterol esterase) involved 
in the biosynthesis and absorption of cholesterol. 

Many different constitutes were identified in the olive seed 
that could be responsible for the observed hypolipidemic 
effect. One of these components is dietary fiber, especially 
insoluble fiber. The effect of dietary fiber is related to 
different mechanisms including a reduction in the absorption 
of TAGs, an increase in the synthesis and excretion of bile 
acids, and an inhibition of the endogenous synthesis of 
cholesterol by short-chain fatty acids [56]. 

The results of Yu et al. [57] reported that cellulose particle 
size in a nano form had a strong adsorption capacity towards 
fats, cholesterol. There were positive correlations between 
decreasing plasma TC, TAGs and LDL-C, and cellulose 
particle size. Also, Abdelbaky et al. [58] demonstrated that 

rats fed on a hypercholesterolemic diet supplemented with 
nano-cellulose from grape seeds (2% & 4%) showed a 
significant decrease in serum TC, TAGS, LDL-C, and 
VLDL-C as compared to rats fed high fat high cholesterol 
diet. 

Another study of Paiva-Martins and Kiritsakis [59] 
investigated the anti-oxidant effect of olives active 
components as oleuropein and HT via maintenance of HDL-
C function. Results showed that dietary supplementation with 
olives active components for a long period can induce HDL-
C resistance against oxidation, and therefore, its vasodilator 
capacity. Also, HDL-C was able to induce the release of 
nitric oxide in endothelial cells by activating (eNOS). 

Ferulic acid as a component of olive seed powder [9] 
showed a potential inhibitory effect on LDL-C oxidation in 
vitro [60]. In the same line with the results of this study, 
Assini et al [61] reported that Naringrnin (one of the active 
components of olive seeds) is found to prevent the 
production of free fatty acids, hepatic steatosis, and VLDL-C 
in mice. Also, Bunbupha et al. [62] demonstrated that gallic 
acid reversed dyslipidemia in rats fed with a high fructose 
diet (HFD) by decreasing plasma cholesterol and 
triacylglycerols level. 

3.5. The Effect of Native or Nano Olive Seeds on Serum 

Inflammatory Markers (Il-6 and CRP) and Oxidative 

Stress Marker (MDA) in Experimental Groups 

It is clear from the results illustrated in Table 4 that there was 
a statistically significant increase in serum IL-6, CRP, and MDA 
levels in HFHF group as compared to the healthy control group 
(P<0.05). Both native and nano olive seed supplementation 
cause a significant improvement in inflammatory markers and 
lipid peroxidation. This may be due to the effective anti-
inflammatory and anti-oxidative activity of the active 
components in olive. The ameliorative effect against 
inflammation and oxidative stress was more pronounced in 10% 
nano olive seed supplemented group as compared with those 
treated with 5% nano-olive seed or with native seed olive seeds. 

Table 4. The effect of native or nano olive seeds on serum inflammatory markers (IL-6 and CRP) and oxidative stress marker (MDA) in experimental groups. 

Parameters 
Healthy 

control 

HFHF 

group 

HFHF + 5% olive 

seed group 

HFHF + 10% 

olive seed group 

HFHF + 5% nano 

olive seed group 

HFHF + 10% nano 

olive seed group 

Interlukin -6 (IL-6) (pg/ml) 22.15±3.97a 108.72±8.67b 56.28±1.68c 45.17±2.84d 59.47±5.85c 41.33±5.92d 
C- reactive protein (CRP) (ng/ml) 83.54±1.18a 216.02±5.51b 127.91±4.96c 115.21±4.06d 114.56±2.70d 111.80±0.69d 
Malondialdyhyde (MDA) (nmol/L) 11.55±1.07a 90.11±6.34b 46.32±2.54c 32.82±2.23d 25.47±2.52e 18.95±0.69f 

Values are represented as mean ±SD (n=8). 
There was no significant difference between means have the same letter in the same column (P< 0.05) 

High fructose feeding was also associated with an increase 
in reactive oxygen species (ROS) production [63] which can 
be a key event in the initiation of ED [64] and development 
of cardiovascular complications associated with insulin 
resistance [65]. There is evidence that fructose and its 
metabolites cause advanced glycation end products (AGEs) 
formation and subsequently ROS production, leading to lipid 
peroxidation [66]. 

Polyphenols in olives and its derivatives as luteolin, HT, and 
oleuropein inhibited superoxide anion-mediated impairment of 
endothelium, improved endothelium, dependent relaxation in 
rat's aorta tissue by modulating the action of high fat diet and 
inflammatory markers [67]. HT supplementation reduced the 
inflammatory status and also, inhibited platelet aggregation 
and scavenging of free radicals [68]. Another study of Bulotta 
et al. [69] confirmed that phenolic compounds as oleuropein 
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and HT showed a potent antioxidant activity by scavenging 
intracellular ROS and free nitric oxide, reducing the formation 
of other powerful oxidants such as peroxynitrite. 

The present work was agreed with the study of Liu et al. 
[70] reported that polyphenolic compounds have the ability 
to ameliorate endothelial dysfunction by inhibiting 
inflammatory mediators as IL-6 production and prevention of 
insulin resistance. 

Naringenin was found to be effective in scavenging ROS 
and preventing DNA damage [71]. It was also found to 
increase the level of antioxidant enzymes [72]. Moreover, 
Naringenin was found to ameliorate proinflammatory 
reaction mediated by TNF-α, IL-6, and also prevent 
metabolic dysregulation [73, 74]. The high fiber content in 
olive seeds is also related to the reduction in systemic 
inflammation. Some previous studies showed that a diet high 
in total dietary fiber supplement significantly decreased 
levels of CRP inflammatory marker CRP [75]. 

3.6. The Effect of Native or Nano Olive Seeds on 

Vasodilator Factors (Prostacyclin, NO and eNOS) and 

Vasoconstrictor Factor (ET-1) in Experimental Groups 

Results in Table 5 revealed that feeding HFHF diet for 8 
weeks resulted in a significant decrease in Prostacyclin, NO, 
and endothelial nitric oxide synthase (eNOS) activity as 
compared to the healthy control group (p<0.05). This 
decrease in vasodilator factors was accompanied by a 
significant increase in vasoconstrictor marker endothelin -1 
(ET-1), indicating the initiation of endothelial dysfunction 
(p<0.05). Results also demonstrated that a diet supplemented 
with olive seeds either in native or in nano form caused a 
significant improvement in these altered parameters. 
Supplementation with 10% nano olive seeds caused the 
highest significant increase in serum prostacyclin, NO levels, 
and endothelial nitric oxide synthase activity. 

Table 5. The effect of native or nano olive seeds on vasodilator and vasoconstrictor markers in experimental groups. 

Parameter 
Healthy 

control 

HFHF 

group 

HFHF + 5% olive 

seed group 

HFHF + 10% 

olive seed group 

HFHF + 5% nano 

olive seed group 

HFHF + 10% nano 

olive seed group 

Prostacyclin (mmol/L) 203.90±3.90a 69.79±7.04b 105.34±2.93c 109.63±0.69d 106.28±3.99c,d 113.56±1.56d 
Nitric oxide (NO) (µmol / L) 46.62±0.44a 15.59±2.62b 18.11±0.97c 25.24±2.09d 28.75±1.13e 33.99±0.63f 
Endothelial nitric oxide synthase 
(eNOS) (ng/ml) 

85.70±2.90a 21.80±2.49b 63.68±0.818c 42.17±0.78d 45.57±1.4473e 74.26±1.28f 

Endothelin- 1 (ET-1) (ng/ml) 32.74±2.59a 95.70±10.40b 44.74±2.81c 46.11±1.89c 34.21±2.25a 40.36±3.48c,d 

Values are represented as mean ±SD (n=8). 
There was no significant difference between means have the same letter in the same column (P<0.05). 

The previous work of Bourgoin et al. [76] is confirmed by 
the results of the present study, which reported that rats fed a 
high fat, high sucrose diet for 4 weeks showed a reduction in 
endothelium dependent blood flow. This is indicated by a 
decrease in eNOS protein expression, NO production, and 
increased vascular ET-1 protein content, All these factors 
contribute to an imbalance in the vascular tone which finally 
led to ED. 

In the same trend, Yoo et al. [13] demonstrated that HFHF 
induced ED resulted from the disturbance in the production 
of NO due to the decrease in the generation of eNOS 
concomitant with the increased secretion of ET1. 

Hyperglycemia, hyperlipidemia, and inflammation induce 
superoxide production. Superoxide reacts with NO forming 
peroxynitrite (ONOO-), which may cause uncoupling of 
(eNOS). Uncoupled eNOS produces superoxide instead of 
NO thus decreasing the bioavailability of NO with a 
subsequent reduction of the nitric oxide (NO) generation and 
finally potentiates the preexisting oxidative stress [77]. 
Peroxynitrite at a high concentration not only reduces NO 
bioavailability but also inhibits prostacyclin production 
through the nitration of the prostacyclin synthase [78]. 
Elevation of ET-1 level may be explained by the oxidative 
and inflammatory mediators associated such as CRP and 
TNF-α which upregulate the synthesis of ET-1 from 
endothelial cells [79]. Therefore, hyperglycemia and 
hyperlipidemia, induced by HFHF diet, contribute to 
endothelial dysfunction. 

The results of the previous studies of Karbach et al. [77], 
Luczak et al. [78] and Yeager et al. [79], respectively 
explained the significant decrease in eNOS activity, serum 
nitric oxide level, prostacyclin level, with the elevation in 
serum MDA and ET-1 in rats fed high fat high fructose diet 

Supplementation with native or nano olive seeds in HFHF 
fed rats help in reversing the vasodilator and vasoconstrictor to 
their normal level, this effect showed the role of olive seeds 
component in the regulation of vascular tone and in balancing 
the oxidative stress. One of the possible mechanisms is making 
a balance in vascular tone is by increasing eNOS expression 
and NO synthesis and reducing endothelin-1 levels so making 
a balance in vascular tone [70]. 

Also, the previous studies of Omar [80] and Summerhill et 
al. [81], revealed that oleuropein as olive phenolic 
compounds increased the production of nitric oxide by 
increasing eNOS activity. Therefore, it may contribute to 
restoring endothelial function. 

3.7. Effect of Native or Nano Olive Seeds on Vascular 

Adhesion Molecules (VCAM-1 and E- selectin) in 

Experimental Groups 

The results of Table 6 showed that there was a statistically 
significant increment in serum VCAM-1 and E –selectin levels 
in rats fed on HFHF diet when compared to the healthy control 
group (p<0.05). The increase in adhesion molecules with a 
concomitant increase in vasoconstrictor markers indicating the 
progression of ED disease. On the other hand, supplementation 
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of HFHF diet with either native or nano olive seed powder 
caused a significant reduction in the elevated levels of VCAM-
1 and E –selectin compared to HFHF group. The anti-adhesive 
effect of olive seed was highly marked in10% nano olive seeds 

supplemented group. Also, E –selectin level nearly approaches 
that level of healthy control which confirm the ameliorative 
effect of olive seeds nanoparticles against vascular adhesion 
induced by HFHF diet. 

Table 6. The effect of native or nano olive seeds on Adhesion molecules (VCAM and E- selectin) in experimental groups 

Parameter 
Healthy 

control 

HFHF 

group 

HFHF + 5% 

olive seed group 

HFHF + 10% 

olive seed group 

HFHF + 5% nano 

olive seed group 

HFHF + 10% nano 

olive seed group 

Vascular cellular adhesion molecule 
VCAM-1 (ng/ml) 

44.70±2.42a 143.91±1.35b 75.25±2.05c 77.64±2.30d 70.07±3.47e 65.45±1.74f 

E- selectin (ng/ml) 2.36±0.35a 10.18±0.49b 4.38±0.22c 4.33±0.37c 4.60±0.20c 2.99±0.45d 

Values are represented as mean ±SD (n=8). 
There was no significant difference between means have the same letter in the same column (P<0.05). 

Vascular cell adhesion molecule (VCAM-1), intercellular 
cell adhesion molecule (ICAM-1) and E-selectin, participate 
in leukocyte adhesion to the endothelium [82]. VCAM-1 
expression is activated by pro-inflammatory cytokines, 
including TNF-α, and also by ROS, oxidized low density 
lipoprotein, high glucose concentration [83]. 

Another explanation revealed by Kowalczyk et al. [84] 
reported that ET-1 enhances the expression of adhesion 
molecules on vascular endothelial cells and stimulates the 
aggregation of polymorphonuclear neutrophils (PMNs) 
contributing to inflammation and endothelial dysfunction. 

The results of Leibowitz et al. [85] are similar to the 
results of the current study indicated that rats fed on high 
fructose diet for 5 weeks showed a significant increase in 
expression of (VCAM-1). In addition to the results of Kho et 
al. [86] indicated that feeding rats high fructose diet for 8 
weeks induced a high expression of ET-1, adhesion 
molecules such as ICAM-1, VCAM-1, and E-selectin in the 
arterial wall. 

 Previous results of Crespo et al. [87] supported the results 
of the current study, demonstrated that HT (as an active 

component in olive seeds) and its metabolites have a 
protective effect against ED in human aortic endothelial cells 
by considerably reducing the secretion of E-selectin and 
VCAM-1. 

3.8. The Effect of Native or Nano Olive Seeds on 

Microscopic Examination of Aorta Tissues in All 

Experimental Rat Groups 

The histopathological finding of aorta tissues with 
Hematoxylin and Eosin (H&E) stain confirmed the 
biochemical results in all tested groups. The microscopic 
examination of aorta tissues of rats from the healthy control 
group showed normal histological structure of the tunica 
intima lined by flattened endothelial cells in the straight 
surface using (H&E 400) as shown in Figure 5 
photomicrograph (a). On the other hand, HFHF- fed rat's aorta 
tissues showed swelling and corrugation of the endothelial 
cells that lining the intima that leading to thrombosis. These 
early changes can possibly lead to endothelial dysfunction as 
shown in photomicrograph (b). 

 
Figure 5. Photomicrograph (a) aorta tissue of rats fed balanced diet showing there was no histopathological alteration and the normal intact histological 

structure of the tunica intima which was lined by flattened endothelium in the straight surface as well as the underlying media then adventitia (H&E x400). 

Photomicrograph (b) of aorta tissue of rats fed HFHF showing swelling (stars) in the lining endothelium of the intima with corrugation (arrows) in the surface 

were observed which assisting the process of thrombosis in the vascular lumen (H&E x400). Photomicrograph (c) of aorta tissue of rats fed HFHF +5% olive 

seed group showing swelling inlining of the endothelium of the intima (stars) with vacuolization (arrows) in the tunica media (H&E x400). Photomicrograph 

(d) of aorta tissue of rats HFHF +10% olive seed group showing straight-lining of the endothelium of the intima with vacuolization (arrows) in the tunica 

media (H&E x400). Photomicrograph (e) of aorta tissue of rats fed HFHF +5% nano olive seed group showed normal histological structure of the straight-

lining of the endothelium of the intima as well as the histological structure of the media (H&E x400). Photomicrograph (f) of aorta tissue of rats fed HFHF 

+10% nano olive seed group showing normal histological structure of endothelium of the intima as well as the histological structure of the media (H&E x400). 
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Olive seeds powder dietary supplementation in the native 
form at 5% and 10% levels showed slight improvement as 
shown in figure 5 photomicrograph (c and d). Meanwhile, 
dietary supplementation with olive seed in nano form at 5% 
and 10% ameliorated the pathological changes induced in 
HFHF fed rats indicated by reversing the swelling and 
corrugation that resulted from HFHF diet, this illustrated in 
Figure 5 photomicrograph (e and f). The results of the 
present study confirmed by the previous results of Yoo et al. 
[13] who showed that the abdominal aorta of rats fed on 
HFHF diet was thicker in comparison to the aorta of rats 
group fed on a regular diet. 

Moreover, the current study was agreed with Poudyal et al. 
[68] who demonstrated that olive polyphenols supplementation 
protected the aorta against the free radical-induced impairment 
of the NO-mediated relaxation, thereby preserving the role of 
vascular endothelium in the vasodilation process. 

Also, results of Suzuki et al. [88] reported that ferulic acid 
may relax the aorta even after the removal of the intact 
endothelium, which confirms a direct effect of ferulic acid on 
vascular smooth muscle cells. 

4. Conclusion 

Olive seed powder either in native or nano form showed a 
significant ameliorative effect against deleterious metabolic 
dysregulation induced by high fat high fructose diet. The present 
study suggests also that treatment with nano or native olive 
seeds powder improves endothelial function by improving NO 
bioavailability, increasing eNOS activity, reducing insulin 
resistance, improving lipid profiles, and preventing the 
generation of both vasoconstrictors, and vascular adhesion 
molecules. The improvement in the altered parameters was more 
pronounced in nano olive seed supplemented groups than other 
remaining groups supplemented with olive seed in native form. 
These results confirmed that nano-capsulation increases the 
bioavailability of polyphenols in olive seed powder. 

The results of this study suggests the use of olive seed 
powder as functional food due to its powerful antioxidant and 
anti-inflammatory activities to alleviate and protect against 
insulin resistance and its subsequent complications as type 2 
diabetes and endothelial dysfunction. 
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