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ABSTRACT 
Background: Obesity is considered to be a pandemic that has increased during the last decades. The energy 
burning capacity of brown adipose tissue (BAT) makes it an attractive target in anti obesity therapies. Several 
strategies are being examined to activate and recruit BAT with no side effects. Objective: To use olive tree 
waste (leaves) as a source of medicinally important phenolic compound oleuropein and to evaluate the 
possible effects of oleuropein on browning of white adipose tissue in exercised obese Rats.  Material and 
methods: Sixty adult male Wister albino rats were divided into six equal groups. Group I: Normal control, 
group II: Oleuropein treated group, group III: High fat diet (HFD), group IV: HFD plus oleuropein, group V: 
HFD plus exercise training, group VI: HFD plus exercise training and oleuropein. At the end of the 
experiment, the body weight and the serum levels of lipid profile, GSH, MDA, IL-6 and irisin hormone were 
determined. The abdominal adipose tissues were excised for the measurement of gene expression of adipose 
tissue uncoupling protein 1 (UCP1), and CD137. Results: Oleuropein treatment significantly decreased body 
weight. Serum cholesterol, triglycerides and LDL significantly decreased, while HDL significantly increased. 
Furthermore, oleuropein suppressed the increase in serum IL-6 significantly. Conclusion: Oleuropein 
supplementation may provide an effective therapeutic option for combating obesity as it possessed 
antioxidant and anti-inflammatory activities, as well as increased expression UCP1 and CD137 which 
promoted additional browning in BAT 
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INTRODUCTION 

    Inactivity and sedentary lifestyle is one 
of the primary causes for the development 
of obesity, cardiac dysfunction, cardio-
vascular aging and type 2 diabetes 
mellitus (T2DM) (Sanchez-Delgado et 
al., 2015). The adipose tissue, which is 
greatly expanded in obese persons, acts as 
secretory endocrine organ of cytokines, 
hormones and proteins that affect the 
functions of cells and tissues all over the 

body (Gavrieli and Mantzoros, 2016). It 
is composed of white (WAT) and brown 
(BAT) adipose tissues. Both are different 
in morphology, distribution, gene 
expression and functions (Mathieu et al., 
2010). Brown adipocytes are highly 
vascular, contain high number of 
mitochondria and innervated by the 
sympathetic nervous system (Tews and 
Wabitsch, 2011).  Studies suggested that 
identification of BAT in healthy adults 
have opened up new opportunities for the 
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development of therapeutics for metabolic 
diseases like obesity and type 2 DM 
(Sanchez-Delgado et al., 2015). 

    Regular exercise training is an effective 
approach for prevention and treatment of 
obesity (Gamas et al., 2015). Many of the 
molecular events responsible for the 
curative and protective role of exercise 
remain elusive (Roca-Rivada et al., 
2013). 

    Skeletal muscles represent about 40% 
of the body weight and constitute a large 
reservoir for the production of signaling 
molecules. It is considered to be the 
largest organ determining whole-body 
insulin sensitivity and metabolic 
homeostasis (Lu et al., 2016). It is capable 
of communicating with other tissues 
through myokines, which are hormones 
released into the circulation during 
exercise. These myokines includes irisin, 
myostatin, IL-4, IL-6, IL-7, IL-15, 
leukemia inhibitory factor, myonectin, 
fibroblast growth factor 21 (FGF-21), 
brain-derived neurotrophic factor, insulin-
like growth factor, follistatin-related 
protein 1, erythropoietin, musclin and β-
amino isobutyric acid (Stranska and 
Svačina, 2015 and Panati et al., 2016).  

    Dietary consumption of olive oil is 
considered a key component to explain the 
association of Mediterranean diet with a 
lowered incidence of metabolic disorders 
and cardiovascular diseases (Widmer et 
al., 2015). The beneficial action of extra 
virgin olive oil is mainly attributed to its 
phenolic compounds as oleuropein which 
is derived from olive oil and olive leaf 
(Tavafi and Ahmadvand, 2011). 
Researchers have reported that oleuropein 
is one of the important antioxidant 
(Khalatbary and Ahmadvand, 2012). 

The pharmacological benefits of oleur-
opein in preventing and protecting from 
diseases are known. It has in addition to 
anti-oxidant, antihistaminic, cardioproduc-
tive and hypolipidemic effects, anti-
inflammatory effects, the effect of 
inhibiting thrombocyte aggregation, anti-
atherogenic effect, anticancerogenic 
effect, antimicrobic properties against 
gram-positive and gram-negative bacteria, 
neuroprotective effect and antiviral effects 
(Andreadou et al., 2006 and Bazoti et 
al., 2006). Despite the benefits attributed 
to the consumption of olive oil, its use in 
enhancing thermogenesis has sparked 
interest in the scientific research.  

    The aim of the present study was to 
isolate oleuropein in pure form from 
cheap olive tree waste (leaves) and 
evaluate the possible mechanisms by 
which oleuropein and/or exercise can 
combat obesity-associated metabolic 
alterations. 

MATERIAL AND METHODS 

Plant material: The leaves, collected 
from trees of Olive (Olea europaea L.) 
Chemlali cultivar, were grown in the Siwa 
oasis, at North West of Egypt in the 
middle of April 2015. The authentication 
of the plant was kindly confirmed by 
Professor Dr. M. El-Gendy professor of 
Taxonomy. The leaves were air-dried, 
reduced to fine powder and kept in tightly 
closed amber colored glass containers. 
Voucher specimens were kept in the 
Department of Pharmacognosy, Faculty of 
Pharmacy, Cairo University. 

Animals: Sixty adult male albino rats of 
local strain (7-8-weeks old, weighing 130-
180 g) were purchased from Helwan Farm 
(Cairo, Egypt). They were housed in 
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standard cages (3 rats/25X30X30 cm 
cage), under specific pathogen-free 
conditions in facilities maintained at 
controlled room temperature (21-24°C) 
and under normal dark–light cycles. All 
animals had free access to rat chow diet 
and water ad libitum and were acclimated 
for two weeks prior to initiation of the 
experiment in the laboratory of in the 
National Research Centre. All procedures 
were approved by the Animal Care 
Committee of the National Research 
Centre. The “Principles of laboratory 
animal care” were followed, and also the 
specific national laws were applicable. 

Diets: Commercial rat chow diet 
(balanced diet), containing 67% 
carbohydrates, 10% fat, and 23% protein 
as the energy sources (overall calories: 3.6 
kcal/g), was purchased from El Gomhorya 
company (Cairo, Egypt). High fat diet 
(HFD), consisting of 88% of standard 
pellet animal diet, 10% lard and 2% 
cholesterol was prepared and used to 
induce hyperlipidemia. The major 
composition of the diets used in this study 
was previously characterized by Xu et al. 
(2010) and Hussain et al. (2016). The 
HFD was composed of the following 
energy sources: 52% carbohydrates, 30% 
fat and 18% protein (overall calories: 4.8 
kcal/g) (Hussain et al., 2016). 

Extraction and isolation of oleuropein: 
500g of dried olive leaves in powder form 
were extracted until exhaustion with 
ethanol 80 %. The extracts were then 
filtered through a Whatman No.1 filter 
(Whatman,UK). The filtrate was then 
evaporated in rotary evaporator at room 
temperature under vacuum. The dried 
ethanolic extract was further fractionated 
with 4 x 300 ml ethyl acetate. Ethyl 

acetate fractions were pooled together and 
evaporated by rotatory evaporator under 
reduced pressure at 40 °C then dried on 
anhydrous sodium sulphate 12g of a dry 
extract were obtained. Ethyl acetate dry 
residue was chromatographed with HPLC 
to determine its content of oleuropein 
quantitatively and further purified by 
silica gel flash column chromatography, 
using methylene chloride: methanol: water 
/ (14:3:1) as an isocraticeluent to yield 5.1 
g of oleuropein as amorphous powder in 
pure form. 

Qualitative and quantitative determina-
tion of oleuropein in olive leaf extracts 
by HPLC: Qualitative and quantitative 
determinations of oleuropein in plant 
under investigation were carried out using 
reversed phase HPLC. Stationary phase 
was silca-based C18 bonded phase 
column (C18, 250 mm×4.6 ID). Mobile 
phase consisting of a mixture of water and 
acetonitrile (70/30 volume ratio) 
containing 1% acetic acid at a flow rate of 
1.0 mL/min. UV detector at 240 nm was 
used for oleuropein detection and 
determination. The injection volume used 
was 20.0 µl for both standard and sample 
solutions. Identification of isolated 
oleuropein and quantitative determination 
of oleuropein in olive ethyl acetate 
fraction was based on retention times in 
comparison with standard of oleuropein. 
The concentration of oleuropein in ethyl 
acetate fraction was calculated using peak 
area. The amount of oleuropein was 
calculated as % weight / weight.  

Experimental Design: The rats were 
divided into 6 equal groups. Group I: 
Rats were assigned to normal control 
group and given normal balanced chow 
(10% fat) and supplemented orally with 
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saline (10 mg/kg/day) for 12 weeks. 
Group II: Rats were given normal 
balanced chow (10% fat) and 
supplemented orally with oleuropein 
(50 mg/kg/day) by gastric gavage tube 
(Hadrich et al., 2016) for 12 weeks. 
Group III (HFD group): Rats were given 
HFD (30% fat) and orally supplemented 
with saline for 12 weeks and left without 
exercise (Xu et al., 2010 and Hussain et 
al., 2016). Group IV (HFD-oleuropein 
group): Rats were kept on HFD for 6 
weeks, and then were given oleuropein 
(50 mg/kg/day) by gastric gavage 
(Hadrich et al., 2016), with HFD for 6 
weeks. Group V (HFD-exercise group): 
Rats were kept on HFD for 6 weeks. At 
the beginning of the 6th week of HFD 
intake, the rats were acclimated to 
exercise (5 meter/minute, for five 
minutes) for 1week according to 
Cechettia et al. (2012) to minimize stress. 
By the beginning of the 7th week, the 
exercise training program began 30 
minutes (5 times/week) for the next 6 
weeks according to Kim et al. (2015) and 
Mahjoub et al. (2016) which were 
continued with HFD intake. Group VI 
(HFD-oleuropein-exercise group): Rats 
received HFD for 6 weeks with 
acclimation to the exercise (5 
meter/minute, for five minutes) by the 
beginning of 6th week for one week. On 
the beginning of the 7th week, rats 
received oleuropein orally at a daily dose 
of 50 mg/kg for 6 weeks, and exercised by 
the same program of group V to the end of 
12th week. 

    The animals of control and sedentary 
groups (II, III and IV) were transported to 
the experimental room and handled 
exactly as the exercised animals. They 
were maintained in the turned off 

treadmill for 5 minutes without forcing 
them to run. This was designed to 
minimize any possible effects of external 
factors as handling and shape of treadmill 
(Bernardi et al., 2013). 

Treadmill Exercise training program: 
47302 - Rodent Treadmill NG, Ugo 
Basile, Varese, Italy, Model was used. 
The exercise training program began on 
the 7th week of experiment at morning 
between 10.00 and 12.00 Am (Bae et al., 
2016) by sessions of gradually increasing 
speed training 30 minutes, 5 times/week 
(5 meter/minute for 5 minutes increased to 
12 meter/minute for 5 minutes, and finally 
18 meter/minute for 20 minutes, once 
daily, 5 times per week) for 6 weeks (Kim 
et al., 2015 and Mahjoub et al., 2016). 

    The body weight of each rat was 
measured and recorded weekly for all 
groups. Hyperlipidemia was confirmed by 
measuring the levels of serum lipids and 
lipoproteins. 

    At the end of the experiment, after 
overnight fasting, rats were anesthetized 
in the morning, and blood samples were 
collected from retro-orbital venous plexus 
by capillary tubes under light ether 
anesthesia. The blood was then 
centrifuged at 3000 rpm for 15 minute for 
serum collection. Serum was separated in 
aliquots in Eppendorf tubes and stored 
frozen at -80°C until analysis. The 
separated serum was analyzed for 
estimation of the levels of lipid profile, 
oxidative stress markers, inflammatory 
markers and irisin hormone. The 
abdominal adipose tissues were excised 
for the measurement of gene expression of 
adipose tissue uncoupling protein 1 
(UCP1), and CD137.  
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Biochemical analysis: total serum 
cholesterol and HDL were measured by 
quantitative enzymatic colorimetric 
determination using biomed diagonstic 
assay kits (Khairunnuur et al., 2010). 
Serum triglycerides were measured by 
quantitative enzymatic colorimetric 
determination using Cayman colorimetric 
assay kit (Khairunnuur et al., 2010). 
Serum LDL cholesterol was calculated 
from the values of total cholesterol (TC), 
HDL and triglycerides using Friedewald 
equation: LDL (mg/dl) = TC - HDL – 
(TG/5.0)2 (Ahmadi et al., 2008). Serum 
reduced GSH was determined using 
Cayman’s GSH assay kit (Rahman et al., 
2007). Serum MDA has been identified by 
reaction of thiobarbituric acid with MDA 
in acidic medium at temperature of 95 ₒC 
for 30 minutes to form thiobarbituric acid 
reactive product. The absorbance of the 
resultant pink product can be measured at 
wave length 534nm (Zeb and Ullah, 
2016). Serum IL-6 was measured by 
commercial ELISA kits (Ray Bio® Rat, 
Ray Biotech, Norcross, GA, USA) 
(Gaber et al., 2013). Serum Irisin was 
measured by commercial ELISA kits 
(Bostrom et al., 2012). 

Detection of uncoupling protein-1 
(UCP-1) and CD137 Gene expression in 
abdominal adipose tissue: RNA was 
extracted, reversely transcribed into 
cDNA and amplified by PCR and then 
detected using agarose gel electro-
phoresis.Western blot analysis for adipose 
p38 MAPK total protein was extracted 
from the tissue using a protein extraction 
kit. Total protein levels were determined 
by using the Bradford method (Han et al., 
2014).  

Quantitative real-time reverse 
transcription PCR analysis: Total RNA 
was extracted from the tissue using 

TRIzol Reagent (Invitrogen, San Diego, 
California, USA).The concentration of 
total RNA was measured by absorbance at 
260/280nm. The reverse transcription 
reaction for the first-strand cDNA 
synthesis was carried out with reverse 
transcriptase (Bio-Rad, Hercules, 
California, USA) using 2?g of total RNA. 
Real-time PCR was initiated on a Step 
One Plus Real time. PCR System (ABI 
Applied Biosystems, San Francisco, USA) 
using Power SYBR Green PCR Master 
Mix (Pfaffl, 2001). 

Statistical Analysis: All values are 
presented as means ± standard error of the 
means (SE). Comparisons between 
different groups were carried out using 
one-way analysis of variance (ANOVA) 
followed by Tukey HSD test for multiple 
comparisons. Graphpad Prism software, 
version 5 (Inc., San Diego, USA) was 
used to carry out these statistical tests. The 
difference was considered significant 
when p < 0.05. 

RESULTS 
Qualitative and quantitative 
determination of oleuropein in olive leaf 
extracts by HPLC: 

    HPLC results showed that the concen-
tration of oleuropein in ethyl acetate 
fraction is 40.1% w/w.  HPLC also 
confirmed identification & authentication 
of isolated compound as pure oleuropein 
by comparing to retention time of standard 
oleuropein.  
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Effect of exercise and/or oleuropein on 
body weight and serum lipid profile:  

    High fat diet for 12 weeks induced a 
robust increase in body weight by 48% on 
comparison to normal control rats. Body 
weight increase was ameliorated upon use 
of exercise, oleuropein administration and 
their combination by 30%, 26% and 32% 
respectively. Furthermore, the induced 
dyslipidemia in HFD group was presented 

by a significant elevation of TG and TC 
by 1.47 and 1.48 folds, respectively, and 
decrease in HDL-C by 56.18 % as 
compared to normal control. Notably, 
exercise, administration of oleuropein or a 
combination of both successfully 
ameliorated the aforementioned 
deleterious effects as compared with HFD 
group (Table 1). 

 
 
Table (1): Effect of exercise and/or oleuropein on body weight and serum lipid profile. 

      Groups 

 

Parameters 

Normal 
control 

Oleuropein 
(50 mg/kg) HFD HFD + 

exercise 
HFD + 

Oleuropein 
HFD + exercise + 

Oleuropein 

Body weight 
(g) 216.9 ± 0.1 214.35 ± 0.8 321.1 ± 3.4a 224.7 ± 2.33ab 237.54 ± 1.25 abc 218.28a,b,c,d ± 2.50 abcd 

Total 
cholesterol 

(mg/dl) 
146.29±1.56  153.70±3.43  217.70±0.79a 183.82±1.58 ab 193.36±0.97 abc 175.12±2.35 abcd 

Triglyceride 
(mg/dl) 79.67±1.12  84.07±1.77  117.70±0.79 a 96.28±0.81 ab 108.36±1.72 abc 99.28±0.96 abd 

HDL (mg/dl) 
63.21±1.25  62.81±0.91  27.70±0.79 a 35.48±1.65 ab 44.24±0.29 abc 49.32±0.50 abcd 

a Significantly different from normal control (Saline) at P<0.05. b Significantly different 
from HFD control, c significantly different from HFD + exersice, d significantly different 
from HFD + oleuropein at P<0.05. 

 
Effect of exercise and/or oleuropein on 
oxidative stress and inflammation: 

MDA levels elevated after HFD 
supplementation by about 19.39 fold and 
GSH activity showed reduction about 
70.82 % These effects were associated 
with disturbance in the pro-inflammatory 
markers by causing a prominent elevation 
in serum levels of pro-inflammatory 

marker IL-6, by 4.60 fold as compared to 
normal control. On the other hand, 
exercise and/or oleuropein administration 
showed significant decline in MDA and 
IL-6 serum levels and elevation in GSH 
activity as compared with HFD group 
(Figure 1&2). 
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Figure (1): Effect of exercise and/or oleuropein on serum levels of GSH and MDA. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Effect of exercise and/or oleuropein on serum IL-6. 
a Significantly different from normal control (Saline) at P<0.05. b Significantly different 
from HFD control, c significantly different from HFD + exersice, d significantly different 
from HFD + oleuropein at P<0.05. 
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Effect of exercise and/or oleuropein on 
serum irisin level: 

HFD showed marked reduction in serum 
irisin level by 70.6%, from the control 
level.  Conversely, exercise and its com-
bination with oleuropein administration 
concomitantly with HFD increased serum 

irisin level by 1.23 and 1.38 fold respec-
tively, while oleuropein administrated 
with HFD did not change serum irisin 
level as compared with HFD group 
(Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Effect of exercise and/or oleuropein on serum levels of Irisin. 
a Significantly different from normal control (Saline) at P<0.05. b Significantly different 
from HFD control, c significantly different from HFD + exersice, d significantly different 
from HFD + oleuropein at P<0.05. 

 
Effect of exercise and/or oleuropein on 
adipose tissue UCP1 and CD137 gene 
expression:  

HFD produced a significant reduction of 
the browning marker UCP1 gene 
expression by 70.4% and beige fat-
specific marker CD137 gene expression 
by 97.2 % in adipose tissue compared to 
their respective controls. On the other 

hand, exercise, oleuropein administration 
and a combination of both concomitantly 
with HFD increased UCP1 expression by 
2.13, 1.71 and 2.04 folds, respectively, as 
well as increased CD137 expression by 
25.71, 21.75 and 26.59 folds, respectively, 
as compared with HFD group (Figure 4). 
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Figure (4): Effect of exercise and/or oleuropein on adipose tissue UCP1 and CD137 gene 
expression. 

a Significantly different from normal control (Saline) at P<0.05. b Significantly different 
from HFD control, c significantly different from HFD + exersice, d significantly different 
from HFD + oleuropein at P<0.05 

 

DISCUSSION 
    Current drug treatments for obesity 
produce small and usually unsustainable 
decrease in body weight with the risk of 
major adverse effects. Lifestyle modifica-
tion including the use of functional foods 
could produce a reliable decrease 
in obesity and its comorbidities (Brown et 
al., 2015). These have aroused interest in 
studying nutrients rich in phenolic 
compounds, especially olive leaves which 
contain oleuropein as a potential irisin 
inducer, and its combination with chronic 
treadmill exercise as an agent that could 
stimulate the adipose tissue browning for 
correction of obesity. 

    In the present study, twelve weeks 
supplementation of rats with high fat diet 

(30% fat) induced significant elevation of 
body weight. This elevation was in 
agreement with previous studies of Ahn 
& Go (2017) and Marics et al. (2017) 
who showed that HFD increase the body 
weight significantly. Yang et al. (2015) 
explained this elevation to the digestion of 
fat to monoglycerides and fatty acids by 
lipase and absorbed fat is accumulated in 
adipose tissue through excessive adipo-
cyte differentiation. Another explanation 
was reported by Dodd et al. (2015) who 
stated that the elevation of body weight 
may be attributed to hyperphagia and 
consequently high energy intake induced 
by adipocyte-derived leptin hormone 
secretion. 

    Increased physical activity results in the 
control of body weight, after considering 
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energy supply according to energy 
consumption and expenditure associated 
with hormones (Harris et al., 2015 and 
Chen et al., 2016). On the basis of these 
findings, our results revealed that chronic 
regular treadmill training exercise for six 
weeks significantly reduced the body 
weight. These results were in consistence 
with the study of Chen et al. (2017) who 
observed that treadmill exercise to mice 
significantly reduce the body weight and 
insulin resistance, and explained this 
reduction to that exercise can alter food 
preference in obese mice, which may be 
mediated by dopaminergic plasticity of 
the ventral tegmental area-nucleus 
accumbens and enhanced insulin 
sensitivity. Another observation was 
reported by Rocha-Rodrigues et al. (2016 
a) that eight-weeks of exercise training 
decrease body weight, visceral adiposity 
and adipocyte size, plasma non-esterified 
fatty acids (NEFA) and glycerol levels in 
obese rats. Oleuropein supplementation 
induced significant decrease of body 
weight in the present study. This reduction 
was supported by the study of Hadrich et 
al. (2016) who attributed this decrease to 
reduction of adipose tissue mass and 
triglyceride with increased serum 
adiponectin concentration, which is an 
important hormone with fatty-acid 
oxidation properties. In addition, our work 
reported a decrease of body weight in 
exercise and oleuropein combination 
group. 

    The current study showed a marked 
increase in the serum lipid profile level 
(total cholesterol, triglycerides and LDL) 
in HFD group, while serum HDL level 
significantly decreased. These results 
were consistent with the other studies 
indicating altered lipid metabolism 

associated with HFD intake (Galaly et al., 
2014 and Tanko et al., 2016). The 
cholesterol level in plasma and liver of 
hyperlipidemic rats increased due to the 
increased uptake of exogenous cholesterol 
and subsequent its deposition, in addition 
to the decreased cholesterol catabolism as 
evidenced by a reduction in bile acid 
production and turnover of bile acids 
(Barakat and Mahmoud, 2011). Chronic 
exercise for six weeks significantly 
reduced the serum levels of lipid profile in 
exercised obese rats compared with 
normal sedentary rats, which is supported 
by the study of Przyborowski et al. 
(2017). This improvement of lipid profile 
after exercise may be attributed to 
increased serum levels of irisin as reported 
by Tekin et al. (2017) that irisin causes 
decrease in LDL, triglycerides and 
cholesterol levels, while increases HDL 
levels. Also, Xiong et al. (2015) reported 
that irisin could improve dyslipidemia and 
hepatic steatosis in mice. Oleuropein 
treatment induced improvement of altered 
lipid profile. In agreement with this 
results, Ahmadvand et al. (2016) 
reported that, high fat diet induced 
alteration of serum paraoxonase 1 (PON1) 
which improved by oleuropein supple-
mentation. PON1 has the ability to protect 
lipoprotein particles from free radical 
oxidation, and it can hydrolyze oxidized 
cholesteryl esters, phosphatidyl choline 
core aldehydes, and degrade hydrogen 
peroxide. So, it has antiatherogenic 
properties. Another mechanism was 
reported by Poudyal et al. (2010) that 
oleuropein enhances the decreased blood 
lipid concentrations due to its agonist 
action on bile acid-activated TGR5, a 
metabotropic G-protein–coupled receptor. 
Bile acids increase energy expenditure by 
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a TGR5-mediated increase in intracellular 
activation of thyroid hormone, hence 
preventing the development of obesity and 
insulin resistance in mice fed a high-fat 
diet (Sato et al., 2007). Moreover, our 
results showed a decrease of serum lipid 
level in exercise and oleuropein 
combination group that may be explained 
by increased serum levels of irisin. 

    The current work assessed the major 
compounds involved in the down- 
regulation of substances formed during 
oxidative stress MDA, up-regulation of 
GSH scavenging activity (antioxidant 
activity), and reduction of pro-
inflammatory cytokines, like IL-6, in 
order to investigate the effect of 
oleuropein and exercise on obese rats. 
Significant elevation of serum levels of 
MDA and IL-6 as well as decreased serum 
GSH activity after twelve weeks of HFD 
supplementation was observed in the 
present work. These results were 
consistent with the study of Viggiano et 
al. (2016) who reported that over nutrition 
can induce inflammatory responses in 
peripheral tissues and in the 
hypothalamus, resulting in a defective 
control of food intake and energy 
expenditure. Hypothalamic inflammation 
affects whole body energy homeostasis 
mostly by controlling neural inputs to 
specific organs (Thaler et al., 2010 and 
2013). On the other hand, Alcal? et al. 
(2015) observed that HFD to mice 
induced marked insulin resistance, 
hypertriglyceridemia and smaller 
adipocytes surrounded by a fibrotic 
extracellular matrix and an increased 
macrophage infiltration, with the 
consequent release of pro-inflammatory 
cytokines. Chronic exercise to HFD 
supplemented rats in the current study 

induced correction of oxidative stress 
markers and inflammatory marker (IL-6). 
This was in agreement with Macpherson 
et al. (2015) who stated that adipose tissue 
is impaired in obesity and is associated 
with inflammation, macrophage infiltra-
tion, and polarization toward a pro-
inflammatory phenotype, Acute 0exercise 
can reduce markers of adipose 
inflammation, including IL-6. Oleuropein 
supplementation and their combination 
with exercise reduced oxidative stress and 
adipose inflammation. These results were 
explained by Ebaid et al. (2010) who 
stated that oleuropein is a free radical 
scavengers, have antioxidant activity as 
found in other antioxidants, such as 
vitamin E and butylated hydroxytoluene 
(BHT). 

    In the present work, the irisin serum 
levels significantly reduced in HFD 
treated rats. This reduction was corrected 
significantly by exercise and its 
combination with oleuropein. The study of 
Belviranli et al. (2016) showed that 
irisin levels decreased with obesity. Yang 
et al. (2015) explained this reduction by 
down-regulation of FNDC5/irisin expres-
sion in adipose tissues observed in HFD-
induced obese mice. Winn  et al. (2017) 
reported that single bout of moderate and 
high intensity afternoon exercise induces 
modest increases in circulating irisin 
concentrations during exercise in obese 
females. Huh et al. (2014) observed that 
an acute bout of vibration exercise 
increases circulating irisin, whereas 
chronic training does not change the 
values of irisin in humans. 

    The adipocyte expression of the 
browning markers UCP1 and the beige 
fat-specific marker CD137 in the present 
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study significantly reduced in obese rats, 
and elevated by exercise and oleuropein 
interventions, either individually or 
together. The present findings were 
supported by those of Tanaka-Yachi et 
al. (2017) who reported that the gene 
expression levels of UCP1 and CD137 
increased with agents that promote 
thermogenic adipocyte differentiation in 
mammalian white adipose tissues as the α-
tocopherol. Exercise causes an increase in 
energy expenditure through augmentation 
in brown fat and the browning of white fat 
(Bostr?m et al., 2012). Oleuropein 
supplementation to obese rats significantly 
elevated the serum irisin level and 
increased co-expression of the beige fat-
specific marker CD137 and the browning 
marker UCP1 in all types of white fat, 
while its supplementation to obese 
exercised rats induced marked elevation in 
there levels to reach nearly the normal 
levels. These findings were supported by 
that of Rocha-Rodrigues et al. (2016 b) 
who revealed that the adipocyte 
hypertrophy induced by HFD was 
attenuated by exercise treadmill.  

CONCLUSION 
    Browning of WAT and thermogenesis 
promoted in rats with diet-induced obesity 
by oleuropein supplementation a major 
component of olive leaves through 
increased expression of the brown fat 
marker UCP1 in all types of adipose 
tissues, together with activation of 
CD137-positive beige fat formation of 
WATs which promoted additional 
browning in BAT. This suggested that 
targeting a white adipose tissue in obesity 
by oleuropein supplementation provide an 
effective therapeutic option for combating 
obesity and its related metabolic disorders.  

On the other hand, although both olive 
leaves & fruit oil are rich in oleuropein 
but leaves was selected in this work as 
economical cheap waste product of this 
tree. This work finds application using 
this antioxidant phenolic Oleuropein 
molecule to design cheap drug for the 
treatment of obesity, and acts as a curative 
to complications of fat accumulation on 
tissues. 
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سمرار  األنسجة إالتأثیرات المحتملة لألولیوروبین علي  
  الدھنیة في الجرذان السمینة المعرضة لتمرینات التریدمیل

  3، عبیر سالمة، خالد مصیلحي1بسمة كمال رمضان
  

    3والعقاقیر الطبیة 2الفارماكولوجيو  1أقسام الفسیولوجیا
  3، وكلیة الصیدلة جامعة القاھرة 2، المركز القومي للبحوث 1كلیة طب األزھر (بنات)

  
ث ة البح د السمنة مرضخلفی یا ?ا: تع ود ا ?متفش ي العق رةألف درة او . خی ي ألمق ة عل ة البنی جة الدھنی نس

ذ ن ھ منة.  وم الج الس ي ع ري ف دف مغ ا ھ دھون تجعلھ رق ال ن ح د م ة العدی تم دراس ق ی ا المنطل

  عراض جانبیة. أیة لعالج السمنة  بدون  ظھور اي ستفادة من ھذه الدھون البنإلستراتیجیات لتفعیل اإلا

ث:  ن البح دف م ة   الھ اثیرات المحتمل ة الت ي دراس ة ف جة الدھنی مرار  األنس ي إس وروبین عل لألولی

  الجرذان السمینة المعرضة لتمرینات التریدمیل.

ى مواد وطرق البحث:  ة عل ذ الدراسة الحالی م   60تم تنفی ة البیضاء ت ذكور البالغ ور الجرذان ال ن ذك م

  تقسیمھم إلى ستة مجموعات متساویةعلى النحو التالي :

   المجموعة الضابطة  :المجموعة األولى

   األولیوروبینب تمت معالجتھا مجموعة : المجموعة الثانیة

   الطعام عالي الدھون مجموعة :المجموعة الثالثة

   ألولیوروبینالطعام عالي الدھون وامجموعة  :المجموعة الرابعة

  : مجموعة الطعام عالي الدھون والتمرینات الریاضیةالمجموعة الخامسة

   بجانب التمرینات الریاضیة ألولیوروبیناغذاء عالي الدھون و :المجموعة السادسة

د  تغی       م تحدی ة ت ة التجرب ى نھای موف ب  ،رات وزن الجس دم (نس ات ال تویات دھنی اس مس وقی

روتین  ي الب ة والكولیستیرول ف نخفض الكثاف دھني م الكولیستیرول الكلي والكولیستیرول في البروتین ال

دو كسدة (الجلوتاثیوناأل معاملو ،الدھني عالي الكثافة والدھون الثالثیة) ي المانولدھی ذا باإلضافة إل ) ھ

ات (ا وندالالت اإللتھاب زین و) 6-إلنترلیك ون األیری ي ھرم لف ى. المص افة إل ذا باإلض الإ ھ  ستئص

ك األنسجة الدھنیة من منطقة البطن لكل جرذ لقا روتین ف اط وجین سي دي یاس التعبیر الجیني لب إلرتب

  .نسجة الدھنیةفي األ 137
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حصائیة إداللة  وذ اً ضنخفاإنتج عنھ   ألولیوروبینا ستخدامإ: تتلخص نتائج البحث الحالي في أن النتائج

م ل دھني و، وزن الجس روتین ال ي الب ة والكولیستیرول ف دھون الثالثی ي وال مستویات الكولیستیرول الكل

ة إرتفعبینما  ،منخفض الكثافة دھني عالي الكثاف روتین ال  انخفاض ىلإ باإلضافة، الكولیستیرول في الب

دالت األ ي مع دة ف دمكس حت  ىوالت ال اضوض تویات ا بانخف د ومس اعلمانولدھای تویات  إرتف مس

اثیون اض الجلوت ي انخف ك  ىلإ. اضیف )6النترلیكون دالالت االورام ( باإلضافة ال یطذل ز وتنش   تحفی

   .نسجة الدھنیةفي األ 137رتباط وجین سي دي التعبیر الجیني لبروتین فك اإل

ا یعطي ألولیوروبینتناول الاثبتت نتائج ھذه الدراسة ان اإلستنتاج:  تخلص  ربم االً لل اً فع اراً عالجی خی

الً  كسدة واإللتھابات باإلضافة إلىد لألمن السمنة حیث أثبتت ھذه الدراسة قدرتھ الفعالة كمضا تنشیط ك

ك  روتین ف ي لب التعبیر الجین ة والمعروف ب جة بنی ى أنس ة البیضاء إل جة الدھنی ل األنس من معامل تحوی

   .137والمعروف بالسي دي  الجینیةا اإلرتباط والجین المسئول عن إكتشاف الخالی


