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Abstract: Insulin-like growth factors system consists of insulin-like growth factors (IGF-I and –II) as ligands, IGF receptors and 

family of six high-affinity IGF binding proteins (IGFBPs). The aim of this study is to determine the effect of olive leaves administration 

either in the form of aqueous (AOLE) or ethanolic (EOLE) extracts on implications of IGF system induced by feeding on high fat-high 

sucrose diet. Animals were randomly separated into four groups. The first group fed on  balanced diet as a control group, the second 

group fed on high fat-high sucrose diet, the third group fed on HF-HS diet + AOLE  in oral dose of (500mg/kgbw) and the fourth group 

fed on HF-HS diet + EOLE in oral dose of (500mg/kgbw). Serum glucose, insulin, lipogenesis factors as well as inflammatory 

biomarkers and TAC, serum GH, IGF-I, IGFBP-1, IGFBP-3 were estimated. Results indicated that feeding on HF-HS diet significantly 

increases serum glucose, insulin and results in bad lipid profile with increased inflammatory markers and reduced TAC, in addition to 

disturbance in serum GH and IGF system parameters level. While, consuming either AOLE or EOLE significantly increased insulin 

sensitivity, and improved IGF system implications and associated inflammation, furthermore, EOLE had better effect than AOLE. 

 

Keywords: IGF, insulin growth factor, IGFBP, insulin resistance, olive leaves, AOLE, EOLE 
 

1. Introduction 
 

Insulin-like growth factor (IGF) pathway consists of three 

hormones (IGF-I, IGF-II, and insulin), several IGF binding 

proteins (IGFBP 1-6), three receptors [IGF-I receptor (IGF-

IR), IGF-II receptor (IGF-IIR) and insulin receptor (IR)], 

and their downstream signaling cascades. IGF-I is a peptide 

hormone predominantly secreted by the liver in response to 

pituitary-derived growth hormone (GH). In the blood, 

approximately 90% of IGF-I is complexed with IGFBP-3 

and acid labile subunit in a 1:1:1 ratio which increases the 

half-life of IGF-I (Rohrmann et al., 2010). Circulating IGF-I 

and IGFBP-3 are markers of biological activity of the 

cellular level IGF pathway (Yeap et al., 2010). IGF-I 

stimulates a number of cellular pathways by activating IGF-

IR which affects the overall functioning of the cell. The 

intracellular part of the IGF pathway involves the adapter 

proteins insulin-receptor substrate (IRS) -1 and -2 through 

which the phosphatidylinositol 3’ kinase (PI3K) /Akt 

pathway and the mitogen-activated protein kinase (MAPK) 

pathways are activated. The mitogenic and anti-apoptotic 

properties of IGF-I are mediated through IRS- 1 and the 

MAPK and P13-kinase pathways, while IRS-2 mediates 

IGF-I’s metastatic mobility effects. The signaling proteins in 

these pathways transduce the IGF-I signal via 

phosphorylation reactions to a variety of intracellular 

proteins, including transcription factors (Ren and Anversa, 

2015). IGF-I and IGFBP-3 levels are nutritionally regulated 

and depend on the composition of diet. Serum levels of IGF-

I and IGFBP-3 elevate with high fat consumption. Both IGF-

I and IGFBP-3 stimulate the activity of glycerol-3-

phosphatedehydrogenase during differentiation of visceral 

and subcutaneous preadipocytesisolated from adipose tissue 

of obese children. In adipocytes from visceral adipose tissue, 

IGFBP-3 was found to reduce insulin-stimulated glucose 

uptake this lead to diet-induced insulin resistance. By 

contrast,IGFBP-1 and IGFBP-2 inhibit in vitro adipose 

differentiation by IGF-I, probably by preventing IGF-I 

binding to the IGF1R. Systemic over expression of IGFBP-1 

or IGFBP-2 was found to protect mice from diet-induced or 

age-induced obesity and insulin resistance (Garten et al., 

2012). 

 

Dietary factors, such as high-fat or high-sucrose diets have 

been implicated in the development of hepatic and 

peripheral tissues insulin resistance in rats. Insulin's ability 

to stimulate glucose metabolism is severely diminished in 

the adipose tissue of rats fed a high-fat high sucrose diet as 

compared to that of rats fed a balanced diet(Sumiyoshi et al., 

2006). Numerous studies showed that a HF and/or HS diet 

induces insulin resistance in rodents. It was reported that 

excess circulating free fatty acids (FFA) and glucose may 

contribute to insulin resistance which is characterized by 

hyperinsulinemia. On the other hand, it was reported that 

adipocytokines such as leptin, adiponectin, tumor necrosis 

factor (TNF)-α and IL-6 are secreted from adipose tissue 

(Chun et al., 2010).  

 

Olive leaves have been widely used in traditional remedies 

in European and Mediterranean countries. They have been 

used in the human diet as extracts, herbal teas, and powder. 

It contains several potentially bioactive compounds that may 

have antioxidant, antihypertensive, antiatherogenic, anti-

inflammatory, hypoglycemic, and hypocholesterolemic 

properties (Wainstein et al., 2012). The main active 

component in olive leaf is oleuropein, several studies have 

shown that oleuropein possesses a wide range of 

pharmacologic and health promoting properties (Zoair, 

2014). In addition, Poudyal et al., (2010) reported that olive 

leaf extract (OLE) containing polyphenols reversed the 

chronic inflammation and oxidative stress by diet-induced 

obesity and diabetes in cardiovascular, hepatic, and 

metabolic symptoms in rats. The concentration of olive plant 

polyphenols is far greater in the leaves than in the fruit or 

fruit oil, and supplementation with olive leaf extract was 
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reported to significantly improve insulin sensitivity and 

pancreatic β-cell secretory capacity (de Bock et al., 2015). 

 

The main aim of this study was to investigate the potential 

effect of olive leaf as an improvement factor for implications 

of IGF system caused by high fat-high sucrose diet and 

comparing the effect of olive leaf water extract with olive 

leaf ethanolic extract. 

 

2. Materials and Methods 
 

2.1. Plant materials 

 

Olive leaves were purchased from, local market, Cairo, 

Egypt. Aqueous olive leaf extract (AOLE)  was prepared 

according to Hung et al., (2006) by boiling olive leaves 

(300g ) in water (3000 ml ) for 60 minutes then filtered 

through Whatman filter paper No.2 and the filtrate was 

dried, the yield of dried extract was about 30g which 

dissolved in 300ml water (final concentration was 0.1g/ml). 

Rats were given (AOLE) orally by gavage as (500mg/kgbw) 

daily for continuous 28 days. Ethanolic olive leaves extract 

(EOLE) was prepared according to Babu et al., (2003) with 

some modification. One gram of the powdered dry leaves 

was mixed with 10ml of 80% ethanol. The mixture was 

stirred using magnetic stirrer in air tight container for about 

1hr then filtered. The filtrate was evaporated in rotary 

evaporator to remove alcohol at (40-50
o
C and 250 r.p.m.). 

The alcohol free sample was weighed and suspended in 

distilled water to give (0.1 g/ml). Rats were given (EOLE) 

orally by gavage as (500 mg/kg.bw) daily for continuous 28 

days. 

 

2.2. Animals and experimental design 

 

Thirty two adult male albino rats “Sprague Dawely” 90-110 

g were kept in stainless steel cages in the well-ventilated 

animal house. The rats had been kept in the room for 1 week 

prior to the beginning of the experiment for acclimatization. 

They had access to 12h cycle of light/dark and provided with 

standard diet prepared by AIN (1993) and tap water ad 

libitum. Animals then separated into control group (8 rats) 

that fed standard balanced diet according to AIN-1993 

(Reeves et al., 1993) and the remaining (24rats) fed on high 

fat-high sucrose diet containing 21% fat and 55% 

carbohydrates(37%sucrose and 18 %starch), for induction of 

obesity, according to Yang et al., (2012) for 28days, then 

separated into groups as follow: 

 

Group1: control group fed on standard balanced diet + plain 

water given daily using oral gavage. 

Group2: fed on HF-HS diet + plain water given daily using 

oral gavage. 

Group3: fed on HF-HS diet + AOLE in oral dose of 

(500mg/kg.bw) given daily by oral gavage. 

Group4: fed on HF-HS diet + EOLE in oral dose of 

(500mg/kg.bw) given daily by oral gavage. 

 

2.3. Sample collection 

 

At the end of the experimental period, animals were 

sacrificed under ether anesthesia after 12 hr fasting. Blood 

was collected from portal vein in centrifuge tubes, and then 

left to clot and serum was separated by centrifugation at 

3000 r.p.m. for 10 min at 4°C.Samples were kept in 

microtubes at -70°C until analysis. 

 

2.4. Determination of Total phenolic content of olive 

leaf extracts by Folin-Ciocalteu assay 

 

TPC content was measured using Folin-Ciocalteu assay 

according to the procedure described by Stintzing et al., 

(2005). The results were expressed as mg equivalent of 

gallic acid (GAE) per 100ml extract, according to calibration 

curve, build on the range of 0.02 - 0.10 mg gallic acid used 

as a standard. 

 

2.5. Determination of Antioxidant activity of olive leaf 

extracts by DPPH assay: 

 

The assay was performed according to the method described 

by Kivrak et al., (2009). The radical scavenging activities of 

the tested samples, was expressed as percentage inhibition of 

DPPH. 

 

2.6. Determination of carbohydrate metabolism markers 

 

Serum glucose was determined using the enzymatic 

colorimetric technique (GOD/ POD/ PAP) by Diagnosticum 

Zrt Kit, according to the method of Trider (1969). Serum 

insulin was determined using ELISA kit (IBL-

America)according to the method of Frosig et al., (2007). 

HOMA-IR and QUIKI were calculated according to the 

following equations:  

HOMA-IR= fasting insulin (µIU/ml) x fasting glucose 

(mg/dl)/405 (Stumvoll et al., 2001) 

QUIKI=1/log fasting insulin (µIU/ml) + log fasting glucose 

(mg/dl) (Katz et al., 2000) 

 

2.7. Determination of lipogenesis markers and 

atherogenic index 

 

Serum total cholesterol (TC) was determined using the 

enzymatic colorimetric technique (PAP) by Diagnosticum 

Zrt Kit, according to the method of Allain (1974). Serum 

triacylglycerols (TAGs) was determined using the enzymatic 

colorimetric technique (PAP) by Diagnosticum Zrt Kit, 

according to the method of Annoni et al., (1982). Serum 

HDL-C was determined using the precipitating reagent by 

Diagnosticum Zrt Kit, according to the method of 

LopesVirella (1977).  LDL-C, VLDL-C and atherogenic 

index (AI) were calculated applying the Friedwald's 

equation (Friedewald. 1972).  

VLDL-C= TG/5 

LDL-C=TC-(HDL-C+VLDL-C) 

AI=LDL-C/HDL-C 

 

2.8. Determination of inflammatory markers and total 

antioxidant capacity 

 

Serum (IL-6) was determined using ELISA kit (BioVision-

USA) according to the method of Pradhan et al., 

(2001).Serum TNF-α was determined using ELISA kit 

(CUSABIO- USA)according to the method of D’Haens, 

(2003). Serum CRP was determined using ELISA kit (BD- 

America) according to the method of Banerjee et al., (2003). 
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Serum TAC was determined using colorimetric kit 

(BioVision- USA) according to the method of Koracevic et 

al., (2001). 

 

2.9. Determination of growth hormone and some IGF 

system parameters 

 

Serum (GH) was determined using ELISA kit (CUSABIO -

USA)according to the method of Span et al., (2000).Serum 

(IGF-I) was determined using ELISA kit (KAMIYA-

USA)according to the method of Janssen et al., 

(1998).Serum (IGFBP-1) was determined using ELISA kit 

(CUSABIO -USA)according to the method of Wang et al., 

(2007).Serum (IGFBP-3) was determined using ELISA kit 

(CUSABIO -USA)according to the method of Eggert et al., 

(2014). Molar ratio of IGF-I/IGFBP-3 was calculated 

according to the equation of Morimoto et al., (2005) Molar 

ratio= IGF-I X 0.13/IGFBP-3 X 0.036 

 

2.10. Statistical Analysis 

 

Results were expressed as mean ± Standard deviation (S.D.) 

of the mean. Differences among means were tested for 

statistical significance by one-way analysis of variance using 

SPSS package version 19. Statistical significance was 

considered when P <0.05. 

 

3. Results 
 

3.1. Total phenolic content and antioxidant activity of 

olive leaf extracts: 

 

From table (1) the colorimetric Folin-Ciocalteu assay is the 

most used and rapid quantitative technique for the 

determination of total polar phenolics in olive leaves. 

Solvents could significantly affect total phenolics due to 

differences in solvent polarities, which might influence the 

solubility of various constituents present in olive leaves. 

Hence, the extraction capacity of ethyl alcohol showed a 

better effect on extraction of olive leaf phenolics (3.37meq 

of gallic acid) than water (1.73 meq of gallic acid).Ethanol 

extracts exhibited higher antiradical activity. The radical 

scavenging activity of ethanol olive leaves extract was 

(65.75% of inhibition of DPPH) higher than the antioxidant 

activity of water extract (30.90% of inhibition of DPPH).The 

previous results confirmed that EOLE has higher phenolic 

content and antioxidant activity than AOLE. 

 

3.2 Effect of olive leaf consumption (either aqueous or 

ethanolic extract) on some impaired carbohydrates 

metabolism markers 

 

From table (2) it is clear that consuming HF-HS diet 

increased significantly (P˂0.05) serum glucose and insulin 

levels by about 134.76% and 49.82% respectively compared 

with rats fed on balanced diet. Hyperglycemia and 

hyperinsulinemia were interpreted as an increase in HOMA-

IR value from (1.49±0.03) to (5.25±0.22) and decrease in 

QUICKI value from (0.36±0.001) to (0.30±0.002) which 

indicated the negative effect of consuming HF-HS diet on 

insulin sensitivity. Moreover, administration of AOLE with 

HF-HS diet decreased significantly (P˂0.05) serum glucose, 

insulin levels and HOMA-IR value by about 25.96%, 9.71% 

and 33.14% respectively, while QUIKI value increased 

significantly by about 6.67% in comparison with rats fed on 

HF-HS diet solely. Consuming HF-HS diet with EOLE 

decreased significantly (P˂0.05) serum glucose, insulin 

levels and HOMA-IR value by about 42.45%, 21.48% and 

54.86% respectively, while QUIKI value increased 

significantly by about 10% compared with rats fed on HF-

HS diet solely.  The previous results confirmed a better 

effect of EOLE than AOLE for hypoglycemia and insulin 

sensitivity.  

 

3.3 Effect of olive leaf consumption (either aqueous or 

ethanolic extract) on lipogenesis markers and 

atherogenic index 

 

Considering the serum levels of TC, TAGs, LDL-C, VLDL-

C and AI presented in table (3) all of them showed a 

significant increase (P˂0.05) in rats fed on HF-HS diet by 

about 57.90%, 80.28%, 281.55%, 80.32% and 609.30% 

respectively compared with rats fed on balanced diet. With 

respect to serum HDL-C level there was a significant 

decrease (P˂0.05) with consuming HF-HS diet by about 

47.15%compared with rats fed on balanced diet. 

Administration of AOLE with HF-HS diet significantly 

decreased TC, TAGs, LDL-C, VLDL-C and AI by about 

13.98%, 26.24%, 22.48%, 26.62% and 41.64% respectively, 

while HDL-C serum level increased significantly  (P˂0.05) 

by about 32.65%  compared with rats fed on HF-HS only.  

Also consuming EOLE with HF-HS diet showed a 

significant (P˂0.05) decrease in serum levels of TC, TAGs, 

LDL-C, VLDL-C and AI by about 27.21%, 35.97%, 

53.21%, 38.71% and 78.69% respectively, while HDL-C 

serum level increased significantly by about 70.79% 

compared with rats fed on HF-HS only. Previous results 

confirmed a better effect of EOLE than AOLE on 

lipogenesis markers and atherogenic index. 

 

3.4 Effect of olive leaf consumption (either aqueous or 

ethanolic extract) on some inflammatory markers and 

total antioxidant capacity 

 

From the results tabulated in table (4) it is clear that 

consuming HF-HS diet increased significantly (P˂0.05)  

serum inflammatory markers IL-6, TNF-α and C-RP by 

about 53.77%, 72.89% and 60.70% respectively, while 

serum TAC decreased significantly by about 

46.73%compared with rats fed on balanced diet. 

Administration of AOLE with HF-HS diet reduced 

significantly (P˂0.05)serum inflammatory markers IL-6, 

TNF-α and C-RP by about17.38%, 23.76% and 35.34% 

respectively, while serum TAC increased by about 48.24% 

compared with rats fed on HF-HS only. With respect to 

consuming EOLE with HF-HS diet there were significant 

decreases in serum inflammatory markers IL-6, TNF-α and 

C-RP by about21.17%, 33.19% and 35.52% respectively, 

while serum TAC increased by about 63.68% compared 

with rats fed on HF-HS only. The previous data confirmed 

better effect of EOLE on reducingTNF-α level and 

increasing TAC than AOLE while serum IL-6 and C-RP 

levels showed non-significant changes between two 

treatments. 
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3.5 Effect of olive leaf consumption (either aqueous or 

ethanolic extract)  on growth hormone and some IGF 

system parameters 

 

From table (5) it is clear that serum level of GH decreased 

significantly (P˂0.05) in rats fed on HF-HS diet by about 

53.89%, while IGF-I serum level increased by about 86.03% 

compared with rats fed on balanced diet. With respect to 

binding proteins IGFBP-1 decreased significantly, while 

IGFBP-3 increased significantly (P˂0.05) with consuming 

HF-HS diet by about 46.66% and 37.37% respectively 

compared with rats fed on balanced diet. According to this 

results the molar ratio between IGF-I and IGFBP-3 

increased significantly by 35.53% compared with rats fed on 

balanced diet. Treating with AOLE showed significant 

increases in GH and IGFBP-1serum levels by about 58.73% 

and 52.13% respectively. While IGF-I, IGFBP-3 and MR 

decreased significantly by about 35.39%, 19.65% and 

19.44% respectively compared with rats fed on HF-HS 

only.Also consuming EOLE with HF-HS diet showed 

significant (P˂0.05) increases in serum levels of GH and 

IGFBP-1 by about 73.32% and 69.54% respectively. While 

IGF-I, IGFBP-3 and MR decreased significantly by about 

38.61%, 23.93% and 19.15% respectively compared with 

rats fed on HF-HS only. From previous data EOLE showed 

better effect on GH, IGFBP-1 and IGFBP-3 than AOLE, and 

while in IGF-I and MR there were no significant differences 

between two treatments. 

 

Table 1: Total phenolic content and antioxidant activity of 

aqueous and ethanolic extract 
Extract TPC (meq of 

gallic acid) 

Antioxidant activity 

(% of inhibition of DPPH) 

Aqueous extract 1.73 30.90 

Ethanolic extract 3.37 65.75 

 

Table 2: Effect of olive leaves consumption (either aqueous or ethanolic extract) on some impaired carbohydrates metabolism 

markers 
parameters 

Groups 

Glucose 

(mg/dl) 

Insulin 

(µIU/ml) 

HOMA-IR QUICKI 

Control group a 

109.83±2.07 

a 

5.50±0.12 

a 

1.49±0.03 

d 

0.36±0.001 

HF-HS d 

257.84±6.41 

d 

8.24±0.18 

d 

5.25±0.22 

a 

0.30±0.002 

HF-HS+AOLE c 

190.93±8.88 

c 

7.44±0.11 

c 

3.51±0.19 

b 

0.32±0.002 

HF-HS+EOLE b 

148.40±11.69 

b 

6.47±0.16 

b 

2.37±0.18 

c 

0.33±0.004 

Values are represented as mean ± SD, There was no significant difference between means have the same letter in the same 

column (P<0.05). 

 

Table 3: Effect of olive leaves consumption (either aqueous or ethanolic extract) on lipogenesis markers and atherogenic 

index 
parameters 

Groups 

TC 

(mg/dl) 

TG 

(mg/dl) 

HDL-c 

(mg/dl) 

LDL-c 

(mg/dl) 

VLDL-c 

(mg/dl) 

AI 

Control group a 

52.33±2.15 

a 

66.07±2.58 

d 

27.53±1.56 

a 

11.60±3.30 

a 

13.21±0.52 

a 

0.43±0.14 

HF-HS d 

82.63±2.77 

d 

119.11±4.49 

a 

14.55±0.71 

d 

44.26±3.33 

d 

23.82±0.90 

d 

3.05±0.31 

HF-HS+AOLE c 

71.08±2.41 

c 

87.38±3.22 

b 

19.30±0.56 

c 

34.31±2.48 

c 

17.48±0.64 

c 

1.78±0.17 

HF-HS+EOLE b 

60.15±1.75 

b 

76.27±3.56 

c 

24.85±0.80 

b 

20.71±2.33 

b 

14.60±1.93 

b 

0.83±0.09 

Values are represented as mean ± SD, There was no significant difference between means have the same letter in the same 

column (P<0.05). 

 

Table 4: Effect of olive leaves consumption (either aqueous or ethanolic extract) on some inflammatory markers and total 

antioxidant capacity 
parameters 

Groups 

IL-6 

(Pg/ml) 

TNF-α 

(Pg/ml) 

CRP 

(ng/ml) 

TAC 

(nmol/µl) 

Control group a 

279.37±10.29 

a 

51.35±3.20 

a 

391.58±5.18 

d 

41.09±1.84 

HF-HS c 

429.58±28.58 

d 

88.78±1.82 

b 

629.25±3.07 

a 

21.89±2.01 

HF-HS+AOLE b 

354.90±16.67 

c 

67.69±4.66 

a 

406.90±45.62 

b 

32.45±2.34 

HF-HS+EOLE b 

338.63±13.34 

b 

59.31±1.00 

a 

408.77±2.15 

c 

35.83±0.71 

 

Values are represented as mean ± SD, There was no significant difference between means have the same letter in the same 

column (P<0.05). 
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Table 5: Effect of olive leaves consumption (either aqueous or ethanolic extract) on growth hormone and some IGF system 

parameters 
parameters 

Groups 

GH 

(ng/ml) 

IGF-I 

(ng/ml) 

IGFBP-1 

(Pg/ml) 

IGFBP-3 

(ng/ml) 

Molar ratio 

Control group d 

202.90±6.65 

a 

4.01±0.06 

d 

392.11±5.28 

a 

2.89±0.12 

a 

5.01±0.28 

HF-HS a 

93.56±3.19 

c 

7.46±0.47 

a 

209.15±4.99 

d 

3.97±0.09 

c 

6.79±0.34 

HF-HS+AOLE b 

148.51±5.92 

b 

4.82±0.19 

b 

318.18±3.83 

c 

3.19±0.08 

b 

5.47±0.24 

HF-HS+EOLE c 

162.16±4.19 

b 

4.58±0.13 

c 

354.59±6.10 

b 

3.02±0.09 

b 

5.49±0.25 

Values are represented as mean ± SD, There was no significant difference between means have the same letter in the same 

column (P<0.05). 

 

3. Discussion 
 

Olive leaf is an important source of naturally occurring 

phytochemicals and antioxidant compounds (de Bock et al., 

2013). Filip et al., (2015) concluded that olive leaves are 

rich in polyphenolic compounds of highly radical 

scavenging activity in both water and ethanolic extracts. 

Overall, ethanol was found to be the best solvent for 

extraction of antioxidant compound from olive leaves. The 

present results are similar to the results of Martin et al., 

(2013) who examined the antioxidant activity of olive leaves 

ethanolic and water extracts. They concluded that the 

greatest radical scavenging and antioxidant activity were 

associated with ethanolic extracts.    

 

Insulin resistance (IR) is one of the major causes of type 2 

diabetes and plays a critical role in the pathogenesis of 

cardiovascular diseases (CVDs) (Deveci et al., 2009). The 

results of the present study showed that consuming HF-HS 

diet increased significantly serum glucose and insulin levels 

compared with rats fed on balanced diet. Hyperglycemia and 

hyperinsulinemia were interpreted as an increase in HOMA-

IR value and decrease in QUICKI value, which indicated the 

negative effect of consuming HF-HS diet on insulin 

sensitivity. Olive leaves have been long used as a traditional 

antidiabetic and antihypertensive herbal intervention and 

have been used to treat these conditions as well as infectious 

diseases. Administration of AOLE or EOLE with HF-HS 

diet decreased significantly serum glucose, insulin levels and 

HOMA-IR value while QUIKI value increased. EOLE 

supplementation was associated with a reduction in the 

glucose and insulin excursion after oral glucose challenge, 

suggesting an improvement in both pancreatic β-cell 

function and insulin sensitivity. The olive leave extract has 

been shown to accelerate the cellular uptake of glucose, 

leading to reduced plasmaglucose (Wainstein et al., 2012). 

Since OLE contains polyphenols that are glycoside in their 

structure, it could actually access a glucose transporter such 

as a sodium-dependent glucose transporter (SGLT1) found 

in the epithelial cells of the small intestine, therefore 

permitting its entry into the cells. In accordance with the 

present work, olive leaf extracts especiallyethanolic extract 

have been found to decrease blood sugar in the animal 

studies through several mechanisms (Jemai et al., 2009).It 

was reported to slow digestion of starches into simple 

sugars, and so allows absorption of those sugars from the 

intestine to go in gradual fashion, and increase the uptake of 

glucose into tissues from the blood (Wainstein et al., 

2012). EOLE protects tissues from the oxidative damage 

caused by the interaction between glucose and proteins in 

the process called glycation and increases the levels of other 

natural antioxidant systems in the body, which increase the 

degree of protection(Al-Azzawie and Alhamdani. 2006). 

The current study is in accordance with Rossetti. (1990) who 

confirmed that, rats fed on high fat high sucrose diet showed 

high values of serum glucose level. This finding was 

associated with the development of insulin resistance in 

peripheral tissues owing to impairment of both insulin 

secretion and insulin sensitivity. The biochemical basis for 

insulin resistance induced by hyperglycemia may be 

attributed to modifications in structure of insulin receptors 

and the glucose transport system, resulting in impaired 

signal transmission (Ordonez, 2007).  

 

Plasma lipids revealed high prevalence of 

hypercholesterolemia, hypertriglyceridemia, high LDL, low 

HDL levels and a marked elevation in the ratio of LDL/HDL 

that increases the risk of coronary heart disease in rats fed on 

HF-HS diet which are well known as risk factors for 

cardiovascular diseases and affect patients with diabetes 

(Ravi, 2005). A study by Kinosian, (1995) showed that, the 

changes in TC/HDL and LDL/HDL ratios were better 

predictors of coronary heart disease than the changes in LDL 

alone. Results of the present work showed that, EOLE 

significantly amelioratedsera lipid profiles by reducing the 

values of TC, TG, LDL, VLDL and LDL/HDL ratio and 

elevating HDL levels. This indicates that, EOLE has a 

potential role in preventing formation of atherosclerosis and 

coronary heart disease in diabetic patients. EOLE contains a 

biofunctional component oleuropein, which may play as a 

regulatory lipid agent and have anti-atherosclerotic effect 

(Wang et al., 2008). These results are similar to the results of 

(Poudyal et al., 2010) who found that when rats were fed a 

high-fat, high-carbohydrate diet, they developed all the signs 

of metabolic syndrome (excessive abdominal fat, 

hypertension, abnormal lipid profile, and impaired glucose 

tolerance).But when these animals were fed that unhealthy 

diet along with olive leaf extracts, all of the metabolic 

abnormalities improved or, in some cases, normalized. Coni 

et al., (2000) found that the addition of OLE to the standard 

diet lowers plasma levels of total cholesterol and decreases 

the oxidation of low density lipoprotein (LDL) in rabbits. 

Similarly, Andreadou et al., (2006) noted that treatment with 

OLE reduced total cholesterol and triglyceride 

concentrations, and reduced circulating lipids. The 

mechanism of this hypocholesterolemic action may bedue to 

the inhibition of the absorption of dietary cholesterol in the 

intestine or its production by the liver (Bursill and Roach, 
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2006) or stimulation ofthe biliary secretion of cholesterol 

and cholesterol excretion in the feces (Krzeminski et al., 

2003).However, animal data suggest that the consumption of 

phenolic components of OLE appears to decrease the 

activities of key cholesterol-regulatory enzymes,3-hydroxy- 

3-methylglutaryl-CoA (HMG-CoA) reductase (the main 

target of statins) and acetyl-CoA cholesterol acyltransferase 

(ACAT), resulting in decreased cholesterol biosynthesis 

(Lee et al., 2001). Interestingly, a recent paper reporting 

favourable modification of lipid profiles by OLE, Filipet al., 

(2015) also observed osteoblast stimulation and 

hypothesised that as osteoblasts and adipocytes derived from 

the same mesenchymal stem cells, this may explain the 

change in lipid profiles. 

 

It has been shown that inflammation biomarkers such as 

TNF-α, IL-6, and C-reactive protein(CRP), are present at 

increased concentrations in individuals who are insulin 

resistant and obese, and these biomarkers portend the 

development of T2DM. Enhancing of inflammatory 

pathways in liver cells is sufficient to cause both local 

(Arkan et al., 2005) as well assystemic insulin resistance 

(Cai et al., 2005). CRP is primary synthesized in the 

hepatocytes and regulated by the pro-inflammatory cytokine 

IL-6 and TNF-α (Gabay and Kushner, 1999) in adiposities. 

This in part suggests that the associations of CRP 

concentrations with fasting insulin, fasting glucose, and 

HOMA-IR could be due to the presence of a chronic 

systemic inflammation (Nakanishi et al., 2005). The results 

of the present study demonstrated that consuming HF-HS 

diet increased serum inflammatory markers (IL-6, TNF-α 

and C-RP), while serum TAC decreased compared with rats 

fed on balanced diet. TNF-α was originally identified as a 

factor that induces hypertriglyceridemia in bacteria infected-

animals (Rouzer and Cerami, 1980). In addition, TNF-α 

directly promotes the overproduction of hepatic 

apolipoprotein (apo)-B containing VLDL through 

impairment of hepatic insulin signaling in animals (Qin et 

al., 2008). Like TNF-α, IL-6 is also associated with 

hypertriglyceridemia. Subjects with higher serum TGs levels 

have a higher production capacity of IL-6 as well as TNF-α 

(Mohrschladt et al., 2000; Jonkers et al., 2001), and 

increased levels of serum triglycerides are associated with 

increased levels of IL-6 (Nappo et al., 2002) which is in 

accordance with the present study. Administration of AOLE 

or EOLE with HF-HS diet reduced serum inflammatory 

markers IL-6, TNF-α and C-RP, while serum TAC increased 

especially in EOLE administered group. Interleukin-6 

functions differently depending on its concentration and the 

tissue it acts upon. A higher increases improve the insulin-

regulated glucose metabolism in the muscle (Kim et al., 

2009), while chronically mildly elevated levels are 

associated with a pro-inflammatory insulin resistant 

condition in the liver. Thus, OLE supplementation may 

improve insulin sensitivity and glucose uptake through 

interleukin-6 and possible mechanisms for this effect have 

been proposed (Carey et al., 2006; Weigert et al., 2006). Liu, 

(2014) proved that, OLE diminishes liver damage in diabetic 

rats by inhibiting expression of inflammatory cytokines in 

liver, such as TNF-α, IL-1β, and IL-6. Also it affects directly 

on hepatocyte induced hyperinsulinemia that produced by 

hepatic betatrophin which enhancing insulin production by 

beta cells of pancreas. 

Insulin-like growth factors (IGF) family plays a key role in 

mammalian growth, development and metabolism by 

regulating many cell functions as proliferation, 

differentiation, survival, migration and glucose 

metabolism(Martin et al., 2013). It is abundant in the blood 

circulation, where it binds to insulin-like growth factor 

binding proteins (IGFBPs). IGFBP-3 is the major circulating 

carrier of IGF-1 and can regulate the biological effects of 

IGF-1 by segregating IGF-1 into a circulating reservoir, 

thereby reducing the free fraction of bioactive IGF-1 in the 

blood (Delafontaine et al., 2004). The negative association 

between IGF-1 and total cholesterol concentrations and, 

conversely, the positive association of IGFBP-3 with plasma 

lipids are consistent with the known role of IGF-1 in lipid 

metabolism (Pratipanawatr et al., 2002). The present study 

showed that serum level of GH decreased significantly in 

rats fed on HF-HS diet, while IGF-I serum level increased 

compared with rats fed on balanced diet. With respect to 

binding proteins, IGFBP-1 decreased significantly, while 

IGFBP-3 increased significantly by consuming HF-HS diet. 

According to this results the molar ratio between IGF-I and 

IGFBP-3 increased significantly compared with rats fed on 

balanced diet. The relationship between obesity and 

concentrations of IGF-1 is complex. Increased body fat and 

decreased muscle mass have been associated with hypo-

secretion of growth hormone, a known regulator of hepatic 

IGF-1 production (Jones and Clemmons 1995). GH has been 

proposed to possess a role in the regulation of metabolic 

effects on lipolysis and lipogenesis, as well as in 

differentiation of the preadipocytes (Scavo et al., 2004). GH 

secretion is decreased in obesity with subsequent loss of its 

lipolytic activity. In the present study, we observed that OLE 

supplementation led to increased IGFBP-1 and decreased 

IGFBP-3 serum concentrations. Increased IGFBP-1 

concentrations are associated with lower insulin levels 

(Heald et al., 2001). 

 

4. Conclusion 
 

The present study produced convincing evidence that olive 

leaf extract has a protective effect against implications 

induced by consumption of high fat-high sucrose diet byits 

hypoglycemic and antiatherogenic effect which improves 

efficiency of IGF system. Furthermore, consumption of its 

ethanolic is more effective than aqueous extract. 
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