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Regulation of insulin gene expression in response to increases in blood glucose levels is essential for 
maintaining normal glucose homeostasis; however, the exact mechanisms by which glucose stimulates 
insulin gene transcription are unclear. Olive leaves extracts(OLE) are reported to have beneficial effects 
on people with normal and impaired glucose tolerance, the metabolic syndrome, type 2 diabetes, and 
insulin resistance. However, clinical results are controversial and the molecular characterization of OLE 
effects is limited. This study investigated the effects of OLE, prepared from wild olive leaves, on gene 
expression of insulin and glucagon in mice tissues. Diabetes in mice was induced by intraperitoneal 
injections of alloxan. The alterations in gene expressions of pancreatic insulin and hepatic glucagon 
were evaluated throughout the RT-PCR analysis. The results indicated that diabetic mice showed 
significantly increased in the expression of pancreatic insulin gene followed by significantly decreased 
in the expression of hepatic glucagon gene. The administration of OLE at 0.33 g/kg for six days before 
alloxan treatment; up-regulated pancreatic insulin and modulated hepatic glucagon genes expression. 
Meanwhile, administration of OLE after induced diabetic mice showed a highly significant increase in 
gene expression of pancreatic insulin followed by significantly decreased in gene expression of hepatic 
glucagon. Results suggest that the OLE possess a potent anti-hyperglycemic effect, which may be due 
to the presence of antioxidants such as polyphenols, these antioxidant activities restraining the 
oxidative stress which is widely associated with diabetes pathologies and complications. 
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INTRODUCTION 
 
Diabetes mellitus is a common endocrine disease 
characterized by hyperglycemia and long-term 
complications affecting   the   eyes,  kidneys,  nerves,  and  
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blood vessels (Kim et al., 2007 and Tuttle et al., 2007). At 
present, there are more than 194 million people with 
diabetes worldwide (Liao et al., 2015), and this number is 
estimated to increase to 333 million by 2025 (Zhu et al., 
2010). The management of diabetes is considered a global 
problem, and a cure has yet been discovered. The β-cells 
in pancreatic tissue secrete insulin hormone that  regulated  



 
 
 
 
blood glucose homeostasis. The harm and dysfunction of 
the β-cells participated in the pathogenesis of type 1 and 
type 2 diabetes (Khodabandehloo et al., 2016). The 
secretion of the insulin is attributed to control by hormonal, 
nutrients and by pharmacological factors. Amongst these; 
glucose remains the most affected regulator of the 
machinery of insulin secretion (Fu et al., 2013). 

The therapeutic measurements include the use of insulin, 
analogs, and alpha glycosidases inhibitors like acarbose 
and biguanides for the treatment of hyperglycemia. 
However, these drugs are associated with many side 
effects including hypoglycemia at higher doses, liver 
problems, lactic acidosis, obesity, osteoporosis sodium 
retention and diarrhea (Hamza et al., 2010; Stades et al., 
2004; Chiang et al., 2007). Currently, many herbal 
medicines therapeutic available been recommended for the 
treatment of diabetes. There are many natural plants have 
been investigated recently as possible treatments to 
prevent and improve diabetes (Ryu et al., 2005; Gupta et 
al., 2009 and Adiga et al., 2010). Herbal drugs are 
prescribed widely because of their effectiveness, less side 
effects and relatively low cost (Dixon et al. 2005).One of 
the major classes of bioactive compounds is plant 
polyphenols which are found in seeds, fruits, leaves, and 
quite existing in the diet, are potentially influential for 
human health (Prior and Gu 2005; Dixon et al. 2005). 

Wild olive (Oleaeuropaea) is grows over a very wide 
area, ranging from South Africa through to Ethiopia, and 
south-west Saudi Arabia. The olive tree specifically its 
leaves have been applied for the treatment of diabetes, 
fever, wounds, atherosclerosis, gout and hypertension 
since timeworn (Jänicke et al., 2003). Olive leaf has been 
traditionally applied for century to treat and prevent various 
diseases. It is used as antimicrobial, hypotensive, 
hypoglycemic, antiarrhythmic, vasodilator, anti-
atherosclerotic, antihepatotoxic, anti-nephrotoxic and 
antioxidants to enhance the immune system (Jemai et al., 
2009; Zari and Al-Attar 2011). Polyphenols such as 
hydroxytyrosol and oleuropein in olive leaf improve hepatic, 
cardiac, and metabolic parameters by decreasing oxidative 
stress and inflammation in fed rats with a high-fat diet; 
suggested to be useful in the prophylaxis in autoimmune 
diabetes (Cvjeti et al., 2010; Poudyal et al., 2010).  

The objectives of this study were to investigate the 
effects of the aqueous crude extract of wild olive on up-
regulating insulin signaling genes expression during 
hyperglycemia in mice. 
 
 
MATERIALS AND METHODS 
 
Olive Leaf Extract Preparation  
 
Olive leaves were collected from a wild olive tree in Taif 
province (Western Saudi Arabia). Leaves were washed to 
remove  impurities  such   as   dust   and   then  dried.  The  
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aqueous extract of olive (AEO) was prepared by soaked 50 
gm of the powder leaves in 500 ml of distal water and kept 
overnight in shaking incubator at room temperature 
(Sanarya et al., 2011). After 48 hours, the obtained solution 
was passed through a filter to remove insoluble particles. 
Finally, the extract was lyophilized with a freeze-dryer-
cryodo (ALPHA, 1-2 LD plus).  
 
Experimental Animals 
 
Adult males Swiss albino mice (Mus musculus) MFI strain, 
8-10 weeks old weighed 25-30g, were obtained from the 
animal house of King Fahad Medical Research Centre 
KAU. Animals were housed in polyplastic cages with steel 
wire tops in an air-conditioned room (22±2°C,45-75 % 
relative humidity) maintained in a controlled atmosphere of 
12h light / 12h dark cycles. The mice were kept in 
maintained on standard laboratory diet (20% crude protein 
4% crude fat, 3, 50% crude fiber and energy 2850 k. cal/kg 
diet) and water was provided ad libitum and all the animals 
were fasted overnight before sacrificed and tissues 
collection. Total numbers of 40 male mice were used for 
control and four groups’ treatments (8 mice in each 
treatment). The handling of the animals was approved by 
the local Ethical Committee for the Care and use of 
Laboratory Animals. 
 
Model of alloxan diabetes 
 
Alloxan-induced hyperglycemia (Nukatsuka et al. 1989) in 
male mice was used as the criterion for diabetes. Diabetes 
was induced in mice by a single intraperitoneal injection of 
freshly prepared alloxan solution in normal saline at a dose 
of 120 mg/kg body weight (b.w.) 
 
Experimental Design and Animal Groups 
 
After an acclimatization period of one week, the animals 
were randomly assigned to five groups (8 mice/group), 
depending on their treatment and housed in filter-top 
polycarbonate cages. The animal groups were divided as 
follows: Group 1, untreated control (fed on basal diet); 
Group2, treated daily with oral dose of AEO at 0.33g/kg, as 
referenced by Sanarya et al., (2011), for six days; Group3, 
diabetic mice (treated with a single intraperitoneal injection 
of alloxan at a dose of 120 mg/kg body weight (b.w.),Group 
4,  treated daily with oral dose of AEO for six days before 
alloxan treatment and Group5, treated with alloxan then 
orally treated with AEO for six days. At the end of the 
experimentation period, animals were killed by cervical 
decapitation and a part of liver and pancreas were 
immediately isolated for gene expression analysis. 
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Gene Expression Analysis 
 
RNA isolation and Reverse transcription (RT) 
 
Total RNA was isolated from hepatic and pancreatic 
tissues using Trizol reagent (Invitrogen, Paisley, UK). RNA 
samples were subjected to DNase treatment to remove 
genomic DNA contamination in the presence of RNase 
inhibitor.  
 
Quantity, purity, and quality of RNA 
 
Quantitative estimation of RNA samples was done by a 
single beam UV-Spectrophotometer (GENESYS10uv) by 
measuring the RNA concentration at 260 nm and 280 nm. 
The purity of RNA was checked by means of absorbance 
ratios A260/A280 for protein and DNA contamination. 
Further, the samples were run on 1% agarose 
electrophoresis to check the quality of RNA (Sambrook et 
al., 1989). 
 
Reverse transcription of RNA  
 
The first-strand cDNA was prepared from the 5 µg of total 
RNA using Fermentas kits (Sigma, St. Louis, MO) as per 
the manufacturer's instructions. The reaction was carried 
out at 25°C for 10 min, followed by 1 h at 42°C, and 
finished with the denaturation step at 94°C for 5 min. The 
reaction tubes containing RT preparations were flash-
cooled in an ice chamber until being used for cDNA 
amplification through polymerase chain reaction, (Brun et 
al., 2006; Hassan et al., 2012). 
 
Polymerase chain reaction (PCR) 
 
The first-strand cDNA from different mice samples was 
used as the template for amplification by the PCR with the 
following pairs of specific primers(from5′to3′):Insulin 
forward: (5′CAGAAACCATCAGCAAGCAGG-3′ and Insulin 
reverse 5′-TTGACAAAAGCCTGGGTGGG-3′), Glucagon 
forward: 5′-AGAAGAAGTCGCCATTGCTG-3′and Glucagon 
reverse 5′CCGCAGAGATGTTGTGAAGA3′), to determine 
the relative expression as an internal control, primers for β-
actin were designed 5′-TGGGACTATGGACTCCGTTC-3′ 
and 5′-GCACCACATCCAAGACAGAG-3′that are taken 
from the literature (Prasadan, et al.,2002). β-actin, a 
house-keeping gene was used for normalizing mRNA 
levels of the target genes. PCR cycling parameters were 
one cycle of 94 °C for5min, 35 cycles of 94 °C for 30 s, 60 
°C for 30 s, 70 °C for 40 s, and 72 °C for5 min. The PCR 
products were electrophoresis onto ethidium bromide 
stained a 2.0% agarose gels. The ethidium bromide-
stained gel bands were scanned and the signal intensities 
were quantified by the computerized Gel-Pro program. 
 
 

 
 
 
 
Statistical analysis 
 
All data were statistically analyzed using One-way analysis 
of variance (ANOVA) using the SPSS 11 program, followed 
by the Post-Hoc test for multiple comparisons. The 
significance of the differences among treatment groups 
was determined with the Waller–Duncan k-ratio (Waller 
and Duncan 1969). All statements of significance were 
based on a probability of P < 0.05. 
 
 
RESULTS 
 
Determination of gene expression 
 
Analysis of the results of gene expression was based on 
quantifying the signal intensities in each band by using the 
computerized Gel-Pro image analyzer (Version 3.1 for 
Windows3). Bands produced from amplifying cDNA of 
pancreatic insulin, hepatic glucagon and the housekeeping 
gene β-actin as a control were analyzed. Results were 
expressed as the ratio between maximum optical density 
(max.OD) for each band of the target amplification product 
and the corresponding max. OD of β-actin. Expression of 
insulin mRNA in pancreas of the different groups of mice is 
summarized in Table 1 & Figure1 show the ratio of optical 
density of Insulin / β-actin expression in the pancreatic and 
hepatic tissues of controls and treated animals. Insulin 
expression was found to be significantly increased in 
alloxan treated group (0.50 ± 0.04) in compared to the 
control (0.21 ± 0.02) and OLE treated mice (0.37 ± 
0.014).Our results indicated that, diabetic mice showed 
significantly increased in the expression of pancreatic 
insulin gene followed by significantly decreased in the 
expression of hepatic glucagon gene as shown in  Figure 
2. The administration of OLE at 0.33 g/kg for six days 
before alloxan treatment; up-regulated pancreatic insulin 
and modulated hepatic glucagon genes expression 
(insignificantly changed in compared to the control group). 
Meanwhile, administration of OLE after induced diabetes 
showed highly significant increased in gene expression of 
pancreatic insulin (0.57 ± 0.014) followed by significant 
decreased in gene expression of hepatic glucagon (0.28 ± 
0.01). Our results suggest that the OLE possess a potent 
anti-hyperglycemic effect and its effects were more 
pronounced when it administrated as a therapeutic not as a 
protector.  
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Table 1: Effects of olive leaf extract on mRNA expression of Insulin and Glucagon in pancreatic and hepatic tissues of mice treated with Alloxan 

 

Treatment Pancreatic Tissue  Hepatic Tissue  

Insulin β-actin Glucagon β-actin 

Control 0.21 ± 0.02 
d
 0.55 ± 0.017 0.45 ± 0.008 

a
  0.58 ± 0.06 

Alloxan 0.50 ± 0.04  
b
   0.70 ± 0.01 0.25 ± 0.015 

bc
  0.84 ± 0.02 

OLE 0.37 ± 0.014 
c
  0.56 ± 0.02 0.21 ± 0.015 

c
 0.67 ± 0.003 

Alloxan + OLE 0.57 ± 0.014  
a
 0.55 ± 0.017 0.28 ± 0.01  

b
 1.04 ± 0.017 

OLE + Alloxan 0.48 ± 0.010 
b
 0.59 ± 0.05 0.47 ± 0.012 

a
 1.30 ± 0.008 

 

                    Within each column, means superscript with different letter are significantly different (P <0.05). 

 
 

 
 

Figure 1: Histogram and photograph showing the effect of OLE Treatment on the relative transcript level of pancreatic insulin in Alloxan-treated 
mice. Results were obtained from three independent experiments and expressed as Mean ± SEM. Group 1: Control, Group 2: Alloxan, Group 3: 
OLE, Group 4: Alloxan + OLE and Group 5: OLE + Alloxan.   

 
 

 
 

of OLE Treatment on the relative transcript level of hepatic glucagon  ram and photograph showing the effectHistogFigure 2: 
 Group 1:treated mice. Results were obtained from three independent experiments and expressed as Mean ± SEM. -in Alloxan

OLE+ Alloxan.  Group 5: d Alloxan +OLE anGroup 4: OLE,  Group 3:: Alloxan, Group 2Control,  

Pancreatic Insulin 
 

Pancreatic β-actin 
 

      

Control Alloxan OLE Alloxan + 

OLE

OLE + 

Alloxan

Pancreatic Insuline 0.21 0.5 0.37 0.57 0.48

Relative mRNA expression of 

Pancreatic Insuline/ B-actin

      G1               G2              G3                G4               G5 

 

Hepatic Glucagon 
 

Hepatic β-actin  

 

Control Alloxan OLE Alloxan + 

OLE

OLE + 

Alloxan

Hepatic Glucagon 0.45 0.25 0.21 0.28 0.47

Relative mRNA expression of

Hepatic Glucagon/B-actin

     G1                 G2                G3                 G4                 G5 
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DISCUSSION 
 
Increasing the glucose levels in the blood stimulate insulin 
gene expression in the β-cells of the pancreatic tissues. 
Although different transcription factors have been involved 
in glucose-stimulated transcription of the insulin gene, the 
proper molecular mechanisms directing to up-regulation of 
insulin gene expression are obscure. Present studies 
investigated the effects of the aqueous extract of wild olive 
leaf on up-regulating insulin signaling genes expression 
during hyperglycemia in mice. 

Diabetes can be induced in animals by streptozotocin 
and alloxan which produce active oxygen species 
accountable for diabetes complexity (Hamden et al., 2008). 
The present study employed such a diabetic animal model 
system to examine the hypoglycemic effect of wild olive 
leaf extracts. The results indicated that insulin expression 
was found to be significantly increased in the alloxan-
treated group compared to the control followed by 
significantly decreased in glucagon expression in 
pancreatic and hepatic tissues. It is well known that 
hyperglycemia leads to the overproduction of free radicals 
and the non-enzymatic glycation of protein which exert 
deleterious effects on different organs acting in the 
glycemia regulation such pancreas and liver (Matough et 
al., 2012). 

Latterly, considerably attentiveness has been focused on 
antioxidants in food that is prospect substance for 
preventing diseases caused by oxidative stress inclusive 
diabetes because of their low toxicity and distinguishes 
biological activity. In fact, previous studies reported that 
scavengers of oxygen radicals are effective in preventing 
diabetes in experimental animal models (Hamden et al., 
2008). Olive is a well-known medicinal plant that has been 
used in traditional oriental medicine for several thousand 
years. However, one issue of concern regarding the use of 
olive as a therapeutic agent is its marginal anti-diabetic 
effects compared with commercially available oral 
hypoglycemics (Jemai et al., 2009; Zari and Al-Attar 2011). 

The present results showed that OLE had significant 
hypoglycemic alloxan-induced diabetic mice via up-
regulating insulin gene expression and down-regulated 
glucagon gene expression in the tissues of mice, Table 1. 
In agreement with the present results, Jemai et al., (2009), 
revealed that; the administration of oleuropein- and 
hydroxytyrosol-rich extracts significantly decreased the 
serum glucose and cholesterols (Dragana et al., 2011; 
Jouad et al., 2001).The eventual mechanism responsible 
for the hypoglycemic activity of OLE may result from a 
potentiating of glucose-induced insulin release or 
increased peripheral uptake of glucose (Eriko et al., 
2003).So there have been two possible mechanisms 
suggested to explain the hypoglycemic effect of the olive 
leaf extract; to improve glucose-induced insulin release, 
and increased peripheral uptake of glucose (Karakaya, 
2009). Olive leaves' oleuropein has been shown to fast the 

cellular uptake of glucose, directing to reduced plasma 
glucose (Sangi et al., 2015). Oleuropein is consider to be a 
glycoside, so it could potentially act as a transporter of 
glucose such as a sodium-dependent glucose transporter 
(SGLT1) found in the epithelial cells of the small intestine, 
thereby permitting its entry into the cells (Wolffram et al., 
2002). Glucagon is the opposing hormone to insulin; its job 
is to raise blood levels of glucose and. inhibits the insulin 
secretion. It is believed that long-term administration of the 
plant extract could provide a chance for regeneration of 
more insulin producing-Beta cells with consequent 
decrease of glucagon immune-expression and 
normalization of the blood glucose level and this finding 
confirmed our results (Sharma et al., 2015). Also Bock et 
al., reported that OLE supplementation was associated 
with a reduction in glucose and insulin excursion after oral 
glucose challenge, suggesting an improvement in both 
pancreatic b-cell function and insulin sensitivity (Bock et 
al., 2013). The present study, indicated that OLE was more 
effective when it administrated after induced diabetes, as a 
therapeutic agent than a protector one. In these concerns, 
Bock et al., (2013) observed the effects of OLE 
supplementation and compared the results to common 
diabetic therapeutics (particularly metformin), and 
confirmed that OLE could have clinical significance for 
patients with type 2 diabetes, as the OLE improved insulin 
secretion to further aid glucose regulation, which does not 
occur with the use of metformin, suggesting an 
improvement in both pancreatic B-cells function and insulin 
sensitivity. Another study demonstrated a 28 % 
improvement in insulin sensitivity after treatment with 30 
mg pioglitazone; however, it was 35 % improvement in 
insulin after treated with OLE (Miyazaki et al., 2002). 
 
 
CONCLUSION 
 
we demonstrate that wild olive leaf extracts,  at 0.33 g/ kg 
for six days exhibited a pronounced hypoglycemia effects 
via up-regulates insulin expression gene and down-
regulated glucagon gene expression in an experimental 
diabetic model. Olive leaf extract was more effective when 
it administrated after induced diabetes, as the therapeutic 
agent than a protector one.  These therapeutic effects 
highlighted on the olive leaves extract as a source of 
antioxidants able to prevent the frequency of oxidative 
stress-related metabolic diseases such as diabetes. 
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