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Abstract 

Gestational diabetes mellitus (GDM) defined as is a disease with hyperglycemia, insulin 

resistance and fetal abnormality development. This study was designed to evaluate the 
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hypoglycemic effect and hepatoprotective properties of olive leaves extract. The experimental 

mice divided into, the control group GI (not diabetic group), and the diabetic pregnant mice 

groups were divided into: the diabetic pregnant group (GII) single intraperitoneal injected by 

streptozotocine (STZ, 240mg/Kg b.wt.). The pregnant mice were given a daily oral dose of 

olive leaf extract (OLE) only (100 mg/kg) from day 1 to 18 of gestation group (GIII). The 

diabetic pregnant mice were given daily oral dose of olive leaf extract from day 1 to day 18 

of gestation, group (GIV). The STZ-induced diabetic group(GII) exhibited a significant 

(p<0.05) hyperglycemia, accompanied with a significant increase in serum aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT), enzyme activities when 

compared with control group. This result is confirmed with extreme histopathological 

changes in liver tissues and decreased in glutathione peroxidase (GPx) expression. A 

significant improvement in glucose level, serum AST and ALT enzyme activities showed in 

(GIV). Also, OLE succeeded to minimize the severe changes in liver tissues of diabetic 

pregnant mice and their fetuses. Furthermore, level of (GPx) was returned to near normal 

level. The findings suggest that OLE have a hepatoprotective effect on pregnant diabetic mice 

and their fetus. 

Keywords: gestational diabetes, olive leaf extract, liver, liver enzyme, fetus 

1. Introduction 

Diabetes is the most common endocrine disorder characterized by hyperglycemia and 

resulting from the defects in insulin secretion, insulin action or both (Ghosh et al., 2011). 

Hyperglycemia contributes to the progression and maintenance of overall oxidative 

environment. The evidence from both the experimental and clinical studies indicates that 

oxidative stress plays a major role in the diabetic pathophysiology (Das et al., 2012). 

Maternal diabetes is a result of either pre-existing diabetes in pregnant women, or due to 

insulin resistance and high blood glucose during pregnancy, Gestational Diabetes Mellitus, 

(GDM). Persaud (2007) reported that the fetuses of diabetic mothers are in risk of fetal and 

neonatal anomalies which results in increased infant mortality and morbidity rates. 

Streptozotocin (STZ) is used to induce diabetes in experimental animals via its toxic effects 

on pancreatic β-cells. STZ produce a reactive oxygen species (ROS) which, causing oxidative 

damage (Szkudelski 2001).  

Natural antioxidant products in medicinal plants are used to treat various pathological injuries 

in the liver considering the role of oxidative stress in their pathogenesis. Olive leaves are 

traditionally used in many medical conditions for its potent antioxidant activity (Hedeab et al. 

2015). Recently, Liu et al. (2014) reported that olive leaf has been considered as an 

anti-inflammatory, antioxidant, and anti diabetic agent. The main component of the olive 

leaves is oleuropein, which is thought to be responsible for pharmacological effects. 

Furthermore, the olive leaves contain triterpenes (oleanolic and maslinic acid), flavonoides 

(e.g., luteolin, apigenine, rutin), and chalcones such as olivin, olivindiglucoside (Meirinhos et 

al 2005, Pereira et al. 2007). The OLE can promote the insulin resistance and inflammation 

response in rats with type 2 diabetes induced by high-fat diet and streptozotocin (Liu et al. 

2014). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=24916559
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The liver was frequently damaged during diabetes, as a consequence of increased levels of 

oxidative stress and dysregulation of immune function, this damage was confirmed by 

histological analysis of the liver, which also suggested that olive leaf powders may decrease 

tissue damage by inhibiting autoimmune reactions and modulating oxidative stress. Park et 

al.(2013) reported that the effect of olive leaf powder treatment on liver and kidney tissue 

indicated a mild reduction in tissue damage. The treatment of Cyclosporine in rats with 

olive leaf extract showed an ameliorative effect in levels of glutathione peroxidase compared 

to cyclosporine treated group (Hedeab et al.2015). The OLE treatment led to decrease ALT 

and AST activities in serum levels, increase in GSH levels in organs and ameliorate 

histopathological findings in liver tissues. The amelioration in histopathological findings 

supported the hepatoprotection effect by olive leaf extract due to its potent antioxidant 

activity (Topalović et al. 2015).  

In this study, we determine the protective effect of olive leaf extract on pregnant diabetic 

mothers and their fetuses histologically and biochemically.  

2. Materials and Methods  

2.1 Preparation of Olive Leaves Extract 

Olive leaves were purchased from a commercial market, Hail, Saudi Arabia. The leaves were 

scientifically defined by the botany staff of biology department, and voucher specimens were 

deposited at the Herbarium of Biological Sciences Department, Faculty of Sciences, Hail 

University, Hail, Saudi Arabia. For the preparation of aqueous olive leaves extract, the leaves 

were washed and dried at room temperature. The dried olive leaves (50 g) were powdered 

and added to 2 L of hot water in a flask. After 6 h, the mixture was slowly boiled for 1 h. then, 

cooled at room temperature. The mixture was gently subjected to an electric mixer for 10 min. 

After that, the solution of olive leaves was filtered. Finally, the filtrates were evaporated in an 

oven at 40 °C to produce dried residues (active principles). Furthermore, these extracts were 

prepared every 2 weeks and stored in a refrigerator for experimentation (Al-Attar & Abu 

Zeid., 2013, Sakr & Lamfon., 2012). 

2.2 Experimental Animals 

The present experimental study was carried out on CD-1 mice, with an average body weight 

of 20 – 30g obtained from the breeding unit of King Sauid University, Rhyaid, KSA. All 

animal experimental protocols were approved by Committee of Scientific Ethics at University 

of Hail (UOH), and were carried out in accordance with its guidelines for animal use. The 

females and males were kept separately in wire cages under regular conditions of 12/12 hours 

light/dark cycles. They were fed on cubes consisting of crude protein, minerals and fibers. 

Vitamins were added as fresh vegetables and the animals were provided with milk and tap 

water ad libitum. The hyperglycemic were induced by single intraperitoneal injection of 

streptozotocine (STZ, 240mg/Kg body weight, from Sigma chemical Co., St. Louis, Mo) 

diluted in phosphate buffered saline pH 7.2. After 7 days of injection, the plasma glucose 

concentration was measured from tail vein by using glycosmeter (Accu Chek (Bayer 

Diagnostics). The mice defined as diabetic if the blood glucose value exceeding 250mg/dl. 

http://www.ncbi.nlm.nih.gov/pubmed/26338159
http://www.ncbi.nlm.nih.gov/pubmed/26338159
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The diabetic female were mated with non diabetic male over night. If the vaginal plug 

appeared in the morning, this day defined as 0 day of gestation. The pregnant mice divided 

into four groups 10mice/each. The control group (GI). The diabetic group (GII) single 

intraperitoneal injected by streptozotocine (STZ, 240mg/Kg b.wt.). The third group (GIII) the 

pregnant mice were given a daily oral dose of olive leaf extract only (100 mg/kg) from day 1 

to 18 of gestation. Group 4 (GIV) the diabetic pregnant mice were given daily oral dose of 

olive leaf extract from day 1 to day 18 of gestation. 

2.3 Blood Sample Collection 

At the end of the experimental period, the animals were anesthetized with chloroform and 

blood was collected in vacuum tube clot activator from the heart. Then the blood samples 

were centrifuged at 3500 rpm for 10 min in a centrifuge to separate the serum. The Alanine 

amino transferase (ALT) and Aspartate aminotransferase (AST) were measured using kits 

from Reflotron and Liquicolor Analyticals. All assessment assays and kits were performed in 

accordance with the manufacturers’ instructions and protocols. 

2.4 Histological Examination 

The fetuses and mother’s liver tissues of both control and all experimental groups were fixed 

in 10% formalin for 48 hr, after which they were kept in 70% alcohol. The specimens were 

dehydrated in ascending series of alcohol, one hour each, cleared in terpineol for 3 days and 

embedded in 3 changes of pure paraffin wax, one hour each. Serial longitudinal and 

transverse sections, 5 microns thick, were cut and mounted on clean glass slides. The paraffin 

sections were stained with Harris’s hematoxylin and eosin, cleared in xylol and mounted in 

neutral canada balsam. Sections of liver of the different groups were carefully examined and 

photomicrographs were made as requested.  

2.5 Immunohistochemistry Examination 

Liver tissues of mothers fixed with phosphate-buffered formalin, and embedded in paraffin. 

Immunohistochemical staining was performed using the standard labeled streptavidin–biotin–

peroxidase complex method (LSAB kit; Dako Japan, Kyoto, Japan). Briefly, after routine 

deparaffinization, 5micron thick sections were rehydrated and antigen retrieved with the 

Dako 3 in 1 AR buffer EDTA pH 9.0 in a DAKO PT link. Slides were peroxidase blocked in 

3% H2O2 in methanol for 10 mins. They were then blocked with Dako Protein block for 10 

minutes (containing casein 0.25% in PBS) then incubated with primary antibody for 20 min 

and detected with Dako Envision Flex amplification kit for 30 minutes. Colorimetric 

detection was completed with Diaminobenzidine for 5 minutes. Slides were counterstained 

with Haematoxylin and covers lipped. 

2.6 Statistical Analysis  

All data are presented as mean ± SD. Results were tested for variance using t- student test. 

Statistical significance was accepted at p<0.05. 
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3. Results 

3.1 Biochemical Results 

a) Mother glucose levels  

The plasma glucose concentration was significantly increased in STZ group (GII) compared 

with the control group (450.2±49.95). The blood glucose levels in diabetic group treated with 

olive leaf extract (GIV) tended to be lower than those of the diabetic group (GII) 

(145.2±70.37). In addition, there was no significant difference in plasma glucose level in a 

group of pregnant mice treated with olive leaf extract only (GIII) comparing with the control 

group. (Table 1&Fig.1). 

Table 1. Effects of olive leaf extract and/or STZ administration on the glucose level of 

pregnant mice.  

GIV GIII GII GI Groups 

145.2±70.37 

13.6% 

132±8.91 

3.2% 

450.2±49.95* 

252.2% 

127.8±14.41 Glucose 

level(mg/dL) 

Mean ±SD 

% Change to con 

Data are presented as mean (± SD). *Significantly different from the control group (P<0.05). % 

change to con: % change to control level 

 

 

Fig.1: Effects of olive leaf extract and/or STZ administration on the glucose level of 

pregnant mice 

b) Liver enzymes  

Liver function was detected by measuring the AST and ALT activities in serum pregnant mice. 

Significant increases (P<0.05) were recorded in all measuring parameters due to the injection 

of STZ (240mg/Kg body weight) in pregnant mice (GII), the percentage increase of serum 

AST and ALT activities was calculated 122.7%, 251.76% respectively when compared to the 
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normal control level (GI) (Table 2). Administered pregnant mice with olive leaf extract 

(100mg/kg) (GIII) caused no significant change in the concentration of serum AST activity 

compared to the normal control level (Table 2). On the other hand, a significant (P<0.05) 

decrease was shown in the level of serum ALT activity recording -37.6% comparing to the 

normal control group (GI). 

Table (2) showed a full restoration in serum AST and ALT activities in diabetic group treated 

with olive leaf extract (100mg/kg) (GIV) as regarded to the normal control value since all 

parameters recorded non significant change (p>0.05) comparing to the normal control level 

(GI). On the other hand, serum AST and ALT activities showed a significant reduction 

(p<0.05) compared to diabetic group (GII), with percentages change (-50.67% and 

-75.25 %.respectively). 

Table 2. Effects of olive leaf extract and/or STZ administration on serum ALT and AST levels 

of non-diabetic and diabetic pregnant mice. 

Parameters GI GII GII GIV 

AST (U/L) 

 Mean ± SD 

% Change to con. 

198.5± 14.8  
442± 45.25* 

122.7% 

199.5± 14.8 

0.5% 

218± 8.48 

10.1% 

ALT (U/L) Mean 

± SD 

% Change to con. 

42.5± 3.5 
149.5± 33.2* 

251.76% 

26.5± 2.12* 

-37.6% 

37± 7.07 

-12.9% 

Data are presented as mean (± SD). *Significantly different from the control group (P<0.05). % 

change to control level 

 

Fig. 2a. Effects of olive leaf extract and/or STZ administration on serum AST levels of 

non-diabetic and diabetic pregnant mice. 
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Fig. 2b. Effects of olive leaf extract and/or STZ administration on serum AST levels of 

non-diabetic and diabetic pregnant mice. 

3.2 Histological Results 

a) Liver of mothers  

The liver section of control mice (GI) showed the classical polygonal hepatic lobules 

separated by portal tracts. Each lobule consists of a number of polygonal hepatocytes, with 

rounded nuclei. Blood sinusoids lie between the hepatic cords were lined by sinusoidal and 

Kupffer cells (Figure. 3a). Hepatic tissues obtained from diabetic pregnant mice (GII) showed 

extreme extend of histopathological changes which, include severe cellular damage, cellular 

swelling, necrosis and nuclear pyknosis (Figures. 3b&3c). Oral administrations of the olive 

leaf extract (GIII) showed the common architecture of the hepatic lobules and the 

characteristic features of the hepatocytes with mostly normal architecture (Figure. 3d). The 

treatment of diabetic mice with the olive leaf extract (GIV) caused somewhat variable 

degrees of amelioration of the histopathological changes induced by the diabetes as shown in 

(Figures 3e& 3f).  
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Fig.3. Photomicrograph of H&E stain of liver section (40X). Liver of (GI) showing normal 

hepatocytes (HC), blood sinusoids (BL.SI) and a central vein (CV) (3a). Diabetic liver (GII) 

(3b) with swelling hepatic cell (H), pyknotic nuclei (n) and activated Van- Kupffer cells 

(kf.cl). Some of damaged hepatocytes lost their nuclei (head arrows). Appearance of 

numerous inflammatory cells between the hepatocytes (long arrows) . Liver section of a 

diabetic mouse (3c) showing nucleated hepatocytes (head arrows) .The portal areas were 

invaded with numerous lymphocytes (long arrows) and fibrocytes (f). Section of liver of 

(GIII) showing normal architecture (3d). Liver of (GIV) showing somewhat normal structure 

with inflammatory cells (arrow)(3e) and cytoplasmic vacuolation (head arrow) (3f). 
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b) Liver of fetus  

The liver of 18-days-old control fetuses (GI) is surrounded by a delicate connective tissue 

capsule. It is composed of numerous hepatic lobules with indistinct outlines, since the 

interlobular connective tissue is poorly developed. The portal spaces in between the hepatic 

lobules are hardly distinguished. Each lobule possesses a central vein and contains numerous 

strands of hepatic cells. The hepatic strands anastomose to form a network enclosing a system 

of tortuous blood sinusoids (Figures.4a&4b). The liver of 18-days-old fetuses (GIII) showed 

to somewhat no difference with the control group (Figures.4e&4f). However, the liver of 

18-days-old fetuses of (GII) showed congestion of the central vein and blood sinusoids. The 

liver lost its normal architecture and the hepatocytes showed marked vacuolar degeneration 

with necrosis and contained pyknotic nuclei (Figures.4c&4d). The treated fetus liver tissue of 

group 4 (GIV) showed mild amelioration in its architecture (Figures.4g&4h). 
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Fig. 4(a- h). H&E stain photomicrograph of liver section from 18-days-old fetus. (4a&b) for 

control fetus (GI) (20-40X respectively). (Fig.4c) for (GII) showing congestion in central 

vein (CV), blood sinusoid (BL.SI) (20X) and vaculated cytoplasm of hepatic cells (arrows) 

(20X) (4d). Liver of (GIII) (4e&f,20X) showing normal liver tissue. (Fig.4g) showing liver of 

fetus of (GIV) with central vein (CV) which surrounding by mild inflammatory cells (arrows) 

(20X) and some vacuolated cytoplasm (arrows) (4h) (40X). 
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3.3 Immunohistochemical Results 

Diabetic pregnant mice (GII) showed decrease in the amount of glutathione peroxidase (GPx) 

indicated by the faint brown stain (Figure.5b) as compared to normal control group (GI) 

(Figure. 5a). The administration of OLE only (GIII) showed nearly normal appearance of 

GPx (Figure. 5c). The treatment pregnant diabetic mice with olive leaf extract (GIV) 

increased the GPx amount to nearly normal appearance (Figure. 5d). 

 

Fig.5. GPx- immunostaining (40X) photomicrograph of section of Liver of mice showing 

positive immunoreactivity for glutathione peroxidase (GPx) (5a) of (GI) and (5c) for (GIII). 

Liver of (GII) showing faint brown staining in the cells and around the central vein (5b). 

Liver of (GIV) showing marked increase in the GPx amount (5d). 

4. Discussion 

The present study demonstrates the ameliorated role of olive leaf extract against 

hyperglycemic hepatic complications. In the present study, STZ-induced diabetic pregnant 

mice (GII) showed a significant increase in glucose level as compared to the control group. 

These results are in agreement with those of many authors using STZ- diabetic animals 

(El-Naggar et al. 2005; Hassan et al. 2008; Helmy et al. 2007). Gojo et al. (2007) concluded 

that diabetes can be produced in animals by i.p. injection of STZ which is toxic to β-cells and 

it is widely used to induce experimental diabetes in laboratory animals.  

The results of the present study indicated that oral administration of olive leaves extract to 



Journal of Biology and Life Science 

ISSN 2157-6076 

2017, Vol. 8, No. 2 

 96 

diabetic group (GIV) showed a full return of blood glucose level comparing to control group. 

These results are in agreement with other finding, Sanarya et al.(2011) found a significant 

decrease in blood glucose level in the STZ-diabetic male mice treated with Olea europaea 

aqueous extract, and the hypoglycemic effect recorded with aqueous extract of olive leaves in 

diabetic rats (Comeyli & Miri Moghadam ,2008). The hypoglycemic effect of olive leaf 

extract is due to antioxidant properties of olive leaves and also, oleuropein and tannins in 

olive leaves act as a-glucosidase inhibitors, reducing the absorption of carbohydrates in the 

gut (Jemai et al., 2009). Moreover, the oleuropein in olive leaf accelerated the cellular uptake 

of glucose, leading to reduced plasma glucose (Gonzalez et al., 1992). 

The damage of the liver caused by diabetes induced by STZ was determined by the alteration 

in serum marker enzymes beside the histopathological changes in liver tissue. Serum AST, 

ALT and ALP are the enzyme biomarkers to monitor the liver status and aids in the liver 

toxicity conditions (Amin & Hamza, 2005). The obtained results in this study revealed that 

the diabetes induced by STZ induced significant increases in the serum levels of AST and 

ALT which are evidences of liver cells injury and leakage of enzymes from cells (Bashandy 

& Wasel, 2011). In addition, Ravikumar et al. (2005) found that rise in ALT activity is almost 

due to hepatocellular injury and is usually associated with rise in AST. Our results are in 

agreement with other findings showing that hyperglycemia is associated with an increase in 

the levels of serum levels of AST and ALT in experimental diabetes studies (Ahmed, 2005; 

Deros et al.,2007; Rawi et al. 2001). The elevation in AST and ALT levels may be due to the 

destructive changes in the hepatic cells (Kim et al.,2006; Rawi, 1995). Furthermore, diabetic 

complications such as increased gluconeogenesis and ketogenesis refered to the increased in 

the levels of these enzymes (Monday & Uzoma ,2013). This suggestion is supported by 

histopathological alternation in liver observed during the present study.  

The histological studies of liver in diabetic pregnant mice (GII) showed severe changes 

which include disorganization of the hepatic cords, cellular swelling, few lymphocytic 

infiltration, necrosis, vacuolization of the cytoplasm together with pyknotic changes in the 

nuclei of the hepatocytes. These findings are in agreement with those of many authors using 

STZ- diabetic animals (Arya et al., 2014; Motshakeri et al., 2014; Oryan et al., 2014; Zhou et 

al., 2008). Hyperglycemia has been found to play a key role in reactive oxygen species (ROS) 

generated damage (Maritim et al., 2003). Palanduz et al. (2001) indicated that overproduction 

of ROS and accumulation of lipid peroxidation is by-products in diabetic complications  

Till now there is a lack of much work on the effect of maternal diabetes on fetal 

hepatotoxicity. We found in our present investigation, that maternal diabetes interfered with 

hepatocyte proliferation and differentiation, causing the liver tissue lost its normal 

architecture and the hepatocytes showed marked vacuolar degeneration, necrosis and 

contained pyknotic nuclei associated with congestion of the central vein and blood sinusoids. 

The maternal diabetes led to severe alterations in livers of developing fetuses by increased 

apoptic cell death (El-Sayyad et al., 2014). These effects are likely to be as a result of 

elevated oxidative stress and liberation of free radicals (Brownlee, 2005; Goh & Cooper, 

2008).  
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The treatment of pregnant mice with olive leaf extract (GIV) caused a detectable decrease of 

the transaminases activity thus improving hepatic function. Similar results were reported by 

many authors who suggested that oleuropein had hepatoprotective effects (Domitrovic et al., 

2012; Eidi et al., 2009; Kim et al., 2014; Mousa et al., 2014). Also, the histopathological 

findings support the hepatoprotection of olive leaf extract where, the treatment of diabetic 

group with OLE (GIV) improved the histological architecture with existents of the 

cytoplasmic vacuoles in some hepatocytes this could be due to antioxidative stress or 

anticitotoxic effect of the olive leaf extracts. The present findings come in agreement with the 

results which, indicate that, olive leaf extract has potent antioxidant effects, ameliorated the 

oxidative liver injury and led to decreases in serum ALT and AST activities (Topalović et al., 

2015). The beneficial effect of olive leaf extract appears to be linked to its antioxidant 

activity which was found to be helpful in the prevention of diabetic complications associated 

with oxidative stress. These results are in agreement with the findings concluded by Khalil 

(2004) that an aqueous extract of olive leaf has antioxidant property and hepatoprotective 

activity. 

Antioxidant enzymes, including SOD, CAT and GPx, have a role in scavenging the toxic 

intermediate of incomplete oxidation. In this study, Glutathione peroxidase (GPx) showed 

significantly decreased in diabetic liver tissue (GII), which indicates decline scavenging of 

H2O2 and lipid hydroperoxides. This result is coordinate with other study (Friesen et al., 

2004). Depletion of tissue glutathione (GSH) levels increased cellular damage caused by 

oxidative stress in diabetic rats (Tachi et al.2001). The decreased GPx activity illustrate 

degradation of H2O2 ( Manju & Nalini 2005; Young et al.,2005 ). A deficiency in the 

antioxidant enzymes activities can produce an excess formation of the superoxide anion (O2) 

and hydrogen peroxide (H2O2) in cells, which in turn generate more hydroxyl radicals as 

well as the regeneration of propagation of lipid peroxidation. The decreased of hepatic SOD 

and GPx activities as a result of increasing ROS generation (Maritim et al., 2003). 

In our study treatment of the diabetic pregnant mice with olive leaf extract (GIV) improve 

GPx activities. The antioxidant enzyme activities (superoxide dismutase and glutathione 

peroxidase) were improved to nearly normal levels in the olive leaf extract treated rats 

(Olmez et al., 2015). Also, the antioxidative and antigenotoxic properties of the 

oleuropein-rich dry olive leaf extract against hydrogen peroxide induced DNA damage in 

human peripheral blood leukocytes due to its capacity to act as potent free radical scavenger 

(Topalović et al., 2015). The polyphenolic compounds increased enzyme expression of SOD 

and GPx in transcriptional level (Vina et al., 2006).  

5. Conclusion 

In conclusion, the maternal diabetes led to sever alterations in livers of pregnant mice and 

their developing fetuses. Nevertheless, the results of this study shows that oral administration 

of the olive leaf extract improve the histological architecture of liver tissue of diabetic 

mothers and their fetuses, reduces serum ALT and AST levels and increases the GPx 

activities which may be attributed to the antioxidant effects of the leaves extract.  

  



Journal of Biology and Life Science 

ISSN 2157-6076 

2017, Vol. 8, No. 2 

 98 

Acknowledgment 

This research has been supported from Hail University and Scientific Research Deanship 

(SCBI16) 

References 

Al-Attar, A. M., & Abu, Zeid, I. M. (2013). Effect of tea (Camellia sinensis) and olive (Olea 

europaea L.) leaves extracts on male mice exposed to diazinon. BioMed Res. Int., 1–6. 

Ahmed, O. M. (2005). The hypoglycemic effect of curcumin and esculetin and their probable 

mechanism of action in STZ-induced diabetic albino rats. J Egypt Ger Soc Zool., 46, 351-375 

Amin, A., & Hamza, A. A. (2005). Oxidative Stress Mediates Drug-Induced Hepatotoxicity 

in Rats a Possible Role of DNA Fragmentation. Toxicology, 208, 367-375 

Arya, A., Al-Obaidi, J. M., …, & Mustafa, R. M. (2014). Synergistic effect of quercetin and 

quinic acid by alleviating structural degeneration in the liver, kidney and pancreas tissues of 

STZ-induced diabetic rats, A mechanistic study. Food and Chemical Toxicology, 71,183–196 

Bashandy, S., & Al Wasel, S. (2011). Carbon tetrachloride-induced hepatotoxicity and 

nephrotoxicity in rats: Protective role of vitamin C. Journal of pharmacology and Toxicology, 

16(30), 283-292 

Brownlee, M. (2005). The pathobiology of diabetic complications: a unifying mechanism, 

Diabetes, 54, 1615-1625 

Comeyli, G. H., & Miri Moghadam, E. (2008). The effect of olea extract on glucose and lipid 

in diabetic rats. Iranian Journal of Endocrinology and Metabolism, 4, 389-394.  

Das, J., Roy, A., & Sil, P. C. (2012). Mechanism of the protective action of tau-rine in toxin 

and drug induced organ pathophysiology and diabeticcomplications: a review. Food Funct., 2 

(12), 1251–1264. 

Deros, G., Gaddr, A. V., …, & Salvadeo, S. (2007). Antithrombotic effects of rosiglitazone 

metformin versus glimepiridemetformin combination therapy in patients with type II diabetes 

mellitus and metabolic syndrome. Pharmacotherapy, 25, 637-645 

Domitrovic´, R., Jakovac, H., …, & Rahelic´, D. (2012). Preventive and therapeutic effects of 

oleuropein against carbon tetrachloride-induced liver damage in mice. Pharmacological 

Research, 65, 451–464. 

Eidi, A., Eidi, M., & Darzi, R. (2009). Antidiabetic effect of Oleaeuropaea L. in normal and 

diabetic rats. Phytother Res., 23(3), 347-50. 

El-Naggar, E. M. B., Bartosikova, L., ..., & Necas, J. (2005). Antidiabetic effect of Cleome 

drosserifolia aerial parts: Lipid peroxidation-induced oxidative stress in diabetic rats. Acta Vet 

Brno., 74, 347-352. 

El-Sayyad, H. I., Al-Haggar, M. M., El-Ghawet, H. A., & Bakr, I. H. (2014). Effect of 

maternal diabetes and hypercholesterolemia on fetal liver of albino Wistar rats. Nutrition Mar, 

http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Sayyad%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=24484682
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Haggar%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24484682
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Ghawet%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=24484682
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakr%20IH%5BAuthor%5D&cauthor=true&cauthor_uid=24484682


Journal of Biology and Life Science 

ISSN 2157-6076 

2017, Vol. 8, No. 2 

 99 

30(3), 326-36. https://doi.org/10.1016/j.nut.2013.08.016. 

Friesen, N. T., Buchau, A. S., …, A., & Gleichmann. (2004). Generation of hydrogen 

peroxide and failure of antioxidative responses in pancreatic islets of male C57BL/6 mice are 

associated with diabetes induced by multiple low doses of streptozotocin. Diabetologia, 47(4), 

676–685. 

Gonzalez, M., Zarzuelo, A., …, & Osuna, I. (1992). Hypoglycemic activity of olive leaf. 

Planta Med., 58, 513–515. 

Gojo, A., Utsunomiya, K., ..., & Tajima, N. (2007). The Rho-kinase inhibitor, fasudil, 

attenuates diabetic nephropathy in streptozotocin-induced diabetic rats. Eur. J. Pharm, 568, 

242–247. 

Goh, S. Y., & Cooper, M. E. (2008). The role of advanced glycation end products in 

progression and complications of diabetes. J Clin Endocrinol Metab, 93, 1143-1152 

Ghosh, J., Das, P., & Manna, Sil, P. C. (2011). The protective role of arjunolic acidagainst 

doxorubicin induced intracellular ROS dependent JNK-p38and p53-mediated cardiac 

apoptosis. Biomaterials., 32 (21), 4857–4866 

Hassan, Z., Ahmed, M., …, & Umachigi, S. P. (2008). Hypoglycemic effect of aqueous 

extract of Gynura procumbens. Pharmacology, 30, 50. 

Helmy, N., Abou, El-Soud, M., …, & Hussein, F. A. R. (2007). Antidiabetic Effects of 

Fenugreek Alkaloid extract in STZinduced hyperglycemic rats. J App Sci Res.. 3,1073-1083 

Hedeab, G. M., Sati, L. M., …, & Ali, H. (2015). Ameliorating Effect of Olive Leaf Extract 

on Cyclosporine-induced Nephrotoxicity in Rats. Iran J Kidney Dis. Sep, 9(5),361-8. 

Jemai, H., El Feki, A., & Sayadi, S. (2009). Antidiabetic and antioxidant effects of 

hydroxytyrosol and oleuropein from olive leaves in alloxan-diabetic rats. J Agric Food Chem., 

57, 8798– 8804 

Kim, J. S., Ju, J. B., Choi, C. W., & Kim, S. C. (2006). Hypoglycemic and antihyperglycemic 

effect of Four Korean medicinal plants in alloxan induced diabetic Rats. Am J Biochem 

Biotech., 2, 154-160. 

Kim, S. W., Hur, W., …, & Yoon, S. K. (2014). Oleuropein prevents the progression of 

steatohepatitis to hepatic fibrosis induced by high-fat diet in mice. Experimental and 

Molecular Medicine, 46, e92.  

Khalil, E. A. M. (2004). Evaluation of the hepatoprotective activity of an aqueous extract of 

olive leaves in male albino rats. Egypt. J. Hosp. Med., 15, 118–123 

Kumral, A., Giriş, M., …, & Uysal, M. (2015). Effect of olive leaf extract treatment on 

doxorubicin-induced cardiac, hepatic and renal toxicity in rats. Pathophysiology., 22(2), 

117-23 

Liu, Y. N., Jung, J. H., Park, H., & Kim, H. (2014). Olive leaf extract suppresses messenger 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mostafa-Hedeab%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26338159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sati%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=26338159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26338159
http://www.ncbi.nlm.nih.gov/pubmed/26338159
http://www.ncbi.nlm.nih.gov/pubmed/26338159
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumral%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26002558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giri%C5%9F%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26002558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uysal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26002558
http://www.ncbi.nlm.nih.gov/pubmed/26002558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=24916559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24916559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24916559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24916559


Journal of Biology and Life Science 

ISSN 2157-6076 

2017, Vol. 8, No. 2 

 100 

RNA expression of proinflammatory cytokines and enhances insulin receptor substrate 1 

expression in the rats with streptozotocin and high-fat diet-induced diabetes. Nutr Res., 34(5), 

450-7.  

Maritim, A. C., Sanders, R. A., & Watkins, J. B. (2003). Diabetes, oxidative stress and 

antioxidants: a review. J Biochem Mol Toxicol, 17,24–38 

Manju, V., & Nalini, N. (2005). Chemopreventive efficacy of ginger, a naturally occurring 

anticarcinogen during the inition, post-inition stages of 1,2 dimethylhydrazine-induced colon 

cancer. Clinica Chimica Acta, 358, 60–67. 

Monday, M. O., & Uzoma, I. A. (2013). Histological changes and antidiabetic activities of 

Icacina trichantha tuber extract in beta-cells of alloxan induced diabetic rats. Asian Pac J Trop 

Biomed, 3(8), 628-633 

Motshakeri, M., Ebrahimi, M., …, & Mohamed, S. (2014). Effects of brown seaweed 

(Sargassum polycystum). extracts on kidney, liver, and pancreas of type 2 diabetic rat model. 

Evid. Based Compl. Alternat. Med., 379407. 

Mousa, H. M., Farahna, M., …, & Abdel-Salam, A. M. (2014). Anti-diabetic effect of olive 

leaves extract in alloxan-diabetic rats. Journal of Agricultural and Veterinary Sciences, 7(2), 

183-192. 

Meirinhos, J., Silva, B. M., …, & Ferreres, F. (2005). Analysis and quantification of 

flavonoidic compounds from Portuguese olive (Oleaeuropaea L.) leaf cultivars. Nat. Prod. 

Res. 19, 189–195. 

Olmez, E., Vural, K., ..., & Var, A. (2015). Olive Leaf Extract Improves the Atherogenic 

Lipid Profile in Rats Fed a High Cholesterol Diet. Phytother Res., 29(10),1652-7.  

Oryan, A., Hashemnia, M., Hamidi, A. R., & Mohammadalipour, A. (2014). Effects of 

hydro-ethanol extract of Citrullus colocynthis on blood glucose levels and pathology of 

organs in alloxan-induced diabetic rats. Asian Pac J Trop Dis, 4(2), 125-130 

Palanduz, S., Ademoglu, E, & Gokkusu, C. (2001). Plasma antioxidants and type 2 diabetes 

mellitus. Pharmacology, 109, 309–318 

Park, H. J., Jung, H. J., …, & Hyun-Sook, Kim, S. H. (2013). Olive leaf down-regulates the 

oxidative stress and immune dysregulation in streptozotocin-induced diabetic mice. 

Nutritionresearch, 33, 942–951. 

Pereira, A. P., Ferreira, I. C., …, & Pereira, J. A. (2007). Phenolic compounds and 

antimicrobial activity of olive (Oleaeuropaea L. Cv. Cobrancosa) leaves. Molecules, 12, 

1153–116 

Persaud, O. D. (2007). Maternal diabetes and the consequences for her offspring. J Develop 

Disab., 1, 101–134 

Rawi, S. M. (1995). Studies of the ability of sulfur containing compounds to block 

diabetogenic effect of alloxan in albino rats. Proc Zool Soc A. R. Egypt, 26, 244-259 

http://www.ncbi.nlm.nih.gov/pubmed/24916559
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olmez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26328503
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vural%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26328503
http://www.ncbi.nlm.nih.gov/pubmed/?term=Var%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26328503
http://www.ncbi.nlm.nih.gov/pubmed/26328503
http://www.ncbi.nlm.nih.gov/pubmed/26328503
http://www.ncbi.nlm.nih.gov/pubmed


Journal of Biology and Life Science 

ISSN 2157-6076 

2017, Vol. 8, No. 2 

 101 

Rawi, S. M, Mourad, I. M., & Sayed, D. A. (2011). Biochemical changes in experimental 

diabetes before and after treatment with mangifera indica and psidium guava extracts. Int J 

Pharm Biomed Sci, 2(2), 29-41 

Ravikumar, V., Shivashangari, K., & Devak, I. T. (2005). Hepatoprotective activity of Tridax 

procumbens against dgalactosamine/lipopolysaccharide-induced hepatitis in rats. J. 

Ethnopharmacol, 101, 55-60 

Sanarya, T., Al-Badri, Imad, M., Al-Ani, Karim, A., & Al-Jashamy. (2011). The Effect of 

Aqueous Olive Leaves Extract on the Pancreatic Islets of Streptozotocin Induced Diabetes 

Mellitus in Mice ANNALS OF MICROSCOPY, 11, April  

Sakr, S. A., & Lamfon, H. A. (2012). Protective effect of rosemary (Rosmarinus Officinalis) 

leaves extract on carbon tetrachlorideinduced nephrotoxicity in albino rats. Life Sci. J., 9, 

779–785 

Szkudelski, T. (2001). The mechanism of alloxan and streptozotocin action of b-cells of the 

rat pancreas. Physiol. Res., 50, 537-546. 

Topalović, D. Ž., Živković, L., …, & Spremo, Potparević, B. (2015). Dry olive leaf extract 

counteracts L-thyroxine-induced genotoxicity in human peripheral blood leukocytes in vitro. 

Oxid Med Cell Longev. 762192.  

Tachi, Y., Okuda, Y., Bannai, C., Bannai, S., Shinohara, M., Shimpuku, H., et al. (2001). 

Hyperglycaemia in diabetic rats reduces the glutathione content in the aortic tissues. Life 

Sciences, 69, 1039–1047. 

Vina, J., Borras, C., Gomez-Cabrera, M. C., & Orr, W. C. (2006). Role of reactive oxygen 

species and (phyto) oestrogens in the modulation of adaptive response to stress. Free Radic. 

Res., 40, 111–119. 

Young, H. Y., Luo, Y. L., …, & Peng, W. H. (2005). Analgesic and anti-inflammatory 

activities of [6]-gingerol. Journal of Ethnopharmacology, 96(1–2), 207–210. 

Zhou, J. Y., Zhou, S. W., & Zhang, K. B. (2008). Chronic effects of berberine on blood, liver 

glucolipid metabolism and liver PPARs expression in diabetic hyperlipidemic rats. Biol. 

Pharm. Bull., 31 (6), 1169–1176. 

 

Copyright Disclaimer 

Copyright for this article is retained by the author(s), with first publication rights granted to 

the journal. 

This is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Topalovi%C4%87%20D%C5%BD%5BAuthor%5D&cauthor=true&cauthor_uid=25789081
http://www.ncbi.nlm.nih.gov/pubmed/?term=%C5%BDivkovi%C4%87%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25789081
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spremo-Potparevi%C4%87%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25789081
http://www.ncbi.nlm.nih.gov/pubmed/25789081

