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Abstract 
Objective: The aim of the present study was to assess olive leaf 

extract (OLE) effects on learning and memory deficits in a model 

of diabetes induced by streptozotocin (STZ) in rats. 

Materials and methods: The rats were divided as: (1) control rats, 

(2) diabetic rats, and (3–6) diabetic rats treated by 100, 200, and 400 

mg/kg of OLE or metformin. Using the passive avoidance test (PA), 

we investigated fear learning and memory behaviors. In cortical and 

hippocampus tissues, total levels of malondialdehyde (MDA) and 

thiol were measured along with the activity of catalase (CAT) and 

superoxide dismutase (SOD).  

Results: Learning and memory behavior impairment were 

significantly developed in diabetic rats as shown by the impairment 

of the PA task compared to the control group (p<0.001). In addition, 

elevated levels of MDA and reduced overall concentrations of thiol, 

CAT and SOD activity were obvious in diabetic rats’ cortex and 

hippocampus tissues (p<0.01–p<0.001). Meanwhile, OLE in a 

dose-dependent manner, improved memory deficit and cognitive 

performance that was attributed to a reduction of lipid peroxidation 

and elevation of total thiol concentration, and CAT and SOD 

activity levels in the brain tissues (p<0.05–p<0.001).  

Conclusion:  OLE could be effective in improving cognitive 

impairment in STZ-induced diabetes by oxidative stress depression.  
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Phytomed, 2022; 12(2): 163-174.

Introduction 
The human brain is a complicated 

system and numerous factors, such as age 

and different illnesses, can influence its 

function (Kumar et al., 2010). Diabetes 

mellitus (DM) is related to a number of 

acute and chronic problems in various 

organs, and it affects the central nervous 

system and causes cognitive impairment 

(Liu et al., 2016). Although diabetes has an 
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important role in memory impairment, the 

mechanisms that induce memory and 

learning deficit, remain unclear 

(Moghadamnia et al., 2015). It is stated that 

variables such as decreased neuronal 

densities, oxidative stress, and metabolic 

impairments are essential in the 

pathogenesis of memory deficit and 

cognitive impairment (Hasanein and 

Shahidi, 2010). In diabetes condition, 

hyperglycemia increases glucose oxidation, 

which generates reactive oxygen species 

(ROS) and induces oxidative stress (Modi 

et al., 2015).  Oxidative imbalance like 

excess malondialdehyde (MDA) and 

decreased catalase (CAT) activity leads to 

morphological and functional 

modifications in the cortical regions and 

hippocampus (Good, 2002). 

The olive tree (Olea europaea L.) of the 

Oleaceae family is grown in many 

countries, particularly, in the 

Mediterranean region (Ryan and Robards, 

1998; Somova et al., 2003). Olea europaea, 

has been considered a plant with a 

distinctive antioxidant ability in its fruits, 

leaves and oil (Briante et al., 2002; Gerber, 

1994; Soni et al., 2006). One of the 

byproducts extracted from the olive leaves 

are phenolic compounds that have 

beneficial antioxidants properties 

(Andreadou et al., 2007). Oleuropein, 

hydroxytyrosol, luteolin, and apigenin are 

the phenolic compounds found in olive leaf 

extract (OLE). The most abundant phenolic 

compound already explored in olive leaf 

extract is oleuropein (Al-Azzawie and 

Alhamdani, 2006b; Benavente-Garcıa et 

al., 2000).  Experimental studies recognized 

the valuable impacts of oleuropein and its 

products such as hydroxytyrosol including 

stimulating antioxidant enzymes 

(Andreadou et al., 2006), 

immunoregulatory effects (Visioli et al., 

1998), anticancer and chemopreventive 

activities (Hamdi and Castellon, 2005), 

anti-hypoglycemic activity (Jemai et al., 

2009), and inhibition of platelet 

aggregation (Manna et al., 2004); it also has 

beneficial effects against viruses and 

bacteria (Bisignano et al., 1999), and 

neurodegenerative diseases  (Bazoti et al., 

2006). In this regard, a study has shown that 

oleuropein has neuroprotective effects in 

the hippocampus on memory impairment in 

colchicine-induced rat model of 

Alzheimer's disease (Pourkhodadad et al., 

2016). Several phenolic components 

especially oleuropein, have been 

considered to have interaction with 

different amyloidogenic proteins to reduce 

amyloid information (Leri and Bucciantini, 

2016). Regarding valuable and beneficial 

anti-oxidative and anti-inflammatory 

properties of OLE and its constituents, we 

aimed to investigate the effect of long-term 

oral administration of OLE on learning and 

memory deficits in diabetic rats using 

passive avoidance test. The oxidative stress 

status was also measured by assessment of 

biomarkers such as MDA, total thiol 

concentration, and CAT and superoxide 

dismutase (SOD) activity in the 

hippocampal and cortical regions. 

 

 

Materials and Methods 
Characterization and Preparation of the 

plant extract  

Olive leaves were collected from 

Bardaskan City, Khorasan Province, Iran in 

early summer 2019 when the plant wildly 

grows in the normal condition; the plant 

was identified and a voucher number was 

dedicated by a botanist (E 1253 (FUMH). 

According to the protocol, to prepare 

hydroethanolic extract, dried leaves of the 

plant were completely macerated in ethanol 

(50%) for three days. The acquired extract 

was filtrated and consequently dried using 

a rotary vacuum evaporator. The yield of 

dried extract related to the weight of the 

dried leafs, was 18%. To acquire varying 

doses (100, 200 and 400 mg/kg) of OLE, it 

was dissolved in distilled water. 

 

Animals and diabetes induction 

Sixty male Wistar rats, 10 weeks of age, 

250-300 g, were maintained at room 

temperature of 22±2°C under 12 hr 
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light/dark cycles with unlimited access to 

chow and water.  

The study was authorized by Mashhad 

University of Medical Sciences, Mashhad, 

Iran, Committee on Animals Research 

(approval No: 

IR.MUMS.MEDICAL.REC.1397.739). 

Streptozotocin (STZ) (60 mg/kg i.p.) 

was used to induce diabetes after 12 hr of 

fasting. Animals were considered diabetic 

with fasting blood glucose levels higher 

than 250 mg/dl. The rats were randomly 

divided into six groups with ten animals in 

each group (Table 1). Groups II-VI were 

diabetic cases. The treatments were started 

72 hr after the STZ injection and after 

diabetes development. OLE (100, 200 or 

400 mg/kg), and metformin (300 mg/kg) 

were administered orally using a gavage 

needle once a day for 6 weeks. Animals in 

groups I and II were treated with equal 

volume of normal saline and they served as 

vehicle control. After this treatment period, 

rats were subjected to passive avoidance 

learning test during days 37–42. Finally, all 

the animals were humanely scarified and 

the hippocampus and brain cortex were 

quickly removed and conserved at -80°C 

for oxidative stress assessment. 
 

 

 

Table 1. Treatment protocols in different groups of rats. 
 

Groups  (n = 10) Treatment protocols 

Group I (normal control) Distilled water 

Group II (diabetic control) Distilled water 

Group III (diabetes + Metformin) Metformin (300 mg/kg body weight) 

Group IV (diabetes + Extract 100) OLE (100 mg/kg body weight) 

Group V (diabetes + Extract 200) 
 

Group VI (diabetes + Extract 400) 

OLE (200 mg/kg body weight) 
 

OLE (400 mg/kg body weight) 

 

 

Passive avoidance test (PA) 

PA task is based on negative tendency of 

the rats for a dark condition. The apparatus 

includes two matched-size compartments, 

which splits into a dark and an illuminated 

box with a guillotine gate that unites these 

two parts. Each rat was habituated to the 

box for two consecutive days before the 

training period (5 min per day). Each rat 

was placed in the lit up portion on the 

training day and the gate was freed after a 

habituation period (30 sec), and delay to 

enter the dark compartment was noted. 

After that, on the floor of the stainless steel 

structure, rats were exposed to 2 mA (50 

Hz) foot shock for 2 sec, and then they were 

returned to their enclosures. In the memory 

retention phases, 3, 24, 48, and 72 hr after 

delivery of the foot shock, the rats entered 

the illuminated segment, and after the 

habitation time (30 sec), the door was 

opened and the time to reach the dark 

section was recorded. The total number of 

entries and time passed by the rats in the 

dark compartments were recorded (Salmani 

et al., 2018).  

 

Biochemical assessments 

At the end of the PA experiment, the 

animals were anesthetized by ketamine and 

xylazine (10 mg/kg and 2 mg/kg 

respectively, i.p), blood samples were 

obtained and centrifuged at 3000 rpm for 

ten min, and serum was used to measure the 

blood glucose level. After that, the cortex 

and hippocampus were separated and 

washed by phosphate buffered solution 

(PBS). The serum, cortex and hippocampus 

were stored at -80°C until biochemical 

analysis. Samples were weighed and 

homogenized with PBS. The levels of 

MDA, total thiol (SH) content and the 

activities of CAT and SOD in both 

hippocampal and cortical tissues were 

measured. 
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Serum glucose  

Fasting blood sugar (FBS) level was 

assayed by a commercial kit according to 

manufacturé s guideline (Pars Azmoon, 

Tehran, Iran).  

 

Brain tissue oxidative stress assessment 

Assessment of MDA 

Lipid peroxidation was determined in 

terms of the level of MDA. To measure 

lipid peroxidation, in a solution of 2 ml 

hydrochloric acid (HCl), thiobarbituric acid 

(TBA) and trichloroacetic acid (TCA), 1 ml 

of homogenous samples was added. The 

blend was kept in a hot water bath for 45 

min. After reaching the room temperature, 

the mixture was centrifuged for 10 min and 

then absorption was read at 535 nm. The 

MDA level was estimated using a formula 

that was previously described (Farrokhi et 

al., 2014; Khodabandehloo et al., 2013).  

 

Assessment of total thiol content 

The amounts of thiol content have been 

calculated by the Ellman method (Beheshti 

et al., 2017; Ellman, 1959; Mahmoudabady 

et al., 2017). 5, 5′-dithiobis (2-nitrobenzoic 

acid) (DTNB) was considered to measure 

total SH content in cortex and hippocampus 

tissues. The SH group reacts with DTNB 

and creates a yellow color complex. Here, 1 

ml of mixture containing tris and 

ethylenediaminetetraacetic acid (EDTA) 

buffer (pH 8.6) and 50 µl of tissues 

homogenate were mixed and solution 

absorbance against Tris-EDTA buffer alone 

(A1) was assessed at 412 nm. Also, 20 μl 

DTNB solution was poured into A1 and 15 

min was deposited at the room temperature, 

then the absorption was read again (A2). 

DTNB reagent absorption alone was 

considered the blank (B). Total thiol 

content (mM) = (A2-A1-B) × 1.07 / (0.05 × 

14,150) 

 

Determination of anti-oxidant enzymes 

activity 

CAT activity was assessed (Aebi, 1984) 

according to the method that was 

mentioned in our previous report (Abareshi 

et al., 2016). A method defined by 

Balasubramanian and Madesh was used to 

measure SOD activity in brain tissues 

(Madesh and Balasubramanian, 1998). 

 

Statistical analysis  

All results are reported as 

mean±standard error of the mean (SEM) 

and were evaluated by SPSS 20. Analysis 

of all results was done using one-way 

ANOVA followed by a multiple 

comparison Tukey test. The difference was 

considered significant at p<0.05. 

 

 

Results 

The effects of OLE on passive avoidance 

test 

The PA test was carried out 3, 24, 48, 

and 72 hr after the shock was received. 

Compared to the control group, the diabetic 

rats had lower latency to go to the dark 

chamber in the retention tests (p<0.001). 

Metformin-treated ones displayed an 

improvement in latency to go into the dark 

chamber at all time-points (3, 24, 48, and 72 

hr) after the shock, compared to the diabetic 

group (p<0.001). In three groups of OLE, 

the delay to enter the dark chamber was 

raised at various time points after the shock 

(p<0.05–p<0.001). There was no 

significant variation between OLE200 and 

OLE400 groups and the metformin group at 

either time point after the shock, while in 

the OLE100 group this latency was lower 

than the metformin group at either time 

point (p<0.01–p<0.001). Treatment with 

the maximum dose of OLE also improved 

the latency to enter the dark chamber 

compared to the lowest dose of OLE 

(p<0.001) and medium dose (p<0.05) at all 

the time points after the shock, Figure 1A. 

The results indicated that the diabetic 

rats had more entries into the dark chamber 

compared to the control ones at all time-

points of 3, 24, 48, and 72 hr after the shock 

(p<0.05–p<0.001). Metformin and all 

groups of OLE showed a reduced dark area 

entry 3 and 24 hr after the shock (p<0.05–

p<0.001) in comparison with diabetic 
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group. There was no significant difference 

between the impacts of the different doses 

of OLE and metformin as well as among the 

applied OLE doses (Figure 1B). 

Data revealed that spending time in the 

dark compartment in the diabetic ones was 

greater than control groups 3, 24, 48 and 72 

hr after the shock (p<0.001 for all). 

Compared to the diabetic group, metformin 

and all OLE groups spent less time in the 

dark compartment (p<0.001 for 

all).  However, this parameter was longer in 

the OLE100 ones in comparison with the 

metformin group (p<0.01). In the highest 

dose of OLE treated group, this spent time 

was less than the OLE100 ones (p<0.01, 

Figure 1C). 

 

 

Figure 1. Comparison of the latency of the first entrance (A), the number of entrance (B) and time spent in the 

dark compartment (C), 3, 24, 48 and 48 hr after the shock in the study groups. Data are shown as mean±SEM (for 

each group n=8-10).  *p<0.05, **p<0.01, and ***p<0.001 vs. the control group, +p<0.05, ++p<0.01, and 

+++p<0.001 vs. the diabetic group, #p<0.05, ##p<0.01 and ###p<0.001 vs the metformin group, $$p<0.01 and 

$$$p<0.001 vs. the OLE 100 group, @p<0.05 vs. the OLE 200 group. 
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Figure 2. FBS levels in the serum of six study groups. 
Values are expressed as mean±SEM (n=8–10 in each 

group). *p<0.05 and ***p<0.001 vs. control group, 

+++p<0.001 vs. the diabetic group, ##p<0.01, and 

###p<0.001 vs. the OLE 100 group. 

 

The impact of OLE on serum blood 

glucose  

In the serum of diabetic groups, FBS 

levels increased dramatically compared to 

the control group (p<0.001). All OLE and 

metformin groups had significant reductions 

in FBS compared to the diabetic group 

(p<0.001). However, the FBS level in 

animals treated by OLE was greater than the 

control group (p<0.05–p<0.001).  

Moreover, the hypoglycemic effect of 

OLE200, OLE400 and metformin was 

comparable to that of OLE100, (p<0.01–

p<0.001, Figure 2). 

 

The effects of OLE on oxidative stress 

state of the hippocampus 

In the hippocampus tissue, the MDA 

level in the diabetic rats was greater than the 

control group (p<0.01). Animals receiving 

the maximum dose of OLE and metformin 

showed a considerable decrease in MDA 

level in hippocampal tissue (p<0.05–

p<0.001) compared to the diabetic group 

(Figure 3A).   

Diabetes decreased the total content of 

thiol in hippocampal tissue (p<0.001) 

compared to the control group. In 

comparison with the diabetic ones, the 

amount of thiol in the hippocampus 

increased in the OLE 200, OLE400 and 

metformin groups (p<0.05–p<0.001). 

However, this augmentation did not show 

noticeable variations among all intervention 

groups, Figure 3B. In the hippocampal tissue 

of diabetes group, a considerable reduction 

of CAT activity was observed in comparison 

to the control ones (p<0.001). Animals 

receiving medium and maximum doses of 

OLE and metformin represented an increase 

in CAT activity compared to the diabetic 

ones (p<0.05–p<0.001). There were no 

significant differences among the three 

OLE-treated groups (Figure 4A). 
 

 

 
 

Figure 3. Comparison of MDA concentrations (A) 

and thiol content levels (B) in the hippocampal tissues 

among the six study groups. Data are presented as 

mean±SEM (n=8–10 in each group). *p<0.05, 

**p<0.01, and ***p<0.001 vs. the control group, 

+p<0.05, ++p<0.01 and +++p<0.001 vs. the diabetic 

group. 

 
In the diabetic group, SOD activity was 

considerably reduced in the hippocampal 

tissue compared to the control ones 

(p<0.001). Treatment with the maximum 

dose of OLE and metformin reversed the 

negative impacts of diabetes on SOD 

activity (p<0.05 and p<0.001, respectively). 

On the other hand, the increase of SOD 

activity in these groups was not comparable 

to the control group. There were noticeable 

differences in SOD activity levels between 

the lowest dose of OLE and metformin 

group (p<0.05, Figure 4B).  
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Figure 4.  Comparison of CAT (A) and SOD (B) 

activities in the hippocampal tissues among the six 

study groups .Values are presented as mean±SEM 

(n=8–10 in each group). *p<0.05, **p<0.01 and 

***p<0.001 vs. the control group, +p<0.05,   

++p<0.01 and +++p<0.001 vs. the diabetic group, 

#p<0.05 vs. the OLE 100 group. 

 
The impacts of OLE on oxidative stress 

state of cortical tissues 

Results revealed that diabetes enhanced 

MDA levels in cortical tissue compared to 

the control group (p<0.01). MDA 

concentrations were lower in the cortical 

tissues of the OLE 400 and metformin 

groups in comparison with the diabetic rats 

(p<0.01). There were no significant 

differences among all intervention groups 

(Figure 5A).   

Compared to the control ones, the cortical 

thiol concentration in the diabetic rats was 

considerably lower (p<0.001). OLE 200, 

OLE400 and metformin groups showed an 

increase in total thiol content in cortical 

tissues compared to the diabetic ones 

(p<0.01–p<0.001). Additionally, there was a 

considerable variation between the increase 

of total thiol amount in OLE400 and 

metformin groups, and OLE100 ones 

(p<0.01, Figure 5B). 

 
 

Figure 5. Comparison of MDA concentration (A) and 

total thiol content (B) in the cortical tissues of six 

study groups. Data are expressed as mean±SEM 

(n=8–10 in each group). *p<0.05, **p<0.01 and 

***p<0.001 vs. the control group, ++p<0.01, and 

+++p<0.001 vs. the diabetic group, ## p<0.01 and vs. 

the OLE 100 group. 

 
Diabetes also resulted in a significant 

reduction in CAT activity in cortical tissue 

compared to the control group (p<0.001). 

OLE400 and metformin groups showed 

elevated CAT activities in the cortical tissue 

compared to the diabetic group (p<0.01). No 

significant differences were observed among 

different doses of OLE when compared to 

metformin-treated ones (Figure 6A). 

SOD activity declined in the cortical 

tissues of the diabetic rats compared to the 

control group (p<0.001). Animals receiving 

OLE400 and metformin presented an 

enhancement in SOD activity compared to 

the diabetic group (p<0.05). There were no 

noticeable differences among all 

intervention groups (Figure 6B). 
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Figure 6. Comparison of CAT (A) and SOD (B) 

activities in the cortical tissues among the six study 

groups .Values are presented as mean±SEM (n=8–10 

in each group). **p<0.01, and ***p<0.001 vs. the 

control group, +p<0.05, and ++p<0.01 vs. the 

diabetic group. 

 

 

Discussion 
In the current study, our results 

demonstrated that chronic hyperglycemia in 

STZ-induced diabetes can lead to impaired 

learning and memory as well as biochemical 

consequences. Most of the negative impacts 

of chronic hyperglycemia on learning deficit 

were reversed by treatment with different 

doses of OLE in 6 weeks. 

Previous research have shown that 

diabetes mellitus is linked to neurological 

problems such as weak learning and memory 

within the central nervous system 

(Abbasnezhad et al., 2015; Tuzcu and 

Baydas, 2006). The speed of data 

processing, working memory and certain 

aspects of attention were shown to reduce in 

patients with type 2 diabetes following acute 

hyperglycemia (Sommerfield et al., 2004). 

The results of PA task in our study, indicated 

fear memory impairment in diabetic rats. 

The changes and damages occurred in the 

hippocampal and cerebral cortex synaptic 

plasticity were displayed to contribute to the 

impairment of learning and memory (Fukui 

et al., 2002). In addition, clinical data 

showed that diabetes in people with diabetes 

is followed by learning and memory 

impairment (Biessels et al., 2006). Although 

the cause of these impairments is 

multifactorial, enough evidence is available 

regarding the role of increased oxidative 

stress in this situation. Following evaluating 

oxidative stress in diabetic animals, 

excessive production of ROS that results in 

cellular and oxidative damage in several 

areas of the brain including the hippocampus 

and cortex has been shown (Tuzcu and 

Baydas, 2006). These imbalances between 

oxidant and anti-oxidant agents are 

considered a possible mechanism for the 

complications, morphological 

abnormalities, and memory impairments in 

diabetes (Giacco and Brownlee, 2010). In 

our study, diabetic animals showed high 

levels of MDA in the cortex and 

hippocampus. The decreased activity of 

antioxidant enzymes is a cause for the 

increased lipid peroxidation in the course of 

diabetes.  

Here, we found that total thiol 

concentration, CAT and SOD activity levels 

were reduced in diabetic brain tissues. Our 

findings are in accordance with prior 

researches which suggest that during chronic 

diabetic neuropathy, antioxidant enzyme 

activities in the brain are reduced (Anwar 

and Meki, 2003; Baynes and Thorpe, 1999).  

Anti-oxidant compounds and free radical 

scavengers have been suggested to attenuate 

the complications of diabetes by suppressing 

generation of ROS during hyperglycemia 

(Al-Azzawie and Alhamdani, 2006a). In the 

current report, it was found that metformin 

besides FBS reduction, ameliorated learning 

and memory impairment in the PA test in 

diabetic animals. Furthermore, metformin 

reversed the negative evidence of increased 

oxidative stress activity by lowering MDA 

level, elevating total thiol content, and 

improving the SOD and CAT activities. 

Several studies have shown the significant 

antioxidant effect of metformin in STZ-



Olive leaf extract and diabetes 

 

AJP, Vol. 12, No. 2, Mar-Apr 2022                                                 171 

induced diabetic rats (Erejuwa et al., 2010; 

Liu et al., 2008; Majithiya and Balaraman, 

2006). Thus, metformin in addition to its 

antihyperglycemic effect, plays a protective 

role against oxidative damage in the diabetic 

rats, proposing that it could be able to act as 

a beneficial neuroprotective agent in the 

course of DM (Tao et al., 2018). 

As mentioned previously, of different 

compounds present in OLE, oleuropein is 

the most abundant phenolic constitute 

already recognized (Amro et al., 2002; 

Omar, 2010b). Experimental investigations 

demonstrated the valuable impacts of 

oleuropein and its products such as 

hydroxytyrosol, for different biological 

processes, including scavenging of free 

radicals, and anti-hyperglycemic and 

neuroprotective impact. Oleuropein has been 

shown also to improve the levels of 

cognitive decline and memory impairment 

induced by colchicine in the hippocampus 

(Pourkhodadad et al., 2016). Diabetic rabbits 

treated with oleuropein showed a reduction 

in blood glucose levels along with declined 

MDA (Al-Azzawie and Alhamdani, 2006b). 

These studies have highlighted that 

oleuropein may be helpful in preventing 

diabetic consequences associated with 

oxidative stress. In a model of heroin-

induced brain injury, OLE was able to 

reduce MDA while activities of glutathione 

peroxidase, CAT and glutathione in OLE-

treated groups were enhanced (Wang et al., 

2013). OLE administration in diabetic 

animals indicated the beneficial impact of 

the treatment on fear memory deficiency by 

reducing the number of entry into dark 

chamber (Omar, 2010a). In the current 

study, during the PA task, the numbers of 

entrance to the dark chamber were increased 

in the diabetic rats, indicating fear memory 

impairment. In addition, in these group of 

animals, latency to enter the dark chamber 

was reduced during the trial, and also an 

increase in time spent in the dark 

compartment was observed that could be 

corroborated memory retention impairment 

induced by DM.  The biochemical and PA 

test values of the present study revealed that 

in diabetic rats, effects of higher doses of 

OLE were almost similar to metformin. 

Also, in the retention trial, the increased time 

spent in the dark apparatus and decreased 

latency to enter the dark compartment 

among diabetic rats were also inhibited by 

OLE treatment in a dose-dependent manner. 

As obviously indicated in our data, OLE in a 

dose-dependent manner not only exhibited 

preventive effects counteracting oxidative 

stress but also moderated cognitive decline 

and memory impairment caused by diabetes. 

Therefore, the presence of higher amount of 

phenolic compounds, with known 

antioxidant activity, in OLE can be 

attributed to more effectiveness of this 

extract. 

The present data indicated that OLE 

besides its hypoglycemic effect, reduced 

MDA contents and on the other hand, 

ameliorated the total thiol content, and CAT 

and SOD activities in the hippocampal and 

cortical tissues. 

Although there was no clear 

understanding of the specific mechanism of 

OLE to prevent learning and memory 

impairments but it is suggested that OLE 

might be utilized as a memory enhancer and 

neuroprotective agent and the beneficial 

benefits of the extract can be at least in part 

caused by prevention of oxidative damage in 

the brain tissues. 

  

Acknowledgment 

This paper is extracted from a PhD thesis. 

The authors would like to thank Vice 

Chancellery for Research of Mashhad 

University of Medical Science for financial 

support (grant No. 971301). 
 

Conflicts of interest 

The authors have declared that there is no 

conflict of interest. 
 

 

References 
Abareshi A, Hosseini M, Beheshti F, Norouzi F, 

Khazaei M, Sadeghnia HR, Boskabady MH, 

Shafei MN, Anaeigoudari A. 2016. The 

effects of captopril on lipopolysaccharide 

induced learning and memory impairments 



Asghari et al. 

AJP, Vol. 12, No. 2, Mar-Apr 2022                                                 172 

and the brain cytokine levels and oxidative 

damage in rats. Life Sci, 167: 46-56. 

Abbasnezhad A, Hayatdavoudi P, Niazmand S, 

Mahmoudabady M. 2015. The effects of 

hydroalcoholic extract of Nigella sativa seed 

on oxidative stress in hippocampus of STZ-

induced diabetic rats. Avicenna J Phytomed, 

5: 333-340. 

Aebi H. 1984. Catalase in vitro. Methods 

Enzymol, 105: 121-126. 

Al-Azzawie HF, Alhamdani M-SS. 2006a. 

Hypoglycemic and antioxidant effect of 

oleuropein in alloxan-diabetic rabbits. Life 

Sci, 78: 1371-1377. 

Al-Azzawie HF, Alhamdani MS. 2006b. 

Hypoglycemic and antioxidant effect of 

oleuropein in alloxan-diabetic rabbits. Life 

Sci, 78: 1371-1377. 

Amro B, Aburjai T, Al-Khalil S. 2002. 

Antioxidative and radical scavenging effects 

of olive cake extract. Fitoterapia, 73: 456-

461. 

Andreadou I, Iliodromitis EK, Mikros E, 

Constantinou M, Agalias A, Magiatis P, 

Skaltsounis AL, Kamber E, Tsantili-

Kakoulidou A, Kremastinos DT. 2006. The 

olive constituent oleuropein exhibits anti-

ischemic, antioxidative, and hypolipidemic 

effects in anesthetized rabbits. J Nutr, 136: 

2213-2219. 

Andreadou I, Sigala F, Iliodromitis EK, 

Papaefthimiou M, Sigalas C, Aligiannis N, 

Savvari P, Gorgoulis V, Papalabros E, 

Kremastinos DT. 2007. Acute doxorubicin 

cardiotoxicity is successfully treated with the 

phytochemical oleuropein through 

suppression of oxidative and nitrosative 

stress. J Mol Cell Cardiol, 42: 549-458. 

Anwar MM, Meki AR. 2003. Oxidative stress in 

streptozotocin-induced diabetic rats: effects 

of garlic oil and melatonin. Comp Biochem 

Physiol A Mol Integr Physiol, 135: 539-547. 

Baynes JW, Thorpe SR. 1999. Role of oxidative 

stress in diabetic complications: a new 

perspective on an old paradigm. Diabetes, 48: 

1-9. 

Bazoti FN, Bergquist J, Markides KE, 

Tsarbopoulos A. 2006. Noncovalent 

interaction between amyloid-beta-peptide (1-

40) and oleuropein studied by electrospray 

ionization mass spectrometry. J Am Soc 

Mass Spectrom, 17: 568-575. 

Beheshti F, Hosseini M, Shafei MN, 

Soukhtanloo M, Ghasemi S, Vafaee F, 

Zarepoor L. 2017. The effects of Nigella 

sativa extract on hypothyroidism-associated 

learning and memory impairment during 

neonatal and juvenile growth in rats. Nutr 

Neurosci, 20: 49-59. 

Benavente-Garcıa O, Castillo J, Lorente J, 

Ortuño A, Del Rio JA. 2000. Antioxidant 

activity of phenolics extracted from Olea 

europaea L. leaves. Food Chem, 68: 457-62. 

Biessels GJ, Staekenborg S, Brunner E, Brayne 

C, Scheltens P. 2006. Risk of dementia in 

diabetes mellitus: a systematic review. 

Lancet Neurol, 5: 64-74. 

Bisignano G, Tomaino A, Lo Cascio R, Crisafi 

G, Uccella N, Saija A. 1999. On the in-vitro 

antimicrobial activity of oleuropein and 

hydroxytyrosol. J Pharm Pharmacol, 51: 971-

974. 

Briante R, Patumi M, Terenziani S, Bismuto E, 

Febbraio F, Nucci R. 2002. Olea europaea L. 

leaf extract and derivatives: antioxidant 

properties. J Agric Food Chem, 50: 4934-

4940. 

Ellman GL. 1959. Tissue sulfhydryl groups. 

Arch Biochem Biophys, 82: 70-77. 

Erejuwa OO, Sulaiman SA, Wahab MSA, 

Sirajudeen KNS, Salleh MSM, Gurtu S. 

2010. Antioxidant protective effect of 

glibenclamide and metformin in combination 

with honey in pancreas of streptozotocin-

induced diabetic rats. Int J Mol Sci, 11: 2056-

2066. 

Farrokhi E, Hosseini M, Beheshti F, Vafaee F, 

Hadjzadeh MA, Dastgheib SS. 2014. Brain 

tissues oxidative damage as a possible 

mechanism of deleterious effects of 

propylthiouracil- induced hypothyroidism on 

learning and memory in neonatal and juvenile 

growth in rats. Basic Clin Neurosci, 5: 285-

294. 

Fukui K, Omoi NO, Hayasaka T, Shinnkai T, 

Suzuki S, Abe K, Urano S. 2002. Cognitive 

impairment of rats caused by oxidative stress 

and aging, and its prevention by vitamin E. 

Ann N Y Acad Sci, 959: 275-284. 

Gerber M. 1994. Epidemiology of Diet and 

Cancer, ed. MJ Hill, 263-75. 

Giacco F, Brownlee M. 2010. Oxidative stress 

and diabetic complications. Circ Res, 107: 

1058-1070. 

Good M. 2002. Spatial memory and 

hippocampal function: where are we now? 

Psicológica 23. 

Hamdi HK, Castellon R. 2005. Oleuropein, a 

non-toxic olive iridoid, is an anti-tumor agent 

and cytoskeleton disruptor. Biochem 



Olive leaf extract and diabetes 

 

AJP, Vol. 12, No. 2, Mar-Apr 2022                                                 173 

Biophys Res Commun, 334: 769-778. 

Hasanein P, Shahidi S. 2010. Effects of 

combined treatment with vitamins C and E on 

passive avoidance learning and memory in 

diabetic rats. Neurobiol Learn Mem, 93: 472-

478. 

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. 

Khodabandehloo F, Hosseini M, Rajaei Z, 

Soukhtanloo M, Farrokhi E, Rezaeipour M. 

2013. Brain tissue oxidative damage as a 

possible mechanism for the deleterious effect 

of a chronic high dose of estradiol on learning 

and memory in ovariectomized rats. Arq 

Neuropsiquiatr, 71: 313-319. 

Kumar R, Jaggi AS, Singh N. 2010. Effects of 

erythropoietin on memory deficits and brain 

oxidative stress in the mouse models of 

dementia. Korean J Physiol Pharmacol : 

official journal of the Korean Physiological 

Society and the Korean Society of 

Pharmacology, 14: 345-352. 

Leri M, Bucciantini M. 2016. Efficacy of 

oleuropein aglycone in the treatment of 

transthyretin-amyloidosis. Int J Biochem. 

Mol Biol, 2: 11. 

Liu X, Liu M, Mo Y, Peng H, Gong J, Li Z, Chen 

J, Xie J. 2016. Naringin ameliorates cognitive 

deficits in streptozotocin-induced diabetic 

rats. J Basic Med Sci, 19: 417-422. 

Liu Z, Li J, Zeng Z, Liu M, Wang M. 2008. The 

antidiabetic effects of cysteinyl metformin, a 

newly synthesized agent, in alloxan-and 

streptozocin-induced diabetic rats. Chemico-

Biologic Interact, 173: 68-75. 

Madesh M, Balasubramanian KA. 1998. 

Microtiter plate assay for superoxide 

dismutase using MTT reduction by 

superoxide. Indian J Biochem Biophys, 35: 

184-188. 

Mahmoudabady M, Lashkari M, Niazmand S, 

Soukhtanloo M. 2017. Cardioprotective 

effects of Achillea wilhelmsii on the isolated 

rat heart in ischemia–reperfusion. J Trad 

Complement Med, 7: 501-507. 

Majithiya JB, Balaraman R. 2006. Metformin 

reduces blood pressure and restores 

endothelial function in aorta of 

streptozotocin-induced diabetic rats. Life Sci, 

78: 2615-2624. 

Manna C, Migliardi V, Golino P, Scognamiglio 

A, Galletti P, Chiariello M, Zappia V. 2004. 

Oleuropein prevents oxidative myocardial 

injury induced by ischemia and reperfusion. J 

Nutr Biochem, 15: 461-466. 

Modi KK, Roy A, Brahmachari S, Rangasamy 

SB, Pahan K. 2015. Cinnamon and its 

metabolite sodium benzoate attenuate the 

activation of p21rac and protect memory and 

learning in an animal model of Alzheimer's 

disease. PloS one, 10: e0130398. 

Moghadamnia AA, Hakiminia S, Baradaran M, 

Kazemi S, Ashrafpour M. 2015. Vitamin D 

improves learning and memory impairment 

in streptozotocin-induced diabetic mice. 

Arch Iran Med, 18: 362-366. 

Omar SH. 2010a. Cardioprotective and 

neuroprotective roles of oleuropein in olive. 

Saudi Pharm J, 18: 111-121. 

Omar SH. 2010b. Oleuropein in olive and its 

pharmacological effects. Sci Pharm, 78: 133-

154. 

Pourkhodadad S, Alirezaei M, Moghaddasi M, 

Ahmadvand H, Karami M, Delfan B, 

Khanipour Z. 2016. Neuroprotective effects 

of oleuropein against cognitive dysfunction 

induced by colchicine in hippocampal CA1 

area in rats. J Physiol Sci, 66: 397-405. 

Ryan D, Robards K. 1998. Critical Review. 

Phenolic compounds in olives. Analyst, 123: 

31R-44R. 

Salmani H, Hosseini M, Beheshti F, Baghcheghi 

Y, Sadeghnia HR, Soukhtanloo M, Shafei 

MN, Khazaei M. 2018. Angiotensin receptor 

blocker, losartan ameliorates 

neuroinflammation and behavioral 

consequences of lipopolysaccharide 

injection. Life Sci, 203: 161-170. 

Sommerfield AJ, Deary IJ, Frier BM. 2004. 

Acute hyperglycemia alters mood state and 

impairs cognitive performance in people with 

type 2 diabetes. Diabetes Care, 27: 2335-

2340. 

Somova LI, Shode FO, Ramnanan P, Nadar A. 

2003. Antihypertensive, antiatherosclerotic 

and antioxidant activity of triterpenoids 

isolated from Olea europaea, subspecies 

africana leaves. J Ethnopharmacol, 84: 299-

305. 

Soni MG, Burdock GA, Christian MS, Bitler 

CM, Crea R. 2006. Safety assessment of 

aqueous olive pulp extract as an antioxidant 

or antimicrobial agent in foods. Food Chem 

Toxicol, 44: 903-915. 

Tao L, Li D, Liu H, Jiang F, Xu Y, Cao Y, Gao 

R, Chen G. 2018. Neuroprotective effects of 

metformin on traumatic brain injury in rats 



Asghari et al. 

AJP, Vol. 12, No. 2, Mar-Apr 2022                                                 174 

associated with NF-κB and MAPK signaling 

pathway. Brain Res Bull, 140: 154-161. 

Tuzcu M, Baydas G. 2006. Effect of melatonin 

and vitamin E on diabetes-induced learning 

and memory impairment in rats. Eur J 

Pharmacol, 537: 106-110. 

Visioli F, Bellosta S, Galli C. 1998. Oleuropein, 

the bitter principle of olives, enhances nitric 

oxide production by mouse macrophages. 

Life Sci, 62: 541-546. 

Wang Y, Wang S, Cui W, He J, Wang Z, Yang 

X. 2013. Olive leaf extract inhibits lead 

poisoning-induced brain injury. Neural 

Regen Res, 8: 2021-2029.

 
 

 


