
Journal of Advanced 

Biomedical Sciences 
Fasa University of 

Medical Sciences 

Journal of Advanced Biomedical Sciences 

 
https://jabs.fums.ac.ir/ 

Online ISSN: 2783-1523 

      

 

 

Protective Effect of Oleuropein on Memory Impairment and Oxidative Stress in 

Streptozotocin-Induced Diabetes Rats via Modulation of NF-kB and Nrf-2 Pathways 
 

Zahra Shaibani1    , Maryam Rafieirad2 
 

1. Department of Biology, Faculty of Basic Sciences, Payam Noor University, Tehran, Iran 

2. Department of Biology, Izeh branch, Islamic Azad University, Izeh, Iran 

 
 

Article Info 
Article Type: 

Research Article 

 

Article history: 

Received 

13 Mar 2024 

Received in revised form 

29 Mar 2024 

Accepted 

28 Apr 2024 

Published online 

05 May 2024 

Publisher 

Fasa University of 

Medical Sciences 

 

 
 

 
  

Introduction 
    Type 2 diabetes mellitus (T2DM), an endocrine 

disease, is linked to neurological and systemic 

complications arising from chronically elevated blood 

glucose levels (hyperglycemia). According to the 

World Health Organization, over 420 million adults 

worldwide have diabetes. The exact causes remain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

unclear, but factors such as obesity, genetics, and a 

sedentary lifestyle contribute to its progress (1, 2). 

Research suggests that increased oxidative stress and 

altered antioxidant levels play a significant role in the 

pathogenesis of T2DM (3). Oxidative stress is a 

condition characterized by an imbalance between the 

generation and detoxification of reactive oxygen 

Abstract 
Background & Objectives: Diabetes is the most common metabolic disease which is associated with 

hyperglycemia and long-term complications. This study aimed to elucidate the anti-diabetic role of oleuropein 

(OLE) in a streptozotocin (STZ)-induced diabetic animal model.  
Materials & Methods: Adult male Wistar rats (200–250 g) were randomly divided into four groups: 1) 

Control group, 2) STZ group: diabetic rats that received STZ (60 mg/kg), 3) OLE 50 group: diabetic rats treated 

with oral OLE at 50 mg/kg of body weight daily for 28 days, and 4) OLE 100 group: diabetic rats treated with 

oral OLE at 100 mg/kg of body weight daily for 28 days. Memory function and biochemical factors such as 

malondialdehyde (MDA) levels, glutathione peroxidase (GPx), and total thiol activity were evaluated in the 

rats' cerebral cortex and striatum tissues. Moreover, nuclear transcription factor-kappa B (NF-κB) and nuclear 

factor E2-related factor 2 (Nrf2) pathways activation were determined in cerebral cortex and striatum tissues 

by real-time polymerase chain reaction (RT-PCR). 
Results: Chronic administration of OLE ameliorated cognitive deficits and attenuated oxidative stress induced 

by diabetes. Additionally, OLE significantly prohibited the activation of the pro-inflammatory marker NF-κB 

and downregulated Nrf2 expression in STZ-induced diabetic rats. 

Conclusion: Our results confirm the significant protective role of OLE against STZ-induced diabetes in rats 

by up-regulating Nrf2 signaling and enhancing antioxidant activity. 
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species (ROS), leading to the damage in various 

tissues (4). In diabetes, oxidative stress is induced by 

both enhanced production of free radicals and a 

reduction in antioxidant defenses (2). Accumulating 

evidence indicates that oxidative stress-induced 

inflammation can contribute to the risk of diabetic 

complications (5). 

The proinflammatory transcription factor, nuclear 

factor-kappa B (NF-κB) the production of 

inflammatory cytokines (6). NF-κB and its associated 

signaling pathways are implicated in both normal and 

pathological inflammatory responses (7). Activation 

of NF-κB can be triggered by various stimuli, 

including viruses, cytokines, oxidative stress, 

ischemia, and reperfusion. Once stimulated, this 

complex translocates to the nucleus and induces the 

expression of over 150 genes, including tumor 

necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-

1β), interleukin-6 (IL-6), interleukin-17 (IL-17), 

chemokines, and adhesion molecules. In this context, 

NF-κB occupies a critical upstream position in the 

inflammatory cascade, regulating the production of 

various proinflammatory mediators (8, 9).  

Interestingly, these pathways exhibit cross-talk at 

the transcriptional level, with protein-protein 

interactions or secondary messenger effects leading to 

mutual suppression. The nuclear factor (erythroid- 

derived-2) (Nrf2) pathway suppresses the activation 

of the NF-κB pathway by upregulating antioxidant 

defenses and heme oxygenase-1 (HO-1) expression. 

This leads to the neutralization of ROS, detoxification 

of toxic chemicals, and ultimately, a reduction in 

ROS-mediated NF-κB activation (10). 

Oxidative stress-related Nrf2 activation promotes the 

production of cytoprotective and antioxidant enzymes, 

including superoxide dismutase (SOD), catalase (CAT), 

glutathione (GSH), HO-1, and NADPH quinone 

oxidoreductase (NQO1). It also increases the synthesis 

of GSH, multidrug transporters, and NADPH. Nrf2 

binds to the antioxidant response element (ARE) on 

DNA, maintaining the body's redox balance. Growing 

evidence suggests a role for Nrf2 in synaptic 

plasticity. Nrf2 knockout mice exhibit deficits in long-

term potentiation (LTP) of the perforant pathway in 

vivo. Additionally, administration of the Nrf2 

activator Dl-3-n-butylphthalide to APP/PS1 trans-

genic mice (an Alzheimer's disease or AD model) 

ameliorated synaptic plasticity deficits. Linalool, 

another Nrf2 activator, has been shown to reverse the 

decreased expression of synaptic plasticity-related 

proteins in an oxidative stress model of AD. These 

studies suggest a link between impaired Nrf2 function 

and reduced LTP, and conversely, Nrf2 activation is 

associated with improved LTP (11). 

Oleuropein (OLE), the main phenolic compound in 

olive leaves, is responsible for the bitterness of 

unprocessed and immature olives.  This heterosidic 

ester of hydroxytyrosol and elenolic acid offers 

potential health benefits for humans (12). The 

therapeutic effects of OLE have been reported in 

various human diseases such as protective effects on 

the treatment of T2DM (13). Several lines of evidence 

suggest that OLE's diverse pharmacological 

properties, particularly its potent antioxidant effects, 

contribute to its multifunctionality (14). Additionally, 

OLE exhibits significant hypotensive, hypoglycemic, 

antimicrobial, anti-carcinogenic, anti-inflammatory, 

and anticonvulsant properties (15).  In the pursuit of 

natural agents with strong pharmacokinetic effects, 

research has increasingly focused on evaluating 

various phenolic compounds.  Therefore, this study 

aimed to assess the anti-diabetic role of OLE in a 

streptozotocin (STZ)-induced diabetic animal model. 

 

Material and Methods 
Animals 
    Forty adult male Wistar rats weighing between 200 

and 250 grams were obtained from the animal house 

of the Animal Breeding Center at Ahvaz Jundishapur 

University of Medical Sciences. The rats were housed 

under standard conditions with a 12-hour light/dark 

cycle and controlled temperature (22 ± 2 °C). They 
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had ad libitum access to both food and water. All 

procedures adhered to the National Institutes of 

Health (NIH) guidelines for the care and use of 

laboratory animals, and the study protocol was 

approved by the Ethics Committee (approval number: 

IR.IAU.AHVAZ.REC.1401.019). After a three-day 

adaptation period, the animals were randomly 

assigned to four groups (n=10 per group): 

Five rats from each group were adopted for 

biochemical assays and five for real-time polymerase 

chain reaction (RT-PCR) analysis.  

Control group included normal rats. STZ group 

included diabetic rats receiving a single 

intraperitoneal (i.p.) injection of STZ at 60 mg/kg, 

freshly dissolved in citrate buffer 

STZ + OLE50 group included diabetic rats receiving 

OLE orally (50 mg/kg/day; p.o.) for 28 days and STZ 

+ OLE100 group included diabetic rats receiving OLE 

orally (100 mg/kg/day; p.o.) for 28 days (16). 

Diabetes induction 

     Diabetes was induced using a single 

intraperitoneal injection of STZ (60 mg/kg in citrate 

buffer solution). Three days post-injection, blood 

glucose levels were measured from tail vein samples 

using a digital glucometer. The study commenced 

upon confirmation of hyperglycemia. A blood glucose 

level exceeding 250 mg/dL was considered indicative 

of diabetes (17). OLE, obtained from Gol Elixir 

Company (Pars, Mashhad, Iran), was administered at 

specified doses (18). 

Passive Avoidance Memory Test 

     This test utilized a shuttle box (5500-ST, Borj 

Sanaat Co., Iran) comprising two compartments, light 

and dark, with floors covered by stainless steel wires 

(1-2 mm) spaced 1 cm apart. An electric current 

generator (75 V, 0.3 mA for 3 s) delivered mild shocks 

to the animals' paws in the dark chamber. For 

habituation, rats were placed in the shuttle box with 

an open guillotine door for 10 minutes, allowing free 

movement between compartments. Subsequently, 

each rat was positioned in the light chamber, and the 

latency to enter the dark chamber was recorded 

(learning). Upon entering the dark chamber, the 

guillotine door closed, and an electric shock was 

administered. After 24 hours, the latency to enter the 

dark chamber was measured as passive avoidance 

memory. This procedure was repeated for all animals 

across all groups (19). 

Biochemical assay 

     Following the experiments, five rats from each 

group were deeply anesthetized using an overdose of 

ketamine and xylazine (90/10 mg/kg Alfason, 

Netherlands). The brains were rapidly excised, and 

striatum and cerebral cortex tissues were dissected on 

ice, washed with phosphate buffered saline, and 

stored at -80 °C until further analysis (20). 

Malondialdehyde (MDA) measurement 

     Tissue malondialdehyde (MDA) levels were 

determined spectrophotometrically using the 

thiobarbituric acid (TBA) (Merck Company 

(Darmstadt, Germany)) reagent. This method is based 

on the reaction between MDA and TBA at 100 °C, 

forming a chromogenic complex. MDA concentration 

was measured at 532 nm. 

Measurement Thiol group 

     Thiol groups were evaluated using DTNB (5,5′-

dithiobis-(2-nitrobenzoic acid) or Ellman's reagent 

(Merck Company (Darmstadt, Germany)) . In a test 

tube, 1 mL of Tris buffer (pH 6) was added to 50 μL 

of tissue homogenate, and its optical absorption was 

measured at 412 nm (A1). Subsequently, 20 μL of 

DTNB reagent was added, incubated at room 

temperature for 15 minutes, and the absorbance was 

measured at the same wavelength (A2). The 

absorbance of the control (containing buffer) was also 

measured at 412 nm (B). Thiol concentration was 

calculated using the equation: (A2 - A1 - B) × 1.07 / 

(0.05 × 13.6). 

Glutathione peroxidase assay 

     Glutathione peroxidase activity (GPX) was 

measured according to the instructions provided in the 

commercial kit (Bio Vision, Milpitas, CA, USA). 
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Enzyme activity was defined as the amount of enzyme 

catalyzing the oxidation of 1 μmoL of NADPH to 

NADP+ per minute under the kit's specified 

conditions at 25 °C. 

RNA extraction, cDNA synthesis, and real-time 

PCR  
For RT-PCR assay, rats were euthanized under 

deep anesthesia with ketamine and xylazine (90 and 

10 mg/kg, i.p), and their cerebral cortices were 

isolated and stored at -80°C. 

Total mRNA was isolated using the phenol-

chloroform extraction protocol with a Total Extraction 

Kit (Pars Tous, Iran) according to the manufacturer's 

instructions. The RNA pellet was air-dried and 

resuspended in 50 μL of diethylpyrocarbonate 

(DEPC)-treated water. RNA concentration was 

determined spectrophotometrically at 230 and 260 nm 

using 3 μL of the total RNA solution. Complementary 

DNA (cDNA) was synthesized from the extracted 

RNA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cDNA underwent RT-PCR using a real-time 

PCR Master Mix Kit (Pars Tous, Iran) under the 

following conditions: initial incubation at 95 °C for 

5 minutes, followed by 40 amplification cycles 

consisting of 30 seconds at 95 °C and 30 seconds at 

62 °C. β-actin (ACT-β) served as an endogenous 

control to minimize the effect of sample variation 

on the calculation of relative expression levels of 

target genes using the delta-delta-Ct method. The 

cycle threshold was used as the gene expression 

index. Table 1 presents the primer sequences for 

ACT-β, NF-κB, and Nrf-2. 

Statistical Analysis  

     The results are presented as mean ± standard 

error of the mean (SEM). The Kolmogorov-

Smirnov test was used to assess data normality. 

Comparisons between groups were performed using 

one-way analysis of variance (ANOVA) followed 

by Tukey's post-hoc test. A p-value < 0.05 was 

considered statistically significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primers Gene 

Forward: 5'- TGGAATCCTGTGGCATCCATGAAAC-3' 

Reverse: 5'-GCCTGACAATGACTCGACGCAAAAT-3' 
ACT-β 

Forward: 5'-GAAATTCCTGATCCAGACAAAAAC-3' 

Reverse: 5'-GATGTGTCTCCGGTAACTTCACTA-3' 
NF-kB 

Forward: 5'- TCTCCTCGCTGGAAAAAGAA -3' 

Reverse: 5'- AATGTGCTGGCTGTGCTTTA -3' 
Nrf-2 

Table 1. Sequences of primers used in real-time polymerase chain reactions (22) 
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Results 
Effects of OLE on blood glucose levels in diabetic 

rats 

Three days following STZ injection, blood glucose 

levels in the experimental groups were significantly 

higher than those in the control group (p < 0.001, Chart 

1). After treatment, blood glucose levels were 

significantly reduced in groups treated with OLE at 

doses of 50 and 100 mg/kg (p < 0.001 for both), 

indicating the protective effects of OLE against severe 

hyperglycemia in diabetic animals. 

Effects of OLE on Passive avoidance task 

The step-through latency (STL) was significantly 

reduced in T2DM rats compared to the control group (p 

< 0.001) (Chart 2). However, OLE treatment at doses of 

50 and 100 mg/kg significantly increased STL 

compared to the untreated diabetic group (p < 0.001 for 

both doses). 

Effects of OLE on MDA and total thiol levels in 

striatum and cortex tissues 

The striatum and cortex tissues of the T2DM group 

exhibited significantly higher MDA levels compared to 

that of the control group (p < 0.001 for both).  However, 

OLE treatment (50 and 100 mg/kg) significantly 
decreased MDA levels in the striatum of DM rats  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(p < 0.01 and p < 0.001, respectively) (Chart 3A). 

Similarly, MDA levels in the cortex tissue of OLE-

treated T2DM animals (50 and 100 mg/kg) were 

significantly reduced compared to the untreated 

T2DM group (p < 0.05 and p < 0.001, respectively) 

(Chart 3B). Furthermore, the total thiol content in the 

T2DM group was significantly depleted in both 

striatum and cortex tissues compared to that of the 

control group (p < 0.01 and p < 0.001, respectively) 

(Chart 3C and 3D).  In the cortex tissue of T2DM rats, 

OLE treatment at 100 mg/kg significantly increased 

thiol levels compared to the untreated T2DM group (p < 

0.001). However, no significant alterations in thiol 

levels were observed in the striatum tissue of the 

T2DM+OLE 50 and T2DM+OLE 100 groups 

compared to the untreated T2DM group (p > 0.05). 
Activity was significantly reversed by OLE 

treatment in the T2DM + OLE50 and T2DM + OLE100 

groups in both striatum and cortex tissue compared to 

the untreated T2DM group (p < 0.001 for both). 
 

Effects of OLE on GPx activity in striatum and 

cortex tissues 
GPx activity was significantly decreased in both 

the striatum and cortex tissues of the T2DM group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Chart 1. Effect of oleuropein (OLE) on blood glucose levels in all groups. Data are reported as Mean ± SEM. ***p < 0.001 vs. 

the control group, ###p < 0.001 vs. the diabetic group 
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Effects of OLE on the expression levels of Nrf-2   
Nrf2 expression levels in the brain tissues of the 

diabetic groups were significantly reduced 

compared to that of the control group (p < 0.001, 

Chart 5). Furthermore, Nrf2 expression levels in the 

diabetic groups treated with OLE at doses of 50 

mg/kg (p < 0.001) and 100 mg/kg (p < 0.001) were 

significantly increased compared to the untreated 

T2DM group. Notably, this increase was more 

pronounced in the  

T2DM group receiving OLE at a dose of 100 mg/kg. 

Effects of OLE on the expression levels of NF-kB 

The expression levels of NF-κB in the brain 

tissues were significantly increased in the T2DM 

group compared to that the control group (p < 0.001, 

Chart 6). Furthermore, a significant reduction in 

NF-κB expression was observed in the groups 

receiving OLE at doses of 50 mg/kg (p < 0.001) and 

100 mg/kg (p < 0.01) compared to the untreated 

T2DM group. 
 

Discussion 
 Hyperglycemia plays a crucial role in free radical 

generation and diminishes the antioxidant defense  

 

 

 

 

 

 

 

 

system, indicating a close link to oxidative stress (2, 

23). In the present study, 60 mg/kg STZ was used to 

induce diabetes in animals, a method widely employed 

in experimental diabetes research (24). Our results 

revealed that STZ significantly increased blood 

glucose concentrations in experimental rats, while 

chronic OLE treatment improved STZ-induced 

hyperglycemia. The hypoglycemic effects of OLE 

are mediated by modulating various intracellular 

signaling mechanisms directly associated with blood 

glucose regulation (25). The beneficial effects of OLE on 

blood glucose levels have been extensively documented 

in animal models of diabetes. In experimental studies, 

OLE significantly reduced blood glucose and markedly 

increased MDA levels, a marker of oxidative stress 

potentially contributing to diabetic complications (18, 

26). Moreover, our study demonstrated that induction of 

experimental T2DM caused impairment in passive 

avoidance memory. These results are consistent with 

previous investigations reporting that STZ-induced 

diabetic rats exhibited poor performance in 

behavioral tasks, including decreased cognitive 

capacity in Paired Associates Learning (PAL) task (27). 

Studies have shown that cognitive deficits are a 

Chart 2. Passive avoidance task (memory) of the animals. Data are reported as mean ± SEM. ***p < 0.001 vs. the control group, 

###p < 0.001 vs. the diabetic group 

120  [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

14
i2

.1
57

56
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
24

-0
8-

19
 ]

 

                             6 / 13

http://dx.doi.org/10.18502/jabs.v14i2.15756
https://journal.fums.ac.ir/article-1-3064-en.html


Journal of Advanced 

Biomedical Sciences 

Fasa University of 

Medical Sciences 

Effect of Oleuropein on NF-kB and Nrf-2 Pathways in Diabetic Rats 
 

   

  
 

significant complication of diabetes (28). Furthermore, 

evidence suggests a direct relationship between neuro-

inflammation and cognitive impairment, with 

proinflammatory cytokines identified as key factors in the 

progression of cognitive dysfunction (29). 

Our results indicated that OLE improved learning and 

memory impairments in STZ-induced diabetic rats in 

the PAL test. In agreement with our findings, 

experimental evidence suggests the effectiveness of 

OLE in enhancing cognition and memory function 

(30). Additionally, another study demonstrated that 

OLE could act as an antioxidant to improve spatial 

memory impairment in rats (31). In this study, we 

found that diabetic rats exhibited a significant 

decrease in striatum and cortex GPx and thiol levels 

following STZ injection. Consistent with our results 

and other reports, diabetes negatively affects 

antioxidant enzyme activities due to increased ROS, 

contributing to the development and progression of 

DM (32). GPx is a primary antioxidant associated 

with the elimination of lipid hydroperoxides. Cells are 

rich in GPx-1 to detoxify oxygen radicals formed 

within tissues (33). In the present study, OLE-treated 

diabetic rats exhibited an increase in GPx activity 

compared to those untreated diabetic animals, which 

aligns with other studies (34). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Chart 3 A-D. Effects of oleuropein (OLE) on malondialdehyde (MDA) and total thiol levels in both striatum and cortex tissues in 

all groups. Data are expressed as mean ± SEM. **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 
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Chart 4 A-B. Effects of oleuropein (OLE) on glutathione peroxidase (GPx) activity in both striatum and cortex tissues in all groups. 

Data are expressed as mean ± SEM. **p < 0.01 and ***p < 0.001 vs. the control group, ###p < 0.001 vs. the diabetic group 

Chart 5. Effects of oleuropein (OLE) on the expression levels of Nrf-2 in all groups. Data are expressed as Mean ± SEM. ***p < 0.001 

vs. the control group, ###p < 0.001 vs. the diabetic group 

Chart 6. Effects of oleuropein (OLE) on the expression levels of NF-kB in all groups. Data are expressed as mean ± SEM. ***p < 0.001 

vs. the control group, ##p < 0.01 and ###p < 0.001 vs. the DM group 
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OLE administration at 50 and 100 mg/kg did not 

significantly increase total thiol levels in the treated 

groups. In experimental models of diabetes, OLE-rich 

extract significantly increased the activity of SOD, CAT, 

GRx, and GPx antioxidant enzymes in the kidney, liver, 

and erythrocytes (35). Additionally, the OLE-rich 

extract decreased proinflammatory cytokine secretion, 

enhanced IL-10 levels, and increased insulin receptor 

substrate-1 (IRS-1) expression in STZ-induced 

diabetic mice (36). OLE acts as an antioxidant by 

scavenging free radicals and breaking radical chains 

(37). However, our results showed that OLE 

administration had a counteractive effect on diabetes-

related reductions in thiol levels and GPx activity. NF-

κB is a crucial transcription factor, and its signaling 

pathways control the metabolism of several important 

cellular processes associated with inflammatory 

modulations (38). Many natural agents are useful in 

treating diabetes-related tissue damage and 

inflammation by inhibiting the NF-κB pathway (39). 

STZ administration resulted in oxidative stress and 

hyperglycemia, followed by inflammation, as 

evidenced by alterations in cytokines such as TNF-α 

and NF-κB (40). The Nrf2 signaling pathway 

regulates the antioxidant response found in the 

promoter area of several antioxidant/detoxifying 

genes, such as HO-1 (41). Under oxidative stress 

conditions, Nrf2 migrates to the nucleus, attaches to 

the antioxidant response element sequence, and 

induces phase II gene transcription and the subsequent 

cytoprotective response associated with the up-

regulation of HO-1 and reduced sensitivity to 

oxidative stress damage. Thus, Nrf2 plays an 

important role in cellular defense through enhanced 

ROS removal (42). The protective effect of Nrf2 

against renal damage through mediation of free 

radicals has been demonstrated in STZ-induced 

diabetic models (43). 

In the current study, OLE administration improved 

Nrf2 expression levels in the brains of diabetic rats, 

further dampening oxidative damage. The cellular 

defense system against free radicals utilizes 

antioxidant enzymes, which are also downstream 

targets of Nrf2 (44). Reduction in cellular antioxidant 

status can lead to excessive production of free radicals 

and subsequently propagate lipid peroxidation (45). 

OLE administration restored the activities of Nrf2 

downstream targets compared to diabetic rats and 

further limited the production of free radicals. 

Therefore, these results suggest that OLE can reduce 

oxidative damage in STZ-induced diabetic rats 

through the activation of Nrf2 downstream gene 

activation. We observed inhibition of NF-κB activity 

in OLE-treated diabetic rats, suggesting that OLE 

exhibits its antidiabetic activity by down-regulation of 

the NF-κB-mediated signaling pathway. Our results 

are consistent with those of Castejon et al., who 

reported the immunomodulatory effects of dietary 

OLE supplementation in pristane-induced Systemic 

Lupus Erythematosus in mice through suppression of 

pro-inflammatory biomarkers. The activation of the 

Nrf2/HO-1 antioxidant pathway and the suppression 

of relevant signaling pathways NF-κB and mitogen-

activated protein kinases may contribute to these 

effects (46). 

Maria Tanase et al. (2022) reported that antioxidant 

compounds, including flavonoids, can affect 

pharmacological modulation. The researchers stated that 

increased NF-κB activity in diabetic neuropathy promotes 

inflammation, produces inflammatory cytokines, and 

causes nerve injury. Decreased Nrf2 activity leads to 

increased oxidative stress in neurons, resulting in the 

activation of poly (ADP-ribose) polymerase-mediated 

neuronal apoptosis, protein kinase C (PKC) activation, 

advance glycation end products (AGE)  generation, and 

hyperalgesia and allodynia due to damage to sensory 

fibers. Nonetheless, such impaired balance can be 

pharmacologically modulated to attenuate various 

impairments in diabetic neuropathy. The pharma-

cological modulation of the NF-κB–Nrf2 axis through 

certain agents, such as plant phenolic compounds, is 

effective in activating Nrf2 and suppressing NF-κB (47). 
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Wei et al. (2022) reported that quercetin, a 

flavonoid compound, suppressed pyroptosis in 

diabetic cardiomyopathy via the Nrf2 pathway. They 

found that quercetin promoted Nrf2 nuclear 

translocation in cardiac cells of diabetic rats, 

increased the expression of antioxidant proteins HO-

1, Glutamate-cysteine ligase, and SOD, reduced ROS 

accumulation and cardiomyocyte apoptosis, and 

alleviated diabetes-related cardiac fibrosis (48). Nrf2 

activators have been shown to improve cognition in 

preclinical rodent models of AD. Dietary 

supplementation with the Nrf2 activator anthocyanin 

improved memory in the Morris Water Maze (MWM) 

test in a mouse model of AD (49). The Nrf2 activator 

ellagic acid dose-dependently improved memory in a 

rat model of AD (50). Additionally, the expression 

levels of NF-κB in the hippocampus were increased 

with ellagic acid treatment. Ellagic acid treatment 

restored the nuclear/cytoplasmic ratio of Nrf2. 

Agmatine, another Nrf2 activator, improved memory 

in the MWM in a streptozotocin-induced AD rat 

model (51). 

 
Limitations of this study  

One of the limitations of the present study is the 

lack of access to human subjects, and another 

limitation is the lack of measurement of the protein of 

the mentioned genes, one of the reasons for which is 

the lack of research funding. 

 
Conclusion 

Our findings suggest that OLE attenuates memory 

dysfunction due to its antioxidant and anti-inflammatory 

effects.  Therefore, OLE can be considered as a 

promising anti-inflammatory and antioxidant agent for 

diabetes management.  Furthermore, our data suggest 

that OLE administration may protect against the diabetic 

complications by activating the Nrf2/HO-1 pathway and 

inhibiting the activation of the NF-κB pathway.  Further 

studies are warranted to elucidate the molecular 

mechanisms underlying the antioxidant and anti-

inflammatory effects of OLE in diabetes. 
 

Acknowledgments 
This research is a collaborative effort between 

Islamic Azad University, Izeh Branch, and Payam 

Noor University, Tehran. The authors of this article 

express their sincere gratitude to the research 

assistants at these institutions. 
 

Conflicts of interests 
No conflicts of interest were declared by the 

authors. 
 

Funding support  
This work was financially supported by the 

authors. 
 

Ethical Considerations 
All study procedures were conducted in 

accordance with the ethical principles outlined in the 

Declaration of Helsinki 2013. The study protocol was 

approved by the Ethics Committee (reference 

number: IR.IAU.AHVAZ.REC.1401.019). 
 

Author's contributions 
Conceptualization and study design: MRR, Data 

acquisition, Statistical analysis, and Data 

interpretation: ZSh, Writing – original draft: ZSh 

(Data analysis, writing the original draft), Review, 

editing, and final approval: All authors 
 

References 
1. Burgio E, Lopomo A, Migliore L. Obesity and diabetes: from 

genetics to epigenetics. Mol Biol Rep. 2015;42(4):799-818. 

doi: 10.1007/s11033-014-3751-z. 

2. Jayachandran M, Vinayagam R, Ambati RR, Xu B, Chung 

SSM. Guava leaf extract diminishes hyperglycemia and 

oxidative stress, prevents β-cell death, inhibits inflammation, 

and regulates NF-kB signaling pathway in STZ induced 

diabetic rats. Biomed Res Int. 2018; 18:2018:4601649. doi: 

10.1155/2018/4601649. 

124  [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

14
i2

.1
57

56
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
24

-0
8-

19
 ]

 

                            10 / 13

http://dx.doi.org/10.18502/jabs.v14i2.15756
https://journal.fums.ac.ir/article-1-3064-en.html


Journal of Advanced 

Biomedical Sciences 

Fasa University of 

Medical Sciences 

Effect of Oleuropein on NF-kB and Nrf-2 Pathways in Diabetic Rats 
 

   

  
 

3. Asmat U, Abad K, Ismail K. Diabetes mellitus and oxidative 

stress—A concise review. Saudi Pharm J. 2016;24(5):547-

553. doi: 10.1016/j.jsps.2015.03.013.  

4. Shacter E. Quantification and significance of protein oxidation 

in biological samples. Drug Metab Rev. 2000;32(3-4):307-26. 

doi: 10.1081/dmr-100102336. 

5. Zozulinska D, Wierusz-Wysocka B. Type 2 diabetes mellitus 

as inflammatory disease. Diabetes Res Clin Pract.2006; 74(2): 

S12-S16. 

6. Chang YC, Chuang LM. The role of oxidative stress in the 

pathogenesis of type 2 diabetes: from molecular mechanism to 

clinical implication. Am J Transl Res. 2010; 2(3): 316–331.  
7. Makarov SS. NF-κB in rheumatoid arthritis: a pivotal 

regulator of inflammation, hyperplasia, and tissue destruction. 

Arthritis Res. 2001;3(4):200-6. doi: 10.1186/ar300.  

8. Killeen MJ, Linder M, Pontoniere P, Crea R. NF-κβ signaling 

and chronic inflammatory diseases: exploring the potential of 

natural products to drive new therapeutic opportunities. Drug 

Discov Today. 2014;19(4):373-8. doi: 

10.1016/j.drudis.2013.11.002.  

9. Rahman A, Fazal F. Blocking NF-κB: an inflammatory issue. 

Proc Am Thorac Soc. 2011; 8(6): 497–503. doi: 

10.1513/pats.201101-009MW 

10. Ryter SW. Heme Oxygenase-1: An Anti-Inflammatory 

Effector in Cardiovascular, Lung, and Related Metabolic 

Disorders. Antioxidants. 2022; 11(3):555.  

11. Davies DA, Adlimoghaddam A, Albensi BC. Role of Nrf2 in 

Synaptic Plasticity and Memory in Alzheimer's Disease. Cells. 

2021;10(8):1884. 

12. Cecchi L, Migliorini M, Cherubini C, Innocenti M, 

Mulinacci N. Whole lyophilized olives as sources of 

unexpectedly high amounts of secoiridoids: the case of three 

Tuscan cultivars. J Agric Food Chem. 2015;4;63(4):1175-

1185. doi: 10.1021/jf5051359. 

13. Al-Azzawie HF, Alhamdani MSS.Hypoglycemic and 

antioxidant effect of oleuropein in alloxan-diabetic rabbits. 

Life sciences.2006; 78(12): 1371-1377. 

14. Sarbishegi M, Mehraein F, Soleimani M. Antioxidant role of 

oleuropein on midbrain and dopaminergic neurons of 

substantia nigra in aged rats. Iran Biomed J. 2014;18(1):16-22. 

doi: 10.6091/ibj.1274.2013.  

15. Nekooeian AA, Khalili A, Khosravi MB. Oleuropein offers 

cardioprotection in rats with simultaneous type 2 diabetes and 

renal hypertension. Indian J Pharmacol. 2014; 46(4): 398–

403.doi: 10.4103/0253-7613.135951 

16. Hosseini PS, Rafieirad M, Esmaeili S. The effect of 

oleuropein on working and passive avoidance memory in the 

pentylenetetrazole-induced seizure animal model. J Basic Res 

Med Sci. 2019; 6 (1):41-48.  

17. Valizadeh Z, Rafieirad M. Effects of Hydro-Alcoholic Leaf 

Extract of Kardeh (Biarum Bovei Blume) on the Blood 

Glucose and Lipid Peroxidation in Cerebral Tissues and Lipid 

Profile in Streptozotocin Induced Diabetic Rats. Iran J Diabets 

Obes.2016; 8 (1):16-23 

18. Asadi A, RafieiRad M, Javid A. The effect of oleuropein on 

blood glucose levels and pyruvate kinase gene expression in 

streptozotocin-treated male rats. J Plasma 

Biomarkers.2024;2(17):27-43 

19.  Mirzapour S, Rafieirad M, Rouhi L. Hydroalcoholic Extract 

of Ferulago angulata Improves Memory and Pain in Brain 

Hypoperfusion Ischemia in Rats. Jundishapur J Nat Pharm 

Prod. 2015;10(1):e17451. doi: 10.17795/jjnpp-17451. 

20. Mansouri M, Farbood Y, JafarSameri M, Sarkaki A, 

Naghizadeh B, Rafeirad M, Neuroprotective effects of oral 

gallic acid against oxidative stress induced by 6-

hydroxydopamine in rats. Food Chem. 2013;138(2–3) 1028-

1033 

21. Susztak K, Raff AC, Schiffer M, Bottinger EP.Glucose-

induced reactive oxygen species cause apoptosis of podocytes 

and podocyte depletion at the onset of diabetic nephropathy. 

Diabetes. 2006; 55(1): 225-233.   
22. Zhang H, Liu H, Davies KJ, Sioutas C, Finch CE, Morgan 

TE, et al. Nrf2-regulated phase II enzymes are induced by 

chronic ambient nanoparticle exposure in young mice with 

age-related impairments. Free Radic Biol Med. 2012 

1;52(9):2038-46. doi: 10.1016/j. 

23. Ahamad J, Toufeeq I, Khan MA, Ameen MSM, Anwer ET, 

Uthirapathy S, et al.Oleuropein: A natural antioxidant 

molecule in the treatment of metabolic syndrome. Phytother 

Res.2019; 33(12): 3112-3128.  

24. Da Porto A, Brosolo G, Casarsa V, Bulfone L, Scandolin L, Catena 

C, et al. The pivotal role of oleuropein in the anti-diabetic action of 

the Mediterranean diet: A concise review. 

Pharmaceutics.2021;14(1): 40.  

25. Moradkhani S, Salehi I, Abdolmaleki S, Komaki A. Effect of 

Calendula officinalis hydroalcoholic extract on passive avoidance 

learning and memory in streptozotocin-induced diabetic rats. Anc Sci 

Life.2015; 34(3): 156. 

26. Roghani M, Joghataie MT, Jalali MR, Baluchnejadmojarad T. Time 

course of changes in passive avoidance and Y-maze performance in 

male diabetic rats. Iran Biomed J. 2006; 10(2): 99-104. 

27. Chin SO, Rhee SY, Chon S, Baik SH, Park Y. Hypoglycemia 

is associated with dementia in elderly patients with type 2 

diabetes mellitus: an analysis based on the Korea National 

Diabetes Program Cohort. Diabetes Res Clin Pract. 

2016:122:54-61. doi: 10.1016/j.diabres.2016.09.027. 

28. Asgharzade S, Rabiei Z, Rabiei S, Bijad E, Rafieian-Kopaei 

M. Therapeutic effects of oleuropein in improving seizure, 

125  [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

14
i2

.1
57

56
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
24

-0
8-

19
 ]

 

                            11 / 13

http://dx.doi.org/10.18502/jabs.v14i2.15756
https://journal.fums.ac.ir/article-1-3064-en.html


Journal of Advanced 

Biomedical Sciences 

Fasa University of 

Medical Sciences 

Shaibani Z, et al 

   

 
 

oxidative stress and cognitive disorder in pentylenetetrazole 

kindling model of epilepsy in mice. Iran J Pharm Res. 

2020;19(1):98-110. doi: 10.22037/ijpr.2019.14212.12209.  

29. Hosseini PS, Rafieirad M, Esmaeili S. The effect of 

oleuropein on working and passive avoidance memory in the 

pentylenetetrazole-induced seizure animal model. J Basic Res 

Med Sci.2019; 6(1): 41-48. 

30. Shabalala SC, Johnson R, Basson AK, Ziqubu K, Hlengwa 

N, Mthembu SXH, et al. Detrimental Effects of Lipid 

Peroxidation in Type 2 Diabetes: Exploring the Neutralizing 

Influence of Antioxidants. Antioxidants. 2022;11(10):2071. 

https://doi.org/10.3390/antiox11102071  

31. Banik S, Hossain MS, Bhatta R, Akter M. Attenuation of 

lipid peroxidation and atherogenic factors in diabetic patients 

treated with gliclazide and metformin. J Res Med Sci 

2018;23:77.  

32. ALHaithloul HA, Alotaibi MF, Bin-Jumah M, Elgebaly H, 

Mahmoud AM. Olea europaea leaf extract up-regulates 

Nrf2/ARE/HO-1 signaling and attenuates cyclophosphamide-

induced oxidative stress, inflammation and apoptosis in rat 

kidney. Biomed Pharmacother.2019; 111: 676-685.  

33. Cheurfa H.H. Abdallah R. Allem A. Noui C.M.N. Picot-

Allain, F. Mahomoodally. Hypocholesterolaemic and 

antioxidant properties of Olea europaea L. leaves from Chlef 

province, Algeria using in vitro, in vivo and in silico 

approaches. Food Chem Toxicol. 2019;123: 98-105.  

34. Liu YN, Jung JH, Park H, Kim H. Olive leaf extract 

suppresses messenger 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. 2014; 34(5): 450-457. doi: 

10.1016/j.nutres.2014.04.007. 

35. Bulotta S, Celano M, Lepore SM, Montalcini T, Pujia A, 

Russo D. Beneficial effects of the olive oil phenolic 

components oleuropein and hydroxytyrosol: focus on 

protection against cardiovascular and metabolic diseases. J 

Transl Med. 2014 3:12:219. doi: 10.1186/s12967-014-0219-9. 

36. Nejatbakhsh S, Leila F, Elham T, Mohammad J, Ahmadreza 

V, Arash M. NF-κB signaling in rheumatoid arthritis with 

focus on fibroblast-like synoviocytes. Autoimmunity 

Highlights. 2020; 10.1186/s13317-020-00135-z.  

37. Killeen MJ, Linder M, Pontoniere P, Crea R. NF-κβ signaling 

and chronic inflammatory diseases: exploring the potential of 

natural products to drive new therapeutic opportunities. Drug 

discov Today. 2014; 19(4): 373-378. doi: 

10.1016/j.drudis.2013.11.002.  

38. Rathinam A, Pari L, Venkatesan M, Munusamy S. Myrtenal 

attenuates oxidative stress and inflammation in a rat model of 

streptozotocin-induced diabetes. Arch Physiol Biochem.2022; 

128(1):175-183. doi: 10.1080/13813455.2019.1670212. 

39. Bang SY, Kim JH, Kim HY, Lee YJ, Park SY, Lee SJ, et al.  

Achyranthes japonica exhibits anti-inflammatory effect via 

NF-κB suppression and HO-1 induction in macrophages. J 

Ethnopharmacol. 2012;144(1):109-17. doi: 

10.1016/j.jep.2012.08.037. Epub 2012 Sep 5. 

40. Sherif IO. The effect of natural antioxidants in 

cyclophosphamide-induced hepatotoxicity: Role of Nrf2/HO-

1 pathway. Int Immunopharmacol. 2018;61:29-36. doi: 

10.1016/j.intimp.2018.05.007.  

41. Jiang T, Huang Z, Lin Y, Zhang Z, Fang D, Zhang DD. The 

protective role of Nrf2 in streptozotocin-induced diabetic 

nephropathy. Diabetes.2010; 59(4): 850-860.  

42.Yoh K, Hirayama A, Ishizaki K, Yamada A, Takeuchi M, 

Yamagishi Si, et al. Hyperglycemia induces oxidative and 

nitrosative stress and increases renal functional impairment in 

Nrf2-deficient mice. Genes Cells. 2008;13(11):1159-70. doi: 

10.1111/j.1365-2443.2008.01234.x. 

43. Lobo V, Patil A, Phatak A, Chandra N. Free radicals, 

antioxidants and functional foods: Impact on human health. 

Pharmacogn Rev. 2010; 4(8): 118–126. doi: 10.4103/0973-

7847.70902 

44. Castejon ML, Sánchez-Hidalgo M, Aparicio-Soto M, 

González-Benjumea A, Fernández-Bolaños JG, Alarcón-de-

la-Lastra C. Olive secoiridoid oleuropein and its semisynthetic 

acetyl-derivatives reduce LPS-induced inflammatory response 

in murine 45-peritoneal macrophages via JAK-STAT and 

MAPKs signaling pathways. J Functional Foods. 2019; 58: 95-

104. 

45. peritoneal macrophages via JAK-STAT and MAPKs 

signaling pathways. J Functional Foods. 2019; 58: 95-104. 
46. Wei Z, Jing Z, Pinfang K, Chao S, Shaohuan Q. Quercetin 

Inhibits Pyroptosis in Diabetic Cardiomyopathy through the 

Nrf2 Pathway. J Diabetes Res. 2022 31:2022:9723632. doi: 

10.1155/2022/9723632.  

47. Ali T, Kim T, Rehman SU, Khan MS, Amin FU, Khan M, et 

al. Natural Dietary Supplementation of Anthocyanins via 

PI3K/Akt/Nrf2/HO-1 Pathways Mitigate Oxidative Stress, 

Neurodegeneration, and Memory Impairment in a Mouse 

Model of Alzheimer’s Disease. Mol Neurobiol. 

2018;55(7):6076-6093. doi: 10.1007/s12035-017-0798-6. 

48. Kiasalari Z, Heydarifard R, Khalili M, Afshin-Majd S, 

Baluchnejadmojarad T, Zahedi E, et al. Ellagic acid 

ameliorates learning and memory deficits in a rat model of 

Alzheimer’s disease: An exploration of underlying 

mechanisms. Psychopharmacol (Berl). 2017;234(12):1841-

1852. doi: 10.1007/s00213-017-4589-6. 

126  [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

14
i2

.1
57

56
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
24

-0
8-

19
 ]

 

                            12 / 13

http://dx.doi.org/10.18502/jabs.v14i2.15756
https://journal.fums.ac.ir/article-1-3064-en.html


Journal of Advanced 

Biomedical Sciences 

Fasa University of 

Medical Sciences 

Effect of Oleuropein on NF-kB and Nrf-2 Pathways in Diabetic Rats 
 

   

  
 

49. Song J, Hur BE, Bokara KK, Yang W, Cho HJ, Park KA, et 

al. Agmatine improves cognitive dysfunction and prevents cell 

death in a streptozotocin-induced Alzheimer rat model. Yonsei 

Med J. 2014;55(3):689-99. doi: 10.3349/ymj.2014.55.3.689.  

50. Saeed K, Shah SA, Ullah R, Alam SI, Park JS, Saleem S, et al. 

Quinovic Acid Impedes Cholesterol Dyshomeostasis, Oxidative 

Stress, and Neurodegeneration in an Amyloid-beta- Induced  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mouse Model. Oxid Med Cell Longev. 2020;2020:9523758. 

doi: 10.1155/2020/9523758.  

51. Branca C, Ferreira E, Nguyen TV, Doyle K, Caccamo A, 

Oddo S. Genetic reduction of Nrf2 exacerbates cognitive 

deficits in a mouse model of Alzheimer’s disease. Hum Mol 

Genet. 2017;26(24):4823-4835. doi: 10.1093/hmg/ddx 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

127  [
 D

O
I:

 1
0.

18
50

2/
ja

bs
.v

14
i2

.1
57

56
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l.f

um
s.

ac
.ir

 o
n 

20
24

-0
8-

19
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.18502/jabs.v14i2.15756
https://journal.fums.ac.ir/article-1-3064-en.html
http://www.tcpdf.org

