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Abstract Alzheimer’s disease is a progressive neurode-

generative disorder with decline in memory. The role of

oxidative stress is well known in the pathogenesis of the

disease. The purpose of this study was to evaluate pre-

treatment effects of oleuropein on oxidative status and

cognitive dysfunction induced by colchicine in the hip-

pocampal CA1 area. Male Wistar rats were pretreated

orally once daily for 10 days with oleuropein at doses of

10, 15 and 20 mg/kg. Thereafter, colchicine (15 lg/rat)

was administered into the CA1 area of the hippocampus to

induce cognitive dysfunction. The Morris water maze was

used to assess learning and memory. Biochemical param-

eters such as glutathione peroxidase and catalase activities,

nitric oxide and malondialdehyde concentrations were

measured to evaluate the antioxidant status in the rat hip-

pocampus. Our results indicated that colchicine signifi-

cantly impaired spatial memory and induced oxidative

stress; in contrast, oleuropein pretreatment significantly

improved learning and memory retention, and attenuated

the oxidative damage. The results clearly indicate that

oleuropein has neuroprotective effects against colchicine-

induced cognitive dysfunction and oxidative damage in

rats.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegener-

ative disorder that induces decline in memory and other

cognitive functions in the elderly [8]. The neuropatholog-

ical signs of AD include deposits of amyloid b fibrils in

senile plaques and the presence of abnormal tau protein

filaments in the form of neurofibrillary tangles [7]. It has

been recognized that b-amyloid aggregates and iron accu-

mulation both synergistically cause oxidative damage by

free radical generation [41]. Also, it has been proposed that

oxidative stress has an important role in the pathogenesis of

AD [27, 41]. The cortex, the limbic system and the hip-

pocampus are parts of the brain which are destroyed in

Alzheimer’s disease [28].

Alzheimer’s disease is shown to be associated with

microtubule dysfunction and characterized by the appear-

ance of specific cytoskeletal cellular abnormalities, which

are associated with cognitive impairment [17]. Colchicine

is a plant alkaloid which binds to its site on tubulin and

destroys microtubule assembly. This microtubule destroy-

ing agent affects the shape and development of the cell and

neuronal function like axoplasmic transport, and also

increases free radical generation and oxidative damage [15,

40]. It also reduces cholinergic function and is known as a

potent inhibitor of behavioral processes, and impairs cog-

nitive function [40]. In this regard, central administration
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of colchicine to induce cognitive dysfunction is an animal

model of senile dementia of Alzheimer’s type [17, 23].

The beneficial effects of antioxidants against oxidative

stress are well known, which fortify the immune system

[35]. There are various antioxidants such as curcumine and

rosmarinic acid with protective effects against Alzheimer’s

disease [6, 22]. In this context, olive leaf extract contains

antioxidant polyphenols such as oleuropein that has been

reported to be a free radical scavenger [42, 43]. Recent

studies indicate that oleuropein is a phenolic compound

which possesses diverse pharmacological characteristics,

e.g., it has vasodilatory, hypotensive, anti-inflammatory,

neuroprotective and antioxidant effects [9, 14, 18, 43].

Also, it has been shown that the administration of oleu-

ropein before ischemia–reperfusion in the CA1 area redu-

ces oxidative stress [12]. Therefore, the purpose of this

study was to evaluate the pretreatment effects of oleuropein

on oxidative status and cognitive dysfunction induced by

colchicine in the hippocampal CA1 area in rats.

Materials and methods

Animals

This study was carried out on 35 adult male Wistar rats

(weighing 200–220 g). The animals were housed under

standard laboratory conditions with a natural 12:12 h

light/dark photocycle with food and tap water supplied

ad libitum. All rats were treated humanely and in compli-

ance with the recommendations of the Animal Care

Committee of the Lorestan University of Medical Sciences.

Drugs and treatments

Colchicine (SDFCL, India) and oleuropein (Dana Kasian,

Iran) solutions were made fresh at the beginning of each

experiment. Colchicine was prepared in physiological

saline as 15 lg/ll and injected intra CA1 hippocampus.

Oleuropein was administered in doses of 10, 15 and

20 mg/kg orally once daily for 10 consecutive days

before the administration of colchicine. The rats were

divided randomly into five groups (n = 7 in each group),

as follows: (1) physiological saline ? colchicine (col-

chicine group), (2) oleuropein (10 mg/kg, p.o.) ? col-

chicine, (3) oleuropein (15 mg/kg, p.o.) ? colchicine, (4)

oleuropein (20 mg/kg, p.o.) ? colchicine, and (5) the

control group which received equivalent volumes of

vehicle for oleuropein (physiological saline) ? vehicle

for colchicine (physiological saline). All groups except

the control group received colchicine with a dosage of

15 lg/rat, once.

Surgery and intra-hippocampal CA1 administration

of colchicine

On the 10th day of oleuropein treatment, all animals were

anesthetized with chloral hydrate (400 mg/kg, i.p.) (Merck

company, Germany) and positioned in a stereotaxic appa-

ratus (Narishige Company, Japan); their skulls were

exposed. Two holes were drilled in the skull for bilateral

placement of the guide cannula into the hippocampus.

Coordinates for the intra hippocampal CA1 cannula

implantation were 3.8 mm posterior to bregma, 1.8 mm

lateral to the sagittal suture and 2.2 mm ventral to outer

skull surface, according to the atlas of Paxinos and Watson

[32]. The intracerebral injection was administered through

the guide cannula (21-gauge) using injection needles (27-

gauge) connected by polyethylene tubing to a 5.0-ll

Hamilton microsyringe. The injection needle was inserted

0.5 mm beyond the tip of the cannula. Then 0.5 ll of

vehicle or colchicine was injected into each side of CA1

region during 1–2 min and the needle was left in place for

an additional 60 s to allow for diffusion of the solution

away from the needle tip. Then, the animals were allowed

to recover for 1 week before behavioral testing.

Spatial memory assessment

To assess spatial memory, the Morris water maze (MWM)

apparatus was used. The MWM consists of a black circular

tank with a diameter of 140 cm and a height of 80 cm that

is placed in the center of the room with visual cues on the

walls and filled with water (temperature around 23 �C) [30,

38]. A hidden black platform, 10 cm in diameter, was

located in the water (2 cm below the water surface) and the

tank was conceptually divided into four quadrants and had

four points designed as starting positions (N, S, W or E).

The rats performed four trials per day for four consecutive

days. In the swimming trials, each individual rat was

placed into the water at a randomly chosen quadrant.

During each trial, each rat was given 60 s to find the hidden

platform. If a rat found the platform it was allowed to stay

on the platform for 15 s and then taken back into the cage.

If they could not escape to the platform within 60 s by

themselves, the rats were placed on the platform by hand

for 15 s and their escape latency was accepted as 60 s. A

semi-automatic video tracking system (Radiab-1 software,

made by Nomirei, Iran) was used to measure the time to

reach the platform (latency), the length of swim path

(distance) and the swim speed. On the 5th day, subjects

were tested on a probe trial, during which the escape

platform was removed and the time spent in the correct

quadrant was measured for a 60-s trial. All testing began at

13:00 h.
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Biochemical tests

Tissue preparation for assessment of antioxidant enzyme

activities and MDA concentration

At the end of the behavioral experiments, the animals were

decapitated and the hippocampi were removed quickly,

rinsed with saline, and then frozen in a freezer (-80 �C)

for 2 months. Then the samples were thawed and homog-

enized in a cold phosphate buffer (0.1 M, pH 7.4, con-

taining 5 mmol/l EDTA) on liquid nitrogen [5], and debris

were removed by centrifugation (Centrifuge 5415 R;

Rotofix 32A, Germany). Supernatants were used for the

measurement of protein concentration, antioxidant enzyme

activities and MDA concentration as lipid peroxidation

marker. Protein contents of brain tissue homogenates were

determined using a colorimetric method as described by

Lowry [24].

The measurement of glutathione peroxidase (GPx)

activity

GPx activity was measured by the method described by

Rotruck et al. [36]. Briefly, the reaction mixture contained

0.2 ml 0.4 M phosphate buffer (pH = 7), 0.1 ml 10 mmol/l

sodium azide, 0.2 ml tissue homogenized in 0.4 M phos-

phate buffer (pH = 7), 0.2 ml glutathione, and 0.1 ml 0.2

mmol/l H2O2. The contents were incubated for 10 min at

37 �C, 0.4 ml 10 % TCA was added to stop the reaction,

and centrifuged at 3200 rpm for 20 min. The supernatant

was assayed for glutathione content using Ellman’s reagent

[19.5 g 5, 50-dithiobisnitrobenzoic acid (DTNB) in 100 ml

0.1 % sodium citrate]. The activity was expressed as U/mg

protein.

Measurement of catalase (CAT) activity

Catalase activity was estimated using the colorimetric

method. The reaction was started by the addition of 20 ll

of the sample in 2 ml of 30 mmol/l hydrogen peroxide

(H2O2) in 50 mmol/l potassium phosphate buffer (pH 7.0).

Each unit of CAT is mmol/l of consumed H2O2 per min-

gram protein or milliliter solution. The results are expres-

sed as units per mg of protein (U/mg of protein) [1].

NO assay (nitrite content)

Tissue levels of NO were measured by measuring the

accumulation of nitrite in tissue using the Griess reaction

with sodium nitrate as the standard. Briefly, 50-ll samples

of tissue were mixed with equal volumes of 1 % sul-

phanilamide and 0.1 % N-1-naphthylethylene diaminedi-

hydrochloride in 0.5 % H3PO4. After 10 min, at room

temperature, the absorbance at 540 nm was measured in a

microplate reader. Nitrite concentrations were calculated

through comparison with a standard calibration curve with

sodium nitrite (NaNO2: 0–110 lmol/l) [33].

Levels of malondialdehyde (MDA)

The amount of lipid peroxidation was indicated by the

content of thiobarbituric acid reactive substances (TBARS)

in the brain homogenates as shown by MDA. Tissue MDA

was determined by following the production of thiobarbi-

turic acid reactive substances as described previously [39],

which was reported by Alirezaei et al. [5]. In short, 40 ll of

homogenate was added to 40 ll of 0.9 % NaCl and 40 ll

of deionized H2O, resulting in a total reaction volume of

120 ll. The reaction was incubated at 37 �C for 20 min

and stopped by the addition of 600 ll of cold 0.8 M

hydrochloride acid, containing 12.5 % trichloroacetic acid.

Following the addition of 780 ll of 1 % TBA, the reaction

was boiled for 20 min and then cooled at 4 �C for 1 h. In

order to measure the amount of TBARS produced by the

homogenate, the cooled reaction was spun at 15009g in a

microcentrifuge for 20 min and the absorbance of the

supernatant was spectrophotometrically (S2000 UV model;

WPA, Cambridge, UK) read at 532 nm, using an extinction

coefficient of 1.56 9 105/M cm. The blanks for all of the

TBARS assays contained an additional 40 ll of 0.9 %

NaCl, instead of homogenate as just described. MDA

results were expressed as nanomoles per milligram of tis-

sue protein (nmol/mg protein).

Determination of caspase-3 activity

Caspase-3 activity was measured using a caspase-3 col-

orimetric assay kit according to the manufacturer’s

instructions by a spectrophotometer (Jenway, UV/Vis,

Staffordshire, UK). The caspase-3 colorimetric assay is

based on the hydrolysis of the peptide substrate acetyl-Asp-

Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) by caspase-

3, resulting in the release of the p-nitroaniline (pNA)

moiety. p-Nitroaniline absorbance is at 405 nm (emmol/
l = 10.5). The concentration of the pNA released from the

substrate is calculated from the absorbance values at

405 nm. Enzyme activity was defined as produced micro-

mole pNA/min/milligram tissue protein and expressed as

U/mg protein.

Histological verification

Histological verification of the injection sites was carried

out in five rats that were randomly chosen from the five

groups, one from each. After behavioral testing, those

animals were killed with an overdose of chloroform. Each
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animal received 0.5 ll/site injection of ink (methylene blue

solution). The experimental animals’ brains were removed

and fixed in formalin solution 10 % for 48 h before sec-

tioning. Sections were examined to determine location of

the cannula aimed for the CA1. The cannula placements

were verified using the atlas of Paxinos and Watson [32].

Statistics

Results were expressed as mean ± SEM. The behavioral

assessment data in the MWM test were determined by one

way ANOVA. The biochemical estimations were sepa-

rately analyzed by one way ANOVA. Post-hoc compar-

isons between groups were made using an LSD test. The

value p\ 0.05 was considered significant.

Results

Histology

Figure 1a shows location of cannula position and drug

injection sites in the CA1 regions of the hippocampus. The

approximate spread of drug assessed by dye (methylene

blue solution) injection was verified histologically. Fig-

ure 1b also shows a representative section taken from the

rat brain atlas of Paxinos and Watson [32].

Effect of oleuropein on spatial navigation task

in colchicine-injected rats

Figure 2 illustrates the reduction of latency time and

traveled distance to find the hidden platform in all groups

during the 4-day training trial. Group comparisons revealed

that colchicine-lesioned animals presented a higher latency

time and traveled distance than the control group

(p\ 0.001), showing a poorer learning performance due to

CA1-colchicine infusion. Pretreatment with oleuropein

significantly improved learning performance in the

Fig. 1 Histological verification of cannula position and drug injection sites in the CA1 area of the hippocampus (a) and verified section taken

from the atlas of Paxinos and Watson (b). Open circle saline microinjection, filled circle colchicine microinjection
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Fig. 2 Effects of oleuropein on escape latency (a) and traveled

distance (b) in MWM test. Oleuropein at the dosages of 10, 15, and

20 mg/kg significantly decreased the escape latency and traveled

distance. Data are the mean ± SEM (n = 7). *p\ 0.05 and

***p\ 0.001 indicate significant difference versus colchicine group.
###p\ 0.001 indicates significant difference versus control group
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oleuropein group as compared to the colchicine group (10,

15 mg/kg, p\ 0.05, and 20 mg/kg, p\ 0.001).

According to Fig. 3, which illustrates the probe trial test,

colchicine-lesioned animals failed to remember the loca-

tion of the platform, spending less time in the target

quadrant than the control group (p\ 0.01). However, the

time spent in the target quadrant was significantly

increased as a result of the administration of oleuropein as

compared to the colchicine group (10 mg/kg, p\ 0.05; 15,

20 mg/kg, p\ 0.01). In addition, there was no significant

difference among the swim speeds of all five groups

(Fig. 3, p[ 0.05).

Antioxidant activities estimation

MDA

Free radical damage following colchicine injection was

assessed using lipid peroxidation (LPO), which was

measured as MDA levels. According to Fig. 4, there was

an increase in MDA levels of the colchicine group

(p\ 0.001) as compared to the control group. The oral

administration of oleuropein 10, 15, 20 mg/kg resulted in a

significant reduction of MDA levels in the brain tissue of

colchicine ? oleuropein animals as compared to the col-

chicine group (p\ 0.05, p\ 0.01).

Glutathione peroxidase (GPx) activity

According to Fig. 5, the GPx activity was significantly

(p\ 0.001) decreased in the colchicine group as compared

to the control group. However, the decrease in the GPx

activity was significantly restored by oleuropein treatment

(10, 15 mg/kg, p\ 0.05 and 20 mg/kg, p\ 0.01 ).
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Fig. 3 Effects of oleuropein on percentage of time spent in target

zone during the probe trials (a) and swimming speed (b) in MWM

test. Oleuropein at the dosages of 10, 15, and 20 mg/kg significantly

increased time spent in the target zone but there were no significant

effects on swimming speed. Data are the mean ± SEM (n = 7).

*p\ 0.05 and **p\ 0.01 indicate significant difference versus

colchicine group, ##p\ 0.01 indicates significant difference versus

control group, NS, there were no significant differences for swim

speed between groups (p[ 0.05)
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Fig. 4 Effects of oleuropein on MDA concentration in brain of rats.

Oleuropein at the dosages of 10, 15, and 20 mg/kg significantly

decreased MDA concentration. Data are the mean ± SEM (n = 7).

*p\ 0.05 and **p\ 0.01 indicate significant difference versus

colchicine group, ###p\ 0.001 indicates significant difference versus

control group
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Fig. 5 Effects of oleuropein on GPx activity in brain of rats.

Oleuropein at the dosages of 10, 15, 20 mg/kg increased GPx activity.

Data are the mean ± SEM (n = 7). *p\ 0.05 and **p\ 0.01

indicate significant difference versus colchicine group, ###p\ 0.001

indicates significant difference versus control group
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Catalase (CAT) activity

According to Fig. 6, the CAT activity was significantly

(p\ 0.05) decreased in the colchicine group as compared

to the control group. Administration of oleuropein 20 mg/

kg resulted in a significant increase in catalase activity

compared to the colchicine group (p\ 0.01).

Nitrite estimation

According to Fig. 7, administration of colchicine signifi-

cantly increased tissue nitrite level when compared to the

control group (p\ 0.001). Treatment with oleuropein

20 mg/kg significantly attenuated the increase in tissue

nitrite induced by colchicine (p\ 0.001).

Effect of oleuropein on caspase-3 activity

The protective effect of oleuropein was confirmed by

assaying the apoptotic response, in terms of caspase-3

activation, in rats treated with colchicine. According to

Fig. 8, administration of colchicine significantly

(p\ 0.001) increased the activity of caspase-3 when

compared to the control group. The groups of animals

treated with oleuropein 10, 15 and 20 mg/kg showed a

significant decrease (p\ 0.001) in caspase-3 activity

compared to the colchicine group.

These results indicate that oleuropein has protective

antioxidant effects against colchicine-induced neuron

damage. The neuroprotective effects of oleuropein are well

correlated with its antioxidant and anti-apoptotic

properties.

Discussion

Alzheimer’s disease (AD) is a fatal neurodegenerative

disorder manifested by early cognitive dysfunction asso-

ciated later by behavioral and social deterioration. The

hippocampus is the primary neuronal injury region

involved in the pathophysiology of the disease [28]. Earlier

studies indicated that centrally administered colchicine

induced an animal model of senile dementia of Alzhei-

mer’s type in humans [17]. Hence, the goal of the present

study was to clarify the possible neuroprotective role of

oleuropein in an animal model of AD induced by colchi-

cine. The present study showed that the injection of col-

chicine into CA1 hippocampus resulted in significant

memory deficits in MWM tasks, increased the escape
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Fig. 6 Effects of oleuropein on CAT activity in brain of rats.

Oleuropein at the dose of 20 mg/kg increased CAT activity. Data are

the mean ± SEM (n = 7). **p\ 0.01 indicates significant difference

versus colchicine group, #p\ 0.05 indicates significant difference

versus control group
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Fig. 7 Effects of oleuropein on nitrite levels in brain of rats.

Oleuropein at the dose of 20 mg/kg decreased nitrite levels. Data are

the mean ± SEM (n = 7). ***p\ 0.001 indicates significant differ-

ence versus colchicine group, ###p\ 0.001 indicates significant

difference versus control group
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Fig. 8 Effects of oleuropein on caspase-3 activity in brain of rats.

Oleuropein at the doses of 10, 15 and 20 mg/kg decreased caspase-3

activity. Data are the mean ± SEM (n = 7). ***p\ 0.001 indicates

significant difference versus colchicine group, ###p\ 0.001 indicates

significant difference versus control group
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latency time and traveled distance, indicating that colchi-

cine could diminish memory in rats. The results of the

current study also showed that injection of colchicine

causes an increase in free radical generation leading to

oxidative stress that induces cognitive dysfunction. The

effects of colchicine on cognitive function have been

investigated in previous studies [40, 43]. These findings are

in agreement with our previously described harmful effects

of colchicine on hippocampal CA1 in treated rats [34].

Colchicine is also a well-known alkaloid derivative

which binds tightly to microtubules, causing their depoly-

merization and inhibiting their assembly. This leads to

reduced intracellular trafficking, and in turn leads to the

death of nerve cells [26]. It induces neurofibrillary

degeneration which is associated with loss of cholinergic

neurons in the brain, resulting in impairment of learning

function [23]. These effects of colchicine can be induced

by its ability to cause apoptosis in neuronal populations by

activating the c-Jun N-terminal kinase (JNK) pathway [31].

Experimentally, it has been shown that central admin-

istration of colchicine increases the expression of inducible

nitric oxide synthase which increases nitric oxide (NO)

levels, the peroxynitrite precursor, that results in neuronal

damage. Colchicine also elevates the glutamate/GABA

ratio in the cerebral cortex of mice [14, 43]; an increase in

glutamate leads to free radical-induced neurotoxicity [9].

Thus, nitrite content measured in this study indicates

nitrosative stress in the colchicine group when compared to

the oleuropein-pretreated rats.

On the other hand, the present study revealed that

pretreatment with oleuropein led to a significant

improvement of the retention performance of the spatial

navigation task in MWM, as evident by the significant

decrease in latency time and increase in the time spent in

the target quadrant (Figs. 2, 3) and attenuated colchicine-

induced oxidative stress. The neuroprotective effects of

the oleuropein against oxidative stress were also evaluated

by measuring the MDA concentration, nitrite level and

CAT and GPx activities. Results of the present study

showed that the administration of oleuropein for 10

consecutive days significantly inhibited lipid peroxidation

and decreased MDA and nitrite levels in the colchicine

treated rats, indicating an antinitrosative stress effect of

oleuropein (Figs. 4, 7), and also elevated the CAT and

GPx activities compared to the colchicine treated group

(Figs. 5, 6), which is in agreement with the results of

Sarbishegi et al. [37]. Earlier studies suggested that

oleuropein has neuroprotective effects which could be

linked to its potent antioxidant actions [18, 29]. Results of

the present study also indicated that oleuropein acted as a

suppressor of oxidative stress, which is in accordance

with previous studies [2–4]. Daccache et al. proposed that

this polyphenol acts as a tau aggregation inhibitor and

other studies also revealed anti-amyloidogenic and anti-

inflammatory effects of oleuropein that confirm its bene-

ficial properties against neurodegeneration [11, 20, 25]. It

has also been shown that olive leaf extract decreases age-

induced oxidative stress in major organs of aged rats [10].

Another study has shown that oleuropein is capable of

interfering with the toxic amyloid aggregation of Ab in

the C. elegans model of AD [13].

Increased oxidative damage triggers various intracellu-

lar signals that lead to apoptosis. In vivo and in vitro

studies have suggested that colchicine induces caspase-3-

dependent apoptotic cell death of granule cells in the

dentate gyrus and upregulates cyclooxygenase-2 expres-

sion [19]. In this study, it has been shown that colchicine

induces apoptosis through increasing the caspase-3 activity

in CA1 neurons. The mitochondria are well known to

trigger an apoptotic signaling pathway that leads to the

release of mitochondrial constituents such as cytochrome c,

which in fact stimulates caspase-3 activity [21]. It has

previously been demonstrated that colchicine increases the

release of cytochrome c in primary cultures of cerebellar

granule cells [16]. Therefore, these cytoskeleton disruptors

may directly alter mitochondrial functions and thereby

initiate the apoptosis pathway in dentate gyrus neurons.

The findings of our study showed that treatment with

oleuropein reduced caspase-3 activity and provided pro-

tection against colchicine-induced apoptosis (Fig. 8). This,

thereby, provides the evidence for the neuroprotective

effects of oleuropein.

Therefore, we conclude that oleuropein protects neurons

against colchicine-induced oxidative damage and appears

to be a good candidate in the prevention of colchicine-

induced injuries in the hippocampus. Further investigation

to elucidate the neurochemical and molecular mechanisms

involved in the neuroprotective effects of oleuropein is

recommended.
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