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Abstract:

Background: Resveratrol (3,4’,5-trihydroxystilbene) is a naturally occurring compound found in grapes, wine, peanuts and cran-

berries. Recently, in vitro and cell culture studies have reported beneficial effects of resveratrol in the neurodegenerative process in

Alzheimer’s disease (AD). However, in vivo effect of resveratrol in models of learning and memory is not yet evaluated. The present

study was performed to examine the effect of resveratrol on cognitive impairment induced by scopolamine, a muscarinic antagonist,

in mice.

Methods: Scopolamine was administered in a dose of 1 mg/kg intraperitoneally (ip). Cognitive functions were assessed using trans-

fer latency (TL) on elevated plus maze, step-down latency (SDL) on a passive avoidance apparatus and escape latency (EL) in

Morris water maze test.

Results: Scopolamine produced significant prolongation of TL, reduction in SDL as well as EL showing cognitive impairment

in mice. Pre-treatment with resveratrol (10 mg/kg and 20 mg/kg, ip) for 21 days showed no difference in TL, SDL and EL.

Conclusion: Resveratrol treatment does not reverse scopolamine-induced deficit in cognitive functions in mice.
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Introduction

Resveratrol (3,4’,5-trihydroxystilbene) is a naturally

occurring phytoalexin polyphenolic compound found

in grapes, wine, peanuts and cranberries. In recent

years, resveratrol has received considerable attention

in research due to its several biological and pharma-

cological activities. A variety of studies, both in vitro

and in vivo, have shown that resveratrol possesses

cancer chemopreventive [15, 16], antiplatelet [4], an-

tifungal [31], phytoestrogenic [19, 23] and cardiopro-

tective activities [6].

Recently, resveratrol has been proposed to exhibit

neuroprotective effects. Some experimental studies

have reported its beneficial effects in the models of

cerebral ischemia [35], kainic acid-induced excitotox-

icity [36] and Huntington’s disease [20]. In addition,

numerous in vitro and cell culture studies of Alzhei-

mer’s disease (AD) have shown neuroprotective ef-

fects of resveratrol [11, 14, 24, 29]. AD is the com-

monest neurodegenerative disorder characterized by
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progressive memory loss followed by a cognitive de-

cline [9]. Amyloid b-peptide is a neurotoxic substance

that plays a critical role in the pathology of Alz-

heimer’s disease (AD). Resveratrol has been shown to

protect cultured neurons against amyloid b-peptide

[14]. In AD, various mechanisms proposed to produce

neuroprotective effects of resveratrol include an in-

hibitory action on some protein kinases [11], potentia-

tion of neuronal insulin signalling by activation of

5’-adenosine monophosphate-activated protein kinase

[27, 32], a proteasome-dependent anti-amyloidogenic

action [24] and an anti-oxidative action by activating

a plasma membrane redox potential in erythrocytes

[28]. However, all the above effects are observed in

cell line studies or in vitro models of AD.

The data evaluating the in vivo effect of resveratrol

in models of learning and memory is lacking. Sco-

polamine exposure is a useful in vivo model of AD to

induce memory deficits and has been used extensively

to evaluate potential therapeutic agents for treating

AD [5, 21]. Therefore, the present neurobehavioral

study was undertaken to evaluate the role of resvera-

trol in scopolamine-induced amnesia in mice.

Materials and Methods

Swiss albino male mice weighing between 25–30 g

were procured from the Central Animal House, Uni-

versity College of Medical Sciences, Delhi. The ani-

mals were housed in standard laboratory conditions

with pellet diet and water available ad libitum. The

study was approved by Institutional Animal Experi-

mentation Ethics Committee and care of the animals

was as per CPCSEA (Committee for the Purpose of

Control and Supervision of Experiments on Animals),

India guidelines for laboratory animal facilities.

Drugs and chemicals

Scopolamine (Scp) and resveratrol (RV) were ob-

tained from Sigma Chemicals (USA). All other rea-

gents used in the experiments were of the highest

grade available.

Groups

Animals were randomly divided into five groups

(6 mice/group): control, Scp + saline, Scp + 20%

alcohol (alc), Scp + RV10, Scp + RV20. Control and

Scp + saline groups received normal saline intraperi-

toneally (ip). Scp + 20% alc group received 20% alco-

hol ip.

Scp + RV10 and Scp + RV20 groups received

10 mg/kg of resveratrol and 20 mg/kg of resveratrol

ip, respectively. Resveratrol was freshly prepared in

20% alcohol and was administered once daily for 21

days. Administered volume of drugs was 0.5 ml/100 g

of weight of the mouse.

Assessment of cognitive function

The above groups were submitted to behavioral tests

one day after 21 days of treatment with drugs. All ani-

mals were trained prior to assessment of cognition.

Amnesia was induced with scopolamine (1 mg/kg, ip)

in the mice and behavioral tests were started 30 min

after the injection. Learning and memory were as-

sessed by three separate tests: elevated plus maze,

passive avoidance and water maze tests.

Elevated plus maze

The elevated plus maze consisted of two open arms

(16 × 5 cm) and two covered arms (16 × 5 × 12 cm)

with an open roof. The arms extended from a central

platform (5 × 5 cm), and the maze was elevated to

a height of 25 cm above the floor. On the first day, the

animals were placed individually at either ends of the

open arms and allowed to enter the closed arms. If the

animal did not enter the closed arm within 90 s, it was

gently pushed in the closed arm. To get the animals

acquainted with the maze, they were allowed to ex-

plore it for 10 s after reaching the closed arm and then

returned to the home cage. Animals were retested

24 h after the first day training to test retention of

memory. The time taken by the animal to move from

the open arm to the closed arm was taken as transfer

latency (TL) [13].

Step-down latency [SDL] in passive avoidance

apparatus

Passive avoidance test was first described by Ader et

al. [1]. In the current study, a modification of this test
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was used to assess learning and memory in mice [25,

33]. The apparatus consisted of a grid floor with

a wooden block placed in the center. The block served

as a shock free zone. For training trial, the mouse was

placed on the block and was given electric shock

(20 V, 50 Hz, 1 mA, 2 s) through the grid floor on

stepping down. Retention test was conducted 24 h

later without shock and the time taken for the animal

to step down was recorded as SDL as a measure of re-

tention. Prolongation of SDL was used as a parameter

of learning. A cut-off time of 180 s was chosen. Sco-

polamine was administered 30 min prior to training

trial.

Morris water maze test

Morris water maze is a large circular pool (100 cm in

diameter, 35 cm in height), filled to a depth of 30 cm

with water at a temperature of 20 ± 1°C. Water was

made opaque with powdered milk. The pool was di-

vided arbitrarily, into four equal quadrants. A plat-

form (8 cm in diameter and 10 cm in height), painted

in white, was centered in one of the quadrants of the

pool and was submerged 1 cm below the water sur-

face. The position of the platform was kept unaltered

throughout the training session. The mouse was gen-

tly placed in the water pool between the quadrants,

facing the wall of pool with a variable order each day

during each trial. The mice were given two trial ses-

sions each day for four consecutive days, with an

inter-trial interval of 15 min. The time taken to find

the hidden platform [escape latency (EL)] was re-

corded in each trial. If the mouse failed to find the

platform within 120 s, it was guided gently onto the

platform and allowed to remain there for 20 s. Signifi-

cant decrease in EL from that of first session was con-

sidered as successful learning. On fifth day, mice

were subjected to a probe trial session in which the

platform was removed from the pool. Probe trial was

performed with a cut-off time of 60 s. Swimming time

in the ‘target quadrant’, where the platform had previ-

ously been placed, was recorded. During all the trials,

the experimenter always stood at the same position.

Care was taken not to disturb the relative location of

water maze with respect to other objects in the labora-

tory serving as prominent visual cues. All the trials

were completed between 09.00 to 16.00 h in a sound-

attenuated laboratory. Memory impairment was in-

duced in mice with scopolamine (1 mg/kg, ip) admin-

istered 30 min before training trials [5, 26].

Locomotor activity

Activity of control and drug-treated animals was

measured with photoactometer (INCO, India).

440 Pharmacological Reports, 2012, 64, 438�444

Fig. 1. Effect of resveratrol on the trans-
fer latency in elevated plus maze para-
digm. Control group received saline
only and other groups were adminis-
tered saline, 20% alcohol and resvera-
trol (10 and 20mg/kg, ip) once daily for
21 days. After one treatment-free day,
memory deficits were induced by sco-
polamine (1 mg/kg, ip) and mice were
tested 30 min later. At 24 h after train-
ing trials, the retention trials were car-
ried out. Values are expressed as the
mean ± SD at n = 6. One-way ANOVA
followed by Student-Newman-Keuls test.
* p < 0.05 significant in comparison to
control



Statistical analysis

All values were expressed as the mean ± SD. Data of

elevated plus maze, passive avoidance, probe trial of

Morris water maze tests and locomotor activity were

analyzed by one-way analysis of variance (ANOVA).

If the results were significant, data were compared by

Newman-Keuls test. In the Morris water maze test,

EL values were analyzed by one-way ANOVA fol-

lowed by Tukey’s test. Statistical significance was set

at p < 0.05.

Results

Effect of resveratrol on elevated plus maze

In elevated plus maze, no significant difference was

found in the mean training trial TL between control,

Scp, Scp + 20% alc, Scp + RV 10 and Scp + RV 20;

F (4, 25) = 0.22 (p = 0.92). A significant difference

was found in the mean retention trial TL between the

groups; F (4, 25) = 7.41 (p < 0.001). The mean TL of

retention trial of Scp + saline, Scp + 20% alc, Scp

+ RV 10 and Scp + RV 20 groups, was significantly

higher than that of the control group (p < 0.05 for

each comparison). There was no significant difference

between the mean retention trial TL of Scp + saline

group and retention trial TL of Scp + 20% alc group,

Scp + RV 10 group and Scp + RV 20 group (Fig. 1).

Effect of resveratrol on the passive avoidance

task

In the passive avoidance task, no significant differ-

ence was found in the mean initial SDL between con-

trol, Scp + saline, Scp + 20% alc, Scp + RV10 and

Scp + RV20; F (4, 25) = 1.59 (p = 0.21). A significant

difference was found in the mean SDL between the

groups in the retention trial; F (4, 25) = 348.3 (p <

0.001). The mean SDL in the retention trial of Scp +

saline, Scp + 20% alc, Scp + RV10 and Scp + RV20

groups, was significantly lower than that of the con-

trol group (p < 0.05 for each comparison). There was

no significant difference between the mean SDL in

the retention trial in Scp + saline group and Scp +

20% alc group, Scp + RV10 group and Scp + RV20

group (Fig. 2).

Effect of resveratrol on the Morris water maze

test

There was no significant difference in the mean EL

among the groups on days 1 and 2; F (4, 25) = 2.1 (p =

0.12) and F (4, 25) = 1.9 (p = 0.15), respectively. Sig-

nificant difference was found in the mean EL among

the groups on days 3 and 4; F (4, 25) = 5.0 (p = 0.004)

and F (4, 25) = 9.0 (p < 0.0001), respectively. Signifi-

cant decline in mean EL occurred on days 3 and 4 in

the control group in comparison to Scp + saline, Scp +

20% alc, Scp + RV10 and Scp + RV20 groups (p <

0.05 for each comparison) (Fig. 3A).
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Fig. 2. Effect of resveratrol on initial
step-down latency and retention step-
down latency in passive avoidance
test. Control group received saline
only and other groups were adminis-
tered saline, 20% alcohol and resvera-
trol (10 and 20mg/kg, ip) once daily for
21 days. After one treatment-free day,
memory deficits were induced by sco-
polamine (1 mg/kg, ip) and mice were
tested 30 min later. At 24 h after initial
trials, the retention trials were carried
out. Values are expressed as the mean
± SD at n = 6. One-way ANOVA fol-
lowed by Student-Newman-Keuls test.
* p < 0.05 significant in comparison to
control



For probe trial data, a significant difference was

found in the mean time spent between the groups;

F (4, 25) = 24.1 (p < 0.001). In the probe trial, after

removing the platform, time spent in the target quad-

rant was decreased in Scp + saline, Scp + 20% alc,

Scp + RV10 and Scp + RV20 groups in comparison to

control (p < 0.05 for each comparison). There was no

significant difference between the mean time spent in

the probe trial in Scp + saline group and Scp + 20%

alc group, Scp + RV10 group and Scp + RV20 group

(Fig. 3B).

Locomotor activity

The spontaneous locomotor activity of control and

drug-treated animals was measured with photoacto-

meter (INCO, India). The mean activity counts (± SD)

of control, Scp + saline, Scp + 20% alc, Scp + RV10

and Scp + RV20 treated mice were 193 ± 36.9, 189

± 19.3, 184 ± 25.5, 194 ± 16.5 and 183 ± 24.5, respec-

tively, which did not differ significantly [F (4, 25) =

0.25 (p = 0.91)].

Discussion

In this neurobehavioral study, we examined the ef-

fects of resveratrol on cognitive parameters (SDL, TL

and EL) using elevated plus maze, passive avoidance

and water maze task on scopolamine-induced loss of

learning and memory in mice. Elevated plus maze has

been used as a model for screening of drugs used in

learning and memory [13]. The passive avoidance is

generally accepted as an indicator of long-term mem-

ory in animals [22] and the water maze-learning task

is used to assess hippocampal-dependent spatial

learning ability [2, 5, 26].

In the last decade, resveratrol has been extensively

studied mainly as a potential anti-cancer and cardio-

protective drug. Recently, some researchers have hy-

pothesized that red wine (rich source of resveratrol)

intake is associated with a low risk of AD and may

prevent the neurodegenerative process of the disease.

In various in vitro and cell culture models of AD, res-

veratrol has been reported to exhibit neuroprotective
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Fig. 3. Effect of resveratrol on average escape latency in trial
sessions (A) and probe trial (B) of Morris water maze test. Con-
trol group received saline only and other groups were adminis-
tered saline, 20% alcohol and resveratrol (10 and 20 mg/kg, ip)
once daily for 21 days. After one treatment-free day, memory
deficits were induced by scopolamine (1 mg/kg, ip) and mice
were tested 30 min later. Probe trials were performed for 60 s.
Values are expressed as the mean ± SD at n = 6. One-way
ANOVA followed by Tukey�s test; * p < 0.05 significant in com-
parison to control



effects [11, 24]. In our study, where we used in vivo

model of AD, significant prolongation of TL on the

second day in elevated plus maze and significant re-

duction in SDL in the retention trial in passive avoid-

ance test were observed in scopolamine group, indi-

cating cognitive impairment with scopolamine. Also,

in the water maze test, increased EL on days 3 and 4,

and reduction in mean time spent in the target quad-

rant during the probe trial was observed in scopola-

mine-treated animals compared to control animals,

showing that scopolamine induced memory deficits.

We found no difference in above cognitive parameters

in resveratrol-pretreated mice in comparison to sco-

polamine alone indicating that the effect of scopola-

mine was not reversed by resveratrol. Therefore, we

can say that cognitive beneficial effects of resveratrol

were not seen in scopolamine-induced amnesia in

mice. The locomotor activity of control and scopola-

mine-treated groups, scopolamine + alcohol and sco-

polamine + resveratrol 10 and 20 mg/kg showed no

significant difference, which excludes the possibility

of interference by locomotor activity in above tests.

Our results differ with one study, where resveratrol ad-

ministration for 28 days prevented memory impairment

in diabetes-induced cognitive dysfunction in rats [30].

This could be due to the use of a different model, species

and duration of resveratrol treatment in the study.

Scopolamine-induced amnesia rodent model is one

of the well-established animal models of memory

dysfunction [5, 8, 17]. Scopolamine is a muscarinic

receptor antagonist that inhibits central cholinergic

neuronal activity; thus, it causes profound memory

impairment in animals and humans [5, 8]. Degenera-

tion and dysfunction of cortical cholinergic neurons is

closely associated with cognitive deficits of AD [8,

9]. Scopolamine also influences the expression of

a broad spectrum of genes including those associated

with muscarinic receptor signaling pathways, apopto-

sis, cytoskeleton reconstruction, protein trafficking

and cell differentiation in rat brain [12]. Recently, it

was shown to reduce brain derived neurotrophic fac-

tor and glial fibrillary acidic protein which are mark-

ers of neuronal and glial plasticity, respectively, in

mouse cerebrum [18]. Protective mechanisms de-

scribed for resveratrol in earlier studies [11, 14, 24,

29] may not ameliorate any of the above mentioned

changes caused by scopolamine.

Furthermore, beneficial effects of resveratrol in

AD are largely based upon the results obtained from

in vitro and cell culture models. In these models, the

concentrations of resveratrol are often 10–100 times

greater than peak concentrations in the blood after

oral administration [7].

Pharmacokinetic studies performed ex vivo, and in

animal models show that bioavailability of resveratrol is

low due to extensive metabolism. As a result, only trace

amounts of unchanged resveratrol are found in the

bloodstream with even lower levels in the brain [3, 34,

37, 38]. We did not find improvement in scopolamine-

induced learning and memory impairment, at the doses

of resveratrol used in our study. A possibility exists that

the dose of resveratrol was low for scopolamine model.

This dose may not have provided sufficient concentra-

tion of resveratrol in the brain.

However, clinical studies have shown that even in-

creased dietary intake of resveratrol may not result in

tissue levels that are high enough to produce most of

the protective effects demonstrated in cell culture stud-

ies [7]. One study has also described that the potential

health benefits of resveratrol has been greatly exagger-

ated and is based upon its activities in vitro [10].

In conclusion, the present study demonstrates that

scopolamine-induced learning and memory impair-

ment is not reversed/prevented by chronic administra-

tion of resveratrol in mice. However, further research

is needed using in vivo models of AD to determine

whether this compound provides neuroprotection and

the doses which could offer this effect.
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