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Abstract:

The purpose of our experiments was to examine the influence of cholinergic receptor ligands on memory-related behavior in mice

using the elevated plus maze (EPM) test. The EPM test allows the exploration of different memory processes (acquisition and con-

solidation), depending on the time of drug treatment. The time necessary for mice to move from the opened arm to the enclosed arm

(i.e., transfer latency, TL) was used as an index of memory. Our findings reveal that for both the processes of acquisition and consoli-

dation, treatment with nicotine (0.035 or 0.175 mg/kg, free base, sc) shortened TL on the second day of the experiments (TL2), thus

improving memory processes. Treatment with scopolamine (0.3 or 1.0 mg/kg, ip) significantly increased TL2 values, thus impairing

cognitive processes. Moreover, we found that treatment with nicotine, at the non-effective doses used during testing, prevented

scopolamine-induced memory impairment by inducing a decrease in TL2 values. Next, we evaluated the influence of bupropion

(10 or 20 mg/kg, ip), a drug currently used for smoking cessation in humans, on memory-related behavior induced by treatment with

nicotine and scopolamine. An acute injection of bupropion (10 or 20 mg/kg) prior to injection with either nicotine (0.035 mg/kg) or

scopolamine (1.0 mg/kg) significantly prevented nicotine-induced memory improvement or scopolamine-induced memory impair-

ment. Bupropion treatment can diminish the rewarding (dependence-producing) effects of nicotine and also the cognitive effects that

are related to addiction. Our studies further indicate the great involvement of the cholinergic system in memory processes and the po-

tential for the development of more effective pharmacotherapies for memory impairment-like human disorders in which the cho-

linergic pathways have been implicated.
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muscarinic cholinergic receptors, nAChRs – nicotinic choliner-

gic receptors, VTA – ventral tegmental area

Introduction

Diverse findings in the literature have indicated that

dementia is one of many age-related mental problems

and is a characteristic symptom of various neurode-

generative diseases, including Alzheimer’s disease

(AD). One of the pathways of treatment of neurode-

generative disorders involves the cholinergic hy-

pothesis, which predicts that the decline of mental

function in dementia is predominantly related to a de-

crease in cholinergic neurotransmission [17].

Many previous studies in the literature have indi-

cated that there is a strong relationship between the

central cholinergic pathways and learning and mem-

ory. It has been demonstrated that the neurotransmit-
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ter acetylcholine (ACh) is essential for cognitive

function. Previous studies have concluded that there

is a strong correlation between the levels of synaptic

ACh and improvements in cognitive function [17,

21]. The data reveal that the inhibition of the activity

of cholinesterase, an enzyme that breaks down ACh,

leads to increased levels of ACh in the brain, espe-

cially in the two major areas that are involved in cog-

nitive processes (i.e., the central cortex and hippo-

campus). Moreover, dysfunction of the cholinergic

system, a decline in the number of cholinergic neu-

rons in the basal forebrain and a decrease in the activ-

ity of choline acetyltransferase have been observed in

patients with AD. Thus, many of the acetylcholines-

terase inhibitors have been shown to improve per-

formance in several cognitive models in humans and

rodents, whereas anticholinergic drugs have been

demonstrated to impair learning and memory in a va-

riety of experimental paradigms [8, 30].

It has been commonly accepted that there are two

types of cholinergic receptors, muscarinic (mAChRs)

and nicotinic (nAChRs), which mediate the action of

ACh and play important roles in memory processing

[29, 44, 49]. The first clinical trials in patients suffer-

ing from AD revealed that there are no changes in the

number, structure or function of mAChRs, whereas

a significant decrease in nAChRs density was ob-

served, especially in the areas of the central cortex

and hippocampus [34]. Thus, the influence of nAChRs

and mAChRs on memory-related behavior has been

evaluated in many behavioral studies [31, 33].

Based on the results mentioned above, we investi-

gated the influence of cholinergic receptor ligands on

memory-related responses using the recently devel-

oped elevated plus maze (EPM) animal memory

model. The aim of our experiments was to ascertain

whether the acquisition or consolidation processes of

memory were affected by nicotine and scopolamine

using the EPM test. Additionally, based on previous

findings that indicate that bupropion is utilized as

a first-line pharmacotherapy for smoking cessation in

humans and that there is commonality in the molecu-

lar mechanisms and the brain regions involved in drug

addiction and memory-related processes [4], we in-

vestigated the effect of pre-treatment with bupropion

on memory-related responses induced by nicotine and

scopolamine using the EPM test. Our results were in-

terpreted with regard to the role of the cholinergic

system in learning and memory. Our experiments may

contribute to a better understanding of neuronal

mechanisms that are important for the modulation of

memory processes induced by nicotine and scopola-

mine.

Materials and Methods

Animals

Experiments were carried out on naive male Swiss

mice (Farm of Laboratory Animals, Warszawa, Po-

land), weighing 20–30 g. The animals were main-

tained under standard laboratory conditions (12-h

light/dark cycle, room temperature 21 ± 1°C) with

free access to tap water and laboratory chow (Bacutil,

Motycz, Poland) in their home cages and were

adapted to the laboratory conditions for at least one

week. Each experimental group consisted of 7–10

animals. All behavioral experiments were performed

between 8:00 and 15:00 h and were conducted ac-

cording to the National Institute of Health Guidelines

for the Care and Use of Laboratory Animals and the

European Community Council Directive for the Care

and Use of Laboratory Animals of 24 November 1986

(86/609/EEC). All experiments were approved by the

local ethics committee.

Drugs

The following compounds were tested: (–)-nicotine hy-

drogen tartrate (0.035, 0.175 or 0.35 mg/kg, reported in

freebase nicotine weight; Sigma-Aldrich, St. Louis,

MO, USA), scopolamine (0.1, 0.3 or 1.0 mg/kg;

Sigma-Aldrich) and bupropion hydrochloride (10, 20

or 40 mg/kg; Sigma-Aldrich). All compounds were

dissolved in saline solution (0.9% NaCl). Except for

nicotine, the drug doses refer to the salt form. The pH

of the nicotine solution was adjusted to 7.0. Fresh

drug solutions were prepared on each day of experi-

mentation. All agents were administered subcutane-

ously (sc) or intraperitoneally (ip) at a volume of

10 ml/kg. Control groups received saline injections of

the same volume and via the same route of admini-

stration.
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Experimental procedures

Memory-related responses were measured using the

elevated plus maze (EPM) test. The experimental ap-

paratus was shaped like a plus sign and consisted of

a central platform (5 × 5 cm), two open arms (5 × 30 cm)

and two enclosed arms (5 × 30 × 15 cm) opposite to

each other. The whole apparatus was constructed of

dark Plexiglas and elevated to a height of 50 cm

above the floor. Additionally, the EPM test was con-

ducted under dim red lighting.

For the EPM test, the time that the mice took to

move from the open arm to the enclosed arm was used

as an index of learning and memory and defined as

transfer latency (TL). The mice were placed individu-

ally at the end of the open arm facing away from the

central platform. Each group was submitted to the

same procedure twice (the interval between the trials

was 24 h). During the first trial (pretest), the time each

mouse took to move from the open arm to either of

the enclosed arms was recorded as TL1. If the mice

failed to enter the enclosed arm within 90 s, they were

placed at an enclosed arm and permitted to explore

the plus maze for additional 60 s; in these cases, the

TL1 value was recorded as 90 s. For the next trial (re-

tention trial) 24 h later, the test was performed in the

same manner as the first trial, and the TL was re-

corded as TL2. If the mouse did not enter the enclosed

arm within 90 s on the second day, the test was

stopped and the TL2 was recorded as 90 s.

We used the TL2 values as indices of memory and

learning effects. Improvement in memory was charac-

terized by a reduction in the time necessary for the

mouse to move from the open arm to either of the en-

closed arms on the second day relative to the control

group. Impairments in memory and learning were

characterized by increases in these measurements.

The EPM task allowed us to investigate different

stages of memory depending on the time of drug treat-

ment. Thus, administration of a drug before the first

trial (before pretest) should interfere with the acquisi-

tion of information, while administration immediately

after the first trial (after pretest) should affect the pro-

cesses of consolidation. In our experiments, the drugs

were administered 30 min before the pretest or imme-

diately after the pretest, and the effects of each com-

pound on both acquisition and consolidation of mem-

ory were investigated.

Treatment

The first experiment was designed to examine the influ-

ence of nicotine, scopolamine or bupropion on mem-

ory-related responses using the EPM test in mice. Nico-

tine (0.035, 0.175 or 0.35 mg/kg, sc), scopolamine (0.1,

0.3 or 1.0 mg/kg, ip), bupropion (10, 20 or 40 mg/ kg,

ip) or saline was administered 30 min before the first

trial or immediately after the first trial. The second set of

experiments was designed to investigate the influence of

nicotine on memory-related responses induced by sco-

polamine administration. For these experiments, nico-

tine (0.35 mg/kg, sc) or saline was administered 15 min

prior to scopolamine (1.0 mg/kg, ip), and then the mice

were tested 30 min later and re-tested after 24 h. The fi-

nal experiment was designed to examine the influence

of bupropion on memory-related responses induced by

acute nicotine or scopolamine administration. Bup-

ropion (10 or 20 mg/kg, ip) or saline was administered

15 min prior to nicotine (0.035 mg/kg, sc) or scopola-

mine (1.0 mg/ kg, ip), and the mice were then tested af-

ter 30 min and re-tested after 24 h.

Experimental doses and procedures used were cho-

sen according to those commonly used in the literature,

including our previous study, in which we examined

the cognitive effects of nicotine in mice and the inter-

action between nicotine and bupropion [5, 6, 41, 50].

Statistics

The data were expressed as the means ± SEM. For the

EPM test, we measured TL, i.e., the time necessary for

the mice to move from the open arm to either of the en-

closed arms. Statistical analyses were performed using

one- or two-way analysis of variance (ANOVA) for the

factors of pretreatment, treatment and treatment inter-

action. Post-hoc comparison of means was carried out

using Tukey’s test for multiple comparisons, when ap-

propriate. The data were considered statistically sig-

nificant at a confidence limit of p < 0.05.

Results

Across all experiments, the time (in s) that each

mouse took to move from the open arm to either of

the enclosed arms on the first trial (pre-test), i.e., TL1,

did not significantly differ among groups (data not

presented).
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Influence of nicotine, scopolamine

or bupropion on memory-related processes

in the EPM model in mice

One-way ANOVA revealed that the acute sc doses of

nicotine (0.035; 0.175 or 0.35 mg/kg) had a statistically

significant effect on TL2 values [F(3,30) = 6.114; p =

0.0023], with respect to memory acquisition during

the retention trial. Indeed, post-hoc Tukey’s test re-

vealed that mice treated with nicotine, at doses of

0.035 or 0.175 mg/kg, had significantly decreased

TL2 values compared with saline-treated mice, indi-

cating that nicotine improves memory and learning

processes (p < 0.01) (Fig. 1A). Similarly, for memory

consolidation during the retention trial, the mice re-

ceiving acute sc doses of nicotine (0.035, 0.175 or

0.35 mg/kg) had significantly decreased TL2 values

compared to the saline-treated mice ([F(3,27) = 4.245;

p = 0.0140], one-way ANOVA). Indeed, post-hoc Tuk-

ey’s test revealed a statistically significant effect (p <

0.05 for 0.035 mg/kg nicotine; p < 0.01 for 0.175 mg/kg

nicotine) (Fig. 1B), indicating that nicotine, at the

doses used, also improved this stage of memory and

learning processes. For both the acquisition and con-

solidation trials, the highest dose of nicotine (0.35 mg/

kg) did not induce any effect in this paradigm.

The active doses of 0.035 or 0.175 m/kg of nicotine

were chosen for the subsequent experiments involv-

ing the use of bupropion. In addition, the inactive

dose of nicotine 0.35 mg/kg was chosen for the subse-

quent experiments examining the effects of the ad-

ministration of scopolamine to show the antagonistic

effects of nicotine on the amnestic effects of scopola-

mine.

For memory acquisition during the retention trial,

one-way ANOVA revealed that administration of the

acute ip doses of scopolamine (0.1, 0.3 or 1.0 mg/kg)

had a statistically significant effect on TL2 values

[F(3,35 = 8.305; p = 0.0003]. Indeed, treatment with

scopolamine (0.3 or 1.0 mg/kg) significantly in-

creased TL2 values in mice compared to those in the

saline-treated control group (p < 0.05 for scopolamine

0.3 mg/kg; p < 0.001 for 1.0 mg/kg scopolamine,

Tukey’s test) (Fig. 2A), indicating that scopolamine,

at the doses used, impaired the acquisition of memory

and learning. Similarly, Fig. 2B shows that for mem-

ory consolidation during the retention trial, admini-

stration of the acute ip doses of scopolamine (0.1, 0.3

or 1.0 mg/kg) significantly increased the TL2 values

[F(3,36) = 4.498; p = 0.0088, one-way ANOVA] com-

pared to the saline-treated mice. Furthermore, a post-

hoc Tukey’s test revealed a statistically significant ef-

fect caused by treatment with 1.0 mg/kg scopolamine

(p < 0.01) (Fig. 2B), which indicates that scopola-

mine, at the dose used, also impaired this stage of the

memory and learning processes.

The active dose of 1.0 mg/kg of scopolamine was

then chosen for the subsequent experiments examin-

ing the effects of bupropion.

Our data indicate that for both acquisition [F(3,34)

= 1.604; p = 0.2066, one-way ANOVA] and consoli-

dation trials [F(3,33) = 1.404; p = 0.2591, one-way

ANOVA], at any dose tested (10, 20 or 40 mg/kg),

bupropion did not significantly alter the TL2 values in

the EPM test (Figs. 3A and 3B).

The inactive doses of 10 and 20 mg/kg of

bupropion were then chosen for the subsequent ex-

periments with nicotine and scopolamine.
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Influence of nicotine on memory-related

responses induced by scopolamine using the

EPM test in mice

An interesting effect was observed when nicotine

(0.35 mg/kg, sc) was injected 15 min before scopola-

mine administration (1.0 mg/kg, ip). For memory ac-

quisition during the retention trial, two-way ANOVA

revealed that there was a statistically significant effect

caused by nicotine pretreatment [F(1,32) = 9.17, p =

0.0048] and scopolamine treatment [F(1,32) = 5.0, p =

0.0325], but there was not an interaction between

nicotine pretreatment and scopolamine treatment

[F(1,32) = 2.45, p = 0.1271]. However, in this experi-

ment, nicotine, at the dose used, significantly reversed

the impairment of memory provoked by acute injec-

tion of scopolamine, thus resulting in a decreased TL2

time (p < 0.01) (Fig. 4A).

Furthermore, for memory consolidation during the

retention trial, two-way ANOVA revealed a statisti-

cally significant effect caused by nicotine pretreat-

ment [F(1,30) = 6.24, p = 0.0182] and scopolamine

treatment [F(1,30) = 30.93, p < 0.0001], and there was

an interaction between nicotine pretreatment and sco-

polamine treatment [F(1,30) = 13.0, p = 0.0011].

Nicotine significantly reversed the impairment of

memory provoked by acute injection of scopolamine

and caused a decrease in the TL2 time (p < 0.001)

(Fig. 4B).

Influence of bupropion on memory-related

responses induced by nicotine using the EPM

test in mice

Finally, we examined the effects of combined admini-

stration of bupropion and nicotine. For memory ac-

quisition during the retention trial, two-way ANOVA

revealed a statistically significant effect caused by

bupropion pretreatment [F(2,48) = 8.29, p = 0.0008]

and nicotine treatment [F(1,48) = 28.22, p < 0.0001];
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however, there was no interaction between bupropion

pretreatment and nicotine treatment [F(2,48) = 1.97, p

= 0.1501]. Nevertheless, bupropion (10 or 20 mg/kg,

ip) prevented memory improvement after administra-

tion of 0.035 mg/kg nicotine, resulting in an increased

TL2 value (p < 0.05 for 10 mg/kg bupropion, p < 0.01

for 20 mg/kg bupropion) (Fig. 5A).

Similarly, for memory consolidation during the re-

tention trial, two-way ANOVA revealed that there was

a statistically significant effect caused by bupropion

pretreatment [F(2,46) = 4.87, p = 0.0121] and nicotine

treatment [F(1,46) = 10.15, p = 0.0026]; however,

there was no interaction between bupropion pretreat-

ment and nicotine treatment [F(2,46) = 0.23, p =

0.7937]. Treatment with bupropion (10 or 20 mg/kg,

ip) prevented memory improvement after treatment
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with 0.035 mg/kg nicotine, resulting in an increased

TL2 value (p < 0.05 for 10 mg/kg bupropion, p < 0.01

for 20 mg/kg bupropion) (Fig. 5B).

Influence of bupropion on memory-related

responses induced by scopolamine using the

EPM test in mice

For the next experiments, we examined the effects of

combined administration of bupropion and scopola-

mine. For memory acquisition during the retention

trial, two-way ANOVA revealed that there was a sta-

tistically significant effect caused by scopolamine

treatment [F(1,50) = 4.16, p = 0.0466] and an interac-

tion between bupropion pretreatment and scopola-

mine treatment [F(2,50) = 4.67, p < 0.0138], while

there was no effect caused by bupropion pretreatment

[F(2,50) = 1.28, p = 0.2876]. However, bupropion

(20 mg/kg) prevented memory impairment after treat-

ment with 1.0 mg/kg scopolamine, resulting in a de-

creased TL2 value (p < 0.01) (Fig. 6A).

Additionally, for memory consolidation during the

retention trial, two-way ANOVA revealed that there

was only a statistically significant effect caused by an

interaction between bupropion pretreatment and sco-

polamine treatment [F(2,47) = 9.50, p = 0.0003],

while there was no effect caused by scopolamine

treatment [F(1,47) = 0.003, p = 0.9502] or bupropion

pretreatment [F(2,47) = 1.30, p = 0.2809]. However,

bupropion (10 or 20 mg/kg) prevented memory im-

pairment after treatment with 1.0 mg/kg of scopola-

mine, resulting in a decreased TL2 value (p < 0.001

for 10 mg/kg or 20 mg/kg bupropion) (Fig. 6B).

Discussion

The aim of our present research was to estimate the

influence of substances that affect the cholinergic sys-

tem (nicotine and scopolamine) on cognitive effects

(stages of acquisition and consolidation of memory)

using the EPM test in mice. We examined the mecha-

nisms involved in the formation of memory pathways

via evaluation of the impact of bupropion on the pro-

cognitive effects of nicotine and the amnestic effects

of scopolamine. In the present study, we revealed for

the first time that nicotine improved memory and

learning processes during the different stages of mem-

ory (acquisition and consolidation) in mice. In con-

trast, scopolamine impaired those cognitive pro-

cesses. Moreover, we found that bupropion attenuated

nicotine-induced improvements and scopolamine-

induced impairments in memory.

The EPM test was originally developed to estimate

anxiety in rodents [37]. However, it was recently

modified to evaluate spatial learning and memory in

rodents. The parameters measured are not the same:
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the number of entries into the open and closed arms,

the time spent in the open arms for anxiety, and trans-

fer latency (TL), which reflects the time the mice took

to move from the open arm to either of the enclosed

arms for the memory processes.

In the context of our present data, it should be

noted that nicotine can affect both types of parame-

ters, but with our modification of the test, we can fo-

cus on the learning and memory capacity for the spa-

tial configuration of the arms. Our previous experi-

ment [5, 6], as well as other results already published,

demonstrated the effectiveness of the EPM test to

evaluate memory-related behavior in mice and in the

context of pharmacological manipulations of the cho-

linergic system [26, 27, 41, 47].

The great influence of the cholinergic systems on

memory-related processes had been revealed previ-

ously by various experiments and clinical studies.

Some studies have reported that acute nicotine treat-

ment improves memory in rodents [5, 6, 34–36],

while others have reported no effects or even negative

influences of nicotine on cognitive functions [16]. In

contrast, there are numerous pharmacological reports

that have suggested that scopolamine interferes with

memory and cognitive functions in humans [18, 46,

51], and experimental animals [10, 14, 39]. Other

studies have suggested that scopolamine induces

dose-dependent significant decreases in both long-term

memory (explored through the passive avoidance test)

and short-term memory (evidenced in a Y-maze task)

[57] and causes similar degrees of impairment in both

reference and working memory using the models of

the Morris water maze [3] or the novel object recogni-

tion task [14].

Our results in the present study are in accordance

with the data in the literature and our previous re-

search [5, 6], in which the positive influence of nico-

tine on cognitive effects was observed.

The mechanisms responsible for the cognitive im-

provement induced by nicotine or for the cognitive

impairments induced by scopolamine are complex.

Nicotine exerts its behavioral effects through the

nAChRs, which have been implicated in many pro-

cesses, such as learning and memory processes,

reward, antinociception and anxiety [32, 37, 54].

Among all central nAChR subtypes, both the �4�2

combination and the �7 subunits appear to play im-

portant roles in memory-related responses [19, 32]. It

is possible that nicotine treatment results in increased

receptor activity (i.e., upregulation of �4�2 and �7

nAChR expression) in the central nervous system, es-

pecially in the hippocampus, which appears to be an

important target site for the nicotinic effects on mem-

ory function [43, 52].

Although the cholinergic system and the direct in-

teraction between nicotine and the nAChRs play im-

portant roles in nicotine-induced memory-related be-

havior, these effects can also result from the release of

several neurotransmitters. As indicated, through acti-

vation of the presynaptic nAChRs, nicotine induces

the release of ACh, which is essential for cognitive

processes, and also dopamine (DA), �-aminobutyric

acid (GABA), noradrenaline (NA), adrenaline (A), se-

rotonin (5HT) and glutamate [54]. The data in the lit-

erature have shown that dopaminergic mechanisms

affect learning, and brain DA plays a crucial role in

both rewarding and memory-related processes [23,

24]. Dopaminergic neurons from the ventral tegmen-

tal area (VTA) are equipped with both nAChRs and

mAChRs, and systemic or in vitro administration of

nicotine excites dopaminergic neurons in the VTA

[13, 55]. There is copious evidence indicating that the

D1 dopaminergic receptor antagonist SCH 23390, but

not the D2 receptor antagonist sulpiride, increases the

effects of nicotine on passive avoidance learning. In

this context, it is possible that dopaminergic mecha-

nisms, through the D1 receptors, exert negative influ-

ences on the improvement of retrieval induced by nico-

tine [13, 25]. Previous studies have also confirmed that

nicotine has an antiamnestic effect on long-term mem-

ory in rodents with muscarinic, nicotinic or dopaminer-

gic D2 receptor blockade [1, 23, 24].

We are unable to explain the mechanism underly-

ing cognitive impairments induced by scopolamine

without further analysis of this phenomenon [28].

Scopolamine is an anticholinergic drug that antago-

nizes the mAChRs (subtypes: M1 and M2). In par-

ticular, this drug is quite selective for M1 receptors,

potentially indicating that impairments of cognitive

processes are associated with the blockade of

mAChRs in the basal forebrain regions. Therefore, it

is possible that cholinergic transmission through the

mAChRs is important for synaptic plasticity and

memory processes. It has been well documented that

the effects of scopolamine may affect both mAChRs

and nAChRs [45].

It is particularly important to note in our present

study that cholinergic transmission through both

mAChRs and nAChRs is important for synaptic plas-

ticity and memory processes. We also investigated
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the effects of nicotine on cognitive functions in mice

treated with scopolamine to block mAChRs. Our data

reveal that nicotine, at the dose that is ineffective in

the test used, prevented scopolamine induced memory

impairment, thus confirming that both mAChRs and

nAChRs play a role in memory processing [20, 33]. In

addition, extensive work performed in rats suggests

that acetylcholinesterase inhibitors, such as metrifo-

nate, physostygmine, tacrine, rivastigmine and done-

pezil, are able to reverse the scopolamine-induced

deficit in spatial memory in the radial arm maze, the

Morris water maze and the passive avoidance tests,

thereby indicating that this cognitive deficit has a cho-

linergic nature [7, 12, 56].

Finally, consistent with previous results that dem-

onstrated the influence of bupropion on the nicotine

response [6], we evaluated the effects of bupropion on

memory-related responses induced by nicotine and

scopolamine. The results from our experiments indi-

cated that bupropion was able to attenuate both the

antiamnestic effect induced by nicotine and the am-

nestic effect induced by scopolamine in the acquisi-

tion and consolidation trials.

Bupropion is an atypical antidepressant drug that al-

leviates the symptoms of nicotine withdrawal in hu-

mans, such as irritability, depression and difficulty in

concentration [48]. Additionally, in animal models of

nicotine addiction, an acute administration of bupropion

decreases nicotine self-administration [53] and re-

duces somatic signs of nicotine withdrawal in rats, in-

cluding teeth chattering, gasping, writhing, tremors,

chewing and ptosis [9], and memory-related re-

sponses induced by nicotine [50].

The mechanisms of action through which bupro-

pion produces its therapeutic effects and the effects of

the combination of bupropion with other agents and

are not completely understood [11, 40]. Many studies

have suggested that the effectiveness of bupropion in

the treatment of tobacco dependence is independent

of its antidepressant properties [22]. The data in the

literature have shown that the action of bupropion is

mediated by two different mechanisms. The central

mechanism is based on the inhibition of the re-uptake

of monoamines, especially DA and NA. Moreover,

this drug enhances dopaminergic activity in the meso-

limbic system [2]. Because a D1 dopaminergic recep-

tor antagonist, SCH 23390, and a D2 dopaminergic

receptor antagonist, sulpiride, decreased bupropion-

induced sniffing, it can be speculated that both D1

and/or D2 dopamine receptor mechanisms are in-

volved in the response of bupropion [25]. Other data

have indicated that bupropion induces a dose-

dependent attenuation of the spontaneous firing rate

of NA and an increase in serotoninergic firing neu-

rons, without altering the firing rate of dopaminergic

neurons in the mesolimbic/cortical regions [15]. Ad-

ditionally, recently published data have provided

evidence that reserpine, a drug that depletes catecho-

lamines, decreases climbing induced by bupropion,

indicating that bupropion has indirect catecholaminer-

gic effects [42]. Alternatively, the mechanism of ac-

tion of bupropion is mediated by nAChRs. Bupropion

can act as a non-competitive nicotinic-receptor an-

tagonist of rat �3�2, �4�2 and �3�4 ganglionic-type

of nAChRs expressed in a human neuroblastoma cell

line. Therefore, the presynaptic action of bupropion

on the release of monoamines, as mentioned above,

can be nAChR-mediated [50]. Because atropine sig-

nificantly increases bupropion-induced sniffing, it is

likely that the mAChRs exert influence, as well [58,

59]. Therefore, many studies have suggested that the

antagonistic effects of bupropion on the amnestic ef-

fects of scopolamine may be a result of action through

both nAChRs and mAChRs. It should be noted that

the influence of bupropion on the effects induced by

scopolamine is caused by anticholinergic action and

also by the interaction with the serotoninergic or nora-

drenergic systems. Moreover, the influence of bupro-

pion on the effects of nicotine and scopolamine can be

attributed to its major metabolite hydroxybupropion,

which is behaviorally active [38]. However, the inter-

actions of bupropion with scopolamine-induced be-

havior have not been thoroughly investigated. Thus,

more research is still necessary to better understand

the mechanisms influencing the efficacy of bupropion.

Considering that cognitive processes are associated

with similar plasticity as the brain regions involved in

learning and memory processes and that the processes

underlying drug addiction may overlap [4], our results

suggest that bupropion, a drug currently used for

smoking cessation in humans, can alleviate the pro-

cognitive effects closely associated with dependence

as well as the symptoms of nicotine withdrawal. Ad-

ditionally, it is possible to speculate on the interaction

between nAChRs and mAChRs and their influence on

memory processes. Our results are useful because

they increase our knowledge regarding the processes

underlying human cholinergic transmission disorders,

including cognitive dysfunction.

1380 �����������	��� 
������ ����� ��� ���������



��������������	

:��� 3��� 3�� ��������� �� ��� 7�������� @���� �	 ��� ������

���������� �	 ����� +�7 �#1/ , ��� �������� �� ������ ����� 	���

��� 	������ ������ �� ��� ������ ��������� �� ���!���	�� ������&

� ������� ������ ���� ���� ���� �� ���	���� �	 �������� �� �������&

References:

1. Arnsten AF, Cai JX, Steere JC, Goldman-Rakic PS:

Dopamine D2 receptor mechanisms contribute to age-

related cognitive decline. The effects of quinpirole on

memory and motor performance in monkeys. J Neurosci,

1995, 15, 3429–3439.

2. Ascher JA, Cole JO, Colin JN, Feighner JP, Ferris RM,

Fibiger HC, Golden RN et al.: Bupropion: A review of

its mechanism of antidepressant activity. J Clin Psychia-

try, 1995. 56, 395–401.

3. Bejar C, Wang RH, Weinstock M: Effect of rivastigmine

on scopolamine-induced memory impairment in rats. Eur

J Pharmacol, 1999, 383, 231–240.

4. Biala G, Betancur C, Mansuy IM, Giros B: The reinforc-

ing effects of chronic D-amphetamine and morphine are

impaired in a line of memory-deficient mice overexpress-

ing calcineurin. Eur J Neurosci, 2005, 21, 3089–3096.

5. Biala G, Kruk M: Cannabinoid receptor ligands suppress

memory-related effects of nicotine in the elevated plus

maze test in mice. Behav Brain Res, 2008, 192, 198–202.

6. Bia³a G, Kruk M: Influence of bupropion and calcium

channel antagonists on the nicotine-induced memory-

related response of mice in the elevated plus maze. Phar-

macol Rep, 2009, 61, 236–244.

7. Braida D, Paladini E, Griffini P, Lamperti M, Maggi A,

Sala M: An inverted U-shaped curve for heptylphy-

sostigmine on radial maze performance in rats: Compari-

son with other cholinesterase inhibitors. Eur J Pharma-

col, 1996, 302, 13–20.

8. Canal N, Imbimbo BP: Relationship between pharmaco-

dynamic activity and cognitive effects of eptastigmine in

patients with Alzheimer’s disease. Clin Pharmacol Ther,

1996, 60, 218–228.

9. Carrasco MC, Vicens P, Vidal J, Redolat R: Effects of

acute administration of bupropion on behavior in the ele-

vated plus maze test by NMRI mice. Prog Neuropsycho-

pharmacol Biol Psychiatry, 2004, 28, 1135–1141.

10. Cosquer B, De Vasconcelos AP, Fröhlich J, Cassel JC:

Blood-brain barrier and electromagnetic fields: Effects of

scopolamine methylbromide on working memory after

whole-body exposure to 2.45 GHz microwaves in rats.

Behav Brain Res, 2005, 161, 229–237.

11. Cryan JF, Bruijnzeel AW, Skjei KL, Markou A:

Bupropion enhances brain reward function and reverses

the affective and somatic aspects of nicotine withdrawal

in the rat. Psychopharmacology, 2003, 168, 347–358.

12. Dawson GR, Bentley G, Draper F, Rycroft W, Iversen

SD, Pagella PG: The behavioral effects of heptyl phy-

sostigmine, a new cholinesterase inhibitor, in tests of

long-term and working memory in rodents. Pharmacol

Biochem Behav, 1991, 39, 865–871.

13. Di Chiara G: Role of dopamine in the behavioural ac-

tions of nicotine related to addiction. Eur J Pharmacol,

2000, 393, 295–314.

14. Dodart JC, Mathis C, Ungerer A: Scopolamine-induced

deficits in a two-trial object recognition task in mice.

NeuroReport, 1997, 8, 1173–1178.

15. Dong J, Blier P: Modification of norepinephrine and

serotonin, but not dopamine, neuron firing by sustained

bupropion treatment. Psychopharmacology, 2001, 155,

52–57.

16. Dunnet SB, Martel L: Proactive interference effects on

short-term memory in rats. Basic parameters and drug ef-

fects. Behav Neurosci, 1990, 104, 655–665.

17. Dutar P, Bassant MH, Senut MC, Lamour Y: The septo-

hippocampal pathway: Structure and function of a cen-

tral cholinergic system. Physiol Rev, 1995, 75, 393–427.

18. Ebert U, Kirch W: Scopolamine model of dementia:

Electroencephalogram findings and cognitive perform-

ance. Eur J Clin Invest, 1998, 28, 944–949.

19. Giacobini E: Cholinesterase inhibitors stabilize Alz-

heimer disease. Neurochem Res, 2000, 25, 1185.

20. Green A, Ellis KA, Ellis J, Bartholomeusz CF, Ilic S,

Croft RJ: Muscarinic and nicotinic receptor modulation

of object and spatial n-back working memory in humans.

Pharmacol Biochem Behav, 2005, 81, 575–584.

21. Hasselmo ME, Bower JM: Acetylcholine and memory.

Trends Neurosci, 1993, 16, 218–222.

22. Hays JT, Ebbert JO: Bupropion for the treatment of to-

bacco dependence. Guidelines for balancing risks and

benfits CNS. Drugs, 2003, 17, 71–83.

23. Hefco V, Yamada K, Hefco A, Hritcu L, Tiron A, Olariu

A, Nabeshima T: Effects of nicotine on memory impair-

ment induced by blockade of muscarinic, nicotinic and

dopamine D2 receptors in rats. Eur J Pharmacol, 2003,

474, 227–232.

24. Hefco V, Yamada K, Hefco A, Hritcu L, Tiron A, Nabe-

shima T: The interaction between the cholinergic and do-

paminergic system in learning and memory process in

rats. Rom J Physiol, 2004, 41, 21–30.

25. Ichihara K, Nabeshima T, Kameyama T: Effects of dopa-

mine receptor antagonists on passive avoidance learning

in mice: interaction of dopamine D1 and D2 receptors.

Eur J Pharmacol, 1992, 213, 243–249.

26. Itoh J, Nabeshima T, Kameyama T: Utility of an elevated

plus-maze for dissociation of amnesic and behavioral ef-

fects of drugs in mice. Eur J Pharmacol, 1991, 194,

71–76.

27. Itoh J, Nabeshima T, Kameyama T: Utility of an elevated

plus maze for the evaluation of memory in mice: effects

of nootropics, scopolamine and electroconvulsive shock.

Psychopharmacology, 1990, 101, 27–33.

28. Izquierdo I: Mechanism of action of scopolamine as

an amnestic. Trends Pharmacol Sci, 1989, 10, 175–177.

29. James JR, Nordberg A: Genetic and environmental as-

pects of the role of nicotinic receptors in neurodegenera-

tive disorders: emphasis on Alzheimer’s disease and

Parkinson’s disease. Behav Genet, 1995, 25, 149–159.

30. Knopman D: Pharmacotherapy for Alzheimer’s disease.

Curr Neurol Neurosci Rep, 2001, 1, 428–434.

31. Kopelman MD, Corn TH: Cholinergic ‘blockade’ as

a model for cholinergic depletion. A comparison of

�����������	��� 
������ ����� ��� ��������� 1381

Memory and cholinergic receptor ligands
����� ���� �� �	




the memory deficits with those of Alzheimer-type de-

mentia and the alcoholic Korsakoff syndrome. Brain,

1988, 111, 1079–1110.

32. Levin ED: Nicotinic systems and cognitive function.

Psychopharmacology, 1992, 108, 417–431.

33. Levin ED, Kaplan S, Boardman A: Acute nicotine inter-

actions with nicotinic and muscarinic antagonists: work-

ing and reference memory effects in the 16-arm radial

maze. Behav Pharmacol, 1997, 8, 236–242.

34. Levin ED, Rezvani AH: Development of nicotinic drug

therapy for cognitive disorders. Eur J Pharmacol, 2000,

393, 141–146.

35. Levin ED, Rezvani AH: Nicotinic treatment for cogni-

tive dysfunction. Curr Drug Target CNS Neurol Disord,

2002, 1, 423–431.

36. Levin ED, Simon B: Nicotinic acetylcholine involve-

ment in cognitive function in animals. Psychopharmacol-

ogy, 1998, 138, 217–230.

37. Lister RG: The use of a plus-maze to measure anxiety in

the mouse. Psychopharmacology, 1987, 92, 180–185.

38. Martin P, Massol J, Colin JN, Lacomblez L, Puech AJ:

Antidepressant profile of bupropion and three metabo-

lites in mice. Pharmacopsychiatry, 1990, 23, 187–194.

39. Masuoka T, Fujii Y, Kamei C: Effect of scopolamine on

the hippocampal theta rhythm during an eight-arm radial

maze task in rats. Eur J Pharmacol, 2006, 539, 76–80.

40. Miller DK, Sumithran SP, Dwoskin LP: Bupropion in-

hibits nicotine-evoked [�H]overflow from rat striatal

slices preloaded with [�H]dopamine and from rat hippo-

campal slices preloaded with [�H]norepinephrine. J Phar-

macol Exp Ther, 2002, 302, 1113–1122.

41. Miyazaki S, Imaizumi M, Onodera K: Ameliorating ef-

fects of histidine on scopolamine-induced learning defi-

cits using an elevated plus-maze test in mice. Life Sci,

1995, 56, 1563–1570.

42. Nakagawa T, Ukai K, Ohymama T, Gomita Y, Okamua

H: Effects of dopaminegic agents on reversal of

reserpine-induced impairment in conditioned avoidance

response in rats. Pharmacol Biochem Behav, 1997, 58,

829–836.

43. Picciotto MR, Caldarone BJ, King SL, Zachariou V:

Nicotinic receptors in the brain. Links between molecu-

lar biology and behavior. Neuropsychopharmacology,

2000, 22, 451–465.

44. Rinne JO, Myllykyla T, Lonnberg P, Marjamaki P:

A postmortem study of brain nicotinic receptors in

Parkinson’s and Alzheimer’s disease. Brain Res, 1991,

547, 67–170.

45. Schmeller T, Sporer F, Sauerwein M, Wink M: Binding

of tropane alkaloids to nicotinic and muscarinic acetyl-

choline receptors. Pharmazie, 1995, 50, 493–495.

46. Schon K, Atri A, Hasselmo ME, Tricarico MD,

LoPresti ML, Stern CE: Scopolamine reduces persistent

activity related to long-term encoding in the parahippo-

campal gyrus during delayed matching in humans.

J Neurosci, 2005, 25, 9112–9123.

47. Sharma AC, Kulkarni SK: Evaluation of learning and

memory mechanisms employing elevated plus-maze in

rats and mice. Prog Neuropsychopharmacol Biol Psy-

chiat, 1992, 16, 117–125.

48. Shiffman S, Johnston JA, Khayrallah M, Elash CA,

Gwaltney CJ, Paty JA, Gnys M, Deveaugh-Geiss J:

The effect of bupropion on nicotine craving and with-

drawal. Psychopharmacology, 2000, 148, 33–40.

49. Shimohama S, Taniguchi T, Fujiwara M, Kameyama M:

Changes in nicotinic and muscarinic receptors in Alzheimer-

type dementia. J Neurochem, 1986, 46, 288–293.

50. Slemmer JE, Martin BR, Damaj MI: Bupropion is

a nicotinic antagonist. J Pharmacol Exp Ther, 2000, 295,

321–327.

51. Sloan EP, Fenton GW, Standage KP: Anticholinergic

drug effects on quantitative electroencephalogram, visual

evoked potential, and verbal memory. Biol Psychiatry,

1992, 31, 600–606.

52. Sparks JA, Pauly JR: Effects of continuous oral nicotine

administration on brain nicotinic receptors and respon-

siveness to nicotine in C57BL/6 mice. Psychopharmacol-

ogy, 1999, 141, 145–153.

53. Tella SR, Ladenheim B, Cadet JL: Differential regulation

of dopamine transporter after chronic self-administration

of bupropion and nomifensine. J Pharmacol Exp Ther,

1997, 281, 508–513.

54. Wonnacott S: Presynaptic nicotinic ACh receptors.

Trends Neurosci, 1997, 20, 92–98.

55. Yin R, French ED: A comparison of the effects of nico-

tine on dopamine and non-dopamine neurons in the rat

ventral tegmental area: An in vitro electrophysiological

study. Brain Res Bull, 2000, 51, 507–514.

56. Yoshida S, Suzuki N: Antiamnesic and cholinomimetic

side-effects of the cholinesterase inhibitors, physostig-

mine, tacrine and NIK-247 in rats. Eur J Pharmacol,

1993, 250, 117–124.

57. Yu J, Huang YW, Chen Z: Improved alternative electro-

stimulus Y-maze for evaluating the spatial memory of

rats. J Zhejiang Univ Sci, 2003, 32, 121–125.

58. Zarrindast MR, Hodjati MR, Pejhan A, Soleimannejad E:

Bupropion induces sniffing: a possible dopaminergic

mechanism. Eur Neuropsychopharmacol, 1996, 6, 299–303.

59. Zarrindast MR, Minaian A: Different effects of direct

and indirect dopamine receptor agonists on immobility

time in reserpine-treated mice. Gen Pharmacol, 1991, 22,

1017–1021.

��������	 ����� /�� � //2 �� ��� ������� ����	 A��� /0� � //2

��������	 A��� ��� � //&

1382 �����������	��� 
������ ����� ��� ���������


	1305	Review Œ Pharmacological activity of Salvinorin A, 
the major component of Salvia divinorum.
	Joanna Listos, Alicja Merska, Sylwia Fidecka

	1310	Review Œ Role of serotonin (5-HT)1B receptors in psychostimulant addiction.
	Joanna Miszkiel, Ma³gorzata Filip, Edmund Przegaliñski

	1316	Review Œ Neurogenesis in the epileptic brain: a brief overview from temporal lobe epilepsy.
	Marta Andres-Mach, John R. Fike, Jarogniew J. £uszczki

	1324	Review Œ Kynurenic acid and kynurenine aminotransferases in retinal aging and neurodegeneration.
	Robert Rejdak, Anselm Junemann, Pawe³ Grieb, Sebastian Thaler, Frank Schuettauf, Tomasz Chor¹giewicz, Tomasz ¯arnowski, Waldemar A. Turski, Eberhart Zrenner

	1335	Review Œ Ezetimibe Œ a new approach in hypercholesterolemia management.
	Dariusz Suchy, Krzysztof £abuzek, Antoni Stadnicki, Bogus³aw Okopieñ

	1349	Effects of the noradrenergic neurotoxin DSP-4 on the expression of a1-adrenoceptor subtypes after antidepressant treatment.
	Grzegorz Kreiner, Agnieszka Zelek-Molik, Marta Kowalska, Adam Bielawski, Lucyna Antkiewicz-Michaluk, Irena Nalepa

	1359	GET73 modulates rat hippocampal glutamate transmission: evidence for a functional interaction with mGluR5.
	Luca Ferraro, Sarah Beggiato, Maria Cristina Tomasini, Tiziana Antonelli, Antonella Loche, Sergio Tanganelli

	1372	Memory-related effects of cholinergic receptor ligands in mice as measured by the elevated plus maze test.
	Marta Kruk, Kinga Tendera, Gra¿yna Bia³a

	1383	Partial lesion of the dopaminergic innervation of the ventral striatum induces ﬁdepressive-likeﬂ behavior of rats.
	Katarzyna Kuter, Wac³aw Kolasiewicz, Krystyna Go³embiowska, Anna Dziubina, Gert Schulze, Klemencja Berghauzen, Jadwiga Wardas, Krystyna Ossowska

	1393	Effect of prior stress on interleukin-1b and HPA axis responses to acute stress.
	Anna G¹dek- Michalska, Joanna Tadeusz, Paulina Rachwalska, Jadwiga Spyrka, Jan Bugajski

	1404	Imipramine counteracts corticosterone-induced enhancement of glutamatergic transmission and impairment of long-term potentiation in the rat frontal cortex.
	Bartosz Bobula, Joanna Wabno, Grzegorz Hess

	1413	Investigations on gastroprotective effect of citalopram, an antidepressant drug against stress and pyloric ligation induced ulcers.
	Bhagawati Saxena, Sanjay Singh

	1427	Modification of local anesthetic-induced antinociception by fentanyl in rats.
	Tufan Mert, Yasemin Gunes, Dilek Ozcengiz

	1435	Paracetamol treatment increases telomerase activity in rat embryonic liver cells.
	Augustinus Bader, Oliver Petters, Mario Keller, Sanja Pavlica

	1442	Novel I1-imidazoline S43126 enhance insulin action in PC12 cells.
	Jerusalem Tesfai, Louis Crane, Genevieve Baziard-Mouysset, Wentsworth Kennedy, Lincoln P. Edwards

	1450	Acute myocardial ischemia enhances the vanilloid TRPV1 and serotonin 5-HT3 receptor-mediated Bezold-Jarisch reflex in rats.
	Sebastian £. £upiñski, Eberhard Schlicker, Anna Pêdziñska-Betiuk, Barbara Malinowska

	1460	Effects of two isomers of DDT and their metabolite DDE on CYP1A1 and AhR function in human placental cells.
	Anna K. Wójtowicz, Ewelina Honkisz, Dorota Ziêba-Przybylska, Tomasz Milewicz, Ma³gorzata Kajta

	1469	Cytoprotective effects of CSTMP, a novel stilbene derivative, against H2O2-induced oxidative stress in human endothelial cells.
	Li Zhai, Peng Zhang, Ren-Yuan Sun, Xin-Yong Liu, Wei-Guo Liu, Xiu-Li Guo

	1481	Effects of bestatin on phagocytic cells in cyclophosphamide-treated mice.
	Magdalena Lis, Bo¿ena Obmiñska-Mrukowicz

	1491	Effect of neuroleptics on cytochrome P450 2C11 (CYP2C11) in rat liver.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	1500	Oleanolic acid derivative methyl 3,11-dioxoolean-12-en-28-olate targets multidrug resistance related to ABCB1.
	Anna Paszel, B³a¿ej Rubiœ, Barbara Bednarczyk-Cwynar, Lucjusz Zaprutko, Mariusz Kaczmarek, Johann Hofmann, Maria Rybczyñska

	1518	Comparison of the pharmacokinetics of paracetamol from two generic products in patients after total gastric resection.
	Edyta Sza³ek, Agnieszka Kamiñska, Dawid Murawa, Karol Po³om, Bartosz Urbaniak, Matylda Sobiech, Edmund Grzeœkowiak, Tomasz Grabowski, Anna Wolc, Zenon J. Kokot, Pawe³ Murawa

	SHORT COMMUNICATIONS
	1526	NMDA and AMPA receptors are involved in the antidepressant-like activity of tianeptine in the forced swim test in mice.
	Piotr Wla�, Regina Kasperek, Aleksandra Wla�, Micha³ Szumi³o, Andrzej Wróbel, Gabriel Nowak, Ewa Poleszak


	1533	Enhancement of the anti-immobility action 
of antidepressants by risperidone in the forced swimming test in mice.
	Zofia Rogó¿, Marcin Kabziñski

	1539	Different pattern of changes in calcium binding proteins immunoreactivity in the medial prefrontal cortex of rats exposed to stress models of depression.
	Monika Zadro¿na, Barbara Nowak, Magdalena £asoñ-Tyburkiewicz, Ma³gorzata Wolak, Magdalena Sowa-Kuæma, Mariusz Papp, Gra¿yna Ossowska, Andrzej Pilc, Gabriel Nowak

	1547	Anxiolytic-like effects of olanzapine, risperidone and fluoxetine in the elevated plus-maze test in rats.
	Zofia Rogó¿, Gra¿yna Skuza

	1553	Effects of the histamine (H)3 receptor antagonist ABT-239 on acute and repeated nicotine locomotor responses in rats.
	Joanna Miszkiel, Marta Kruk, Andrew C. McCreary, Edmund Przegaliñski, Gra¿yna Bia³a, Ma³gorzata Filip 

	1560	Low-dose oral caffeine induces a specific form 
of behavioral sensitization in rats.
	Kevin T. Ball, Alex Poplawsky

	1564	Effects of PB190 and PB212, new s receptor ligands, on glucocorticoid receptor-mediated gene transcription in LMCAT cells.
	Gra¿yna Skuza, Magdalena Szymañska, Bogus³awa Budziszewska, Carmen Abate, Francesco Berardi

	1569	Kynurenic acid: a new effector of valproate action? 
	Piotr Maciejak, Janusz Szyndler, Danuta Turzyñska, Alicja Sobolewska, Adam P³a�nik

	1574	Effects of simvastatin on the pharmacokinetics of diltiazem and its main metabolite, desacetyldiltiazem, after oral and intravenous administration in rats: possible role of P-glycoprotein and CYP3A4 inhibition by simvastatin.
	Dong-Hyun Choi, Jin-Seok Choi, Cheng Li, Jun-Shik Choi
	1583	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	indeks

