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Effects of nicotine on memory retrieval in mice 
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Abstract 

The effect of nicotine was tested on retrieval 24 h after training on a passive avoidance task. Intraperitoneal (i.p.) injection of 
nicotine (0.25-1.5 mg/kg) increased the step-down latency in mice dose dependently. Pretreatment with the nicotinic receptor 
antagonist mecamylamine (0.5-1 mg/kg) decreased, whereas pretreatment with the dopamine D 1 receptor antagonist SCH 
23390 (R-(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl-lH-3-benzazepine-7-ol maleate) (0.01, 0.05 and 0.1 mg/kg) and the 
/3-adrenoreceptor antagonist propranolol (10 mg/kg) increased the nicotine response. The dopamine receptor D 2 receptor 
antagonist sulpiride (5-10 mg/kg), the anti-muscarinic agent atropine (2.5-10 mg/kg), the peripheral nicotinic receptor 
antagonist hexamethonium (0.01-0.5 mg/kg), the a-adrenoceptor antagonist phenoxybenzamine (1 and 10 mg/kg) and the 
peripheral dopamine D 2 receptor antagonist domperidone (5 and 10 mg/kg) did not change the response induced by nicotine. 
Single administration of the antagonists did not cause response; however, a high dose of domperidone (10 mg/kg) and 
propranolol alone increased the step-down latencies. It may be concluded that a nicotinic receptor mechanism is involved in the 
nicotine-induced improvement of memory retrieval. 
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I .  Introduct ion 

Nicotine is the only chemical available in a biologi- 
cally significant quantity in tobacco that has been shown 
to meet  criteria for an abusable drug. Nicotine has 
wide-ranging effects on the performance of be- 
havioural tasks by animals and humans. The drug may 
affect the acquisition (Bovet et al., 1966; Balfour and 
Morrison, 1975; Bovet-Nitti, 1969; Evangelista et al., 
1970; Morrison, 1974) and retention (B~ittig, 1970; 
Castellano, 1976; Erikson, 1971) of a learning task. 
Other  nicotine effects in animals include increases in 
locomotion (Clarke and Kumar, 1983; Cronan et al., 
1985), tail tremors (Gomita et al., 1989), antinocicep- 
tion (Aceto et al., 1983) and responding for intracranial 
self-stimulation (Schaefer and Michael, 1986) or food 
reinforcement (White, 1989). Similar behaviours can be 
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observed in humans (Perkins et al., 1990). The cholin- 
ergic system has been proposed to modulate memory 
(Haroutunian et al., 1985; Brioni and Izquierdo, 1988). 
Nicotine has also been shown to have both facilitating 
and impairing effects on learning and memory in ani- 
mals. The dose of nicotine used may play an important 
role in the drug effect. The drug has been shown to 
improve recall in humans (Peeke and Peeke, 1984) and 
to produce a retrieval deficit in mice (Gillian and 
Schlessinger, 1985). The interaction of nicotine with 
postsynaptic nicotine receptors should play an impor- 
tant part in the production of its effects. However, 
many central effects of the drug have been shown to be 
attributed to changes in the release of a number of 
neurotransmitters (Balfour, 1982). Although the effect 
of nicotine in the central nervous system has been the 
subject of many experimental studies, the precise 
mechanisms involved in the behavioural and centrally 
mediated responses to the drug are not clear. In the 
present study, the effect of nicotine on retrieval from 
memory was investigated. 
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2. Materials and methods 

2.1. Animals 

Male albino mice weighing 20-30 g body weight 
were used. The animals were housed 10 per cage at 
room temperature (22-24°C) and a 12-h l ight/12-h 
dark cycle, with food and water ad libitum. 

drop of acetic acid and then diluted with saline. Nico- 
tine was administered 15 min prior to the retrieval test. 
Atropine, domperidone, hexamethonium and propra- 
nolol were administered 15 min, mecamylamine and 
SCH 23390 30 min, phenoxybenzamine 60 min, and 
sulpiride 90 min before nicotine injection. The doses of 
the drugs were adopted from our previous works (Zar- 
rindast et al., 1994, 1995). 

2.2. Passive avoidance task 2.5. Data analysis 

2.2.1. Apparatus 
The method used in this experiment is based on the 

method we used in our previous study (Zarrindast and 
Shafaghi, 1994). The passive avoidance apparatus con- 
sisted of a wooden box (30 x 30 × 40 cm high) with a 
steel-rod grid floor (29 parallel steel rods, 0.3 cm in 
diameter set 1 cm apart). A wooden platform (4 × 4 x 4 
cm) was set in the centre of the grid floor. Intermittent 
electric shocks (1 Hz, 0.5 s, 60 V DC) were delivered to 
the grid floor by an isolated stimulator. 

2.2.2. Training 
Each mouse was gently placed on the wooden plat- 

form. When the animal stepped down from the plat- 
form and placed all its paws on the grid floor, intermit- 
tent electric shocks were delivered continuously for 4 s. 

2.2.3. Retrieval testing 
24 h after training, each mouse was placed on the 

platform again, and the step-down latency was mea- 
sured with a stop watch as passive avoidance be- 
haviour. The latencies (s) indicated the level of re- 
trieval. An upper cut-off time of 300 s was set. 

The step-down latencies(s) are expressed as the 
median and interquartile ranges. The latencies indi- 
cated the level of retrieval. The data were analysed by 
Kruskal-Wallis non-parametric one-way analysis of 
variance (ANOVA) followed by Mann-Whitney's U- 
test. The locomotor activity of animals (counts /5  min) 
was analysed by Student's t-test. The criterion for 
statistical significance for all the tests was P < 0.05. 

3. Results 

3.1. Effect of  nicotine on retrieval in trained mice 

Fig. 1 shows the effect of nicotine administration on 
step-down latencies. Different doses of nicotine (0.1, 
0.25, 0.5, 1 and 1.5 mg/kg)  were administered inter- 
aperitoneally (i.p.) 24 h after training and 15 min 
before testing. Kruskal-Wallis one-way ANOVA re- 
vealed a significant drug effect, H(5) = 39.2, P < 0.001. 
Further statistical analysis with the Mann-Whitney U- 
test showed that different doses of nicotine (0.5, 1 and 
1.5 mg/kg)  caused a statistically significant increase in 

2.3. Locomotion 

The locomotor activity of each animal was measured 
individually with an activity meter, Animex, type S 
(LKB Farad). The locomotor activity of the animals 
was measured 30 min after propranolol or domperi- 
done and 15 min after nicotine administration for 5 
min. 

2.4. Drugs 

Nicotine (B.D.H. Chemicals, UK) and hexametho- 
nium bromide (Sigma, UK), atropine sulfate (E. Merck, 
Germany), sulpiride, SCH 23390 (R-(+)-8-chloro- 
2,3,4,5-tetrahydro-3-methyl-5-phenyl- 1 H-3-benzaze- 
pine-7-ol maleate), mecamylamine and domperidone 
(Research Biochemical, USA), propranolol (ICI, UK) 
phenoxybenzamine (Smith Kline and French, USA). 
The drugs were dissolved in saline, except for SCH 
23390, which was dissolved in a drop of lactic acid and 
sulpiride and domperidone, which were dissolved in a 
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Fig. 1. Effect  of n ico t ine  on the s tep-down la tencies  in the  re t r ieval  
test. D i f fe ren t  doses  of n ico t ine  were  admin i s t e r ed  in t r ape r i tonea l ly  
(i.p.) 24 h af ter  t r a in ing  and  15 before  the  r~tr ieval  test.  Each  poin t  is 
the  m e d i a n  and  in t e rqua r t i l e  r anges  for 10 mice.  *P < 0.001 com- 
p a r e d  to the  sa l ine - t r ea t ed  group.  
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step-down latencies on retrieval of passive avoidance 
learning. 

3.2. Effect of nicotinic and muscarinic receptor antago- 
nists in the presence or absence of nicotine on the step- 
down latency 

Animals were treated with saline (10 ml/kg) or 
mecamylamine (0.5 mg/kg,i.p.) 30 min before different 
doses of nicotine (0.1, 0.5 and 1 mg/kg) and were 
tested 15 min after nicotine injection. There was a 
significant difference between groups of animals which 
had been treated with mecamylamine alone or nicotine 
plus mecamylamine [H(3)=  13.54, P < 0.01, Kruskal- 
Wallis one-way A_NOVA]. Statistical analysis showed 
that mecamylamine decreased the effect of nicotine 
(0.5 and 1.0 mg/kg) significantly (Mann-Whitney's U- 
test). There was no significant difference between 
groups of animals which received mecamylamine alone 
or saline (Mann-Whitney's U-test) (Fig. 2). 

Table 1 shows the effect of different doses of 
mecamylamine, hexamethonium and atropine on the 
nicotine response. A significant difference was found 
between the animals pretreated with different doses of 
mecamylamine (0.1, 0.25, 0.5 and 1 mg/kg) or nicotine 
(0.5 mg/kg) [H(4) = 23.6, P < 0.001, Kruskal-Wallis 
one-way ANOVA]. Further analysis showed that a 
significant reduction in the nicotine-induced improve- 
ment of retrieval was obtained in animals treated with 
doses of 0.25, 0.5 and 1 mg/kg of mecamylamine. 
Mecamylamine alone did not change the step-down 
latencies at the doses used [H(4)=  1.088, P >  0.05, 
Kruskal-Wallis one-way ANOVA]. 

The step-down latencies of trained mice, that re- 
ceived either saline, atropine (2.5, 5 and 10 mg/kg, 
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Fig. 2. Effect of mecamylamine on the nicotine-induced improve- 
ment  of retrieval. Different doses of nicotine (0.1-1 mg/kg,  i.p.) 
were administered 24 h after training session. Saline (10 ml/kg,  i.p.) 
or mecamylamine (0.5 mg/kg,  i.p.) was administered 30 min before 
nicotine and step-down latencies were recorded 15 min after nicotine 
injection. Each value represents the median and interquartile ranges 
(n = 8). *P < 0.05, * *P < 0.01 different from saline + nicotine con- 
trol group. 

i.p.) or hexamethonium (0.01, 0.1 and 0.5 mg/kg) 15 
min prior to nicotine and nicotine (0.5 mg/kg) 15 min 
before the retrieval test are also presented in Table 1. 
Analysis of the responses shows that atropine H(3) = 
0.58, P > 0.05 or hexamethonium H(3) = 2.04, P > 0.05 
(Kruskal-Wallis one-way ANOVA) alone or in combi- 
nation with nicotine (atropine: H(3)=  2.55, P > 0.05; 
hexamethonium: H(3) = 0.66, P > 0.05) did not alter 
the step-down latencies significantly (Kruskal-Wallis 
one way ANOVA) compared with the those of saline 
or the saline-nicotine-treated group. 

Table 1 
Effects of nicotinic antagonist or antimuscarinic agents on the nicotine-induced improvement of retrieval 

Treatment Dose (mg/kg)  Latency to step-down (s) 

After saline After nicotine 
(0.5 mg/kg)  

Saline 10 ml /kg  80 (76- 84) 150 (131-178) 
Mecamylamine 0.1 64 (45 - 83) 140 ( 80-150) 
Mecamylamine 0.25 54 (40- 80) 110 (61 -115 )  
Mecamylamine 0.5 74 (47- 82) 60 ( 45-  77) 
Mecamylamine 1.0 78 (45- 85) 44 ( 25-  50) 
Saline 10 ml /kg  110 (75-165) 205 (122-246) 
Hexametonium 0.01 103 (84-120) 225 (150-250) 
Hexametonium 0.1 98 (90-120) 230 (155-300) 
Hexametonium 0.5 81 (60-115) 175 (155-223) 
Saline 10 ml /kg  85 (80- 95) 135 (115-205) 
Atropine 2.5 46 (27- 65) 188 (135-240) 
Atropine 5.0 90 (45-100) 150 (70 -240 )  
Atropine 10 56 (45- 98) 170 (80 -132 )  

Mice were administered nicotine (0.5 mg/kg,  i.p.) or saline (10 ml/kg,  i.p.) 24 h after the training session. Different doses of mecamylamine were 
administered 30 min and hexamethonium or atropine was injected 15 min before saline or nicotine injection. The step-down latencies were 
recorded 15 min after nicotine or saline injection. Each point represents the median and interquartile ranges for seven mice. a p < 0.01 different 
from nicotine control group. 
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3.3. Effects of dopamine receptor antagonists alone or in 
the presence of nicotine on step-down latencies of passive 
avoidance learning 

Table  2 indicates  the  effect  of  S C H  23390, sulpir ide 

and d o m p e r i d o n e  on the s tep-down latency of  the 

passive avoidance  response  and the effect  of  these  

agents  on the i m p r o v e m e n t  of  re t r ieval  induced  by 

nicot ine.  A N O V A  showed a significant d i f fe rence  be- 

tween  the response  induced  by nicot ine  plus SCH 

23390 and that  induced  by nicot ine  alone,  H(3)  = 8.51, 

P < 0.05. Analysis  of  the response  to the  drugs showed 

that  S C H  23390 (0.01, 0.05 and 0.1 m g / k g )  increased  

the response  to n icot ine  in the s tep-down passive 

avoidance  test  (Mann -Whi tney  U-test) .  Single adminis-  

t ra t ion of  S C H  23390 did not  elicit any response  H(3)  

= 0.3, P > 0.05. No  di f ferences  were  found be tween  

groups of  animal  which rece ived  sulpir ide a lone H(3)  

= 0.42, P > 0.05 or  in combina t ion  with n icot ine  H(3)  

= 3.3, P > 0.05. However ,  there  was a significant dif- 

f e rence  seen be tween  animals  admin is te red  domper i -  

done  or  saline H ( 2 ) =  7.6, P < 0.05. Whi tney ' s  U- tes t  

showed that  d o m p e r i d o n e  (10 m g / k g )  increased  the 

s tep-down latencies.  Admin i s t r a t ion  of  d o m p e r i d o n e  

before  nicot ine did not  a l ter  the response  induced  by 

nicot ine  H(2)  = 3.67, P > 0.05 (Kruskal-Wall is  one-way 

A N O V A ) .  

3.4. Effects of adrenoceptor antagonists alone or in the 
presence of nicotine on retrieval of the passive avoidance 
task 

Table  3 presents  the effects  of  p ropranolo l  and 

phenoxybenzamine  on passive avoidance  and also the 

effects  of  these  drugs on the retr ieval  improvemen t  
induced  by nicot ine.  Analysis  of  the effects of  p ropra-  

nolol with Kruskal-Wall is  one-way A N O V A  showed 

Table 2 
Effects of dopamine receptor antagonists on the nicotine-induced improvement of retrieval 

Treatment Dose (mg/kg) Latency to step down(s) 

After saline After nicotine 
(0.5 mg/kg) 

Saline 10 ml/kg 110 (75-165) 178 (140-260) 
SCH 23390 0.01 122 (60-155) 300 (160-300) b 
SCH 23390 0.05 89 (69-130) 300 (203-300) b 
SCH 23390 0.1 95 (60-105) 300 (210-300) b 
Saline 10 ml/kg 110 (75-140) 160 (135-195) 
Sulpiride 5 105 (82-125) 158 (105-160) 
Sulpiride 7.5 96 (75-120) 180 (110-185) 
Sulpiride 10 97 (55-125) 210 (150-250) 
Saline 10 ml/kg 90 (50-120) 164 (118-222) 
Domperidone 5 102 (50-113) 178 (115-180) 
Domperidone 10 220 (120-255) a 278 (187-280) 

Mice were administered nicotine (0.5 mg/kg, i.p.) or saline (10 ml/kg, i.p.) 24 h after the training session. Different doses of SCH 23390 were 
administered 30 min, sulpiride 90 min and domperidone 15 min prior to nicotine or saline administration. The step-down latencies were recorded 
15 min after nicotine or saline injection. Each point represents the median and interquartile ranges for seven mice. a p < 0.05 different from 
respective saline control group, b p < 0.05 different from nicotine + saline control group. 

Table 3 
Effects of a- and fl-adrenoceptors on the improvement of retrieval induced by nicotine 

Treatment Dose (mg/kg) Latency to step down(s) 

After saline After nicotine 
(0.5 mg/kg) 

Saline 10 ml/kg 88 (68-125) 182 (165-230) 
Propranolol 5 175 (85-180) 202 (127-240) 
Propranolol 7.5 164 (102-185) 163 (123-265) 
Propranolol 10 300 (180-300) a 300 (270-300) a 
Saline 10 ml/kg 110 (75-165) 240 (142-265) 
Phenoxybenzamine 1 105 (70-140) 210 (180-230) 
Phenoxybenzamine 5 110 (83-150) 220 (170-240) 
Phenoxybenzamine 10 230 (210-270) 200 (140-220) 

Mice were administered nicotine (0.5 mg/kg, i.p.) or saline (10 ml/kg, i.p.) 24 h after the training session. Different doses of phenoxybenzamine 
were administered 60 min and propranolol 15 min before saline or nicotine injection. The step-down latencies werd recorded 15 min after 
nicotine or saline injection. Each point represents the median and interquartile ranges for seven mice. a p < 0.01 different from respective 
control group. 
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that there was a significant drug effect between animal 
groups H(3) = 12.22, P < 0.01. Further  statistical anal- 
ysis by Mann-Whitney U-test revealed that the high 
dose of propranolol alone (10 mg/kg)  significally in- 
creased the step-down latencies. 

However, no difference was found in animals treated 
with phenoxybenzamine alone H ( 3 ) =  4.3, P >  0.05. 
Administration of propranolol 15 min before nicotine 
injection significantly altered the response induced by 
nicotine H(3) = 9.47, P < 0.05. Further  analysis showed 
that propranolol 10 m g / k g  increased the response 
induced by nicotine. Pretreatment  with the a-adrenoc- 
eptor antagonist phenoxybenzamine did not change the 
nicotine response significantly H ( 3 ) =  0.66, P >  0.05 
(Kruskal-Wallis one-way ANOVA). 

4. Discussion 

Nicotine was shown in this study to increase step- 
down latencies in a passive avoidance learning task in 
mice. The present data show that nicotine increased 
step-down latencies in a dose-dependent manner. Low 
doses of nicotine have been shown to increase locomo- 
tor activity (Clarke and Kumar, 1983; Cronan et al., 
1985). Locomotor  activity is a major problem in testing 
the effect of different agents on learning and memory 
and it has been suggested that this task is more reliable 
than other methods of memory and learning assess- 
ment in this respect (Ichihara et al., 1988). Nicotine in 
the dose used (0.5 mg/kg)  did not alter locomotion in 
our present study, and therefore the increase in step- 
down latencies induced by the drug is not due to a 
decrease in locomotion. However, a higher dose of the 
drug (1 mg/kg;  40.7 _+ 10.8; P < 0.05) decreased the 
locomotor activity significantly as compared with saline 
(155 + 19.5) (Student's t-test). The other drugs used in 
this study had no effect on locomotor activity (data not 
shown). The response obtained is not in agreement 
with the results of other  authors showing that nicotine 
produces a retrieval deficit in mice (Gillian and 
Schlessinger, 1985). 

The improvement of retrieval induced by nicotine 
was decreased by the nicotinic receptor antagonist 
mecamylamine (Martin et al., 1989), which may indi- 
cate that the nicotine response is mediated by nicotinic 
receptor mechanism(s). The results obtained by some 
investigators (Quartermain et al., 1988; Gozzani and 
Izquierdo, 1976) show that both peripheral and central 
mechanisms are involved in learning and memory pro- 
cesses. Since the peripheral nicotinic receptor antago- 
nist hexamethonium did not decrease the nicotine ef- 
fect, central nicotinic receptor sites may be involved. 

Nicotine has been shown to release a number of 
neurotransmitters (Balfour, 1982) including acetyl- 
choline (Chiou et al., 1970). A cholinergic mechanism 

has been proposed to be involved in memory (Harou- 
tunian et al., 1985). Since the antimuscarinic choliner- 
gic agent atropine failed to alter the nicotine-induced 
improvement of retrieval, the involvement of mus- 
carinic receptors in the response seems unlikely. 

There  is evidence that dopaminergic neurons pos- 
sess nicotinic receptors,  and nicotine enhances 
dopamine release by increasing neuronal firing and via 
a direct presynaptic action on terminals (Clarke, 1990). 
The present data indicate that the dopamine D~ recep- 
tor antagonist SCH 23390 (Hyttel, 1984) increased the 
effect of nicotine. It is possible that dopaminergic 
mechanisms exert a negative influence on the improve- 
ment of retrieval induced by nicotine. However, the 
antagonist alone did not elicit any response. SCH 23390 
may also bind with high affinity to 5-HT 2 receptors in 
the brain (Bischoff et al., 1986) and antagonize 5-HT 2 
receptor activation both centrally and peripherally (Bi- 
jak and Smialowski, 1989; Hicks et al., 1984). There- 
fore, to evaluate the present results, more studies may 
be required. Dopaminergic mechanisms have been 
shown to affect learning (Zarrindast et al., 1992; Bracs 
et al., 1984). The D 2 dopamine receptor antagonist 
sulpiride (Stoof and Kebabian, 1984) did not change 
the nicotine effect. Thus, the involvement of D 2 

dopamine receptor mechanism(s) seems unlikely. Sin- 
gle administration of domperidone improved recall. 
This may reflect the involvement of a peripheral 
dopamine mechanism in the task, although the antago- 
nist did not alter the nicotine effect. 

Although nicotine has been proposed to release 
catecholamines (Balfour, 1982) and adrenergic mecha- 
nisms have been shown to effect learning and memory 
processes (Quartermain et al., 1988), the a-adrenocep- 
tor antagonist phenoxybenzamine did not change the 
step-down latencies, thus a-adrenoceptor  mechanisms 
appear not to be involved in the nicotine-induced im- 
provement of retrieval. 

The /3-adrenoceptor antagonist propranolol in- 
creased the nicotine response. The antagonist alone 
also increased the retrieval of the learned task, which 
may not be in agreement with the report  (McGaugh et 
al., 1988) showing that /3-adrenergic activation en- 
hances memory. It seems unlikely that propranolol 
actually potentiated the effect of nicotine, and thus 
further studies are needed to elucidate the precise 
mechanism involved in the interaction between /3- 
adrenoceptor  and nicotinic mechanisms in the process 
of learning and memory. 
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