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 Objective(s):  The cholinergic system plays an important role in learning and memory. This study 
investigated the effects of curcumin (turmeric extract) and the cholinergic system and their interaction 
on memory retention of passive avoidance learning in adult male Wistar rats. 
Materials and Methods: At first, an injection cannula was implanted in right ventricles of the animals. 
One week after the surgery, the animals were trained with a shuttle box set up. Post-training, injections 
were performed in all experiments. Administration of curcumin increased memory retention. Also 
administrations of nicotine and pilocarpine, the cholinergic receptor agonists, increased memory 
retention, while it is decreased by succinylcholine and scopolamine, the cholinergic receptor 
antagonists. Then co-administration of curcumin and cholinergic drugs were performed. 
Intraperitoneal and intracerebroventricular injections were applied for the curcumin and cholinergic 
drugs, respectively. 
Results: Co-administration of curcumin (45 mg/kg) with a low dose of nicotine (0.1 µg/rat) or 
pilocarpine (0.5 µg/rat) increased memory retention significantly. Effects of succinylcholine (0.01, 0.1 
and 0.5 µg/rat) or scopolamine (0.1, 1 and 5 µg/rat) were attenuated by curcumin markedly (45 
mg/kg). 
Conclusion: The results suggest that curcumin has a close interaction with cholinergic system in 
memory retention process.  
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Introduction 
The role of cholinergic system in learning and 

memory was suggested for the first time by Carew et al 
in 1973 (1). Numerous studies have shown that central 
cholinergic system plays an important role in cognitive 
functions, and drugs affecting this system have been 
shown to change performance in tests of learning and 
memory (2-6). Alzheimr's disease (AD) is a progressive 
neurodegenerative dysfunction of central cholinergic 
system, which causes decrease in cognitive functions 
(7). Senile plaques, neurofibrillary tangles, and 
extensive neural loss are the main histological 
hallmarks observed in AD brains (8). It has been shown 
that the levels of acetylcholine (Ach) and 
acetylcholinetransferase (AChT) reduce in AD brain (9). 

Curcumin longa is a medicinal plant with a wide 
distribution throughout South and Southeast Asia, 
especially in Iran and India; turmeric is derived from 
the rhizome of this plant. Curcumin, the main part of 
turmeric, has neuroprotective effects on a variety of 
nervous system damage (10). It has been shown to 

be non-toxic and non-mutagenic and exhibits a wide 
spectrum of biological activities, especially anti-
oxidation, anti-inflammation, anti-cancer, anti-
apoptotic and anti-coagulation (11-13). Many studies 
have shown that curcumin is potent scavenger; it 
also improves learning and memory (14).  Curcumin 
may protect cells from the beta amyloid attack and 
subsequent oxidative stress-induced damage in the 
antioxidant pathway (15, 16). Antioxidants prevent 
the oxidative damage and improve learning and 
memory in animal models (17, 18), and exhibit a 
strong free radicals scavenging activity (19). Beta-
amyloid (Aβ), the most important constituent of 
senile plagues, increases free radical in AD brain 
(20). Free radicals cause phospholipid peroxidation, 
oxidative DNA damage and protein denaturation 
(21). By increasing H2O2, these free radicals reduce 
synaptic plasticity and inhibit long term potentiation 
(LTP) (22, 23). Curcumin shows antioxidant activity 
equivalent to vitamins C and E (24). It has been 
reported that curcumin crosses the blood-brain 
barrier and has anti-oxidant effects on the brain
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(25, 26). Therefore, the present study was designed to 
investigate the interaction between curcumin and 
cholinergic system on memory retention by behavioral 
studies to arrive at a conclusion. 
 
Materials and Methods 
Drugs 

Curcumin (Sigma, England), absolute ethanol 
(Hamoon, Iran), nicotin (Sigma, England), pilocarpine 
(Sigma, England), succinylcholine (Sigma, England), 
scopolamine (Sigma, England), chlorhydrate (Merk, 
Germany), and saline (Hamoon, Iran) were used in the 
present study.  

 
Animals 

Adult male Wistar rats (weighing 250 to 300 g) were 
housed at 24±2 °C in a controlled environment with a 
12:12 hr light: dark cycle, and they had access to 
standard laboratory food and water ad libitum. All rats 
were treated humanely and in compliance with the 
recommendations of the animals care committee for 
Lorestan University of Medical Sciences (Khorramabad, 
Iran).  

 
Drugs-preparation and administrations 

The powder of curcumin was dissolved in absolute 
ethanol and stored at -20 °C. For injection, it was 
administrated intraperitonealy (IP) at low, middle and 
high doses (5, 15 and 45 mg/kg). An insulin syringe 
was used to inject 0.2 ml of curcumin solution or 
vehicle (ethanol) IP. The cholinergic system drugs were 
dissolved in normal saline and applied (1 µl/rat) by 
intracerebroventricular injection (ICV). In the sham 
group, vehicle of cholinergic system drugs (%0.9 
Saline) and vehicle of curcumin (ethanol) were injected 
ICV and IP, respectively. 

 
Intracerebroventricular injection 

The rats were anaesthetized with chlorhydrate 
(400 mg/kg) and placed in a stereotaxic frame. The 
rat skull was orientated according to Paxinos and 
Watson stereotaxic atlas (27). The Bregma suture 
was located after a sagittal incision, and holes were 
drilled with an electrical drill at the following co-
ordination; 0.8 mm posterior to Bregma, 1.5 mm 
lateral to the sagittal suture and 3.7 mm ventral. A 
Hamilton syringe with a cannula of diameter of 0.3 
mm was used to inject 1 µl of solutions of cholinergic 
system drugs or vehicle (saline). The injection was 
carried out in the brain right ventricle at a rate of 1 µl 
per min.  

 
Behavioral study 

The effects of cholinergic drugs alone or in 
combination with curcumin on the rat behavior were 
studied by passive avoidance learning test. Studies 
were begun 24 hr after the injections.  

Passive avoidance learning apparatus 
The apparatus (shuttle box) consisted of equal 

sized light and dark compartment (30×20×30 cm), 
separated by a guillotine door (7×9 cm) that could be 
raised to 10 cm. The floor was made from stainless 
steel (2.5 mm in diameter) and connected to a shock 
stimulator. A single electrical shock (50 Hz, 2 sec, 
1mA intensity) was delivered to the grid floor of the 
dark compartment by a stimulator.  

 

Training 
A week after the surgery during which cannulas 

were implanted in the right ventricle, the animals 
were trained. Each animal was placed in the light 
compartment, and after 10 sec, the door was 
opened, and animals were allowed to enter a dark 
place. The habituation trial was repeated after 30 
min. It followed by the acquisition trial after an 
additional 30 min. Immediately after entering the 
rat to the dark chamber with all the four feet 
inside, the door was closed and an electrical foot 
shock (1 mA, 50 Hz, 2 sec) was delivered. After 20 
sec, the rats were removed from the dark chamber 
and returned to their own cages. Two minute later, 
the rats were re-tested in the same way. If the rats 
did not enter the dark compartment during 120 
sec, successful acquisition of passive avoidance 
response would be recorded (3). The drugs were 
administrated immediately after training.  

 

Retention test 
Twenty-four hr after training, the retention 

test was performed. Each rat was placed in the 
light compartment for 10 sec, then the door was 
opened and the latency to enter to the dark 
compartment was measured and termed "step 
through latency" time (STL). The test was 
concluded when the animal entered the dark 
compartment or remained in the light site for 600 
sec as an upper cut of time (3).  

 

Histological study 
After the step-through avoidance test, 1 µl of 

methylene blue solution (1%) was injected (ICV) to 
right ventricle. Then, the brains of rats were 
removed and were immersed in 4% neutral buffered 
paraformaldehyde for 24 hr. Then removed brains 
were cut to verify the site of injection.  

   
Statistical analysis 

Data were expressed as mean±standard error 
mean (SEM). The data of behavioral studies were 
analysed using one-way and two-way analysis of 
variance (ANOVA). If the F values were significant, 
the Tukey test was used to compare the 
experimental and control groups. P-values less than 
0.05 were considered to be statistically significant. 
All statistical analysis was performed using SPSS 
statistical software package version 19. 
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Table 1. Effect of different doses of cholinergic drugs on step through latency (mean±SEM) 
 

Control  60.83±3.52  
Sham (saline 1 µ/rat)  60.66±5.58  
Cholinergic drug (µg/rat) Low dose Middle dose High dose 
Nicotine (0.1, 0.5, 1) 75.66±3.83 85.50±5.95* 95.33±6.88*** 
Pilocarpine (0.1, 0.5, 1) 62.33±5.07 69±6.20 92.33±7.30** 
Succinylcholine (0.01, 0.1, 0.5) 66.83±4.51 19±3.68*** 12.83±1.81*** 
Scopolamine (0.1, 1, 5) 47.66±4.38 41.16±4.40 7.33±2.01*** 
* P<0.05, ** P<0.01 and *** P<0.001 significantly different from control and sham group (n=6) 
 

Results 
Effect of cholinergic drugs on memory retention in 
trained rats 

Performance of the rats in the step through latency 
is shown in Table 1. We found that administrating of 
nicotine at doses 0.5 and 1 µg/rat (F3, 20=7.83, P<0.001) 
and pilocarpine at dose 1 µg/rat (F3, 20=5.84, P<0.01) 
improved memory compared to the control and sham 
groups, significantly.  

Administration of succinylcholine as the 
antagonist of the cholinergic system in different 
doses (0.01, 0.1 and 0.5 µg/rat) showed that only low 
dose (0.01µg/rat) had no significant effect, but the 
other doses had significant effect on memory 
retention (F3, 20=45.27, P<0.001). Administration of 
scopolamine in 3 doses (0.1, 1 and 5 µg/rat) and its 
significant effect in high dose (5 µg/rat) on STL in 
comparison to the control and sham groups has been 
shown in Table 1 (F3, 20=23.39, P<0.001). 
 
Effects of co-administration of curcumin and 
cholinergic agonist on memory retention in 
trained rats 

We showed that administration of cholinergic 
agonist including nicotine at doses 0.5 and 1 µg/rat  
 

 
 

 
Figure 1. Effect of curcumin (5, 15 and 45 mg/kg) in the presence 
or absence a low dose of nicotine (0.1 µg/rat) on memory 
retention. Post-training injections of nicotine (ICV) at volume 1 
µl/rat and curcumin (IP) at volume 0.2 ml/rat were done and 
step-through latencies were tested 24 hr later. Each column 
represents the mean±SEM for six rats. ** P<0.01, *** P<0.001 
different from ethanol group. ++ P<0.01, +++ P<0.001 different 
from nicotine control group 

(P<0.05, P<0.001 respectively) and pilocarpine at 
dose 1 µg/rat (P<0.01) significantly improved 
memory in comparison to the control and sham 
groups (Table 1). 

Figure 1 shows the effect of curcumin and its 
interaction with nicotine on memory retention. 
Analysis of data by one-way ANOVA indicated that 
high dose of curcumin (45 mg/kg) improved the 
memory, and the difference in STL was significant 
between ethanol group, curcumin (5 and 15 mg/kg) 
groups and curcumin (45 mg/kg) group (F4, 25=8.67, 
P<0.01). Co-administration of curcumin (15 and 45 
mg/kg) and nicotine (0.1 µg/rat) had significant 
effect on memory retention (F7, 40=13.80, P<0.001).   

Analysis of data by two-way ANOVA showed the 
effect of curcumin (5, 15 and 45 mg/kg) in the 
presence or absence of low dose of nicotine (0.1 
µg/rat) on memory retention. Two-way ANOVA 
showed significant effects of administration of 
curcumin (5, 15 and 45 mg/kg), nicotine (0.1 µg/rat) 
and curcumin-nicotine within groups in Figure 1 (F1, 

48=28.74, P<0.001; F3, 48=20.2, P<0.001; F3, 48=2.42, 
P<0.05, respectively). 

When curcumin (5, 15 and 45 mg/kg) was 
injected with a low dose of pilocarpine (0.5 µg/rat),  
 

 
 

Figure 2. Effect of curcumin (5, 15 and 45 mg/kg) in the presence 
or absence a low dose of pilocarpine (0.5 µg/rat) on memory 
retention. Post-training injections of pilocarpine (ICV) at volume 1 
µl/rat and curcumin (IP) at volume 0.2 ml/rat were done and 
step-through latencies were tested 24 hr later. Each column 
represents the mean±SEM for six rats. ** P<0.01, *** P<0.001 
different from ethanol group. ++ P<0.01, +++ P<0.001 different 
from pilocarpine control group 
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Figure 3. Effect of curcumin (45 mg/kg) in the presence or 
absence of succinylcholine (0.01, 0.1 and 0.5 µg/rat) on memory 
retention. Post-training injections of saline or succinylcholine 
(ICV) at volume 1 µl/rat were done. Ethanol or curcumin (IP) was 
injected 5 min after them at volume 0.2 ml/rat and step-through 
latencies (STL) were tested 24 hrs later. Each column represents 
the mean±SEM for six rats. **P<0.01, ***P<0.001 different from 
saline group. +P< 0.05, +++P<0.001 different from succinylcholine 
control group 
 

the STL was increased significantly (F7, 40=31.29, 
P<0.001). Analysis of data by two-way ANOVA 
showed the significant effects of administration of 
curcumin (5, 15 and 45 mg/kg), pilocarpine (0.5 
µg/rat) and curcumin-pilocarpine within groups in 
Figure 2 (F1, 48=80.42, P<0.001; F3, 48=35.89, P<0.001; 
F3, 48=10.31, P<0.05, respectively). 
 
Effects of co-administration of curcumin and 
cholinergic antagonist on memory retention in 
trained rats 

We found that administration of cholinergic 
antagonist, including succinylcholine at doses 0.1 
and 0.5 µg/rat (P<0.001) and scopolamine at dose 5 
µg/rat (P<0.001) decreased memory retention in 
comparison to the control and sham groups, 
significantly (Table 1).     

Results showed that effects of succinylcholine (0.01, 
0.1 and 0.5 µg/rat) were attenuated by high doses of 
curcumin, and STL was increased markedly as 
compared to the succinylcholine sham group (F7, 

40=67.24, P<0.001) (Figure 3). Analysis of data by two-
way ANOVA showed the effects of administration of 
succinylcholine (0.01, 0.1 and 0.5 µg/rat), curcumin  
(45 mg/kg) and curcumin-succinylcholine within 
groups in Figure 3 (F1, 48=23.29, P<0.001; F3, 48=17.16, 
P<0.001; F3, 48=4.58, P<0.01, respectively). 

Figure 4 shows effect of scopolamine alone or in 
combination with curcumin on STL. Result indicated 
that co-administration of curcumin (45 mg/kg) and 
scopolamine (5 µg/rat) has a significant effect and 
increased memory in comparison to the sham group 

 
 

Figure 4. Effect of curcumin (45 mg/kg) in the presence or absence of 
scopolamine (0.1, 1 and 5 µg/rat) on memory retention. Post-training 
injections of saline or scopolamine (ICV) were done at volume 1 µl/rat. 
Ethanol or curcumin (IP) was injected 5 min after them at volume 0.2 
ml/rat and step-through latencies (STL) were tested 24 hr later. Each 
column represents the mean±SEM for six rats. *P<0.05, **P<0.01, 
***P<0.001 different from saline group. +++P<0.001 different from 
scopolamine control group  

 
(F7, 40=55.17, P<0.001) (Figure 4). Two-way ANOVA 
showed the effects of administration of scopolamine 
(0. 1, 1 and 5 µg/rat), curcumin (45 mg/kg) and 
curcumin-scopolamine within groups in Figure 4 (F1, 

48=86.57, P<0.001; F3, 48=95.46, P<0.001; F3, 48=4.41, 
P<0.01 respectively). 

 

Discussion 
This study showed that curcumin has a close 

interaction with cholinergic system and improves 
memory retention process in rats. In our studies, 
administration of curcumin at low, middle and high 
doses (5, 15 and 45 mg/kg) showed that low and 
middle doses (5 and 15 mg/kg) had no effects on the 
STL, but 45 mg/kg increases it, which indicates a 
significant increase in memory (Figure 1 and 2). In a 
previous study, Pan et al showed that curcumin at a 
dose of 200 mg/kg in mice and 20 to 40 µmol/L in 
cells was effective in blocking apoptosis, indicating 
that a low dose of curcumin may be effective in 
preventing Alzheimer's disease. They investigated 
the neuroprotective effect of curcumin on the 
memory of AD mice (14). Kumar et al showed that 
chronic treatment with curcumin ( 10, 20 and 50 
mg/kg) once daily for a period of 8 days beginning 4 
days prior to 3-Nitropropionic acid (3-NP) 
administration, dose-dependently improved the 3-
NP-induced motor and cognitive impairment (28). 
Several biological activities have been reported for 
curcumin (29)including, anti-inflammatory activity 
via down regulation of cyclo-oxygenase 2 and nitric 
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oxide synthase through suppression of NF-kappa B 
activation (30). These reports suggested that curcumin, 
as a natural antioxidant and a neuroprotectant              
against the neurodegenerative disorders, is a potential 
compound for the prevention and treatment of AD. 
There are reports on the central nervous system 
penetration of curcumin (31, 32). Curcumin also 
attenuated the neuropathological changes in the 
hippocampus and inhibited apoptosis (14). 

There is evidence indicating that the central 
cholinergic system play central roles in learning and 
memory processes mediated by both muscarinic and 
nicotinic receptors (33-36). The results of this                 
study suggest that administration of acetylcholine                 
agonist (pilocarpine and nicotine) increased learning 
and memory levels, but acetylcholine antagonist 
(scopolamine and succinylcholine) decreased them. 
Some studies have shown that during learning, the level 
of acetylcholine is increased in the amygdala, which 
plays an important role in memory consolidation (37). 
It appears that the cholinergic system is involved in 
mediating this process (37). The perfect performance of 
central cholinergic systems (nicotinic and muscarinic 
systems) is important for consolidation with shuttle 
box. Administration of acetylcholine agonist and 
antagonist via ICV affects the consolidation, in a dose-
dependent manner (3). Our results confirm their 
reports. 

The present study showed that co-administration of 
different doses of curcumin (5, 15 and 45 mg/kg) and a 
low dose of nicotine (0.1 µg/rat) or pilocarpine (0.5 
µg/rat) increased learning and memory levels (Figure 
1, 2). As shown in the result section, the effects of 
succinylcholine or scopolamine on memory were 
attenuated by curcumin (Figure 3, 4). It has been shown 
that curcumin could affect the AChE activation and 
increases the acetylcholine level in the hippocampus 
and frontal cortex (38). On the other hand, it has been 
shown that curcumin increases the expression of N-
Methyl-D-Aspartate (NMDA) receptor gene, and 
decreases time to reach the platform in the Morris 
water maze test. Perhaps reinforcing effects of 
curcumin on cognitive function in animals is related to 
the regulating expression of NMDA receptor genes (39). 
Therefore, multiple mechanisms may be involved in the 
improvement of the memory retention, such as, 
antioxidant activity of curcumin and its effects on 
acetylcholinesterase and expression of NMDA receptor 
genes.  
 

Conclusion 
In summary, our study suggests that there is a 

close interaction between curcumin and cholinergic 
system, and curcumin may have protective effects on 
cholinergic system. Varieties of mechanisms are 
suggested for its effect, such as increasing the release 
of acetylcholine and its antioxidant property. Further 
studies are required to clarify its mechanism. 
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