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Objective: Alzheimer’s disease is a popular neurodegenerative disorder which is growing in the elderly people. Exposure 
to environmental pollutant like aluminum could trigger or accelerate its involved mechanisms like tau phosphorylation. 
The current study will evaluate the effect of alone or co-administration of Citicoline or/and magnesium on the aluminum 
chloride induced memory impairment.
Methods: Male albino mice were randomly divided into different groups (n = 7). Memory impairment was induced 
via orally administration of 300 mg/kg Aluminum Chloride for 28 days. Based on respective group, animals received 
100, 250, 500 mg/kg of Citicoline or 50, 100, 150 mg/kg of Magnesium sulfate (MgSO4), intraperitoneally. In co-admin-
istration, 50 mg/kg of MgSO4 injected concomitantly with 100, 250, or 500 mg/kg of Citicoline. Rivastigmine (2 mg/kg 
intraperitoneally) was used as a positive control. Memory was evaluated using the Object Recognition Task (ORT) and 
Passive Avoidance Test (PAT).
Results: The studied doses of Citicoline or MgSO4 when administered individually showed significant increase in the 
discrimination index in ORT and latency time in the PAT compared to the Aluminium chloride (AlCl3) treated group. 
Concomitant injection of 50 mg/kg MgSO4 with the different doses of Citicoline strongly increased the above indices 
values in comparison to each alone.
Conclusion: The findings show, individual administration of Citicoline or MgSO4 inverted the AlCl3-induced memory 
impairment in a dose independent manner. The addition of MgSO4 to the Citicoline showed a synergistic effect in 
the PAT and likely additive effect in the ORT.

KEY WORDS: Citicoline; Magnesium; Aluminum chloride; Memory; Mice.

INTRODUCTION

Alzheimer’s disease (AD) is a most common neuro-
degenerative disorder determined by memory impair-
ment especially in elderly people [1]. It is associated with 
neuropathological and neurobehavioral changes in the 
patients. An important characteristic in AD is excessive 
production and accumulation of A peptide, the patho-
logical product of amyloid precursor protein (APP). It 

leads to large scale neuronal death, neural atrophy and 
the loss of synapses in the final phase of the disease [2,3]. 
Other well-known characteristic in AD is the decline in 
cholinergic activity especially in the limbic system includ-
ing hippocampus [2,4]. It is well established that the de-
crease in cholinergic markers and increase in enzyme re-
lated acetylcholine destruction occurs in AD [5,6]. Also it 
is reported that the level of metals like Zn, Cu, Fe, Mn, Mg 
are negatively or positively changed in AD [7,8].

Although the genetic plays a key role in the incidence 
of AD [9], the environmental available agents like toxins 
and air pollutants could trigger or accelerate its progress. 
A group of environmental contaminant consists of the 
heavy metals. One of the most important heavy metals 
which assumed related to the AD is Aluminium (Al) [10]. 
A large number of animal experiments and clinical studies 
reported the important role of Al in the etiology and 
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pathogenesis of AD [11-13]. Al is one of the most abun-
dant metal in the earth, so could infect human in different 
pathways [11-13]. It is documented that Al increases the 
extracellular A generation and its aggregation. Al can alter 
the Calcium homeostasis, decrease the cholinergic activity 
and reduce the level and function of the cholinergic medi-
ators which are the key neurochemistry processes in the 
learning and memory [6,13,14]. Also a permanent exposure 
to the Al will trigger the apoptotic process in the brain re-
gions especially the hippocampus [15]. In other words, Al 
could mimic the mechanisms responsible for the patho-
physiology of AD and will simulate AD in the lab animals. 

Although several groups of drugs are implicated in the 
treatment of AD, they will show a range of side effects and 
could not be full successful. A recommended scenario is 
the use of supplements for the prevention or the treatment 
of AD, alone or together with the common drugs. 

Combination therapy could decrease the essential 
doses of each agents and consequently reduce their dose 
dependent adverse effects. Also in some cases the use of 
multiple supplements make a completely different effect 
compared to when they are used separately [16]. 

Citicoline is a phosphatidylcholine precursor that sta-
bilizes the impaired cell membrane. Also it could supply 
the choline which is a vital precursor for acetylcholine 
production, the most important mediator in the learning 
and memory. Citicoline has successfully shown neuro-
protective effects in the treatment of dementia following 
several types of brain injury e.g.: brain trauma, stroke and 
other vascular events [17-19]. Also, many clinical stroke 
trials in humans have shown that Citicoline is the only 
drug with neuroprotective benefits [20].

Recently, a large randomized controlled trial study found 
no difference in recovery effects between Citicoline and 
placebo groups [21]. Also it has been evidenced that the 
combined administration of Citicoline with an acetylcho-
line esterase inhibitor like Rivastigmine lead to more ef-
fectiveness in slowing the Alzheimer’s progression com-
pare to when they administered alone [22]. This empha-
sizes that developing combinations of agents that show 
synergistic benefit with Citicoline is required to enhance 
its effect in brain injuries. 

Rare metals are other supplements could potentially 
show beneficial effects in AD. One of this metals which 
ranks as the micronutrient is Magnesium (Mg). It has been 
shown that Mg prevents synaptic loss and reverse cogni-

tive deficit in AD [23]. Mg shows neuro-protective prop-
erties and causes improving effect on memory impair-
ments. It also could prevent the brain damage following 
central nervous inflammation [24,25]. 

Although the neuroprotective and memory enhancing 
effects of Citicoline or Mg have been well documented, 
their combined effect is still unknown. Hence, the aim of 
current study is to investigate whether administering 
Citicoline and Mg together has a different improving effect 
on Aluminium chloride (AlCl3) induced cognitive dys-
function compared to when they administer individually. 

METHODS

Animals 
Adult male albino mice, weighing 25−30 g were pro-

vided from the animal house, Isfahan University of 
Medical Sciences. They were kept in the standard cages 
under normal conditions of temperature (25 ± 5°C), hu-
midity (60 ± 5%), and 12/12-h light/dark cycles. Mice 
were given food and water ad libitum. The experimental 
protocol was according to the international animal right 
guidelines and was approved by the Animal Ethics 
Committee of Isfahan University of Medial Science 
(IR.MUI.REC.1396.3.965). 

Chemicals and Agents
Citicoline was supplied from Sigma Aldrich (Taufkirchen, 

Germany). AlCl3 and Magnesium sulfate (MgSO4) were 
purchased from the Merck Company (Darmstadt, Germany).

Experimental Design 
Animals were randomly divided to the experimental 

groups, 6 mice in each. They were treated according to 
the following schedule: 

- The sham group: the mice were intact which received 
nothing

- The control group: animals were fed 1 ml distilled 
water by gavage and were daily injected saline intra-
peritoneally (i.p.) for 28 consecutive days

- The AlCl3 group: animals daily received 300 mg/kg 
AlCl3 by gavage and they were i.p. injected saline for 
28 consecutive days

- The Citicoline-treated groups: three groups of ani-
mals daily received 300 mg/kg AlCl3 by gavage then 
they were i.p. injected 100, 250, or 500 mg/kg 
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Citicoline for 28 days respective to their subgroup
- The magnesium-treated groups: three groups of ani-

mals daily received 300 mg/kg AlCl3 by gavage then 
they were i.p. injected 50, 100, or 150 mg/kg MgSO4 
for 28 days respective to their subgroup

- The combination-treated group: three groups of ani-
mals daily received 300 mg/kg AlCl3 by gavage then 
they were i.p. injected 50 mg/kg MgSO4 toghether 
with 100, 250, or 500 mg/kg Citicoline (on the other 
side) for 28 days respective to their subgroup

- The rivastigmine group: animals daily received 300 
mg/kg AlCl3 by gavage and they were i.p. injected 2 
mg/kg rivastigmine for 28 consecutive days

Behavioral Studies

Object Recognition Task (ORT)

The ORT procedure which previously was explained in 
details [26] was employed to evaluate the animal memory. 
In brief, its apparatus included a circular arena, two differ-
ent sets of objects including a massive aluminum cube 
and a massive aluminum cube with a tapering top. Each 
object was available in triplicate. The objects could not be 
displaced by mouse. 

24 hours after the end of treatments the animals under-
went the object recognition task. ORT consisted of three 
defined phases: a training session or first trial (T1), a train-
ing-test interval, and a test session or second trial (T2) last-
ing 5, 60 and 5 minutes respectively. During the T1 ani-
mals encountered two identical objects (A1 and A2) which 
were placed in a symmetrical position about 10 cm away 
from the wall. In the T2 trial they faced one identical and 
one novel object (A and B) to explore. Exploration was de-
fined as: directing the nose to the object at a distance of no 
more than 2 cm and/or touching the object with the nose. 
Sitting on the object was not considered exploratory 
behavior. The exploration time (seconds) for each object 
in each trial was recorded and the following memory in-
dicating factors were calculated.

e1: The total exploration time of both objects in the first 
trial (eA1 ＋ eA2)

e2: The total exploration time of both objects in the sec-
ond trial (eA ＋ eB)

d2: discrimination index (eB − eA) / (eB ＋ eA)
d2 is an index indicates the discrimination between the 

new and the familiar objects. Its value varies between ＋1 

and −1, where a positive score indicates more time spent 
with the novel object, a negative score indicates more 
time spent with the familiar object, and a zero score in-
dicates a null preference. In every section, animals who 
explored less than 10 seconds in the second trial (e2 ＜ 10) 
were deleted from the analysis.

Passive Avoidance Test (PAT)

PAT was used to evaluate the animals’ conditional 
memory [27]. Its apparatus consisted of two identical 
chamber with a metallic floor, light and dark chambers. 
There was a door between the chambers. The PAT proce-
dure was performed by three different phases: a habitu-
ation, a training and a test phase. In habituation session, 
the mouse was put inside the light chamber. After 6 sec-
onds the door was opened and the mouse was allowed to 
move freely to the dark chamber for 2 minutes. Immediately 
after the mouse entered the dark area, the door was closed 
and it was returned to the home cage. 30 minutes after the 
habituation phase, the training session took place. In that, 
the mouse was placed in the light chamber and allowed 
for 3 minutes to enter the dark ones. As soon as, the mouse 
arrived in dark part, the door was closed and an electric 
shock (1 mA for 3 seconds) was applied. 2 minutes later, 
the mouse was again placed in the light area. Failure to 
enter the dark area in 120 seconds was considered as suc-
cessful learning. If the animal entered the dark area, the 
shock was applied again. This process was repeated until 
the mouse learned not to enter the dark chamber. 24 
hours after the train phase, the test trial was done. In this 
trial the time lasted the animal entered the dark area 
called latency time was recorded and implicated as a 
memory indicating factor. 

Statistical Analysis
The data of different memory evaluating factors pre-

sented as mean ± standard error of the mean. The values 
were analyzed using one way analysis of variance 
(ANOVA). For statistical analysis the Graphpad Prism V.5 
software was used. For multiple comparisons we used the 
Tukey post-hoc tests. p ＜ 0.05 were considered statisti-
cally significant.
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Fig. 1. Effects of different doses of Citicoline (100, 250, 500 mg/kg) 
on d2 index in Object Recognition task. The d2 index values have 
been shown for the studied group. The data represent as means ±
standard error of mean of 7 mice per group. AlCl3 was orally 
administrated for 28 days. Citicoline was injected intraperitoneally 
for 28 consecutive days. 
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride.
***p ＜ 0.001 vs. AlCl3-treated group. #p ＜ 0.001 vs. control vehicle 
treated group (Tukey test).

Fig. 2. Effects of different doses of MgSO4 (50, 100, 150 mg/kg) on 
d2 index in Object Recognition task. The d2 index values have been 
shown for the studied groups. The data represent as means ± standard 
error of mean of 7 mice per group. AlCl3 was orally administrated for 
28 days. MgSO4 was injected intraperitoneally for 28 consecutive 
days. 
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride; MgSO4, Magnesium sulfate.
***p ＜ 0.001 vs. AlCl3-treated group. #p ＜ 0.001 vs. control vehicle 
treated group (Tukey test).

RESULTS

Effect of Different Doses of Citicoline on the d2 Factor 
in ORT 

Administration of AlCl3 at the dose of 300 mg/kg sig-
nificantly decreased the d2 index to the negative value 
compared to the control group. All of the experimented 
doses of Citicoline, 100, 250, or 500 mg/kg, remarkably 
inverted the d2 value compared to the AlCl3-treated ani-
mals and increased it to the normal level. There was no 
statistical difference between the applied doses of Citicoline. 
The injection of 2 mg/kg Rivastigmine significantly in-
creased the d2 index up to normal level in comparison 
with the AlCl3 treated group (Fig. 1).

Effect of Different Doses of MgSO4 on the d2 Factor in 
ORT

As shown in Figure 2 the injection of 50, 100, or 150 
mg/kg MgSO4 significantly increased the d2 index in 
AlCl3 treated animals up to the control level. There was 
no statistical differences between the studied doses of 
MgSO4 in the d2 index. Rivastigmine at the dose of 2 
mg/kg encountered the decreasing effect of AlCl3 in d2 

index.

Effect of Co-treatment of Citicoline and MgSO4 in 
Mice on the d2 Factor in ORT

Co-administration of 100, 250, or 500 mg/kg of 
Citicoline with 50 mg/kg MgSO4 significantly increased 
the d2 factor compared to the respective Citicoline in-
dividual treated group (p ＜ 0.001, p ＜ 0.05, p ＜ 0.001 
respectively). Co-administartion of 50 mg/kg MgSO4 with 
100, 250, or 500 mg/kg of Citicoline remarkably in-
creased the d2 factor compared to when 50 mg/kg MgSO4 
injected alone (p ＜ 0.001). There is no statistically differ-
ences between the doses of Citicoline in co-treatment 
with MgSO4 (Fig. 3).

Effects of Different Doses of Citicoline on the Latency 
Time in Passive Avoidance Test

Oral consumption of AlCl3 decreased the latency time 
showed by mouse in passive avoidance (p ＜ 0.001). 500 
mg/kg Citicoline significantly increased the latency time 
in comparison to the AlCl3-treated animals (p ＜ 0.001). 
100 or 250 mg/kg Citicoline did not show a difference in 
the latency time compared to the AlCl3 treated group. 
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Fig. 3. Effects of co-administration of Citicoline (100, 250, 500 
mg/kg) and MgSO4 (50 mg/kg) on d2 index in Object Recognition 
task. The d2 index values have been shown for the studied group. The 
data represent as means ± standard error of mean of 7 mice per group. 
AlCl3 was orally administrated for 28 days. Citicoline and MgSO4 
were injected intraperitoneally for 28 consecutive days.
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride; MgSO4, Magnesium sulfate.
ap ＜ 0.001 vs. AlCl3-treated group. ***p ＜ 0.001 vs. MgSO4-treated 
group. #p ＜ 0.001 vs. control vehicle treated group. $p ＜ 0.05, $$$p
＜ 0.001 vs. respective Citicoline treated group (Tukey test).

Fig. 4. Effects of different doses of Citicoline (100, 250, 500 mg/kg) 
on the latency time in Passive Avoidance test. The latency index 
values have been shown for the studied group. The data represent as 
means ± standard error of mean of 7 mice per group. AlCl3 was orally 
administrated for 28 days. Citicoline was injected intraperitoneally 
for 28 consecutive days. 
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride.
***p ＜ 0.001 vs. AlCl3-treated group. #p ＜ 0.001 vs. control vehicle 
treated group (Tukey test).

Rivastigmine completely inverted the AlCl3-decreased la-
tency time almost to the normal level (Fig. 4).

Effects of Different Doses of MgSO4 on the Latency 
Time in Passive Avoidance Test 

Injection of 50, 100, or 150 mg/kg MgSO4 statistically 
increased the latency time in passive avoidance test in 
comparison to the AlCl3 treated group (p ＜ 0.05). There 
is no differences between the different studied doses of 
MgSO4 in latency time (Fig. 5). 

Effects of Co-administration of Citicoline and MgSO4 
on Latency Time in Passive Avoidance Test 

As shown in Figure 6, co-administration of MgSO4 with 
100, 250, or 500 mg/kg Citicoline remarkably increased 
the latency time compared to the groups which received 
respective dose of Citicoline, individually (p ＜ 0.001). 
However the co-treatment of Citicoline and MgSO4 sig-

nificantly increased the latency time in comparison to 
alone MgSO4 administration (p ＜ 0.001). 

DISCUSSION

The present study evaluated the effect of Citicoline and 
Magnesium when administered alone or in combination 
on the memory of mice. It was observed, the ingestion of 
AlCl3 led to memory impairment in mice both in ORT and 
in passive avoidance test. This is consistent with the pre-
vious studies which demonstrated Aluminum is accumu-
lated in the hippocampus and cortex-the most important 
sites of memory and learning [3,28]. A specific high affin-
ity receptor for transferrin available in the BBB is respon-
sible for the Aluminum entrance into the brain [29]. These 
studies showed memory deterioration will occur follow-
ing the chronic intake of AlCl3 [6]. It is considered that a 
wide range of mechanisms are involved in the Al-induced 
memory impairment. The overexpression of APP, A, nu-
clear factor-B, the increased AChE activity, the increase 
in nitric oxide release, oxidative stress and lipid perox-
idation and consequently neuronal apoptosis are the 
common reported mechanisms for AlCl3 cognitive 
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Fig. 5. Effects of three different doses of MgSO4 (50, 100, 150 
mg/kg) on latency index in Passive Avoidance test. The latency index 
values have been shown for the studied group. The data represent as 
means ± standard error of mean of 7 mice per group. AlCl3 was orally 
administrated for 28 days. MgSO4 was injected intraperitoneally for 
28 consecutive days. 
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride; MgSO4, Magnesium sulfate.
*p ＜ 0.05, ***p ＜ 0.001 vs. AlCl3-treated group. #p ＜ 0.001 vs. con-
trol vehicle treated group (Tukey test).

Fig. 6. Effects of co-administration of Citicoline (100, 250, 500 
mg/kg) and MgSO4 (50 mg/kg) on latency time in Passive Avoidance 
test. The latency index values have been shown for the studied group. 
The data represent as means ± standard error of mean of 7 mice per 
group. AlCl3 was orally administrated for 28 days. Citicoline and 
MgSO4 were injected intraperitoneally for 28 consecutive days. 
RVT, rivastigmine injected intraperitoneally for 28 days at the dose of 
2 mg/kg; AlCl3, Aluminium chloride; MgSO4, Magnesium sulfate.
ap ＜ 0.05 vs. AlCl3-treated group. #p ＜ 0.001 vs. control vehicle 
treated group (Tukey test).toxicity. In addition displacement of calcium hemostasis 

as a vital ion in neural processes is other important mech-
anism for AlCl3 memory deterioration [4,6,13,14,30]. 
Rivastigmine function as a well-known anti-Alzheimer 
drug in the current memory evaluating methods states the 
ORT and PA tests are reliable methods for the measure-
ment of memory in this study [31].

Our results showed, the administration of Citicoline in 
different doses improved the AlCl3-induced memory im-
pairment to the normal level in ORT. This improving ef-
fect was statistically equal for all the studied doses of 
Citicoline. In other words there was no dose dependency 
in this manifestation for Citicoline. In the passive avoid-
ance test a significant improving effect was observed only 
at the high dose (500 mg/kg) of Citicoline. The observed 
effects related to Citicoline are consistent with the pre-
vious studies reported the beneficial effects of Citicoline 
in behavioral activity. For example, Abdel-Zaher et al. 
[17], showed Citicoline protects the neurons against the 
aluminum induced destructions and improves its con-
sequent memory impairment. Different mechanisms con-
cern to the memory toxicity of Aluminum lead to the de-
struction of cytoplasmic membrane of neurons and im-
pairment of their integrity [13,14]. Citicoline as a pre-

cursor of choline is implicated to synthesis phosphati-
dylcholines as well as acetylcholine. Phosphatidylcholines 
are a class of phospholipids which are a major compo-
nent of biological membrane [32,33]. Citicoline improves 
the AlCl3-induced memory impairment likely via the re-
pair of cytoplasmic membrane by increase the formation 
of Phosphatidylcholine. In addition it can increase the lev-
el of acetylcholine and recompense the Aluminum in-
duced acetylcholine esterase hyperactivity [22]. Citicoline 
could prevent the Aluminum-induced glutamate and NO 
formation and consequently encounter the neuronal oxi-
dative stress and apoptosis [17,19].

We showed, MgSO4 in all studied doses significantly 
reversed the AlCl3-diminushed memory to the normal 
level. Although this useful effect occurred both in the ORT 
and the passive avoidance test, it was more prominent in 
the ORT method. The improving effect began following 
administration of 50 mg/kg MgSO4 and there was no sig-
nificant difference compared to higher administered doses. 
The current obtained effects of MgSO4 on the memory are 
consistent with several studies which express improving 
effect of magnesium on the memory impairments. Nootarki 
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et al. showed, magnesium plays a neuro-protective role 
and improve the atropine induced memory deterioration 
in mice [24]. Lamhot et al. [25] reported that magnesium 
therapy prevents white and gray matter damages caused 
by mother’s inflammatory lesions. Also because of the de-
pleted level of magnesium in Alzheimer disease, its ad-
ministration is highly recommended. It has been proven 
that elevation of magnesium prevents synaptic loss and 
reverses cognitive deficits in mouse model of AD [23]. It 
seems that displacement of Aluminum by magnesium is 
an important reason responsible for its protective effects 
in aluminum induced destructions. Magnesium alter-
natively could play the role of calcium in some biological 
process including learning and memory. In addition it has 
been reported that magnesium could show cholinomi-
metic effects and improve the cholinergic pathways activities 
[34]. There are evidences which illustrated Magnesium 
stabilizes the blood brain barrier and increases its integrity 
[35]. The last mechanism could limit the aluminum ac-
cess to the central nervous system.

An interesting outcome of present study was that the 
improving effect on Al-induced memory impairment sig-
nificantly increased after combined Citicoline and 
MgSO4 treatment in both ORT and PA methods. In the 
ORT, the memory improving effect of Citicoline plus 
MgSO4 was statistically better than alone Citicoline or 
MgSO4 administration, while we actually found their 
combination synergistically elevated the conditional 
memory in the PA. It can be assumed that the combina-
tion therapy of Citicoline and MgSO4 will trigger more ef-
fective pathways or augment different mechanisms in the 
Al-treated mice. It also could be supposed that Citicoline 
facilitates the Magnesium involving mechanisms in con-
comitant administration. Also the improvement of 
Citicoline incorporation in cytoplasmic membrane by 
Magnesium could be responsible for the more increasing 
effects in combination treatment. More studies are need-
ed to determine the underlying molecular mechanisms of 
memory enhancement effects following co-admin-
istration of Citicoline and MgSO4.

The findings show Citicoline prevented the memory 
impairment caused by AlCl3. MgSO4 also inverted the 
destructive effects of AlCl3 on the memory. Interestingly, 
the concomitant administration of Citicoline and MgSO4 
led to synergistic effect in the PAT and likely additive ef-
fect in the ORT in comparison to when they administered 

alone.
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