Metab Brain Dis (2017) 32:87-95
DOI 10.1007/s11011-016-9887-x

@ CrossMark

ORIGINAL ARTICLE

Curcumin improves episodic memory in cadmium induced
memory impairment through inhibition of acetylcholinesterase
and adenosine deaminase activities in a rat model
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Abstract Curcumin, the main polyphenolic component of tur-
meric (Curcuma longa) thizomes has been reported to exert
cognitive enhancing potential with limited scientific basis.
Hence, this study sought to evaluate the effect of curcumin on
cerebral cortex acetylcholinesterase (AChE) and adenosine de-
aminase (ADA) activities in cadmium (Cd)-induced memory
impairment in rats. Animals were divided into six groups
(n = 6): saline/vehicle, saline/curcumin 12.5 mg/kg, saline/
curcumin 25 mg/kg, Cd/vehicle, Cd/curcumin 12.5 mg/kg,
and Cd/curcumin 25 mg/kg. Rats received Cd (2.5 mg/kg)
and curcumin (12.5 and 25 mg/kg, respectively) by gavage
for 7 days. The results of this study revealed that cerebral cortex
AChE and ADA activities were increased in Cd-poisoned rats,
and curcumin co-treatment reversed these activities to
the control levels. Furthermore, Cd intoxication in-
creased the level of lipid peroxidation in cerebral cortex with
a concomitant decreased in functional sulfuhydryl (—SH)
group and nitric oxide (NO), a potent neurotransmitter and
neuromodulatory agent. However, the co-treatment with
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curcumin at 12.5 and 25 mg/kg, respectively increased the
non-enzymatic antioxidant status and NO in cerebral cortex
with a decreased in malondialdehyde (MDA) level. Therefore,
inhibition of AChE and ADA activities as well as increased
antioxidant status by curcumin in Cd-induced memory dys-
function could suggest some possible mechanism of action for
their cognitive enhancing properties.

Keywords Curcumin - Cadmium - Cerebral cortex -
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Introduction

Cadmium (Cd) is a noxious environmental contaminant of con-
tinuing great toxicological concern worldwide (Johri et al.
2010). It is a highly accumulative toxicant with very long bio-
logical half-life of over 20 years (Johri et al. 2010). It has been
reported that Cd can enter into the food chain since it is not
degraded in the environment and this is one of the main route of
exposure in humans (Olsson et al. 2002). In this way, the
prolonged exposure to Cd has been linked to toxic effects trig-
gered by the accumulation of this metal in a variety of structures
of the central nervous system (CNS) (Sinha et al. 2009).
Studies have shown that Cd is able to cross the blood—brain
barrier (BBB) and accumulate in the brain (Sinha et al. 2009)
leading to cerebral edema, impairment of attention, learning and
memory as well an increase in aggressive and anxiogenic-like
behaviors and also worsening of the synaptic neurotransmission
and the antioxidant levels (Mendez-Armenta et al. 2001, 2003;
Goncalves et al. 2010; Abdalla et al. 2014). In addition, Cd can
cause changes in key enzymes of the CNS involved in main-
taining the levels of important neurotransmitter and neuropro-
tective agent (Goncalves et al. 2010, 2012; Abdalla et al. 2014).
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Acetylcholine (ACh) is a neurotransmitter with an important
role in many functions of both the peripheral and central ner-
vous systems acting in the learning and memory processes as
well as locomotor control and cerebral blood flow (Goncalves
et al. 2010, 2012; Deiana et al. 2011; Klinkenberg et al. 2011).
ACh levels in synaptic cleft are regulated by AChE activity. It
has been shown that the AChE activity is implicated in cell
proliferation and neurite outgrowth (Chacon et al. 2003).
Interestingly, AChE responds to various insults including oxi-
dative stress, an important event that has been related to the
pathogenesis and progression of a variety of CNS disorders
(Chacon et al. 2003). Thus, this enzyme is a target for the
emerging therapeutic strategies to treat cognitive disorders like
Alzheimer’s disease (AD) (Shen et al. 2011).

Furthermore, the enzyme adenosine deaminase (ADA) also
plays an important role in synaptic neurotransmission. It cat-
alyzes the irreversible hydrolytic deamination of adenosine to
inosine thereby depleting the level of adenosine production in
the brain. Adenosine, a purine ribonucleoside, exhibits
neuromodulatory and neuroprotective effects in the brain
and is involved in memory formation and cognitive
function Recently, it has been hypothesise that inhibition of
ADA activity is considered a good therapeutic approach for
preventing cognitive dysfunction (Bauerle et al. 2011; Ramani
etal. 2012).

To combat against Cd-induced memory impairment, anti-
oxidant compounds have been implicated to play an important
role in the neuroprotection against the establishment of oxida-
tive stress. Curcumin is the principal natural polyphenol
curcuminoid of the spice turmeric (Curcuma longa), a mem-
ber of the ginger family (Zingiberaceae) (Anamika 2012).
Curcumin has a wide spectrum of therapeutic properties and
it has been shown to possess antioxidant, anti-inflammatory,
anticancer and anti-Alzheimer’s properties (Strimpakos and
Sharma 2008). In addition, a number of studies have demon-
strated cognitive enhancing properties of curcumin (Pan et al.
2008; Reeta et al. 2009; Tang et al. 2009). Nevertheless, lim-
ited information is available on their mechanism of action,
hence, this study evaluated the possible protective effects of
this compound in memory-like behavior, antioxidative status,
AChE and ADA activities in Cd exposed rats.

Materials and methods
Chemicals

Cadmium sulfate was obtained from Oxford Laboratory,
Mumbai, India and solubilized in normal saline. Curcumin,
acetylthiocholine iodide, adenosine and malondialdehyde
were purchased from Sigma—Aldrich, St. Louis, MO, USA.
All other reagents were of analytical grade and the water used
was glass distilled.
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Animals and experimental design

About twelve weeks old adult male albino rats (weighing
150-180 g) were obtained from the animal breeding unit at
College of Medicine, Afe Babalola University, Nigeria and
were housed in cages, at room temperature 25-28 °C, relative
humidity 60-70 %, and 12 h light/dark cycle. Food (pellet rat
chow) and water were available ad libitum. Animals were
cared according to US National Institute of Health (NIH) eth-
ical guidelines. After two weeks of acclimatization, animals
were divided randomly into six groups of 6 animals each:
group 1 received saline plus vehicle, group 2 received
saline plus curcumin 12.5 mg/kg, group 3 received sa-
line plus curcumin 25 mg/kg, group 4 received Cd plus
vehicle, group 5 received Cd plus curcumin 12.5 mg/kg
and group 6 received Cd plus curcumin 25 mg/kg. In
the present study, the rats received Cd in the form of Cd sulfate
at a dosage of 2.5 mg/kg, i.p (Zalups and Ahmad 2003). The
choice of Cd dosage was according to Goncalves et al. (2012)
where it induce memory damage while the choice of the
curcumin doses (12.5 and 25 mg/kg) was made based on
previous works which obtained beneficial results of this com-
pound in brain of rats. Both solutions were administered for a
period of 7 days. Curcumin was administered 30 min after Cd
and the solutions were freshly prepared. Cd was diluted in
saline and the curcumin in 1 % ethanol and both were admin-
istered (1 mL/kg).

It is important to note that controls were performed to cor-
rect for vehicle (1 % ethanol) interference. However, no sig-
nificant differences between the results obtained to the vehicle
(1 % ethanol) and to the control (saline) were observed in the
parameter analyzed in this study (data not shown).

After the treatment period, animals were fasted overnight
and sacrificed 24 h by cervical dislocation. The whole brains
were quickly excised and washed in cold saline solution, blot-
ted on filter papers to remove adhering blood, and the cerebral
cortex was isolated and homogenized in 100 mM potas-
sium phosphate, pH 7.5. The homogenates were centri-
fuged at 10,000xg for 20 min at 4 °C, and the supernatant was
used for the subsequent enzymatic assays. Treatment protocol
was in accordance with the ethical requirement of the Animal
Use and Care Committee of Afe Babalola University, Ado -
Ekiti, Nigeria.

Behavioural evaluation
Novel objects recognition (NOR) test

The novel object recognition test is a behavioural test for non-
spatial working memory in rats. It consist of two sessions; first
trial (T1) and the second trial (T2). The two trials were sepa-
rated by an inter-trial interval of 3 h. In T1, each rat was put in
the test box (22.5 x 24.5 x 11.0 cm), in which two identical
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objects (truncated cone: diameter, 4.5 and 6.0 cm; height,
3.5 cm) were placed at two adjacent corners, and the time
spent exploring each object was measured for 5 min. During
training, the animals explored between 40 and 60 % of the
time on each object. Immediately after T1, rats received saline
or Cd (2.5 mg/kg, i.p.). In T2, a novel object replaced the
object explored less by the mouse in T1, and the time spent
exploring the familiar object (F) and the novel object (N) was
recorded for 5 min. Objects were made of odourless plastic
and similar in size. Between each trial, the objects and the field
were cleaned. The total time spent sniffing or touching each
object with the nose and/or forepaws were recorded.
Recognition memory index was calculated by a discrimina-
tion index (%) using the method of Adeniyi et al. (2016).

Memory Index (%)
= ([(Tnovel-Tfamiliar) /(Tnovel 4+ Tfamiliar)] x 100)

Biochemical evaluation
Determination of acetylcholinesterase (AChE) activity

The AChE enzymatic assay was determined using a modifica-
tion of the spectrophotometric method of Ellman et al. (1961) as
previously described by Akinyemi et al. (2016). The reaction
medium (2 mL final volume) contained 100 mmol/L of K*-
phosphate buffer, pH 7.5, and 1 mmol/L of 5,5'-
dithiobisnitrobenzoicacid. The method is based on the forma-
tion of the yellow anion, 5,5’dithio-bis-acid-nitrobenzoic,
measured by absorbance at 412 nm during 2-min incubation
at 25 °C. The enzyme (40-50 pg of protein) was pre-
incubated for 2 min. The reaction was initiated by adding
0.8 mmol/L of acetylthiocholine iodide. All samples were run
in triplicate, and enzyme activity was expressed in micromole
acetylthiocholine (AcSCh) hydrolysed per hour per milligram
of protein.

Determination of adenosine deaminase (ADA) activity

ADA activity determination was performed as described by
Guisti and Galanti (1984) which is based on the direct
measurement of the formation of ammonia, produced when
adenosine deaminase acts in excess of adenosine. In brief,
50 pL of cerebral cortex homogenate reacted with 21 mmol/
L of adenosine, pH 6.5, and was incubated at 37 °C for
60 min. The protein content used for the experiment was
adjusted to between 0.7 and 0.9 mg/mL. Results were
expressed in units per liter (U/L). One unit (1 U) of ADA is
defined as the amount of enzyme required to release 1 mmol
of ammonia per minute from adenosine at standard assay
conditions.

Measurement of nitric oxide (NO)

NO content in tissue homogenates was estimated in a medium
containing 400 puL of 2 % vanadium chloride (VCl;) in 5 %
HCI, 200 pL of 0.1 % N-(l-naphthyl)ethylene-
diaminedihydrochloride, 200 uL of 2 % sulfanilamide (in 5 %
HCI). After incubating at 37 °C for 60 min, nitrite levels, which
corresponds to an estimative of levels of NO, were determined
spectrophotometrically at 540 nm, based on the reduction of
nitrate to nitrite by VCl; (Miranda et al. 2001). Cerebral cortex
nitrite and nitrate levels were expressed as nanomole of NO/mg
of protein.

Determination of total thiol (TSH) content

Total thiol (TSH) content was determined according to the
method previously described by Ellman (1959). Briefly, the
reaction mixture consisted 40 pL of cerebral cortex homoge-
nate, 10 uL of 10 mM DTNB and 0.1 M potassium phosphate
buffer (pH 7.4) in a final volume of 200 pL.. The mixture was
incubated for 30 min at ambient temperature and then read the
absorbance at 412 nm using a SpectraMax plate reader
(Molecular Devices, CA, USA). A standard curve was plotted
for each measurement using cysteine as a standard and the
results expressed as pmol/mg protein.

Determination of non-protein thiols (NPSH) content

NPSH levels were determined by the method of Ellman (1959).
Briefly, an aliquot of cerebral cortex homogenate was mixed
(1:1) with 10 % trichloroacetic acid (TCA). Subsequent to pre-
cipitation of protein, the resulting solution was centrifuged at
10,000xg for 5 min at 4 °C and the free SH groups were deter-
mined in the supernatant. The reaction mixture consisting 50 puL
of sample, 450 uL phosphate buffer and 1.5 mL of 0.1 mM of
5,5'-dithiobis 2-nitro benzoic acid was incubated for 10 min at
37 °C. The absorbance was measured at 412 nm using a
SpectraMax plate reader (Molecular Devices, CA, USA).
NPSH levels were expressed as pmol/mg of protein.

Lipid peroxidation

Lipid peroxidation was determined as the formation of thio-
barbituric acid reactive substances (TBARS) during an acid-
heating reaction according to Ohkawa et al. (1979). Briefly,
the reaction mixture consisting 200 pL of tissue homogenates
or standard (0.03 mM MDA), 200 pL of 8.1 % sodium dode-
cyl sulfate (SDS), 500 puL of 0.8 % thiobarbituric acid (TBA)
and 500 pL of acetic acid solution (2.5 M HCI, pH 3.4) was
heated at 95 °C for 1 h. The absorbance was measured at
532 nm using a SpectraMax plate reader (Molecular
Devices, CA, USA). TBARS tissue levels were expressed as
pmol MDA produced/mg of protein.
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Protein content

Protein was measured by the coomassie blue method accord-
ing to Bradford (1976) using serum albumin as standard.

Statistical analysis

All data were expressed as mean = S.E.M. The statistical anal-
ysis used was one-way and two-way ANOVA, followed by
Duncan’s multiple range tests, p < 0.05 was considered to
represent a significant difference in both analyses used.

Results

Effect of curcumin on non-spatial memory decline in novel
object recognition (NOR) test in Cd exposed rats

The result of the effect of curcumin on memory in NOR test in
Cd exposed rats is presented in Fig. 1. The result clearly
showed a significant (P < 0.05) decrease in memory of rats
exposed to Cd when compared with control. However,
curcumin at both dosage (12.5 and 25 mg/kg) prevent a de-
cline in memory of rats exposed to Cd. Nevertheless,
curcumin did not alter memory in normal rats when compared
with control.

Effect of curcumin on acetylcholinesterase (AChE)
and adenosine deaminase (ADA) activities in Cd exposed
rats

The activities of AChE and ADA in the cerebral cortex of the
experimental animals exposed to Cd and co-treated with
curcumin (12.5 and 25 mg/kg) are shown in Figs. 2 and 3.
The results revealed that Cd administration altered cerebral
cortex AChE and ADA activities by causing a significant
(P < 0.05) increase in their activities when compared to the
control rats. However, co-treatment with curcumin (12.5
and 25 mg/kg) prevented these alterations by inhibiting the
activities of AChE and ADA when compared to the Cd-
exposed rats.

Effect of curcumin on nitric oxide (NO), total
and non-protein thiol and malondialdehyde (MDA) levels
in Cd exposed rats

Figures 4-6 depicts the effect of curcumin on NO, total thiol
and MDA levels in cadmium (Cd) induced memory impair-
ment in rats. Exposure to Cd caused a significant decrease
(p < 0.05) in cerebral cortex NO and thiol levels with a con-
comitant increase in MDA level when compared to the control
(Figs. 4-6). However, treatment with curcumin (12.5 and
25 mg/kg) significantly (p < 0.05) reduced the elevated levels
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Fig. 1 Effect of curcumin on novel object recognition (NOR) task in
cadmium induced memory impairment in rats. Data are presented as the
mean + SEM (n = 6). Bars with different letters are significantly (P < 0.05)
different from each other. KEY: Control — received normal saline + vehicle.
Cur 12.5 — received normal saline + curcumin (12.5 mg/kg). Cur 25 —
received normal saline + curcumin (25 mg/kg). Cd — received cadmium
+ vehicle. Cd/Cur 12.5 — received cadmium + curcumin (12.5 mg/kg). Cd/
Cur 25 — received cadmium + curcumin (25 mg/kg)

of MDA to control level as well as prevented depletion of
cerebral cortex NO and thiol levels by causing a significant
(p < 0.05) increase when compared with the Cd exposed rats.

Discussion

In this study we showed that oral administration of curcumin
prevented memory impairment in cadmium-induced memory
deficits in rats. Our result demonstrated that exposure to Cd
induced memory deficits in the novel object recognition task
(Fig. 1). This is in agreement with previous studies that
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Fig. 2 Effect of curcumin on cerebral cortex acetylcholinesterase
(AChE) activity in cadmium induced memory impairment in rats. Data
are presented as the mean = SEM (n = 6). Bars with different letters are
significantly (P < 0.05) different from each other. KEY: Control —
received normal saline + vehicle. Cur 12.5 — received normal saline +
curcumin (12.5 mg/kg). Cur 25 — received normal saline + curcumin
(25 mg/kg). Cd — received cadmium + vehicle. Cd/Cur 12.5 — received
cadmium + curcumin (12.5 mg/kg). Cd/Cur 25 — received cadmium +
curcumin (25 mg/kg)
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Fig. 3 Effect of curcumin on cerebral cortex adenosine deaminase
(ADA) activity in cadmium induced memory impairment in rats. Data
are presented as the mean = SEM (n = 6). Bars with different letters are
significantly (P < 0.05) different from each other. KEY: Control —
received normal saline + vehicle. Cur 12.5 — received normal saline +
curcumin (12.5 mg/kg). Cur 25 — received normal saline + curcumin
(25 mg/kg). Cd — received cadmium + vehicle. Cd/Cur 12.5 — received
cadmium + curcumin (12.5 mg/kg). Cd/Cur 25 — received cadmium +
curcumin (25 mg/kg)

showed that Cd triggered impairment of memory during ob-
ject recognition task (Goncalves et al. 2010, 2012; Abdalla
et al. 2014). This effect has been linked to the ability of Cd
to reach the brain of adult rats because of their selective per-
meability of the blood—brain barrier (Shukla et al. 1996;
Takeda et al. 1999). Previous studies have demonstrated that
significant amount of Cd reach the brains of Cd-exposed rats
(Goncalves et al. 2010, 2012; Abdalla et al. 2014; Costa et al.
2015), however, this findings was in agreement with our result
on Cd level in brain of Cd intoxicated rats (data not shown).
The novel object recognition task is utilized for evaluating
learning and memory in rats (Gutierres et al. 2012). A
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Fig. 4 Effect of curcumin on cerebral cortex nitric oxide (NO) level in
cadmium induced memory impairment in rats. Data are presented as the
mean = SEM (n = 6). Bars with different letters are significantly (P < 0.05)
different from each other. KEY: Control — received normal saline + vehicle.
Cur 12.5 — received normal saline + curcumin (12.5 mg/kg). Cur 25 —
received normal saline + curcumin (25 mg/kg). Cd — received cadmium +
vehicle. Cd/Cur 12.5 —received cadmium + curcumin (12.5 mg/kg). Cd/Cur
25 — received cadmium + curcumin (25 mg/kg)

significant decrease in memory index induced by Cd was
observed, which suggests an impairment of learning and
memory formation. This result corroborates published data
where rats orally intoxicated with Cd showed impaired cog-
nition (Goncalves et al. 2010, 2012; Abdalla et al. 2014).
However, when the Cd-exposed rats were treated with
curcumin, the memory index was similar to the control group.
These findings indicate that co-treatment with curcumin was
able to prevent learning and memory impairment induced by
Cd toxicity. Previous reports showed that curcumin is able to
attenuate the oxidative damage and prevent memory loss in
rats exposed to other neurotoxicity models, such as aluminum
chloride (Kumar et al. 2009), arsenic (Yadav et al. 2011), and
cigarette smoke (Jaques et al. 2012).

Cholinergic pathways in the brain are widely known to
play important roles in cognition (Costa et al. 2015).
Numerous studies on Cd toxicity have found an association
with behavioral disturbances and cholinergic neurotransmis-
sion since an increase or a decrease in acetylcholinesterase
(AChE, E.C. 3.1.1.7) activities were verified in both animal
models and humans after Cd exposure (Pari and Murugavel
2007; Goncalves et al. 2010, 2012; Abdalla et al. 2013). In the
literature, both in vitro and in vivo effects of Cd on AChE
activity have been described, and these results are conflicting
because some studies showed activation (Carageorgiou et al.
2005; Abdalla et al. 2013) and others reported inhibition of
AChE activity (Carageorgiou et al. 2005; Pari and Murugavel
2007; Goncalves et al. 2010).

In the present study, our results demonstrated that oral ad-
ministration of Cd caused a significant (P < 0.05) increase in
cerebral cortex AChE activity in Cd-treated rats (Fig. 2). On
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Fig. 5 Effect of curcumin on cerebral cortex malondialdehyde (MDA)
content in cadmium induced memory impairment in rats. Data are
presented as the mean = SEM (n = 6). Bars with different letters are
significantly (P < 0.05) different from each other. KEY: Control —
received normal saline + vehicle. Cur 12.5 — received normal saline +
curcumin (12.5 mg/kg). Cur 25 — received normal saline + curcumin
(25 mg/kg). Cd — received cadmium + vehicle. Cd/Cur 12.5 — received
cadmium + curcumin (12.5 mg/kg). Cd/Cur 25 — received cadmium +
curcumin (25 mg/kg)
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Fig. 6 Effect of curcumin on cerebral cortex total thiol (TSH) content a
and non-proteinl thiol (NPSH) content b in cadmium induced memory
impairment in rats. Data are presented as the mean = SEM (n = 6). Bars
with different letters are significantly (P < 0.05) different from each other.
KEY: Control — received normal saline + vehicle. Cur 12.5 — received
normal saline + curcumin (12.5 mg/kg). Cur 25 — received normal saline
+ curcumin (25 mg/kg). Cd —received cadmium + vehicle. Cd/Cur 12.5 —
received cadmium + curcumin (12.5 mg/kg). Cd/Cur 25 — received cad-
mium + curcumin (25 mg/kg)

the basis of our results we could suggest that the mechanisms
involved in the memory impairment observed in the novel
object recognition test is related with the increase of AChE
activity caused by Cd, leading to a reduction of cholinergic
neurotransmission efficiency, i.e., reduction of acetylcholine
levels in the synaptic cleft, thus contributing to progressive
cognitive impairment (Soreq and Seidman 2001; Schmatz
et al. 2009; Goncalves et al. 2010, 2012; Jaques et al. 2012).
However, oral intake of curcumin was effective in preventing
the increase in AChE activity induced by Cd in cerebral cortex
of rats. The neuroprotective potential of curcumin has been
studied at different doses (15 to 200 mg/kg) in animal models
of neurotoxicity and disease conditions due to their ability to
cross the blood-brain barrier (Kumar et al. 2009; Yadav et al.
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2011; Jaques et al. 2012). In addition, several authors have
demonstrated that curcumin administration inhibited AChE
activity in streptozotocin-induced diabetic rats which is in
agreement with our present study (Kuhad et al., 2007;
Kumar et al. 2009).

Furthermore, it has been reported that the breakdown prod-
uct of ATP, adenosine, acts as a CNS modulator in mammals,
regulates cell metabolism, and triggers a variety of physiolog-
ical effects participating in apoptosis, necrosis, and cell prolif-
eration. Under pathological conditions, adenosine plays a pro-
tective role by modulating the release of the neurotransmitters
and tropic factors (Burnstock 2006; Desrosiers et al. 2007).
Therefore, we could suggest that the increase of ADA activity
observed in cerebral cortex of Cd-exposed rats might lead to
the conversion of adenosine into inosine, decreasing the levels
of adenosine in brain synapses and consequently can contrib-
ute to the damage nervous observed in Cd-intoxication.
However, it is interesting to note that curcumin-treated rats
were able to prevent an increase in ADA activity in Cd-
intoxicated rats (Fig. 3). This suggests that curcumin has a
protective role against Cd poisoning and the probable mecha-
nism could be due to their inhibitory effect on ADA activity
thereby resulting in an increase in the level of adenosine.
Previous studies have implicated curcumin and adenosine lev-
el via the modulation of the purinergic system in various path-
ological conditions such as Alzheimer’s disease, diabetes,
stroke, hypertension and inflammation (Jaques et al. 2011,
2012; Akinyemi et al. 2016).

It has been well documented in experimental animals that
nitric oxide (NO), the metabolite of L-arginine by nitric oxide
synthase (NOS), is critically involved in learning and memory
processes (Garthwaite and Boulton 1995; Paul and
Ekambaram 2011). Three distinct NOS have been identified
in the hippocampus, cortex, cerebellum, corpus striatum
and medulla of mice brain (Garry et al. 2015). NOS
from endothelial cells (eNOS) and neurons (nNOS) are
constitutively expressed and the action of these enzymes are
stimulated by an increase in intracellular calcium while the
other is NO synthesized by calcium-independent induction
NOS (iNOS) (Garry et al. 2015). However, NO derived from
endothelial nitric oxide synthase (eNOS) appears to have neu-
roprotective properties whereas those derived from inducible
nitric oxide synthase (iNOS) have neurotoxic effects (Garry
et al. 2015).

In the present study, Cd caused a significant (P < 0.05)
decreased in NO production when compared with the control.
The decrease in cerebral cortex NO level suggests possible
mechanism for their induction of memory dysfunction.
However, curcumin prevented a decrease in NO when com-
pared with the Cd-treated rats (Fig. 4). Curcumin have been
reported to cross the blood—brain barrier (BBB) easily, and
enhances the release of calcium from intracellular stores
which may have been responsible for the increase in cerebral
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cortex NO levels observed in this study (Fukao et al. 1997,
Hashiguchi et al. 2001; Paul and Subramanian, 2002). NO
function as a neurotransmitter by stimulating soluble guanylyl
cyclise (sGC) to form the second messenger molecule, cyclic
guanosine monophosphate (cGMP) in the target cells
(Garthwaite and Boulton 1995; Griffiths et al. 2008).
Studies on various forms of synaptic plasticity in the
brain have provided insight into the cellular and molec-
ular mechanisms for learning and memory processes.
Long-term potentiation (LTP), a homosynaptic plasticity
and long-term depression (LTD), a heterosynaptic plas-
ticity are two major forms of activity dependent synap-
tic plasticity in the brain (Garthwaite and Boulton 1995;
Griffiths et al. 2008). NO-cGMP pathway has been implicated
in the induction of cortex LTP and LTD which are known to be
the predominant mechanisms of learning and memory pro-
cesses (Griffiths et al. 2008).

Cadmium is considered as a metal which may induce oxi-
dative damage by disturbing the pro-oxidant-antioxidant bal-
ance in the cell. The determination of MDA levels in living
tissue is the marker for lipid peroxidation. The present study
showed that MDA levels were significantly increased in cad-
mium treated rats indicating increased lipid peroxidation and
hence increased oxidative stress following short term cadmi-
um administration at the test dose (Fig. 5). Our results showed
that behavioral dysfunction after immediate cadmium admin-
istration was accompanied by a considerable increase in lipid
peroxidation which may be linked to the significant depletion
of the sulthydryl (SH)-group containing compounds (Fig. 6).
Non-protein thiol (NPSH) or reduced glutathione (GSH) is
part of a non-enzymatic defense system. It is a central protec-
tive antioxidant and considered the first line of defense against
oxidative damage and free radical generation in the brain tis-
sue. It can directly scavenge free radicals or act as a substrate
for GPx and GST in the detoxification of hydrogen peroxide
(Lu 2013).

Oxidative stress alters the neurotransmission and neuronal
function (Bouayed et al. 2009). It is important to note that
enzymes such as AChE are significant components of the
biological membranes and, thus, can be important targets of
oxidation of membrane caused by Cd exposure (Abdalla et al.
2014). These results allow us to infer that, these alterations
may explain the changes in the activities of these enzymes
found in our study and, consequently, impairment of memory
observed in Cd exposed rats. However, it is noteworthy that
curcumin caused a significant decreased in cerebral cortex
MDA levels with a concomitant increase in the total and
non-protein thiol (—SH) content of Cd exposed rats. Our re-
sults is in agreement with previous studies suggesting that
alterations in the lipid membrane observed after Cd exposure
could be a decisive factor in the modification of the confor-
mational state of the AChE enzyme and memory impairment
in rats (Goncalves et al. 2010, 2012).

Conclusion

The present study demonstrated that curcumin prevented
memory dysfunction in Cd-induced memory impairment in
rats. The inhibition of AChE and ADA activities in cerebral
cortex of rats as well as prevention of increased lipid peroxi-
dation with a concomitant increased in sulthydryl (SH)-group
containing compounds and NO level observed in this study
could suggest some possible mechanism of action for their
cognitive enhancing potential in Cd-treated rats. Thus, these
results emphasize the close interaction between Cd-exposure
and cholinergic systems in the development of cognitive im-
pairment and point to the potential of curcumin as an adjuvant
therapy for treatment of Cd-associated memory dysfunction.
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