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Abstract

The main objective of this work is to study the effect of chronic administra-
tion of cadmium (Cd) on the level of depression-like, anxiety-like, memory
state and oxidative stress in male and female Wistar rats. For this purpose,
this study was conducted with 24 rats for each gender. Four groups were con-
stituted: (Group 1: Control): received saline solution NaCl (0.9%), (Group 2:
Cd-0.25; Group 3: Cd-0.5; Group 4: Cd-1): received daily 0.25 mg/kg, 0.5
mg/kg and 1 mg/kg of Cd respectively during 8 weeks. After treatment period,
animals were tested in the open-field, elevated plus maze tests for anxiety-like
behavior, and forced swimming test for depression-like behavior. The Y maze
was used to evaluate the working memory and the Morris Water Maze, to
evaluate space learning and spatial memory. The results revealed that in
males, all doses of Cd provoke depression-like, while in females only the
group treated with 1 mg/kg Cd shows elevated depression-like behavior. In
regard to anxiety-like behavior, Cd induces an anxiogenic effect in both gend-
ers tests. In the Y-Maze test, both males and females expressed a low percen-
tage of alternations, suggesting that working memory was affected by Cd at 1
mg/kg. In the Morris Water Maze test, the space learning and spatial memory
were significantly impaired in the group Cd-1. Neurochemical analysis
showed that levels of nitric oxide and lipid peroxidation in the hippocampus
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were significantly increased after Cd treatments. Overall analysis of our data
revealed that Cd caused significant alterations in the examined parameters
that were sex-dependent and dose-dependent.
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1. Introduction

Cd is one of the most toxic elements that bio-accumulates in the environment
[1], especially in industrial areas via atmospheric dispersion and ground conta-
mination surrounding metal emitting industries [2]. Cd may find its way to the
human population through food and beverage, drinking water, air, and cigarette
smoking. Although its toxicity is well established, the interaction of this element
within a biological system and its resulting potential for harm is less well estab-
lished. Cd has a long biological half-life mainly due to its low rate of excretion
from the body [3].

At peripheral level, prolonged exposure to Cd will cause toxic effect due to its
accumulation over time in a variety of tissues, including kidneys, liver, central
nervous system (CNS), and peripheral neuronal systems [4]. At central level, the
transport of Cd through the blood-brain barrier (BBB) is the first step in regu-
lating the entries of the metal into the CNS. Also, Cd can be taken from the nasal
mucosa or olfactory pathways into the CNS [5]. It is well known in the CNS that
the heavy metals, including Cd, act as catalysts for biochemical reactions, regu-
lators of gene expression, second messengers in signaling pathways and cofac-
tors for many vital enzymes, such pathways implicated in regulating physiologi-
cal, pathological and behavioral functions. Chronical exposure to Cd affects
many nervous system functions [6] [7] with symptoms including headache and
vertigo, olfactory dysfunction, parkinsonian symptoms like slowing of vasomo-
tor functioning, peripheral neuropathy, decreased equilibrium, decreased ability
to concentrate, and learning disabilities [8]. Thus, animal studies have shown
that Cd exposure leads to motor hyperactivity, increased aggressive behavior,
impaired social memory processes, and altered drinking behavior [9]. The hip-
pocampus accumulates the divalent metals to a greater extent than do other
parts of the brain [10]. Behavioral alterations following heavy metal exposure
have been related to hippocampal dysfunction [11]. In this direction, animal
studies involving Cd exposure also exhibit behavioral alterations. Rats exposed
to Cd had decreased memory, as well as altered anxiety and fear responses [12].
These behavioral deficits correlated with levels of oxidative stress markers in the
hippocampus of these rats [12]. However, mechanisms underlying Cd neurotox-
icity remain not completely understood. Our hypothesis is that behavioral dys-
function (depression-like, anxiety-like and memory deficit) provoked after
chronic administration of Cd, might be linked to an increase in oxidative stress
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level in the hippocampus.

In this target, the present study was designed to determine the effects of
chronic administration of Cd on animal behavior, especially on anxio-depressive
disorders and memory deficits, and on levels of oxidative stress in male and fe-

male rats.

2. Material & Methods
2.1. Animals and Experimental Conditions

This study was performed on adult male and female Wistar rats aged 8 to 9
weeks and having an average weight of 120 + 20 g from breeding of Faculty of
life sciences, University Ibn Tofail. Animals of the same experimental group
were housed together by six rats in each cage (36 cm long, 20 cm wide and 15 cm
high) and this was consistent for all rats. The space reserved for the breeding and
the survival of the rats respects the well-being of the animals. All rats were
maintained under LD 12/12 (12 h Light/12 h Darkness) and at a standard tem-
perature (21 + 1)°C. Water and food were provided ad libitum. All experimental
procedures were approved by the University Ethics Committee for Animal Ex-
periments.

The rats are divided into 4 groups of 6 animals each (6 males and 6 females).
For each sex, the different groups of rats are distributed as follows:

e 1st group: rats control receiving daily an intraperitoneal injection of Nacl
0.9%.

e 2nd group: rats receiving daily a dose of 0.25 mg/kg of Cd.

e 3rd group: rats receiving daily a dose of 0.5 mg/kg of Cd.

e 4th group: rats receiving daily 1 mg/kg of Cd.

Saline solution or CdCl, (obtained from SIGMA-ALDRICH) used in the
present work were injected intraperitoneally and chronically at the rate of one
injection per day and this during 8 weeks according. All injections are carried
out between 16:00 and 16:30. The rats were blindly treated and tested through-
out the experiment. The route of Cd was selected according with previous works
from literature [13] [14] [15] [16] and the chosen Cd doses, namely 0.25, 0.5 and

1 mg/Kg was consistent with natural doses of metal.

2.2. Neurobehavioral Tests

Twenty four hours after end of the 8 weeks corresponding to the treatment pe-
riod, the animals were submitted to behavioral tests at the rate of one test per
day, in the following order: the Open field test (OFT) followed by the Elevated
plus maze (EPM), Forced swimming test (FST), Y maze and Morris water maze
test (MWM), respectively [17] [18] [19]. The tests were performed between 8 am

and 12 am.

2.2.1. Anxiety-Like Measurement
e Open Field Test.
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The OFT is used to measure the anxiety-like behavior in rodents [20] [21].
The maze adopted is made of wood (100 cm x 100 cm) enclosed with 40 cm high
walls and placed under strong illumination (100 W, 2 m above the apparatus).
The area was divided into 25 squares (20 cm X 20 cm), defined as 9 central and
16 peripheral squares. At the beginning of the 10 min test, the animal was placed
in the centre of the apparatus and its behavior was videotaped for subsequent
analysis. The quantified parameters were the time spent in the center of the area
(TCA) and the number of returns to the center (NRC). Central perimeter resi-
dence time is used as a measure of anxiety. The number of returns to the central
area is also an indicator of the emotional reactivity. The central area of a novel
environment is anxiogenic and aversive and the behavioral inhibition appears
therefore as an avoidance behavior towards the central zone of the OFT. Loco-
motors activity is represented by number of total squares (NTS). The apparatus
was cleaned between each examination using 7% ethyl alcohol.

o Test of the Elevated Plus Maze (EPM):

The EPM is an ethological model of anxiety in rodents provoked by the no-
velty and repulsion as a result of elevation and illumination of the maze [22]
[23]. This test is based on the creation of a conflict between the exploratory drive
of the rat and its innate fear of open and exposed areas; it has been validated for
the detection of emotional responses to anxiogenic and anxiolytic substances.
Thus, increased open-arms exploration indicates reduced anxiety-related beha-
vior. The EPM consists of a wooden plus-shaped platform elevated 70 cm above
the floor. Two of the opposing arms (50 cm x 10 cm) are closed by 40 cm high
side and end walls, having an open roof. In order to avoid fall, the other two
arms (open arms) were surrounded by 0.5 cm high edge, the four arms had at
their intersection a central platform (10 cm x 10 cm). A 100-W lamp was placed
exactly over the central platform. At the beginning of the test, the rats were
placed on the central area of the maze facing an open arm. The following para-
meters of anxiety-related behavior were measured during the 5 min testing pe-
riod: 1) entries into open arms (EOA), 2) time spent on the open arms (TOA), 3)
and number of full entries into the arms (TAE). Decreased anxiety-like behavior
is illustrated by a significant statistical increase of parameters in open arms (time
and/or entries). The total number of the entries into all arms provides general
hyperactivity. To eliminate any lingering olfactory cues, the apparatus was

cleaned between each examination using 7% ethyl alcohol.

2.2.2. Depression-Like Measurement in Forced Swimming Test (FST)

The FST is an excellent maze used to assess the depressive-like behavior [24].
Swimming sessions were conducted by placing the rat in individual glass cylind-
ers (height = 50 cm; diameter = 30 cm) containing 30 cm of water at (23°C +
2°C). During the session, rats were forced to swim for 5 min and the duration of
immobility was measured. The latency to the first bout of immobility was also
recorded starting immediately after placing the rats in the cylinder. A rat was

judged immobile when it ceased all active behaviors (ie. struggling, swimming
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and jumping) and remained passively floating or making minimal movements
necessary to maintain the nostrils above water. High percent time floating is in-

terpreted as an increased depressive-like response [24] [25].

2.2.3. Cognitive Measurement
e Y-maze test:

Spatial working memory was assessed by using the Y-maze spontaneous al-
ternation test, as previously described [26]. Each mouse was placed in the center
of the Y-maze and was free to explore the arena for 8 min. The number of en-
tries was counted per rat: an entry required that both hind paws of the animal
had to be placed completely inside the arm. A rat would be making a triad when
it visited all 3 arms consecutively. Between sessions, the maze was cleaned tho-
roughly with a 7% ethanol solution. As a measure for working memory, the per-
centage of alternations that the rat made was calculated, being the number of
triads divided by the maximum possible alternations (ie. the total number of
entries minus 2)*100. If a rat scored significantly above 50% alternations (the
chance level for choosing the unfamiliar arm), this was indicative of functional
working memory.

e Morris Water Maze Test:

The water maze [27] consisted of a circular polypropylene pool (110 cm in
diameter and 50 cm high) that was filled to a depth of 14 cm with
room-temperature tap water (24°C). The water was made opaque with the addi-
tion of 500 ml of nontoxic white liquid tempera paint to ensure camouflage of
the escape platform. The escape platform was constructed from a Plexiglas cy-
linder (30 cm high, 10 cm in diameter), which was painted white. The water level
was 1 cm above the platform, making it invisible. The platform had a red top
and colorful flag that were added for visible platform trials. The water maze was
located in a room (5.2 m*2.4 m) with posters and furniture around the walls,
which served as extra-maze visual cues. During testing, the room was dimly lit
with diffuse white light (30 Ix).

Rats were tested in the Morris water maze in four phases: acquisition, reversal,
probe trial and visible platform trial [28]. During acquisition (4 trials/day for 3
days), rats were trained to swim to a hidden platform that was located in the
Northeast quadrant. Each rat was removed from its holding cage using a plastic
container and released from a randomly assigned start location (East, North,
South or West). If the rat did not find the platform within 60 s, it was guided to
the platform and allowed to stay on it for approximately 10 s. The inter-trial in-
terval was approximately 5 min. During reversal training (4 trials/day for 3 days)
the platform was moved to the opposite quadrant (Southwest) and the same
procedures described for acquisition training were used. On day 7, rats were
tested for spatial memory in a 60 s probe trial with no platform present and on
day 8 rats were tested (four trials) using a visible platform, which was placed in

the Northwest quadrant.
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2.3. Biochemical Examination

One day after end of behavioral tests, all animals were firstly anesthetized and
then sacrificed by decapitation. Brains were quickly removed and maintained at
low temperature on ice cold. The hippocampus was rapidly and gently removed
and separated from surrounding tissues and homogenized in phosphate buffer at
PH: 7.4 (W/V), centrifuged at 1500 rpm for 10 min and the resulting superna-
tant was used in the biochemical assays [18].

e Nitritel nitrate assay:

In biological systems conversion of oxide nitric (NO) in aqueous solution to
nitrite and nitrate is thought to favour nitrite production. The concentrations of
nitrite in tissue homogenates were measured by using the diazotization method
based on the Griess reaction, which is an indirect assay for NO production [29].
Briefly, samples (500 pl) were pipetted into tubes and an equal volume of Griess
reagent (1% sulphanylamide (1 ml) and 0.1% N-1-naphtylethylenediamine di-
hydrochloride (1 ml) in 2.5% ortophosphoric acid) was added to each tube. After
incubation for 30 minutes at room temperature, absorbance was measured at
540 nm. Linear regression analysis was used to calculate the nitrite concentra-
tions in the serum and the tissue homogenates from the standard calibration
curves of sodium nitrite. Tissue nitrite levels were expressed as umol/g tissue.

e Lipid peroxidation assay:

The formation of lipid peroxides during lipid peroxidation process were ana-
lysed by measuring the thiobarbituric-acid-reacting substances (TBARS) in cells,
as previously described by Draper and Hadley [30]. Briefly, the samples were
mixed with 1 ml of trichloroacetic acid 10% and 1 ml of thiobarbituric acid
0.67%, then heated in a boiling water bath for 15 min, and butanol (2:1 v/v) was
added to the solution. After centrifugation (800 g/5min), the TBARS were de-
termined by the absorbance at 535 nm [31].

2.4. Statistical Analysis

Behavioral data and biochemical parameters were analyzed by two-way ANOVA
using SPSS version 22. Post hoc comparisons were made using the Tukey’s test.
ANOVA repeat measures were used for the Morris water maze test. All data are
expressed as the means + standard error of the means (S.E.M.). In order to esti-
mate the gender effect, we expressed the results for each sex as a percentage of
the basal level (% BL) represented by the respective control and considered as
being 100%. Differences were considered significant when p < 0.05, very signifi-

cant when p < 0.01 and highly significant when p < 0.001.

3. Results

3.1. Effect of Cadmium on the Levels of Anxiety-Like Measured in
the OFT

e Time spent in the central area (TCA) (Figure 1(a)):

The results summarized in Figure 1 show that the treatment factor significantly
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affected the TCA (F; 5, = 29.22, p < 0.001).

In males, Cd affects TCA in dose-dependent manner between 0.25 and 1
mg/kg in comparison with the control group (Cont/Cd-0.25: p < 0.05,
Cont/Cd-0.5: p < 0.001 and Cont/Cd-1: p < 0.001 respectively). Cd induced
mean average decrease of 29%, 57% and 55% at doses of 0.25, 0.5 and 1 mg/kg

(a)
25+
204
@ 154 =93 Control
g =3 Cd-0.25
~ 104 == Cd-0.5
mm Cd-1
5
(4]
Males Females
(b)
10+ **
84
6- == Control
8 == Cd-0.25
= 4 == Cd-0.5
mm Cd-1
24
0
Males Females
(c)
100+
=3 Control
2 Cd-0.25
=z == Cd-0.5
EEm Cd-1

Males Females

Figure 1. (a) Total amount time spent in the center (TCA); (b) Number of return into
center area of the arena in the open-field behavior apparatus (NRC); (c) Number of total
squares (NTS) in the open field by female and male rats after 2 month of treatment with
0.9% of NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of
Cd. Results are expressed as mean + SEM. The significance level is 0.05. *p < 0.05, **p <
0.01, **p < 0.001.
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respectively. In addition, there is a statistically significant difference between the
groups Cd-0.25/Cd-0.5 and Cd-0.25/Cd-1 (p < 0.05). In contrast, no difference
was noted between Cd-0.5/Cd-1 groups (p > 0.05).

In females, Cd affects TCA at doses of 0.25, 0.5 and 1 mg/kg in comparison
with the control group (Cont/Cd-0.25: p < 0.01, Cont/Cd-0.5: p < 0.01 and
Cont/Cd-1: p < 0.001 respectively). Cd induced mean average decrease of 32%,
38% and 47% at doses of 0.25, 0.5 and 1 mg/kg respectively. No statistically sig-
nificant difference was observed with comparing different treated Cd groups
(p > 0.05).

The sex effect was more visible when considering the relative comparison
(TCA% BL) between respective treated Cd groups in males and females. Indeed,
the males of the groups Cd-0.5 showed a TCA significantly lower compared to
females of similar groups (p < 0.01).

e Number of Returns to the Center (NRC) (Figure 1(b)):

The treatment factor (F 3, = 7.93, p < 0.001) significantly affected the NRC.
The effect of Cd is observed in males with referring to NRC parameter. At doses
of 0.25, 0.5 and 1 mg/kg, Cd significantly reduced the NRC compared with the
control group (Cont/Cd-0.25: p < 0.05, Cont/Cd-0.5: p < 0.01 and Cont/Cd-1: p
< 0.01 respectively). Cd induced mean average decrease of 29%, 57% and 55% at
doses of 0.25, 0.5 and 1 mg/kg respectively. While in females Cd did not induce
any significant change in this parameter (p > 0.05). It induced mean average de-
crease of 32%, 38% and 47% at doses of 0.25, 0.5 and 1 mg/kg respectively. In
both sexes, no statistically significant difference was observed with comparing
different treated Cd groups (p > 0.05).

The sex effect was clear when considering the relative comparison (NRC %
BL) between respective treated Cd groups in males and females. Indeed, the
males of the group Cd-0.5 showed a NRC significantly lower compared to fe-
males of similar group (p < 0.05).

e Number of total squares (NTS) (Figure 1(c)):

Locomotors activity was unaffected by any treatment (F,;, = 1.04, p > 0.05),
and no effect of sex (F 3, = 1.49, p > 0.05) was noted. The values of all groups
were comparable. Even though is not significant, we observed a slight increase in
the total activity of females compared to males.

3.2. Effect of Cd on Anxiety Levels Measured in Elevated Plus Maze
Test (EPM)

e Time Spent in Open Arms ( TOA) (Figure 2(a)):

Statistical analysis showed that TOA was significantly affected by the Cd
treatment (F; ;,, = 48.30, p < 0.001).

In males, Cd decrease significantly TOA in all treated group in comparison
with the control group (p < 0.001). Cd induced mean average decrease of 48%,
46% and 57% at doses of 0.25, 0.5 and 1 mg/kg respectively. No statistically sig-
nificant difference was observed with comparing different treated Cd groups
(p > 0.05).
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Figure 2. (a) Number of entries in exposed arms (EOA); (b) Total amount of time spent
in exposed arms (TOA); (c) Total number of arms entries (TEA) in elevated plus maze by
female and male rats after 2 month of treatment with 0.9% of NaCl (Control), 0.25 mg/kg
(Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd. Results are expressed as mean +
SEM. The significance level is 0.05. *p < 0.05, **p < 0.01, ***p < 0.001.

In females, Cd affects TOA in dose-dependent manner, since at doses of 0.5
and 1 mg/kg it decreases the TOA compared with the control group (p < 0.05, p
< 0.001 respectively), whereas at 0.25 mg/kg Cd was not effective (p > 0.05). The
metal induced mean average decrease of 9%, 21% and 38% at doses of 0.25, 0.5
and 1 mg/kg respectively. In addition, there is a difference statistically significant
between Cd-0.25/Cd-1 groups (p < 0.01). In contrast, no difference was noted
between Cd-0.25/Cd-0.5 and Cd-0.5/Cd-1 groups (p > 0.05).
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The sex effect was more visible when considering the relative comparison
(TOA% BL) between respective treated Cd groups in males and females. Indeed,
the males showed a TOA significantly lower compared to females of similar
groups (p < 0.01).

o Entry to Open Arms (EOA) (Figure 2(b)):

This parameter was affected by Cd treatment (Fj., = 8.97, p <0.001): In
males, at doses of 0.5 and 1 mg/kg, Cd decreases significantly the EOA in com-
parison with control group (p < 0.05), while at dose of 0.25 mg/kg this metal did
not induce any significant change in this parameter (p > 0.05). In addition, there
is a difference statistically significant between Cd-0.25/Cd-1 groups (p < 0.05).
In contrast, no difference was noted between Cd-0.25/Cd-0.5 and Cd-0.5/Cd-1
groups (p > 0.05).

In females, at dose of 1 mg/kg, Cd decreases significantly the EOA in compar-
ison with control group (p < 0.05), while at doses of 0.25 and 0.5 mg/kg this
metal did not induce any significant change in this parameter (p > 0.05). No sta-
tistically significant difference was observed with comparing different treated Cd
groups (p > 0.05).

Similar results were observed when considering the relative comparison
(EOA % BL) between treated Cd and control groups. Thus, Cd induced mean
average decrease of 5%, 55% and 60% in males; of 40%, 40% and 58% in females
respectively, at doses of 0.25, 0.5 and 1 mg/kg respectively. Also, the sex effect
was visible when considering the relative comparison (EOA% BL) between re-
spective treated Cd groups in males and females. Indeed, the males of the group
Cd-0.25 showed a NRC significantly lower compared to females of similar group
(p < 0.05).

e Total entries in arms (TEA) (Figure 2(c)):
In contrast to TOA and EOA parameters, Cd was no significant effect on lo-

comotors activity (TEA) represented whatever the dose considered (p > 0.05).

3.3. Effect of Cadmium on Depressive-Like Performances
Measured by Forced Swimming Test (FST)

o Immobility Time (TIM) (Figure 3(a)):

Statistical analysis showed that TIM was significantly affected by sex factor
(F(152 = 8.32, p < 0.01) and the Cd treatment (F 3, = 23.5, p < 0.001).

In males, Cd significantly affects TIM in dose-dependent manner, since at
doses of 0.25, 0.5 and 1 mg/kg it increases the TIM compared with the control
group (p < 0.05, p < 0.05 and p < 0.001 respectively). Cd induced mean average
increase of 42%, 49% and 123% at doses of 0.25, 0.5 and 1 mg/kg respectively. In
addition, there is a difference statistically significant between Cd-0.25/Cd-1,
Cd-0.5/Cd-1 groups (p < 0.01). In contrast, no difference was noted between
Cd-0.25/Cd-0.5 groups (p > 0.05).

In females, at dose of 1 mg/kg, Cd increases significantly TIM in comparison
with control group (p < 0.05), while at doses of 0.25 and 0.5 mg/kg this metal did

not induce any significant change in this parameter (p > 0.05). It induced mean
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Figure 3. (a) Immobility time expressed in seconds (s) (TIM); (b) Struggling time in
Forced swimming test expressed in seconds (s) by female and male rats after 2 month of
treatment with 0.9% of NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1
mg/Kg (Cd-1) of Cd. Results are represented as mean + SEM. The significance level is
0.05. *p < 0.05, **p < 0.01, ***p < 0.001.

average increase of 0%, 5% and 39% at doses of 0.25, 0.5 and 1 mg/kg respec-
tively. No statistically significant difference was observed with comparing dif-
ferent treated Cd groups (p < 0.05).

The sex effect was clear when considering the relative comparison (TIM% BL)
between respective treated Cd groups in males and females. Indeed, the males
showed a TIM significantly higher compared to females of similar groups (p <
0.001).

o Struggling Time (TST) (Figure 3(b)):

This parameter was affected by Cd treatment (F, 5, = 13.67, p < 0.001) : The
dose-dependent effect of Cd is observed in males with referring to TST parame-
ter. At doses of 0.25, 0.5 and 1 mg/kg, Cd decreases the TST compared with the
control group (p < 0.05, p < 0.001 and p < 0.001 respectively). No statistically
significant difference was observed with comparing different treated Cd groups
(p > 0.05).

In females, at dose of 1 mg/kg, Cd decreases the TST in comparison with con-
trol group (p < 0.05), while at doses of 0.25 and 0.5 mg/kg this metal did not in-
duce any significant change in this parameter (p > 0.05). In addition, there is a
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difference statistically significant between Cd-0.25/Cd-1 groups (p < 0.05). No
difference was noted between Cd-0.25/Cd-0.5 and Cd-0.5/Cd-1 groups (p >
0.05).

Similar results were observed when considering the relative comparison
(TST % BL) between treated Cd and control groups. Thus, Cd induced mean
average decrease of 11%, 20% and 18% in males; of 7%, 24% and 18% in females
respectively at doses of 0.25, 0.5 and 1 mg/kg respectively. The sex effect was ob-
served when considering the relative comparison (TST% BL) between respective
treated Cd groups in males and females. Indeed, the males of the group Cd-0.5
showed a TST significantly lower compared to females of similar group (p <
0.05).

3.4. Cadmium Effect on Memory
3.4.1.Y Maze Test (Figure 4)

Spontaneous alternation percentage was affected by Cd treatment (F;;,, = 6.12,
p < 0.01), but not by sex factor (F, 5, = 0.75, p > 0.05).

In males and females, chronic treatment with Cd at dose of 1 mg/kg was asso-
ciated with an decrease of spontaneous alternation percentage statistically sig-
nificant compared to the control group (p < 0.05), while at doses of 0.25 and 0.5
mg/kg this metal did not induce any significant change in this parameter (p >
0.05). Indeed, no statistically significant difference was observed with comparing
different treated Cd groups (p > 0.05).

The relative comparison (Spontaneous alternation percentage % BL) between
treated Cd and control groups shows that Cd induced mean average decrease of
6%, 11% and 33% in males; of 15%, 19% and 29% in females respectively at
doses of 0.25, 0.5 and 1 mg/kg respectively.

3.4.2. Morris Water Maze
e Acquisition and reversal training (Figure 5):

No significant differences in latency to reach the hidden platform in both
phases acquisition trials (days 1 - 3) and reversal trials (days 4 - 6) between the
treated and control groups (p > 0.05). Despite this, the group Cd-1 showed a
non-significant increase in latency to reach the platform over days in acquisition
and reversal learning.

e Percentage time spent in the correct quadrant during the probe trial
(Figure 6):

The statistical analysis showd that the percentage of time spent in the correct
quadrant is significantly affected the treatment with Cd (F,;, = 7.79; p < 0.01).

In males and females, Cd at dose of 1 mg/kg was associated with a significant
decrease of the percentage of time spent in the correct quadrant statistically sig-
nificant compared to the control group (p < 0.05), while at doses of 0.25 and 0.5
mg/kg this metal did not induce any significant change in this parameter (p >
0.05). Indeed, no statistically significant difference was observed with comparing
different treated Cd groups (p > 0.05).
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Figure 4. Spontaneous alternation percentage measured in Y-maze test in female and
male rats after 8 weeks of treatment with 0.9% of NaCl (Control), 0.25 mg/kg (Cd-0.25)
0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd. Results are represented as mean = SEM.
The significance level is 0.05. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 5. Latency to reach the hidden platform on each of the 6 days of training (acquisi-
tion 1 to reversal 3) in the Morris water maze, in male (a) and female rats (b) after 8
weeks of treatment with 0.9% of NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg
(Cd-0.5) and 1 mg/Kg (Cd-1) of Cd. Results are represented as mean + SEM. The signi-

ficance level is 0.05. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 6. Percentage of time spent in the correct quadrant in the probe trial of the Morris
water maze expressed as % in male and female rats after 8 weeks of treatment with 0.9%
of NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd.
Results are represented as mean = SEM. The significance level is 0.05. *p < 0.05, **p <
0.01, ***p < 0.001.

The relative comparison (percentage of time spent in the correct quadrant %
BL) between treated Cd and control groups shows that Cd induced mean aver-
age decrease of 12 %, 8% and 29% in males; of 6%, 12% and 21% in females re-
spectively at doses of 0.25, 0.5 and 1 mg/kg respectively.

e Visible platform test (Figure 7):

Latency to find the visible platform was unaffected by any treatment (F5, =

0.84, p > 0.05), and no effect of sex (F,;,) = 0.008, p > 0.05). The values of all

groups were comparable.

3.5. Cadmium Effect on Oxidative Stress

e LPO in hippocampus (Figure 8):

Statistical analysis showed that LPO reflected by TBARS levels was signifi-
cantly affected by sex factor (F, ;,) = 6.81, p = 0.0153 < 0.05)), and the Cd treat-
ment (F 5, = 42.15, p < 0.001).

The results summarized in Figure 8 showed: In males, at doses of 0.5 and 1
mg/kg, Cd administration caused a significant increase in the level of TBARS in
rat hippocampus compared to the control group (p < 0.001), while at dose of
0.25 mg/kg this metal did not induce any significant change in this parameter
(p > 0.05). In addition, there is a difference statistically significant between
Cd-0.25/Cd-0.5 and Cd-0.25/Cd-1 groups (p < 0.01 and p < 0.001 respectively).
While no difference was noted between Cd-0.5/Cd-1 groups (p > 0.05).

In females, at dose of 1 mg/kg, Cd increases significantly the LPO levels in
comparison with control group, while at doses of 0.25 and 0.5 mg/kg this metal
did not induce any significant change in this parameter (p < 0.001, p > 0.05 and
p > 0.05 respectively). There is a difference statistically significant between
Cd-0.25/Cd-1 and Cd-0.5/Cd-1 groups (p < 0.01). No difference was noted be-
tween Cd-0.25/Cd-0.5 groups (p > 0.05).
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Figure 7. Latency to reach the visible platform for each strain in the Morris water maze
expressed in second (S), in male and female rats after 8 weeks of treatment with 0.9% of
NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd.
Results are represented as mean + SEM. The significance level is 0.05. *p < 0.05, **p <
0.01, ***p < 0.001.
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Figure 8. Determination of the lipid peroxidation levels in hippocampus, TBARS levels
expressed in nmol/g tissu in male and female rats after 8 weeks of treatment with 0.9% of
NaCl (Control), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd.
Results are represented as mean = SEM. The significance level is 0.05. *p < 0.05, **p <
0.01, ***p < 0.001.

Similar results were observed when considering the relative comparison
(TBARS % BL) between treated Cd and control groups. Thus, Cd induced mean
average increase of 34%, 146% and 153% in males; of 28%, 31% and 91% in fe-
males respectively at doses of 0.25, 0.5 and 1 mg/kg respectively. In addition, the
sex effect was observed when considering the relative comparison (TBARS% BL)
between respective treated Cd groups in males and females. Indeed, the males of
the groups Cd-0.5 and Cd-1 showed a TBARS levels significantly higher com-
pared to females of similar groups (p < 0.001 and p < 0.05 respectively).

e NO concentrations in hippocampus (Figure 9):

This parameter was affected by Cd treatment (F,, = 59.79, p < 0.001), but
not by sex factor (F s, = 0.22, p > 0.05). No interaction was found between
treatment and sex F; 5, = 0.72, p > 0.05).
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Figure 9. Determination of the nitric oxide (NO) levels in hippocampus, expressed in
pmol/g tissu in male and female rats after 8 weeks of treatment with 0.9% of NaCl (Con-
trol), 0.25 mg/kg (Cd-0.25) 0.5 mg/kg (Cd-0.5) and 1 mg/Kg (Cd-1) of Cd. Results are
represented as mean + SEM. The significance level is 0.05. *p < 0.05, **p < 0.01, **p <
0.001.

In males and also females, Cd affects the NO levels in dose-dependent man-
ner, since at doses of 0.25 and 1 mg/kg it increases the nitrite/nitrate levels (ni-
tric oxide; NO) in comparison with the control group (p < 0.01, p < 0.001 and p
< 0.001 respectively). The metal induced mean average increase of 83%, 130%
and 147% in males, of 80%, 107% and 113% in females, at doses of 0.25, 0.5 and
1 mg/kg respectively. In addition, in males there is a statistically significant dif-
ference between the groups Cd-0.25/Cd-1 (p< 0.01) and no difference was noted
between Cd-0.25/Cd-0.5 and Cd-0.5/Cd-1 groups (p > 0.05). In contrast, in fe-
males no statistically significant difference was observed with comparing differ-
ent treated Cd groups (p > 0.05).

The sex effect was observed when considering the relative comparison (NO%
BL) between respective treated Cd groups in males and females. Indeed, the
males of the groups Cd-1 showed a NO levels significantly higher compared to

females of similar groups (p < 0.05).

4. Discussion

The main objective of this study was to determine the effects of chronic exposure
to Cd on animal behavior, in particular on affective, cognitive disorders and on
levels of oxidative stress. The assessment of anxiety-like and depression-like be-
haviors is based on the use of validated OFT, EPM and FST behavioral tests.
While spatial working memory and spatial learning have been evaluated using
respectively the Y-maze test and the Morris water maze test. Oxidative stress has
been determined by measurement of NO and TBARS directly associated with
LPO.

The evaluation of the anxiety levels obtained in the OFT is still confirmed by
the use of EPM, one of the most used anxiety models [32]. Based on the beha-
vioral study of rats in the OFT and EPM tests, the present study showed that Cd,
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administered chronically, exerts an anxiogenic effect in rats. In the OFT, Cd de-
creases the TCA and NRC parameters without modifying the locomotor activity
represented by the NTS parameter. With regard to EPM, Cd decreases TOA and
EOA parameters without modifying the TAE parameter. In two tests, Cd exerts
its effects in a dose-dependent manner; anxiogenic action starts at 0.25 mg/kg
and reaches a maximum at the dose of 1 mg/kg. It should be noted that at 0.125
mg/kg, Cd did not alter deferent parameters in anxiety behavioral tests (result
not shown). The anxiogenic action of Cd reported in this study is consistent with
numerous studies focusing on the relationship between Cd and behavioral stu-
dies in rodents. Thus, in rats increased anxiety levels in OFT, in a
dose-dependent manner, was obtained after acute intoxication with Cd injected
intraperitoneally at three different doses (1 - 3 mg/kg) [19]. An increase in anxi-
ogenic behavior, in the EPM was also observed following Cd gavage despite the
use of high levels of the metal (2.5 mg/kg) [33]. The effect of Cd are transgenera-
tional, since the transmission of anxiogenic effects has been shown in the prog-
eny after maternal exposure to metal [34].

The present study also showed that chronic administration of Cd caused an
increase in TIM in a dose-dependent manner between 0.25 and 1 mg/kg. Since,
the locomotor activity measured in the OFT was not affected by this treatment,
it was suggested that the behavioral differences in the Porsolt test would induced
by changes in the depressive-like state. Our study was corroborated by the ob-
servation of Haider (2014) which reported that in FST, the TIM was significantly
increased by acute administration of Cd at a dose of 3 mg/kg as well as other two
dose, indicating dose-dependent effects (1 - 2 mg/kg) [19]. Compared with other
studies, our work has the advantage of administering very small amounts of Cd
in a chronic way over a long period of the time and of obtaining effect at lower
doses, since the Cd efficiency appears from 0.25 mg/kg.

The question is how the Cd acts to induce its effects on anxio-depressive be-
havior. Cd, after chronic exposure, could affect the integrity or permeability of
the BBB consequently penetrating in the brain of developing and adult rats,
leading to brain accumulation and cellular dysfunction [5] [35] [36]. This accu-
mulation of Cd in the brain after Cd treatment, revealed by the study of Jyostna
and Sudhakar [17], provoking morphological and biochemical modifications,
especially in certain of CNS structures and then leading to possible neurobeha-
vioral alterations such as affective and cognitive disorders [37] [38]. It is also
well known in the CNS that the Cd acts as catalysts for biochemical reactions,
regulators of gene expression, second messengers in signaling pathways and co-
factors for many vital enzymes, such pathways implicated in regulating physio-
logical, pathological and behavioral functions. In this direction, Cd is a neuro-
toxic substance that generally inhibits the enzymes involved in the synthesis of
neurotransmitters such as serotonergic system, which is one of several systems
involved in the response to anxiety and depression [39]. This is based on the ob-

servation that people with low serotonin (5 HT) levels are more prone to depres-
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sion and anxiety [40]. Indeed, several studies have shown that exposure to Cd
produces alterations in the serotonergic system, which may explain the anxi-
ogenic and depressive effect of this metal observed in our study. A decrease in
levels of 5-HT, dopamine in all regions of the brain including the anterior brain
(hippocampus and striatum) has been shown 24 h after exposure to Cd [41]
[42]. Decreased levels of 5-HT and 5-HIAA in the cortex and hippocampus in
progeny was also observed following an exposure to low Cd concentrations in
drinking water during the lactation period [43].

In this study, we also reported that learning and working memory were af-
fected by Cd. Generally, animals that have undergone hippocampal lesions have
poor performance in Y maze and Morris water maze test [44], a structure known
to undergo morphological changes in rats exposed to heavy metals [45] [46]. In
our study, working memory evaluated in Y maze test was impaired only in male
and female rats exposed to Cd at 1 mg/kg, which exhibited significantly lower
alternation behaviour scores in comparison with the control group. This is con-
sistent with the study reported by Lukawski which showed that decrease in per-
centages of alterations was caused by an intraperitoneal administration of Cd in
adult female mice at a dose of 0.7 mg/kg for 10 days [47]. The similar effects
were observed in adult male rats received during 60 days Cd dissolved in water
at concentrations of 5 and 50 mg/L [18]. In Morris water maze, Cd exposure
impaired acquisition and reversal performance, a higher latency was observed in
rats exposed to this metal at dose of 1 mg/kg compared to control rats with a
non-significant difference. In addition, a deficit of memorization was shown in
animals Cd treated, explained by a significant decrease in the time spent in the
quadrant where platform it was localized (Probe Test). This study is consistent
with the Jyotsna and Sudhakar study (2016) which showed that the administra-
tion of 5 mg/kg for three weeks, increased latency in all test phases [17]. Also, in
rats increased latency in MWM, was obtained after acute intoxication with Cd at
1,2 and 3 mg/kg [19].

Our study supported by the work mentioned above confirmed that learning
and memory was impaired by chronic Cd administration. These impairments of
spatial memory, which are generally caused by hippocampal lesions [48] may be
due to the disturbance of the hippocampal circuit and its vast connections [49];
the hippocampus especially being indispensable in the integration of spatial in-
formation. Therefore, the memory deficit observed in our study might be related
to alteration in a number of cellular and molecular parameters in the hippo-
campus and/or other brain areas. As shown in the studies of Méndez-Armenta
[48] and Kaoud [18], the histopathological examination of the brain reveled that
Cd intoxication caused neuronal degeneration, atrophied and necrotic pyramid-
al cells in hippocampus.

Another important aspect to be discussed here is the effect of Cd on the cho-
linergic system, which plays a crucial role in the process of learning and memory

[50]. An association between impairment of learning and decreased brain choli-
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nergic activity has demonstrated [51]. Acetylcholinestrase (AChE) is an enzyme
responsible for hydrolyzing and deactivating acetylcholine in the body, it can
modulating synaptic plasticity thought to be important for storing memory and
long term potentiation in brain regions. Alterations in this enzyme level are in-
dicative to impairment of cholinergic function [52]. Also it is a good indicator of
sublethal toxicity by heavy metals [53]. The effect of Cd on AChE was shown in
several studies. A decreased in AChE activity in the hippocampus, cerebellum
and hypothalamus following Cd administration at a dose of 2 mg/kg has dem-
onstrated by Gongalves [36]. Similar results have been found by others research-
ers [19] [33] [54]. Additionally, it is reported that Cd generally impairs enzymes
involved in the synthesis of neurotransmitters. It is suggested that Cd has been
reported to be an inactivator metal, which may induce conformational changes
leading to AChE inhibition [54] [55]. This inhibition decreased the acetylcholine
hydrolysis hence decreasing the reuptake of choline. In addition to that, several
studies reported that calmodulin, a protein capable of associating with calcium
ions promoting the exocytosis process, is unable to differentiate between Ca**
and Cd which ultimately produces alteration in cholinergic system by interfering
with the process of exocytosis [56] hence decreasing the release of acetylcholine
in the synapse, therefore, a decrease in acetylcholine, which might be attributed
to impaired memory function observed in our study.

Another explication of Cd action on affective and cognitive disorders was
found in the results of examination of same parameters in hippocampus re-
ported in this study. We demonstrate that Cd exposure increased LPO levels,
accompanied by a significant increase in NO levels in the hippocampus in male
and female rats. This results are in agreement with several recent studies show-
ing an increase in LPO and NO levels in the hippocampus which suggest an ele-
vation of oxidative stress, following Cd administration in rat [19] [33] [57] [58]
[59] [60]. Also, a high NO levels in many tissues including hippocampus in rats
exposed to Cd has been observed in the studies of Karaca [61] and Abdel Mo-
neim [59]. Oxidative stress represented an imbalance between the production of
Reactive Oxygen Species (ROS) including peroxides and free radicals, and the
ability of antioxidant enzymes such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) to readily detoxify the reactive inter-
mediates [62]. This imbalance results in various alterations such as DNA [63],
proteins [64] [65] [66] and lipid peroxidation [63] [67]. It is reported that, the
oxidative damage mechanism caused by Cd intoxication might be related to its
interaction with mitochondrial sites, leading to the breakdown of the mitochon-
drial potentials, a consequent reduction of intracellular thiols and antioxidants
[68], causing thereafter free radical generation like hydroxyl radicals, superoxide
anions, H,0, and NO [55] [69] [70]. Generally, NO is produced at the cellular
level from arginine and oxygen. This reaction is catalyzed by an enzyme: NO
synthase (NOS). An increase in the expression of the NO synthase gene (iNOS)

stimulated by Cd has been demonstrated in vivo and in vitro [71] [72]. In addi-
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tion, NO reacts with the superoxide ion (O, ) to form the ion peroxynitrite
(ONOO), a very reactive toxic molecule involved in neurodegenerative pathol-
ogies, itacts as a powerful oxidant capable of modifying the functioning of pro-
teins, nucleic acids (DNA oxidation) and lipids (LPO) [73] [74], which might
explain the increase in LPO observed in our study. Once the LPO is provoked, it
is followed by a structural change in biological membranes [75] [76] [77] or
other lipid-containing elements [78] [79] causing impaired membrane fluidity
and inactivation of several membrane-bound enzymes [80], which provoke a cell
death [81], leading to many degenerative illnesses in the central nervous system,
as well as psychiatric disturbances [82]. Also, numerous recent studies have
shown an association between the disruption of behavioral functioning and high
levels in LPO in the hippocampus [19] [33] [41].

Our hypothesis is that behavioral dysfunction observed in the present study
(depression-like, anxiety-like and memory deficit) after chronic administration
of Cd, might be linked to an increase in LPO and NO levels in the hippocampus
and/or other brain areas. With regard to affective disorder, this could cause
death of 5 HT or other neurotransmitter neurons and consequently a decrease in
5 HT brain levels. In this sense, a decrease in levels of 5-HT, dopamine in all re-
gions of the brain including the anterior brain (hippocampus and striatum) has
been shown 24 h after exposure to Cd [41] [42]. Concerning the memory
process, the same mechanism of cellular death would be at the origin of neuron-
al degeneration, especially those releasing the ACh, causing a decrease in the re-
lease of the neurotransmitter. An association between impairment of learning
and decreased brain cholinergic activity has well established [51].

In addition, in our study, dose and sex dependent effect was well established;
the effects of Cd on depression-like and anxiety-like being more pronounced in
males than in females. This sexual dimorphism suggests the involvement of sex-
ual hormones in the modulation of affective disorders by regulating neuro-
transmitter synthesis release or actions. In this sense, gonadal hormones contri-
bute to the anatomical or functional characteristics of several neurotransmitter
systems such as serotoninergic (5-HT) and gabaergic (GABA) systems that re-
gulate anxiety and depression [83] [84] [85]. Edinger and Frye confirmed that
sexual experience is associated with lower levels of anxiety-like behaviour and
higher levels of androgen secretion [86]. It is known that testosterone elevations
were associated with reduced male anxiety [83] [84] [85] [87]. Gonadectomy
(GDX) in male rats would increase anxiety-like behaviour, an effect which would
be reversed by systemic administration of dihydrotestosterone (DHT). Testoste-
rone reduced anxiety-like behaviour through actions of its 5 a-reduced metabo-
lite, DHT [88]. A high level of anxiety-like behaviour associated with lower levels
of testosterone has observed in rat following cd exposure [88]; in male rats, in-
jection of Cd at 2.5 mg/kg subcutaneously for four weeks significantly decreasing
testosterone levels [89]. Cd administration significantly increased NO produc-

tion [70], causing a decrease in testosterone synthesis in the Leydig cells through
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acting centrally on the pituitary gland and inhibiting LH secretion [90].

On the other hand, numerous studies showed that uptake and accumulation
of Cd were more in the males when compared to female rats [91] [92]. This
might be related to higher levels of metallothionein in female rats, which plays
roles in Cd toxicity, transportation and detoxification, and which is increased by
b-estradiol and progesterone administration [93]. Following subcutaneous Cd
administration to male and female rats, liver metallothionein levels in female
rats were reported to be higher than those in male ones [94]. Considering the
basal metabolism of female rats, estrogen and progesterone levels are very high
compared to those in male rats [95]. Therefore, metallothionein levels would be
expected to be higher in females than in males, which might be explain the
sex-dependent effect of this metal. In addition, Cd exerts estrogen-like activity
and can elicit some typical estrogenic responses in rodents upon intraperitoneal
(i.p.) injection. This route of administration was used in several rodent studies
with Cd [96] [97] [98]. In ovariectomized female Wistar rats, the estrogenic ac-
tivity of CdCl, was observed after i.p. injection at doses between 0.00005 and 2
mg/kg b.w [99]. It can activate the estrogen-receptor a (ER a) via high-affinity
interaction with the hormone-binding domain [100], contributing consequently

to the high incidence of hormone-related.

5. Conclusion

This study suggests that people living in heavy metal pollution environments
and continuous exposure to Cd may eventually lead to behavioral pathologies

such as affective and cognitive disorders.
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