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ABSTRACT

Objective: The present study shows the beneficial effect of zinc 10 mg/kg + magnesium 10 mg/kg against cadmium poisoning at a dose of 15 mg/kg
on biochemical parameters and neurobehavioral functions in Wistar rats during a period of 45 days.

Methods: The experiment was carried out on 20 Wistar rats, weighing 180-232 g for an initial weight before starting treatment with cadmium.
The rats are grouped in cages at a rate of 5 in groups: Group (1) control was supplied only with water. Group (2) contaminated with cadmium (Cd):
Water plus oral administration cadmium dose 15 mg/kg/l. Group (3) contaminated with (Cd) dose 15 mg/kg/l in water plus magnesium (Mg) dose
10 mg/kg/1 oral administration. Group (4) contaminated with (Cd) dose 15mg/kg/1 in water plus zinc (Zn) dose 10 mg/kg/l oral administration.

Results: The rats exposure to cadmium showed a very highly significant decrease in body weight of cadmium-contaminated rats (p<0.001) compared
with the control group. Regarding the biochemical parameters, there was a very highly significant increase (p<0.001) in the cadmium group blood
glucose level compared to the control group, a highly significant increase (p<0.01) in the group urea level. Cadmium compared to the control, a very
highly significant increase (p<0.001) in the creatinine level of the cadmium lot compared to the control, a very highly significant increase (p<0.001)
of transaminases (glutamic oxaloacetic transaminase and glutamic-pyruvic transaminase) of the group cadmium relative to the control, complete
blood count demonstrated a very highly significant increase (p<0.001) in the white blood cell count, the hematocrit of the cadmium lot compared to
the control, a very highly significant decrease (p<0.001). The red blood cell and hemoglobin levels of the cadmium group compared to the control.
A significant improvement (p<0.001), (p<0.01), and (p<0.05) of lots: Zinc, magnesium, cadmium + zinc, and cadmium + zinc compared to cadmium.
However, the results obtained from the neurobehavioral tests reveal a significant elevation (p<0.001), (p<0.01), and (p<0.05) in the number of cells
crossed, the number of straightening in the test. Open field in the group exposed to cadmium resulting in locomotors hyperactivity compared to the
control and it is minimal in other groups treated with zinc and magnesium. On the other hand, the plus maze (labyrinth test) revealed a very highly
significant increase (p<0.001), (p<0.01), and (p<0.05) of the time spent in the closed arms of the cadmium group compared to the control, a significant
improvement (p<0.001), (p<0.01), and (p<0.05) of the lots: Zinc, magnesium, cadmium + zinc, and cadmium + zinc compared with cadmium.

Conclusion: Subchronic cadmium toxicity has harmful effects on the biochemical, hematological, and neuro-behavioral parameters of Wistar rats,
with the installation of anxiety that will lead to a depressive state, which will be reduced and improved by the antioxidant effect of zinc + magnesium.
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INTRODUCTION The interactions of cadmium with zinc may occur at different stages
of the body’s use of this micronutrient (absorption, distribution, and
excretion) and this may affect the biological functions of zinc [11]. Zinc
is an excellent antioxidant that prevents the synthesis of oxygen-free

radicals that are responsible for oxidative stress [12,13].

Cadmium is a silvery white metal, is slightly bluish, is very malleable
and ductile, is largely used in industrialized countries, is relatively rare,
is not essential to the development of animal or plant organisms, and
belongs to the family of transition metals [1,2]. On the other hand, its
physical and chemical properties, close to those of zinc and calcium,
allow it to cross biological barriers and accumulate in tissues. It is often
associated with rocks with elements of the same group, such as zinc and
mercury [3,4].

Many studies have shown that zinc supplementation can reduce the
absorption and accumulation of cadmium at the tissue level and also
prevent its harmful actions [14-16].

Studies have indicated that the use of elements such as zinc and

It is a contaminant found in the environment not only due to its natural
presence on the earth’s crust (in zinc ores, lead, and in the soil, and due
to erosion) [5] but also and especially due to human activities such as
the use of phosphate fertilizers in agriculture.

The main causes of human exposure to cadmium are diet (fish, bivalve
mollusks, and vegetables of which vegetables rich in fiber) [6-8].

The interaction of cadmium with phosphate groups and heterocyclic
bases nucleic acids suggests genetic abnormalities and disturbances of
protein synthesis and carcinogenic effects [9,10].

magnesium prevents or reduces many toxic effects of cadmium on
various organs and tissues such as the liver, kidneys, skeleton, and
blood [17,18]. Magnesium is an essential cofactor for activating
many enzyme systems in humans, involved in the metabolism of
carbohydrates, lipids, proteins, and DNA, interacting directly with the
substrate or the enzyme [19,20].

In addition, magnesium alters the concentration of cadmium in the
gastrointestinal tract by affecting intercellular leakage of cadmium
from the intestinal lumen to the blood and consequently reduces its
concentration [21,22].
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Our study is based on the beneficial effect of zinc plus magnesium
against subchronic cadmium exposure in Wistar rats by performing
biochemical assays and neurobehavioral exploration through tests
(Open field and plus maze).

METHODS

Group distribution

The experiment was carried out on 20 Wistar rats, weighing 180-232 g
for an initial weight before starting treatment with cadmium. The rats
are grouped in cages at a rate of five in groups. They are placed in a
ventilated animal house, at a temperature of 21+1°C with artificial
lighting that establishes a day/night cycle (day between 7 and
19 h). Animal procedures were performed in accordance with the
Ethics Committee of the National Research Center and followed the
recommendations of the National Institutes of Health Guide for Care
and Use of Laboratory Animals [23].

After an adaptation period of 15 days we started the experiments:

e Group (1) control was supplied only with tap water.

e Group (2) contaminated with cadmium (Cd): Water plus oral
cadmium dose 15 mg/kg/l.

¢ Group (3) contaminated with (Cd) dose 15 mg/kg/l in water plus
magnesium (Mg) dose 10 mg/kg/1 orally.

e Group (4) contaminated with (Cd) dose 15 mg/kg/l in water plus
zinc (Zn) dose 10 mg/kg/1 orally.

Administered doses

¢ 15 mg/kg/l of cadmium chloride [24].

e 10 mg/kg/! of zinc chloride [25].

¢ 10 mg/kg/l of magnesium chloride [26].

The rats were poisoned with cadmium and treated with zinc plus
magnesium for 45 days.

Signs of intoxication begin from 1 month of exposure.

Biochemical assays
Glucose assay

Glucose is converted by glucose oxidize into gluconic acid and peroxide
of hydrogen (H,0,). The latter, in the presence of peroxidase, oxidizes
the chromogen colorless (4-aminophenazone) to a colored compound
in red-violet [27].

Assay of alanine transferase (glutamic-pyruvic transaminase

[GPT])

The principle is presented according to the following reaction:

Alanine + £ - Cetoglutarate % #'® Glutamate + Pyruvate

Pyruvate + NADH + H' 3 9® Lactate+NAD"

The decrease in NADH concentration is directly proportional to the
activity the enzyme of alanine aminotransferase in the sample [27].

Assay of aspartate aminotransferase (AST) (glutamic oxaloacetic
transaminase [GOT])

AST also known as GOT catalyzes the reversible transfer of an
amino group from aspartate to a-ketoglutarate forming glutamate
and oxaloacetate. Oxaloacetate is reduced to malate by malate
dehydrogenase and NADH, H+ [28].

Assay of urea

Urease hydrolyzes urea to ammoniac (NH4+) and carbon dioxide
(CO,). The ammonium ion reacts with salicylate and hypochlorite in
nitroprusside catalyzed reaction to give indophenol [29].
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Fig. 1: Variation in body weight gain in control, Cd-contaminated,
Zn-treated, Cd-contaminated, and Mg-treated and
Cd-contaminated rats (n=>5). Values are expressed as mean+SEM
(*; p<0.05 **; p<0.01 ***; p<0.001)
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Fig. 2: Serum glucose concentration in control, Cd-contaminated,
Zn-treated, Cd-contaminated, and Cd-contaminated rats (n=>5).
Values are expressed as mean+SEM (*; p<0.05 **; p<0.01
*¥*: p<0.001)

Assay of creatinine

The test is based on the reaction of creatinine with picric acid: It is
the reaction of JAFFE. Creatinine reacts with the alkaline picrate to
give a colored complex, measured within a defined time interval and
proportional to the creatinine concentration of the sample [30].

Assessment of hematological toxicity

The hematological toxicity was demonstrated by the determination of
the digital blood formula (FNS) using an automatic Coulter. Measured
parameters are red cells and white cells, hemoglobin (Hb), and
hematocrit (HCT).

Neurobehavioral tests
Open field test

Hall (1934) proposes the use of alocomotion index as an index of reactivity
emotional seems problematic, especially during the first test session [31].

The device used is a plastic enclosure in the form of a 70 cm square and
30 cm high. It is divided into two parts: A peripheral part and a central
part [32].

The locomotion in the open field was evaluated by raising the index

of locomotion in the peripheral part as well as in the central part as
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a function of time. These two indices cumulative gives us the total
locomotion index in the device [32].

The experimentation time lasts 5 minutes.

Elevated plus maze (EPM) test

The second device we chose to use is the plus maze test. In 1955,
Montgomery described the rodents’ aversion to empty spaces and height
during the free exploration session from a familiar environment [33].

The device is cross-shaped and elevated to a height of 60 cm on the floor. He
is consists of a central part (10 cmx10 cm), two open arms (50 cmx10 cm)
without walls, and the other two arms are closed by walls (50 cmx10
cmx30 cm) that are opposed two by two, the whole is made of wood.
Opaque plastic edges with a height of 0.5 cm are attached to the open arms
to facilitate entry [34] and to allow animals to grip in case of imbalance.

Given the aversion of rodents for empty spaces and height, the open
arms of the device are more anxiety-provoking than the closed arms.

Urea g/l
0.8-
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Thus, the principle of the test is based on the conflict of approach/
avoidance of the open arms: An animal that explores the open arms will
be described as being “not very anxious” and an animal that remains
confined in the closed arms of the device will be described as being
“Anxious” [32].

The test lasts 5 min and begins when the rat is placed in the center of
the plus maze, facing an open arm to increase the latency of the first
entry into an arm, but also the number of entry into the arm thereafter.

Statistic study

We used the GraphPad Prism 6 software and the one-way ANOVA
variance test. (p<0.001), (p<0.01), and (p<0.05) are considered
significant.

RESULTS

Effects on weight
According to our results, the body weight of the rats was affected by
Cd; indeed, we notice a very highly significant decrease (p<0.001)

Fig. 3: Serum urea concentration in control, Cd-contaminated,
Zn-treated, Md-contaminated, and Cd-contaminated rats (n=>5).
Values are expressed as mean+SEM (*; p<0.05 **; p<0.01
*+%: p<0.001)
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Fig. 5: The enzymatic activity of alanine aminotransferase
(glutamic oxaloacetic transaminase) in control, Cd-contaminated,
Zn-treated, Cd-contaminated, and Mg-treated and
Cd-contaminated rats (n=>5). Values are expressed as mean+SEM
(*; p<0.05 **; p<0.01 ***; p<0.001)
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Fig. 4: Serum creatinine concentration in control,
Cd-contaminated, Zn-treated, Md-contaminated, and
Cd-contaminated rats (n=5). Values are expressed as mean+SEM
(*; p<0.05 **; p<0.01 ***; p<0.001)

Fig. 6: The enzymatic activity of aspartate aminotransferase
(TGP) in control, Cd-contaminated, Zn-treated, Cd-contaminated,
and Mg-treated and Cd-contaminated rats (n=5). Values are
expressed as mean+SEM (*; p<0.05 *¥; p<0.01 ***; p<0.001)
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in body weight of Cd-contaminated rats compared to controls.
While in Cd-contaminated rats treated with Zn and Cd-infected and
Mg-treated rats, we do not notice a significant change in body weight
compared to controls, which explains the beneficial effect of these
two antioxidants (Zn and Mg). Against the oxidative stress caused
by Cd.

Effects on biochemical parameters

Glycemia

Our results show a very highly significant (p<0.001) increase in
serum glucose concentration in the Cd-contaminated lot compared
with controls. While in Cd-contaminated rats treated with Zn and
Cd-contaminated and Mg-treated rats, we do not notice a significant
change in serum glucose concentration compared to controls (Fig. 2).
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Fig. 7: Number of white blood cells, red blood cells, hematocrit,

and hemoglobin levels in control, Cd-contaminated, Zn-treated,

Cd-contaminated, Mg-treated, and Cd-contaminated rats (n=5).
Values are expressed as mean+SEM (*; p<0.05 **; p<0.01 ***;
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Urea

Our results show a highly significant (p<0.01) increase in serum glucose
concentration in the Cd-contaminated lot compared with controls.
While in Cd-contaminated rats treated with Zn and Cd-infected and
Mg-treated rats, we notice a decrease in serum urea concentration
compared with Cd (Fig. 3).

Creatinine

Our results show a very highly significant (p<0.001) increase in
serum creatinine concentration in the Cd-contaminated lot compared
with controls. While in Cd-contaminated rats treated with Zn and Cd-
infected and Mg-treated rats, we notice a decrease in serum creatinine
compared with Cd (Fig. 4).

GOT

Regarding the enzymatic activity of alanine aminotransferase (GOT),
the results reveal a very highly significant increase (p<0.001) in the
Cd-contaminated lot compared with controls. On the other hand,
in Cd-contaminated rats treated with Zn and Cd-contaminated and
Mg-treated rats, we observe a decrease in the enzymatic activity of
alanine aminotransferase (GOT) compared with Cd.

GPT

Regarding the enzymatic activity of AST (GPT), the results obtained reveal
a very highly significant increase (p<0.001) in the batch contaminated
with Cd compared to controls. On the other hand, in Cd-contaminated
rats treated with Zn and Cd-contaminated and Mg-treated rats, we notice
a decrease in enzymatic activity of AST (GPT) compared with Cd (Fig. 6).

Effects on hematological parameters

The results show a very highly significant increase (p<0.001) of white
blood cells in a Cd-contaminated batch compared to the control group,
whereas in Cd-contaminated rats treated with Zn and Cd-infected rats
and treated with Mg, we notice a decrease in white blood cell levels
compared to Cd which confirms the beneficial effect of these two

p<0.001) antioxidants (Zn and Mg) against the toxicity of Cd (Fig. 7).
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Fig. 8: Open field test in control, Cd-contaminated, Zn-treated, Cd-contaminated, and Cd-contaminated rats (n=5). Values are expressed as
mean+SEM (*; p<0.05 **; p<0.01 ***; p<0.001)
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Fig. 9: The elevated plus maze test in control, Cd-contaminated, Zn-treated, Md-contaminated, and Cd-contaminated rats (n=5). Values are
expressed as mean+SEM (*; p<0.05 **; p<0.01 ***; p<0.001)

Regarding the rate of red blood cells, we noticed a very highly
significant decrease (p<0.001) in Cd-contaminated batch compared
to the control group, while in the Cd-contaminated rats treated with
Zn and Cd-contaminated rats and treated with Mg, we notice an
increase in the rate of red blood cells compared to Cd which confirms
the beneficial effect of these two antioxidants (Zn and Mg) against the
toxicity of Cd.

A very highly significant (p<0.001) decrease in HCT in the Cd-
contaminated lot compared to the control group, whereas in Cd-
contaminated rats treated with Zn and Cd-contaminated rats and
treated with Mg, we notice an increase in HCT relative to Cd which
confirms the beneficial effect of these two antioxidants (Zn and Mg)
against the toxicity of Cd.

A very highly significant (p<0.001) decrease in Hb in the
Cd-contaminated lot compared to the control group, whereas in
Cd-contaminated rats treated with Zn and Cd-contaminated rats and
treated with Mg, we notice an increase in HCT relative to Cd which
confirms the beneficial effect of these two antioxidants (Zn and Mg)
against the toxicity of Cd.

Effects on neurobehavioral parameters
Open field test

The results of the open field test show a very highly significant increase
(p<0.001) in the number of cells crossed in the Cd-contaminated lot
compared to the control group, whereas there is no significant change
in the number of cells crossed. In Cd-contaminated rats treated with Zn
and Md-treated and Mg-treated rats compared to controls.

A very highly significant increase (p<0.001) in the number of remedies
in the Cd-contaminated lot compared with the control group, whereas
there was no significant change in the number of cells crossed than in
the Cd-contaminated rats treated with Zn and Cd-contaminated and
Mg-treated rats compared to controls.

There was no significant change in the number of visits to the center in
the Cd-contaminated lot compared to the control group, the same for

the Cd-contaminated rats treated with Zn and the Cd-contaminated and
Mg-treated rats compared to the controls.

Finally, there is a highly significant (p<0.01) increase in the latency time
in the Cd-contaminated batch compared to the control group, whereas
there is no significant change in the number of cells crossed than in the
Cd-contaminated rats treated. Zn and Cd-infected and Mg-treated rats
compared to controls (Fig. 8).

EPM

Based on our results, there was a very highly significant (p<0.001)
increase in the number of closed arms entering the Cd-contaminated
group compared with the control group. On the other hand, there
was no significant change in the number of cells crossed than in the
Cd-contaminated rats treated with Zn and the Cd-contaminated and
Mg-treated rats compared to the controls.

No significant change in the number of open arms entered in the
Cd-contaminated lot compared to the control group, while there was
no significant change in the number of open arms in Cd-treated and
Zn-treated rats and Md-treated and Mg-treated rats compared to controls.

There was also a very highly significant (p<0.001) increase in
closed-arm time in the Cd-contaminated lot compared with the control
group, but no significant change in closed-arm time in contaminated
rats. Cd and treated with Zn and Cd-infected and Mg-treated rats
compared to controls (Fig. 9).

DISCUSSION

Heavy metals all have a toxic potential which depends mainly on
their concentration in the medium under consideration and their
bioavailability, i.e., of their soluble and accessible function by organisms.
Too high concentrations of even essential heavy metals are toxic to
living organisms [35].

The bioavailability of heavy metals defines their ability to be transferred

from one compartment to another, which increases the risk of toxicity
to living organisms [36].
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Among these heavy metals are cadmium (Cd), a toxic heavy metal and
a major environmental pollutant found in soil, water, air, food, and
cigarette smoke [37].

The objective of our study was to evaluate the impact of subchronic
cadmium exposure on Wistar rats during a 45-day experimental period
and to see the protective and beneficial effect of (Zn + Mg) against
toxicity of cadmium.

Our experimental study demonstrated that subchronic exposure to
cadmium (15 mg/kg/l) altered the body weight of Wistar rats, as we
observed weight loss in cadmium-contaminated rats compared with
controls.

This remarkable decrease is due to an increase in the degeneration of
lipids and proteins caused by the toxicity of cadmium [38]. On the other
hand, cadmium reacts with several nutrients [39]; divalent Cd + 2 metals
affect the metabolism or tissue concentrations of several important
components of mammalian bone metabolism: Calcium, magnesium, and
zinc [40,41]; it can induce bad assimilation of food by the body [42,43].

In contrast, the treatment of rats treated with zinc (Zn) and magnesium
(Mg) resulted in an improvement in body weight.

Our results show a high blood sugar level (serum glucose) in rats
contaminated with cadmium. This hyperglycemia is caused by the
toxicity of cadmium [44], which inhibits the production of insulin by
islets of Langerhans [45], or it blocks the use of glucose by cells and
leads to the presence of a high concentration of insulin [46] or due
to disruption in glucagon secretion and leads to high degradation of
glycogen, offers new glucose production from other non-carbohydrate
sources such as proteins [44].

These results are consistent with [44,46] studies in rats.

Treatment with zinc and magnesium will improve glucose levels in
cadmium-contaminated rats and this suggests that zinc treatment will
cause a decrease in the effect of cadmium by binding to biomolecules as
well as improving insulin secretion by reducing glucose accumulation.
Zinc protects enzymes and ATP involved in glucose metabolism [47,48].

The increase in serum levels of urea and creatinine in cadmium-
contaminated rats is considered a biomarker of renal dysfunction and
renal damage caused by this metal. Urea and creatinine are essential
parameters for assessing renal function and glomerular filtration [49].

In addition, the increase of urea in the serum is correlated with the
increase of protein catabolism; the proteins can be degraded into amino
acids and then urea and creatinine.

Therefore, the increase in ureaand creatinine in cadmium-contaminated
rats is due to the nephrotoxic effect of cadmium [50,51].

On the other hand, the administration of zinc to the cadmium-
contaminated group decreased with urea and creatinine compared to
the cadmium lot, which is almost normal compared to controls, the
same for zinc lot compared to controls.

Other authors have also conclusively proved that zinc stimulates the
protein synthesis [52,53] which makes zinc an essential factor for
protein synthesis.

Several studies have demonstrated the protective effect of magnesium
against the toxic effects of cadmium [54]. This effect of magnesium
could be explained by the competitive antagonism between cadmium
and magnesium [55]. Matovic’s work has shown that adding magnesium
could reduce cadmium levels in the kidneys. [55].

Our results show an increase in the enzymatic activity of transaminases
(GPT and GOT) in the serum of cadmium-contaminated rats. The
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increase in these enzymes indicates a hepatic injury and is explained
by the leakage of enzymes from the tissue to the plasma due to the
alteration of the membrane permeability [56].

These results are consistent with the work of Navarro et al. [57], Tandon
et al. [58], Uyanik et al. [59] in rats that confirmed the increase of these
enzymes.

Zinc treatment improved the activity of transaminase enzymes TGO,
TGP in cadmium-contaminated rats. This antioxidant can stabilize the
hepatic cell membrane and protect hepatocytes against the toxic effects
of cadmium which can decrease enzyme leakage to plasma [60-63].

Magnesium treatment improved the activity of transaminase enzymes
TGO, TGP in cadmium-contaminated rats. This antioxidant can stabilize
the hepatic cell membrane and protect hepatocytes against the toxic
effects of cadmium which can decrease enzyme leakage to plasma [64,65].

Regarding the study of hematological parameters, the analysis of our
results showed that the subchronic exposure of rats to cadmium caused
a significant decrease in red blood cells, Hb, and HCT. From these
results, it can be said that cadmium caused anemia [66].

This anemia is due, on the one hand, to the effects of free radicals
generated by cadmium on red blood cells, where some free radicals
such as 02.- and OH are very species reagents causing cellular damage
through peroxidation membrane lipids, moreover in the presence of
high concentrations of these radicals, Hb can easily oxidize [67-69].
These results are in agreement with the studies [70,71].

In contrast, there was a clear increase in white blood cells among
cadmium contaminated rats compared to controls. This increase
is explained by the fact that the animal mobilizes all these defense
capacities (in particular, the leukocytes) to fight against the infectious
agents caused by the presence of xenobiotics in its organism [72]. This
confirms the importance of the globules white in immune defense
against toxic elements.

However, this anemia is corrected in groups treated with Cd + Zn,
Cd + Mg after 45 days of treatment; which further demonstrates the
cytotoxic effect of cadmium [73,74].

We have chosen a battery of neurobehavioral tests to assess the state of
depression, anxiety, locomotor activity, and a blood glucose test since it
is good indicator stress.

These tests were performed to estimate the state of stress in Wistar rats
exposed to cadmium compared to controls.

Regarding the open field test, the results noted clearly show that oral
administration of cadmium showed a very high increase significantly
in the number of cells crossed and the number of recoveries, which
reveals locomotor hyperactivity in poisoned rats compared to non-
intoxicated rats.

This increase in exploration is explained by the action of heavy metals
(cadmium) on the dopaminergic system which results in an increase
in synthesis, release of the neurotransmitter, and hyperfunctioning
postsynaptic receivers [75].

On the other hand, in lots treated with zinc and magnesium, we
noticed a decrease in the number of cells crossed and the number of
recoveries. This is due to the beneficial and antioxidant power of zinc
and magnesium which are trace elements that enter the development of
the nervous system and synaptic transmission signal [15,76].

Furthermore, we examined the action of cadmium orally on Wistar rats

during the most maze test; we noticed a very highly significant increase
in the number of entries in the closed arms and the time spent in the
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closed arms. This is explained by the anxious and depressive state
caused by cadmium in Wistar rats.

The plus maze test is one of the most popular behavior patterns for
anxiety, the increase in the number of entries and the time spent in
the open arms are considered to be the most representative indices of
anxiolytic activity.

In this device, the rats prefer to spend much of their time in the closed
arms; this behavior seems to reflect an aversion to open arms that are
generated by the fear of open spaces. Drugs that increase open-arm
exploration are considered anxiolytics and the opposite is true for
anxiogens [77,78].

Unlike the cadmium group, lots Cd + Zn and Cd + Mg show some
improvement and decrease in the number of entries in the closed
arms, the time spent in closed arms this is explained by the antioxidant
capacities of zinc and magnesium to reduce the effect of cadmium on
the nervous system by reinforcing dopaminergic and serotonergic
transmission in Wistar rats [13,15,79-80].

Finally, it is clear that when Cd-treated rats were subjected to Zn and/
or Mg supplementation, the Zn and Mg provides protection against Cd-
induced oxidative stress and toxicity in the liver and kidney tissues. It
may be concluded that the mixture of Zn and Mg supplementation was
more beneficial against subchronic toxicity of Cd [81,82].

CONCLUSION

The results obtained show that the subchronic toxicity to Cd is
responsible for a disruption of the biochemical, hematological, and
neurobehavioral parameters that can be summarized in the following
points:

¢ The physiological study shows that the Cd-induced a weight deficit
compared to the control, knowing that the administration of Zn and
Mg improved the growth of the rats.

e A disruption of the biochemical metabolism, the Cd-induced an
increase in the concentration of glucose, urea, and creatinine, this is
accompanied by an increase in the enzymatic activity of the hepatic
markers TGP and TGO, and these changes are corrected by the
addition of Zn plus Mg.

e The hematological study shows a decrease in the number of red blood
cells, Hb, and HCT with an increase in white blood cells in the batch
contaminated with Cd compared to the control. Note that, these rates
are improved after adding Zn plus Mg.

¢ The neurobehavioral study shows first according to the open field
test that Cd contamination induces an increase in the number of
cells crossed and the number of recoveries, as well as a decrease in
the lag time compared to the control group. Note that, the addition
of Zn plus Mg improved these parameters. On the other hand, and
according to the plus maze test, the Cd has induced an increase in
the number of entries and the time spent in the closed arms. These
parameters are corrected by the administration of Zn plus Mg.

Finally, we can confirm that Cd has hepatotoxic, hematotoxic, and
nephrotoxic effects, as well as effects on the nervous system, due to its
impact on the metabolic function of the liver, on blood parameters, on
renal function, and also on neurobehavioral parameters reflected by the
presence of a depressive state and anxiety.

It should be noted that treatment with Zn plus Mg has fewer effects
than those observed after contamination with Cd alone. Thus, it can be
confirmed that the administration of Zn plus Mg reduced the toxicity of
Cd as antioxidants against free radicals.
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