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Abstract

Purpose: Aluminum (Al) and its various forms are environmental xenobiotics
that pose great threats to public health. The probiotic strain has been reported
to have important protective effects against aluminum cytotoxicity. Therefore,
the current study was designed to assess the disruption of neurobehavioral and
hematobiochemical parameters caused by chronic exposure to AICI3, and then
explore the protective effects of the probiotic strain Lactobacillus rhamnosus
against these adverse in male rats.

Method: Thirty-two animals were gathered into four groups: The first group
served as control. The second group received 100mg AICI3/kg bw for 12 weeks.
However, the third group was administered 10mL probiotic strain /Kg (108 CFU/
ml) bw/d daily for 4 weeks. Finally, group 4 received AICI3 for 12 weeks, then
the treatment was continued with probiotic for 4 weeks.

Results: AICI3 produced a decrease in body and brain weights with respect
to their control. The results obtained also showed significant depression and
anxiety-like behavior in the intoxicated animals, with a disturbance of the tested
hematobiochemical parameters, particularly in renal and hepatic biomarkers.
Overall, probiotics prevented enduring AICI3-induced depression-like behavior
in intoxicated rats. The results of the hematobiochemical, renal and hepatic
analyses show a correction of the values after the administration of probiotics
compared to those of intoxicated and untreated animals.

Conclusion: The probiotic lactobacilli would be an alternative to reduce AICI3 toxicity.

Keywords: AICl,, Probiotic, Lactobacillus rhamnosus, behavioral tests,
hematobiochemical parameters.

Introduction

Aluminum (Al) is the most naturally occurring metal on the earth’s surface
and is a trivalent cation found in its ionic form (AlI3+) in most animal and plant
tissues and in natural waters. Diverse aluminum compounds are produced
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and used in several fields such as water treatment, food additive manufacturing, dyes,
pharmaceuticals, in the manufacture of kitchen utensils and food packaging (Berihu et al.,
2015). Daily, moderate levels of this metal enter the body and can accumulate in certain
organs. Most of Al ingestion is provided by food in different ways and water provides
the highest biological availability to be absorbed by the gut (Karbouj, 2009; Douichene,
2016). No beneficial biological role has been attributed to aluminum; long considered
harmless, aluminum is now considered a toxic metal, including a neurotoxicant (Gupta et
al., 2005). In recent years, an increase in the number of diagnoses of neurodegenerative
diseases (such as Alzheimer’s disease) has led more and more scientists to investigate
the etiology of these diseases. Some of them have found a direct link between these
diseases and the presence of high aluminum concentration in the tissues of affected
patients (Sanchez-Iglesias et al., 2007). Al enters the brain and crosses the blood-brain
barrier (BBB) via specific high-affinity transferrin receptors that are expressed in the
BBB (Thenmozhi et al., 2015). Transferrin receptors also exist in the cerebral cortex,
hippocampus, septal nuclei, and amygdala where Al can be accumulated (Xiao et al.,
2011).

On the other hand, natural resources are full of beneficial virtues for humans, in addition to
their diet (Ramdane, 2008). Several studies have been undertaken to evaluate the impact
on health of certain non-nutritional food components such as micronutrients, prebiotics,
and probiotics (Aitbelgnaoui, 2006). Currently, probiotic strains are often incorporated
into marketing strategies to build health claims in response to consumer attention for
a “healthy” lifestyle (Bahri, 2016). Probiotics are dietary supplements consisting of live
microorganisms that favorably influence the host animal by improving the balance of its
gut flora (Rivier, 2020). Most of them are lactic acid bacteria ingested by consumers via
fermented dairy products. The most used are Lactobacillus and Bifidobacterium (Wanchai
et al, 2018). Lactobacilli are representative of the beneficial human gut microbiota and
therefore are the most prominent microorganisms as probiotics (Kesarcodi et al., 2008).
Moreover, the evaluation of the effects exerted by probiotics through in vitro and in vivo
studies could constitute a more rational approach in the selection of these microbial
agents to prejudge their therapeutic potentialities (Aitbelgnaoui, 2006).

In the light of these data, our research work consists, on one hand, in estimating the
incidence of Aluminium chloride (AICL,) intoxication in wistar rats and, on the other
hand, in evaluating the therapeutic effect of probiotics against AICI, toxicity by exploring
different functions such as neurological, hepatic, renal and hematological function.

Materials and methods

Preparation of milk fermented with the probiotic strain

Lactobacillus rhamnosus is obtained as a Swab containing a pellet of freeze-dried
microorganisms (ATCC 53103- KWIK STIK X2, Alliance bio-expertise). The strain is
grown in De Man, Rogosa, and Sharpe (MRS) broth at 37°C. After 24 hours of incubation,
a subculture was performed on MRS agar and incubated at 37°C for 48 hours. Two
colonies were then transferred to 9ml of semi-skimmed milk and incubated at 30°C
for18h. From a standard inoculum, 200ml of sterile semi-skimmed milk is inoculated with
1ml of Lactobacillus rhamnosus (i.e., 108 CFU/ml) (Benreguieg et al., 2013; Mahmoudi,
2014), the cultures are incubated, and the resulting coagulate is then stored at 4°C until
it is presented to the animals.
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Origin of the animals and housing conditions

We used twenty-four healthy Albino rats of the Wistar strain were obtained from the local
animal house of the department of biology.

The number of suffering animals was minimized following the guidelines of the European
Council Directive (86/609/EEC).

The animals were acclimatized at the animal house in professional plastic cages (43 x
28 x 5 cm). Then, were randomly divided into 4 groups of 8 animals in each (Fig. 1). The
room they occupy is maintained at a temperature of (22 to 23 C°) and is subjected to a
constant light cycle (alternating 12/12 hours darkness/light). The animals have access to
water bottles and feeders. The assessment of body weight and brain weight of all tested
rats were recorded weekly throughout the exposure period within the groups.
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Figure 1. Experimental protocols used in this work. (Group 1: T): animals have not undergone any treatment. (Group 2:
INT): Animals were intoxicated by oral administration of aluminum chloride (AICI,) at 100 mg/kg bw/d for 12 weeks (EI-
Nahrery, 2015). (Group 3: TR): animals were fed with probiotic strain (Prob) by oral administration at 108 CFU/ml,10ml/
Kg bw/d; for 4 weeks (Nimgampall and Kuna, 2017; Woo et al., 2014). (Group 4: INTT): Animals were intoxicated by oral
administration of aluminum chloride (AICI,) at 100 mg/kg bw/d for 12 weeks, then were fed with probiotic strain (Prob) by
oral administration at 10 CFU/ml,10ml/Kg bw/d; for 4 weeks.

Neurobehavioral study

During the exposure period several neurobehavioral parameters were assessed including
locomotor activity, motor coordination, anxiety level, depression and short-term and
spatial memory, using various devices (Open Field, Dark and Light, Forced Swimming
Test, Y maze test and Morris pool) respectively.

Open Field Test

The Open Field (OF) test was originally described and developed by Hall (1938) and
is regularly used in many studies as a test of locomotor and exploratory activity and as
a predictor of emotional reactivity in rodents, which are considered to prefer confined,
enclosed, dimly lit spaces and tend to avoid this stressful environment. In this study, the
mouse was placed in an open field (e.g., lit with a dark background scattered with lines
delineating tiles (10 x 10 cm)) where the mouse was initially placed in one of the four
corners of the open field with its head facing the corner (Dauge et al., 1989).

Dark and Light Test

According to Crawley and Goodwin, (1980); Misslin et al, (1989) this test is commonly
used in behavioral studies where it is based on the aversive properties of the rodent
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towards light in order to assess its anxiety state. The device consists of a box with two
equal compartments (L =22 cm; W = 16 cm; H = 23 cm) separated by a small opening
6 cm high and 5 cm wide, one of which is black, and the other is brightly lit. Each subject
was placed in the corner of the wall opposite the central opening at the level of the dark
compartment and allowed to explore this new environment for 3 minutes. The parameters
measured after the three minutes of exploration are the time spent in both compartments
during the 5 minutes of experimentation, which allows us to compare the exploratory
activities of these animals in both chambers by determining their anxiety levels.

Forced Swimming Test

This test assesses the state of resignation, which is a depressive behavior in rodents,
and results in significant immobility according to its first founder (Porsolt, 1977). The
experimental device is a transparent Plexiglas cylinder 20.7 cm in diameter and 39 cm
high filled 3/4 with water at a temperature of 22+1°C in which the mice are successively
subjected to this forced swimming test for 3 minutes, the parameters to be measured
are: OThe mobility time when the animal is actively swimming with all four legs. OThe
immobility time during which the animal only floats (low amplitude movements) which
reflects behavioral desperation.

Three-armed maze (Y maze test)

This test can be widely applied to study short-term memory in older rodent models.
Experiments with the Y maze have been conducted to assess the willingness of rodents
to explore a new environment and spontaneous switching in animals. The test consists
of three Y-shaped arms with a black color. The animal was placed in the middle of the
maze and the rat was allowed to make decisions about the direction of travel between
the three arms. The experiment was considered correct if the rat visited all three arms
consecutively, while visiting an individual arm more than once in three alternations was
considered wrong (Prieur and Jadavji, 2019).

% alternations = (total number of alternations/ number of arms entered) x 100.

The Morris pools

Learning ability, spatial orientation and spatial memory in rodents were assessed
using the Morris pool test (Morris, 1984). The experimental set-up is a circular pool
(diameter 160 cm; height 60 cm) filled with water at a height of 30 cm and maintained at a
temperature of 22°C +1. The platform (10 cm in diameter and 28 cm high) is covered with
a grid to facilitate the grasping of the animals. A non-toxic white paint is dissolved in the
water to make it opaque. The tank is installed in an experimental room with various visual
cues on the walls. The experimenter is hidden from the animal’s view and its movements
are tracked by a video camera. The pool is virtually divided into quadrants: North-East
(NE), South-East (SE), North-West (NW), South-West (SW) and the acquisition phase
lasts 4 days with 4 trials per day separated by 40 min. The tests are carried out between
9am and 12pm. The platform is placed in the NW quadrant 2 cm below the water surface.
The rat was placed in the tank with its head against the wall at one of the four cardinal
points. The time taken by the animal to reach the platform is recorded. Each trial lasts 60
seconds. If the rat cannot find the platform at the end of the trial, it is placed on it by the
experimenter for 20 sec. The probe test is performed the day after the last day of training.
The platform is removed from the pool and the animal is placed in the South (S). The
time spent in the quadrant where the platform was located during the acquisition phase
(NO) is measured in a single 60-second trial. After 2 hours of the probe test, the visible
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platform phase takes place. The platform is placed in the middle of the NW quadrant
and made visible with a black flag. 4 trials of 60 seconds each, separated by 40 minutes,
are conducted by placing the rat successively at the 4 cardinal points. The time taken to
reach the platform was measured.

Hematological Assay

Blood taken with EDTA was used for the determination of total red blood cells (RBCs),
white blood cell (WBC) count, hematocrit percentage (HTC), hemoglobin (Hb) and
platelet count (PLT) using an automatic cell counter (Mindray BC 3000 plus).

Biochemical assay

Determination of the kidney and liver parameters

All animals were killed at the same time. Blood samples were taken from all rats in
heparinized tubes and then centrifuged. In the present study, we chose plasmatic
biochemical parameters related to liver and kidney function. We determined the glucose
content, uric acid, creatinine, cholesterol and triglycerides and levels of enzymes such as
aspartate aminotransferase (AST) and alanine aminotransferase (ALT). These enzymes
were examined by routine colorimetric methods using commercial kits (Kaplan and
Murray,1984; Thomas,1992)

Expression and statistical analysis of results

The results are expressed as the mean (M) of the individual values plus the standard
error of the mean (S.E.M). The comparison of two means is performed by a student’s
t-test. The comparison of several means is performed by an analysis of variance
(ANOVA) with the intoxication factor (AICI3, T) and/or the treatment factor (Prob, AICI3),
possibly followed by the student-Newman-Keuls post-hoc test. Statistical analyses were
performed with Sigma Stat software.

Results and discussion

This work focuses on the study of the impact of a probiotic treatment and a chronic
intoxication with aluminum chloride on disorders that can generate to the different organs
of Wistar rats.

Assessment of the weight parameters

The results of body weight show that AICI, intoxicated animals represent a significant
(p<0.001) decrease in weight to that of control animals during the 12 weeks of
experimentation. This indicates that AICI, causes a decrease in pity (Thenmozhi et al.,
2015). This reduction is probably due to the anorexigenic effect of AICI,, as Al acts on
the decrease of the synthesis pathways of serotonin and dopamine levels, these two
neurotransmitters are directly involved in the regulation of digestive, feeding behavior
and satiety control (Boutaleb et al., 2017). On the other hand, we note a weight gain
for the rats of the treated batch after the administration of the probiotic, these results
agree with those of Idoui et al (2008). However, the results of brain weight show that
there is a significant decrease (p<0.001) in AICI3 intoxicated rats compared to control
rats which may be due to the toxic effect of Al during their accumulation in these organs.
These results agree with those of Abdulmalek et al (2015) and Ajibade et al (2011) on
the other hand there is an increase in organ weights after administration of the strain in
both intoxicated and treated rats which suggests that the administration of the probiotic
reflects a better development of internal organs according to Coudeyras and Forestier
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(2010), (Table 01).

Table 1. Evaluation of weight parameters of control, AICI3, and Prob treated rats

Lots Body weight (g) Brain weight (g)
T 335,75 + 1,29 2,19 +0,02

INT 275,38 + 1,75 1,79 £0,01***
TR 333,7 +4,7 2,17 £0,01

INTT 298,35 + 2,95*** 2,01 +0,02**

Values are expressed as mean + SEM (***: p<0.001).

These results suggest that Al toxicity causes a decrease in the number of glial cells, and
a reduction in the number of neurons in specific regions in the hippocampus and cerebral
cortex. Al stimulates programmed death (apoptosis) of neurons in the hippocampus and
cortex primarily through down-regulation of anti-apoptotic factors and up-regulation
of pro-apoptotic factors (Prema et al., 2016). Al is characterized by a strong positive
charge that facilitates its binding to some atoms of the amino acids of various proteins.
Indeed, Al can form a complex with proteins by inducing conformational changes that
can inhibit their degradation, thereby enhancing their production and aggregation in
tissues. Prolonged exposure to Al can cause several disturbances in the body such
as altered functions, vital reactions such as membrane disruption, loss of calcium
homeostasis, disruption of mitochondrial respiration as well as Al causes neurotoxicity
by their accumulation in the brain and finally the death of neurons (Wang et al., 2016).
Thus, this exposure to aluminum could influence food intake, gastrointestinal tract, and
intestinal food absorption in rats, leading to growth retardation (Allagui et al., 2014;
Lukyanenko et al.,2013). Aluminum administration appears to lead to neurological
(autism, encephalopathy, Alzheimer’s disease) and hematological (anemia) adverse
effects regardless of the route of administration (Swegert et al., 1999).

Impact of aluminum and Lactobacillus rhamnosus on neurobehavioral tests

To evaluate the effect of AICI3 and probiotic on the cognitive and neurobehavioral
functions of rats, different neurobehavioral tests were proposed to assess anxiety,
locomotor activity, memory, and depression.

Dark and Light Test

This test is used to determine the state of stress in rodents, knowing that they generally
dislike lighted places. Thus, the more anxious the animal, the more its exploration will
be reduced to the dark compartment (Zewed et al., 2018). The results obtained revealed
that the animals intoxicated by AICI3 tend to spend more time in the clear compartment
during the 5 min of the test compared to the control animals (p<0.001), this gives a clear
picture of its psychological state that the intoxicated rats live in a state of permanent
stress due to a neurophysiological impairment (Liaquat et al., 2017). While the anti-
anxiety effect was found in both treated and intoxicated rats treated after probiotic
treatment, these results are in agreement with the new concept of psychobiotics (Dinan
et al., 2013), (Figure 02).
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Figure 2. The time spent in the light compartment in the four lots. Values are expressed as mean + SEM
(***: p<0.001).

Locomotor activity (Open field)

The open field test results obtained from this study show a significantly (p<0.001)
reduced number of tiles traversed by AICI3 intoxicated rats compared to control rats as
well as the number of visits to the center. The AICI3-intoxicated rats show locomotor
hypoactivity compared to control rats. This hypoactivity is due to altered signaling
pathways between neurons as well as loss of synapses and neurons and decreased
synthesis of neurotransmitters such as dopamine, glutamate, and serotonin (Liaquat
et al., 2017). Increased toileting and defecation are a marker of stress (Sethi et al.,
2008). These results agree with Rashwan et al. (2018) and show that the open field test
reflects behavior related to exploratory activity and anxiety that are expressed in AlCI3-
intoxicated rats by reduced horizontal and vertical exploratory activity, high latency,
and high defecation. Exposition to AICI3 induces significant alterations in a number of
motor functions and an increase in motor neuron apoptosis (Gadouche et al., 2018).
However, administration of probiotics resulted in a marked improvement in locomotor
activity in both intoxicated and treated rats, as well as improvement in their exploratory
and emotional states, suggesting that the probiotic helps support the nervous systems
and may help release emotional blockages and bring a sense of balance. The same
observations were made by Abildgaard et al (2017) who tested the anti-stress effect of
eight probiotic strains on different adult rats, (Table 02).

Table 2. The different parameters measured during the locomotor activity test

Lots Time of Number of Number of Number of Number of Number of
latency panes crossed adjustment visitstothe  grooming defecation
(Sec) center

T 59,25+1,39 125,5+1,05 17,75+1,50 3,875+0,51 1,125+0,35 1,25+0,25

INT 119+0,96***  82,75+1,22***  10,375+0,70***  1,625+0,26** 2,875+0,39 1,75+0,31

TR 57,12+0.54 94.4+0,34 18,52+0,78 2,41+0,91 1,10+0,34 1,1410,7

INTT 94+0,23"** 87.63+1,21***  13.06+0.30™* 2.16+0.27** 1.22+0.33  1.22+0.24

Values are expressed as mean = SEM: (**: p<0.01; ***: p<0.001).

Three-arm maze test (Y-maze)
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Y maze test used to assess short-term memory. The results show that the percentage of
alternations and the number of visits is significantly lower in intoxicated rats compared
to control rats (Fig 03).
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Figure 3. The percentage of alternation and number of visits in Control (TE), Treated (TR), AICI3-
intoxicated (INT), Treated Intoxicated (INTT) rats. Values are expressed as mean + SEM: (***: p<0.001 *:
p<0.05).

Our results agree with Cao et al (2017) and suggest that AICI3 impairs working memory
(short-term memory) where the percentage of alternations was reduced under the effect
of this xenobiotic. AICI3 causes behavioral, biochemical and pathological signs similar
to that of Alzheimer’s disease that manifest as losses of short-term memory and spatial
working memory (Abdelghany et al.,2019). The results show that there is a significant
increase in the percentage of alternation and the number of visits in the treated
intoxicated rats compared to the rats intoxicated by AICI3. According to the publication
of Descoins, (2017) (National Institute of Agricultural Research), shows that intestinal
bacteria influence our behaviors, regulating our emotional responses and intervene in
these pathologies of the nervous system as well as the researchers revealed that the
ingestion of the bacterium Lactobacillus farciminis (a lactic acid bacterium) can decrease
in a non-negligible way the stress of rats. This probiotic restricts the permeability of
the intestinal barrier and thus reduces the passage of lipopolysaccharides present in
the intestines into the circulation. As the latter are incriminated in the induction of
neuroinflammation in the brain, accentuating the effects of stress, the reduction of their
passage would then be considered as an “anti-stress” effect.

Morris Pool Test

The Morris water maze test is commonly used to assess spatial memory in rodents. It
was originally designed to test the ability of rats to learn and remember the position of
a hidden platform in an opaque water pool relative to external cues. In agreement with
Thenmozhi et al. (2015) and Igbal et al. (2016), our results suggest that AICI3-intoxicated
rats took longer to reach the platform compared to control rats during the acquisition
phase, and during the probe the intoxicated rats have a significantly lower latency in the
NO frame compared to control rats (Fig 4,5 and 6).
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(INT), Intoxicated Treated (INTT) rats. Values are expressed as mean + SEM:

(***: p<0.001).
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Figure 6. The latency time during the visible platform in Control (TE), Treated (TR), Intoxicated (INT) and
Intoxicated Treated (INTT) rats. Values are expressed as mean + SEM

Experiments have shown that the use of AICI3 leads to a decrease in learning and
memory capacity and to a dysfunction of cholinergic neurons. Acetylcholine (Ach) is
an important neurotransmitter involved in learning and memory and can be increased
in the hippocampus and cerebral cortex, it is synthesized by choline acetyltransferase
(ChAT) and hydrolyzed by Acetylcholinesterase (AChE) (Xiao et al., 2011). AChE
activity is sensitive to exogenous factors, including metals such as Al (Prema et al.,
2016), it has been reported that Al3+ can interact with the peripheral sites of AChE and
alter its secondary structure and ultimately increase its activity (Thenmozhi et al., 2015).
Each AChE molecule degrades approximately 25,000 ACh molecules per second in all
neuronal tissues (Prema et al., 2016). In parallel, the improvement of spatial memory
in intoxicated and treated rats was well established in this work, by the decrease of
latency during the acquisition phase and an increase of latency in the NW quadrant of
the platform for the probe test. Based on these results, we hypothesize that probiotics
can improve memory impairment induced by chronic aluminum intoxication in wistar
rats, which is consistent with several works that have shown the activity of probiotic
lactobacilli on the improvement of impaired memory (Woo et al., 2014).

Forced swimming test FST

For the forced swimming test, Rashwan et al (2018) found that this test was used to
assess behavioral despair and depression in rodents. The recorded results show that
there is a significant increase (p<0.001) in the time of immobility (TIM) in AICI3 intoxicated
rats compared to control rats (Fig 07) which is considered an index of depression-like
behavior that results in a chronic stress state. Our results are consistent with Rebai and
Djebli (2008) and suggest that exposure to 50 mg/kg AICI3 for 12 weeks increases this
immobility time in intoxicated rats and that antidepressant activity is related to immobility
time in this test. Lin et al (2015) found that reduced motility time is an indicator of increased
depressive state (behavioral hopelessness), indicating disruption of serotonergic
neurotransmission. On the other hand, the decrease in MIT in treated rats reflects the
positive effect of probiotacin on despair behavior which is explained that probiotics could
attenuate depressive behavior according to Arseneault-Bréard et al., (2012).
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Figure 7. The time of immobility during the forced swimming test in Control (TE), Treated (TR), Intoxicated
(INT) and Intoxicated Treated (INTT) rats. Values are expressed as mean + SEM: (***: p<0.001).

Impact of aluminum and Lactobacillus rhamnosuson hematological parameters

Hematological parameters are generally used for the determination of inflammation and
infections, therefore, the results of FNS (blood count formula) revealed a significant
decrease in hemoglobin level (HGB p<0.001) and hematocrit percentage (HTC p<0.01)
in AICI3 intoxicated rats compared to that of control rats (Table 03).

Table 03: Evaluation of hematological parameters in control, AICI3 intoxicated, treated
and probiotic treated intoxicated rats.

Lots WBC.10%mm?3 GR.10mm? HGB g/dI PLT.10%mm? HCT %

T 5,425 + 0,06 8,265 + 0,17 15,775 0,17 321 +3,55 43,725 + 0,57
INT 4,075+0,04** 7,765+0,04"** 14,125+0,06*** 4484917 41,35+0,23**
TR 9,27+0.91 8,234+2,46 14.98+5.8 313+5.18 42.65+0.48
INTT 7,55+0.29*** 7.901+0.22** 14.54+9.1** 402.5+3.71** 41.72+0.19

Values are expressed as mean = SEM (***: p<0.001; **: p<0.01).

the decrease in hemoglobin levels results in the appearance of hypochromic iron
deficiency and microcytic anemia (Gourier-Fréry et al., 2004). Also, the hematological
study showed that the number of white blood cells (WBC) in the intoxicated rats was lower
than in the control rats. Al by its action on the defense mechanisms related to WBCs
and macrophages (categories of WBCs that have a phagocytosis function: capture and
ingestion of particles foreign to the body). Thus, these macrophages, which typically clear
amyloid plaque accumulations in healthy individuals, fail to do so in Alzheimer’s disease
(Douichene, 2015). On the other hand, it was noticed that these different hematological
abnormalities are corrected by the administration of the probiotic strain. This is reflected
by its regulatory power of RBC, hemoglobin and platelets (Shokryazdan et al., 2016).
However, the high number of WBCs indicates either the speed of growth of the probiotic
strain resulting in the rapid invasion of the gastrointestinal tract by a new bacterial strain
that generates an immune response or the presence of an infection of the body by a
pathogenic species. After the administration of the probiotic strain in AICI3 intoxicated
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rats, we noticed a significant increase in the number of white blood cells (WBC p<0.001),
red blood cells (RBC p<0.01), as well as the hemoglobin level (HGB P<0.01) and for
the percentage of HCT we did not record a significant difference between the treated
intoxicated rats and the intoxicated rats. On the other hand, the recorded results show
a significant decrease in the number of platelets (PLT) in the treated intoxicated rats
compared to the AICI 3 intoxicated rats (p<0.01). In normal human serum, Al binds 60%
to transferrin, and 34% to albumin, and the remainder mainly to citrate. When Al binds
to transferrin, it takes the place of iron, which is no longer transported to the parts of the
body that need it. In Alzheimer’s disease and Down syndrome, transferrin is no longer
able to bind Al properly. This is due to a mutation in the gene that codes for transferrin.
This gene then codes for an abnormal mutated transferrin, transferrin C2 (Tf C2). This
C2 transferrin binds poorly with iron and Al. These two metals, not sufficiently bound
to transferrin, thereby generate free radicals that damage cell membranes (Boutaleb,
2017). Moreover, the iron and Al present in the brain cannot take advantage of this
mutated transferrin to leave and thus leave in the bloodstream. These two metals are
therefore deposited in the nervous tissue and accumulate there. Al also attacks all blood
cells: red blood cells, white blood cells, blood platelets (Osinska et al., 2004; Kaizer et
al.,, 2007). The anemia seen in Al-intoxicated rats is explained by the interference of
Al in iron metabolism and the toxic action of Al on the erythroblast lineage (Gonzalez
et al., 2000; Mahieu et al., 2000). This creates a microcytic type of anemia due to iron
deficiency. But Al can also directly attack the walls of red blood cells, making them
fragile, inducing their apoptosis, causing them to burst and creating a hemolytic type
anemia (Bulat et al., 2008; Bazzoni et al., 2005; Farina et al., 2005; Niemoeller et al.,
2006). Al can make alterations in all tissues of the body (Douichéne et al., 2016).

Impact of aluminum and Lactobacillus rhamnosuson biochemical parameters
biochemical parameters are used to detect organ-related problems (Petterino and
Argentino, 2006).

Blood sugar

The results of the blood glucose assay showed that there is a significant increase in
AICI3 intoxicated rats compared to control rats (p<0.001), (Figure 08).
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Figure 8. The blood glucose determination in Control (TE), Treated (TR), Intoxicated (INT) and Intoxicated
Treated (INTT) rats. Values are expressed as mean + SEM: (***: p<0.001).
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which in agreement with the results of Belaid et al (2012). The increase in blood glucose
concentration is probably the result of glycogen degradation (glycogenolysis at the hepatic
level), the hyperglycemia would be directly related to the adverse effects of aluminum
on the pancreas and more exactly on insulin secretion by the islets of langerhans (Saka
et al.,, 2011; Behadada, 2017). On the other hand, treatment with probiotic in AICI3
intoxicated rats gave a significant decrease in blood glucose level in comparison with
AICI3 intoxicated rats (p<0.001). This was shown that this probiotic has hypoglycemic
activity by regulation of energy metabolism.

Exploration of the hepatic function

The liver is an essential organ, the site of bioaccumulation of most xenobiotics, and
transaminases are intracellular enzymes, released into the bloodstream after hepatocyte
damage and necrosis. Our results indicate that serum ALAT and ASAT activity is
significantly higher in AICI3 intoxicated rats compared to control rats (p<0.001), (Table 04).

Table 4. Effect of probiotic on liver enzyme activity and bilirubin content in AICI3-
intoxicated rats compared to control rats.

T INT TR INTT
ALT (UIN) 47,02 +0,59 81,9 +0,62"** 49,33 0,42 50 +0,11***
AST (UIN) 100 +0,55 256 +0,5"** 99,7 0, 34 182,5+3,10"**
Total bilirubin (mg/l) 0,84 +0,05 2,05 +0,01** 0,79+0,06 1,21+0,03**

Values are expressed as mean = SEM: (***: p<0.001;**: p<0.01).

which may be a sign of impaired liver function. The possible mechanism of the observed
elevation in transaminases may be due to liver dysfunction and disturbances in the
biosynthesis of these enzymes which are indicators for liver damage and thus functional
liver failure (Boutaleb et al., 2017). As well as the total bilirubin parameter is significantly
elevated in AICI3 intoxicated rats compared to control rats (p<0.01). Our results, in
agreement with those of Gonzalez et al (2008), reflect a significant increase in total
bilirubin in AICI3 intoxicated rats compared to control rats. This hyperbilirubinemia due
to the accumulation of this metal as well as its toxicity in the liver tissue. Sedlak and
Snyder, (2004) found that elevated serum bilirubin is associated with either free radical
production or periportal necrosis. Moreover, the administration of the probiotic strain to
AICI3 intoxicated rats illustrates a significant decrease in the serum value of total bilirubin
in comparison with AICI3 intoxicated rats (p<0.01). These results showed the regulatory
effect of probiotics on the different liver functions, which was well observed by the work of
Gu et al (2019), who noticed that the administration of Lactobacillus rhamnosus capsules
at different doses (low, medium and high) in mice, significantly reduced liver damage
by reducing the accumulation of triglycerides and free fatty acids, and the inflammatory
response in the liver.

Determination of lipids

Statistical analysis reveals that plasma lipid content mainly triglycerides and total
cholesterol are significantly higher (p<0.001) in AICI3 intoxicated rats compared to
control rats (Fig 09).
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Figure 9. Plasma lipid content in intoxicated rats compared to control rats. Values are expressed as mean
+ SEM: (***: p<0.001)

This indicates a loss of plasma membrane integrity has a significant effect on the various
membrane bound enzymes in terms of alterations in ALAT and ASAT enzymatic activity
and also an accumulation of this metal in the liver, this can lead to disturbances in lipid
metabolism, also Al has a strong affinity for phosphate groups and binds to the head
of phospholipids by electrostatic forces, which can induce conformational changes
in the lipid bilayer of the plasma membrane. Moreover, the consumption of probiotic
bacteria probably contributes to the reduction of lipidic compounds evaluated in this
experiment, thus confirming the results obtained by Mahdavi et al. (2005) and Idoui
(2008) who also noted a hypocholesterolemic and hypotriglyceridemic activity in animals
having consumed probiotics. Probiotics act on cholesterol either by a direct lipolytic
activity or by modifying the metabolism of bile salts and cholesterol. Hypotheses for this
phenomenon include the production of an inhibitor of an enzyme involved in cholesterol
synthesis (orotic acid) and the absorption of cholesterol by lactic acid bacteria itself is
another hypothesis to consider (Amara, 2012).

Exploration of the kidney function

The kidneys are vital organs that perform major functions such as blood purification
and hormone secretion. The biochemical results of renal biomarkers at the end of the
experiment showed a significant elevation of urea and creatinine in AICI3 intoxicated rats
compared to control rats (p<0.001; p<0.01 respectively), (Table 05).

Table 5. The different parameters of renal function in Control (TE), Treated (TR),
Intoxicated (INT) and Intoxicated Treated (INTT) rats

T INT TR INTT
Creatinine (mg/dl) 7,87 £006 12,49 +002* 7,48 £001 10,65 £004*
Urea (g/l) 0,23 +0,06 0,86 £0,03** 0,25 +0,05 0,30 £0,04**

Values are expressed as mean = SEM: ***: p<0.001; **: p<0.01).
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This is similar with the results of Boutaleb et al. (2017). This elevation is an important
marker of renal dysfunction and the inability of the kidneys to filter the blood of these
toxic wastes (Mahieu et al., 2005). However, administration of the probiotic strain in
AICI3 intoxicated rats causes a significant decrease in urea and creatinine compared to
AICI3 intoxicated rats (p<0.001; p<0.05) respectively, the same results were reported
by Shokryazdan et al (2016), on a model of rats treated with two different strains of L.
buchneri FD2 and L. fermentum HM3 and showed an improvement in renal function by
decreasing urea and creatinine levels. In agreement with Boutaleb et al, (2017).

Conclusion

Our work has shown that the beneficial effect of the probiotic strain (Lactobacillus
rhamnosus) against aluminium intoxication in wistar rats results in an improvement of the
different neurobehavioural tests (anti-anxiety and antidepressant effect; positive effect
of learning and memorization); and a correction of the parameters of the renal function
(uric acid, creatinine) and the hepatic function (ALT, ASAT) as well as the hematological
parameters.
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