
Volume 2 | Issue 1 | 1 of 12Addict Res, 2018

Cognitive Impairments Induced by Adolescent Binge-Like Ethanol in Rat: 
Neuroprotective Role of Argan Oil

1Laboratory of Genetic, Neuroendocrinology and Biotechnology, 
Faculty of Sciences, Ibn Tofail University, Kenitra, Morocco.

2Higher Institute of Nursing and Health Professions of Rabat, 
Morocco.

*Correspondence:
EL Mostafi Hicham, Laboratory of Genetic, Neuroendocrinology 
and Biotechnology, Department of Biology, Faculty of Sciences, 
Ibn Tofail University, Kenitra, Morocco, Tel: +212662770696; 
E-mail: elmostafihicham@gmail.com.

Received: 18 June 2018; Accepted: 25 July 2018

EL Mostafi Hicham1*, Touil Tariq1,2, Laaziz Abderrahim1, Ouichou Ali1, Elhessni Aboubaker1 and Mesfioui 
Abdelhalim1

Addiction Research

ABSTRACT
Adolescent alcohol binge drinking constitutes a major vulnerability factor to develop cognitive disorders. However, 
the pathways of treatment or prevention against this susceptibility remain less explored. Argan oil (AO), commonly 
used in traditional Moroccan medicines, is rich in oleic and linoleic acids, polyphenols, sterols, and tocopherols. 
This composition gives it numerous beneficial pharmacological effects of mental health. In the current study, we 
evaluated the short-term and long-term AO effects on (i) memory and learning deficits induced by adolescent 
binge-like ethanol intoxication (ii) the oxidative status of the hippocampus (Hipp) and the prefrontal cortex (PFC) 
in Wistar rats. To model binge-like ethanol intoxication, every 2 days, rats received an ethanol injection (3.0 g/
kg) for 2 consecutive days across 14 days either from postnatal day 30 (PND30) to 43th (early adolescence). 
Two weeks before the onset of ethanol intoxication (PND21), rats were daily administered by oral gavage with 
AO (1ml/100g/day), for 5 or 20 weeks. The Y-Maze, Object Recognition and Morris water maze tests were used 
to assess the working memory, recognition memory, spatial memory and learning performance in adolescents or 
adults animals. Also, the catalase and superoxide dismutase (SOD) activities, the lipid peroxidation and nitrite 
concentrations were measured using spectrophotometric methods. The AO pretreatment increased the performance 
of working memory, recognition memory and spatial memory in rats previously intoxicated by ethanol, regardless 
of the age of the animals. These behavioral improvements were accompanied by stress oxidative marked changes 
in Hipp and PFC. AO pretreatment produces also significant decrease of the lipid peroxidation and nitrite levels. 
On the contrary, AO increased the catalase and SOD activities in adolescents and adults animals. For the first time, 
our results suggest that AO pretreatment is capable of attenuating cognitive impairments and oxidative stress in the 
Hipp and PFC of Wistar rats. This indicates that AO may exhibit a neuroprotection against the toxicity of ethanol 
in brain adolescent rats.
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Introduction
Adolescence represents a critical period in terms of drugs of abuse 
and brain functioning. The adolescent brain is more susceptible to 

ethanol-induced memory impairment [1] or brain damage [2] than 
the adult brain. Humans experiencing alcohol during adolescence, 
relative to those who started drinking at the age of 21 years, have 
more risk to develop addiction in their life [3]. 

Adolescent or young adult humans drink alcohol following a 
pattern called “binge drinking,” defined as rapidly drinking large 
amounts of alcohol [4], and young binge drinkers have impaired 
visual and spatial working memory and lack control of impulsivity 
[5,6]. Although such pattern of drinking becomes common in 
adolescents, the impact of only a few alcohol intoxications on 
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learning and memory appears underestimated or even neglected 
when considering academic performance, revealing the need for a 
better understanding of both the short-term and long-term effects 
of a few binges on cognitive function [7].

At the preclinical level, adolescent rats are more resistant to hypnotic 
and ataxic alcohol-related effects [8] but are more sensitive to 
alcohol induced neurotoxicity and memory impairment [9]. Many 
studies had submitted laboratory animals to forced binge-like 
exposure to determine the effects on brain neuronal networks and 
animal behavior. Interestingly, most of these studies use a pattern 
of exposure based on a “2-days-on, 2-days-off” procedure during 
2 to 3 weeks [10-16]. The results of numerous studies on animal 
models of binge drinking have shown that the adolescent brain is 
more vulnerable to the effects of alcohol compared to adulthood, 
particularly with the frontal cortex and the Hipp [2], followed 
by a decrease in cognitive performance [17]. Schulteis & al., 
demonstrated that adolescent rats exposed to alcohol intermittently 
in order to mimic binge drinking exposure exhibit memory deficits 
when they are young adults [18].

For the drug treatment of cognitive disorders in bing drinking 
context, there has been no progress in the search for effective 
pharmacotherapy [19]. Only one trial is concerned with rivastigmine 
in the case of korsakov syndrome, but with a disappointing result 
[20]. Other products that modulate the NMDA system - ketamine, 
lamotrigine, topiramate, memantine, glutamate, antioxidant 
N-acetyl-cyctin or having an effect on chronic neuro-inflammation 
etc., could have a protective action on the brain, but to date, little 
attention has been paid to this area of research. In this context, 
our laboratory (GNBL) demonstrated, by using animal models, 
that certain alternative treatments complementary to conventional 
pharmacology had possible beneficial effects against emotional 
and cognitive disorders. It is mainly a pretreatment with Argan oil 
(AO) [21,22], obtained from the seeds of Argania spinosa L., tree 
endemic to Morocco. This oil has been widely used in traditional 
medicine as a natural remedy for several centuries [23].

At present, the interest in AO and its physiological effects has 
increased considerably, which has resulted in a change in the status 
of this oil from a dietary food product to that of a product highly 
prized for these antioxidant and nutritional qualities [24,25]. It is 
characterized by a composition rich in sterols and antioxidants 
such as polyphenols [26] and more particularly tocopherols (62.0 
mg / 100g) [27]. The high content of tocopherols in AO gives it 
some protective effects against neurodegenerative diseases. It has 
been shown that α-tocopherols (α-TCP) and its tocotrienol isomer 
(TRF) are powerful neuroprotective agents against glutamate-
induced toxicity on neuronal SK-N-SH cells and astrocytes. 
This also indicates that TRF and α-TCP may play a key role as 
antiapoptotic agents with neuroprotective properties [28].

In addition, many studies have shown that the metabolism of 
ethanol contributes to the formation of reactive oxygen species 
(ROS) in the brain : superoxide anions (O2

°-) leading, in the 
presence of hydrogen peroxide (H2O2) and iron, the formation 

of highly reactive hydroxyl radicals (OH°), and hydroxyethyl 
radicals (°CH2-CH2OH) originating from the attack of ethanol by 
hydroxyl radicals or formed directly by CYP2E1 [29]. Although, 
the exact molecular mechanisms associated with brain lesions 
caused by ethanol remain uncler. The involvement of ROS in 
the development of all alcoholic disorders and their impact on 
mental health has been demonstrated [30,31]. Antioxidants in AO 
[24] are expected to prevent or delay the onset of ROS [32]. The 
suppression or reduction of oxidative stress by the use of exogenous 
antioxidants could be a promising preventive (neuroprotective) 
or therapeutic intervention for patients with cognitive disorders 
linked to excessive and early alcohol consumption.

In the light of these data, the main proposal of this work was to 
investigate in Wistar rats the short-term (end of adolescence 
PND63 (Day Post Natal)) and long-term effect (adult PND163) of 
virgin AO supplementation on:
• cognitive impairments induced by Adolescent binge-like 

Ethanol Intoxication;
• oxidative status in Hipp and the PFC rats.

Material and methods
Animals
The animals used in this study are rats from the Wistar strain 
(N=39). They were born, bred, and housed on a 12 hrs light/12 
h dark cycle, 50–60% humidity and at a standard temperature 
21°C ± 1°C. They were allowed free access to standard rat chow 
and water. The standard pellet diet (ALF SAHEL Society, El 
Jadida, Morocco) was a balanced diet containing protein 20.1%, 
fat 4.1%, carbohydrates 60.0%, fiber 5.8%, minerals 8%, and 
vitamins 2.0%. This work has been fully realized in Genetic, 
Neuroendocrinology and Biotechnology Laboratory located at 
Ibn Tofail University (Kénitra, Morocco) and all experimental 
procedures were performed according to the NIH Guide for the 
Care and Use of Laboratory Animals. Cognitive capacities were 
analyzed both at PND63 and PND163. The different cohorts are 
presented as follow:

Adolescents (PND63)
• Control group : untreated (n = 6);
• EtOH group : treated by EtOH (n = 7);
• Argan+EtOH group: supplemented by AO & treated by EtOH 

(n = 7). 
Adults (PND163)
• Control group : untreated (n = 6);
• EtOH group : treated by EtOH (n = 7);
• Argan+EtOH group: supplemented by AO & treated by EtOH 

(n = 6).

AO: Oral Gavage Procedure
The AO used in this study had a composition similar to that used in 
human food (Table 1) [33], originating in southwestern Morocco 
(Agadir-Inzggan) and was extracted from fresh seeds by artisanal 
methods without any preliminary treatment (cf. Annex). Rats in 
the two groups (Adolescents & Adults) were supplemented by 
intragastric gavage (1ml of AO /100g of body weight/day, between 
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8:00 am and 10:00 am) one day after weaning (PND22) (34;35; 
21) for 5 (PND63) or 20 weeks (P163). During the same period, 
the control animals received the equivalent water. At the same 
time, for 5 months, body weights were measured weekly.

Fatty acid %

C16 : 0 13,4

C18 : 0 5,4

C18 : 1 n-9 44,8

C18 : 2 n-6 35,7

C18 : 3 n-3 0,1

Sterols mg/100g oil

Schottenol 142

Spinasterol 115

Stigmasta-8,22-dien-3 β-ol 9

Others 29

Tocopherols mg/Kg oil

α 35

β 122

γ 480

Phenolic compounds μg/Kg oil

Vanilic acid 67

Syrigic acid 37

Feurulic acid 3147

Tyrosol 12

Table 1: Composition of virgin AO [33].

Ethanol intoxications during early adolescence
The procedure was conducted as previously described [13,36-38] 
using a validated protocol which consisted of treating adolescent 
rats with 3g/kg ethanol (98% v/v) (SIGMA) intraperitoneal (i.p) 
injections (EtOH & Argan+EtOH groups) for 2 consecutive days 
at 48 hrs intervals during “early adolescence” from PND30 to 
PND43 (equivalent to 13-16 years in humans) [39]. At the end of 
the treatment, EtOH rats received a total of 8 ethanol injections. The 
injected ethanol was diluted in 0.9% saline to a final concentration 
of 20% (v/v). Concurrently, control rats (Control & Argan groups) 
received 0.9% saline i.p. injections following the same schedule.

Behavioral assays
Immediately at the end of AO supplementation (after 5 weeks 
for adolescents group or 20 weeks for Adults group), rats were 
submitted to selected behaviors tests to evaluation of cognitive 
impairment. In this current study, all animals were exposed to tree 
tests in the same sequence (Y-maze, Object recognition and Water 
maze tests). Just before each test, the animals were placed into 
the testing equipment under light (600Lux). All behaviors were 
recorded with a camera for subsequent analysis.

Y-maze spontaneous alternation
The Y-maze spontaneous alternation paradigm is based on the 
natural tendency of rodents to explore novel environment. When 
placed in the Y-maze, normal rat prefer to explore the least 

recently visited arm, and thus tend to alternate visits between the 
three arms. A rat with impaired working memory cannot remember 
which arm it just visited and thus show decreased spontaneous 
alternation [40].

The apparatus was a Y-maze made of wood and having 3 identical 
arms (50x15x30 cm) placed at 120° from each others. Each arm had 
walls with specific motifs allowing distinguish it from the others. 
Each rat was placed at the end of one of the three arms, and allowed 
to explore freely the apparatus for 5min, with the experimenter 
out of the animal’s sight. Alternations are operationally defined as 
successive entries into each of the three arms as on overlapping 
triplet sets (i.e., ABC, BCA...). The percentage of spontaneous 
alternations (%SPA) was calculated as index of working memory 
performance. The chance level is around 22% SPA.

Object recognition task
The object recognition (RO) test allows evaluation of recognition 
memory and is characterized by a rapid forgetting [41,42]. This 
test is based on the natural tendency of rodents to explore a novel 
object by comparison to a familiar one [43]. The object recognition 
task was performed in automated open fields (100cm x 100cm x 
40cm). The open-fields were placed in a room homogeneously 
illuminated at 70 Lux at the level of each open field. The objects 
to be discriminated were a plastic balloon (12 cm diameter) and 
a glass cylinder (15 cm height). Animals were first habituated to 
the open-field for 10 min. The next day, they were submitted to 
a 10-minutes acquisition trial during which they were placed in 
the open-field in presence of an object A (glass cylinder). The 
time the animal took to explore the object A (when the animal’s 
snout was directed towards the object at a distance 1 cm) is 
manually recorded. A 10-minutes retention trial is performed 24h 
later. During this trial, the object A and another object B (plastic 
balloon) are placed in the open-field, and the times tA and tB the 
animal takes to explore the two objects are recorded. A recognition 
index (RI) is defined as (tB / (tA + tB)) x100. A recognition index 
of 50% corresponds to random, and higher the index, better is the 
performance.

Morris water maze
This test evaluates spatial learning and memory. In this situation rat 
are trained to escape from water by swimming to a hidden platform 
whose location can only be identified using distal extra-maze cues 
[44-46]. The water maze consisted of a white circular tank (1.50 m 
diameter) filled with opaque water. Pool temperature was adjusted 
to 21 ± 1°C. It is equipped with a retractable platform 20 cm in 
diameter. The procedure involves a learning phase in which the rats 
received 5 blocks of training trials over 5 consecutive days. Each 
rat was placed in the pool at one of 4 (N, O, S, E) randomized start 
positions, and allows locating the hidden platform. Trials lasted 
for maximum of 120s and were separated by 15-20 min interval; 
the latency to reach the platform is measured. Spatial learning 
performance was assessed during a probe trial 1h after training 
(5th day), and for which the target platform was removed from 
the pool. The pool is virtually subdivided into 4 equal quadrants: 
target quadrant, adjacent right and left quadrants, and the opposite 
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quadrant. Performance is assessed by preference for the target 
quadrant, as well as by the number of times the rat crosses the 
theoretical platform location. The longer the rat spends time in the 
target quadrant and cuts off the theoretical location of the platform, 
the more it shows a good memory of the spatial location of the 
platform.

Biochemical analysis
After behavioral assays, animals were sacrificed by cervical 
dislocation and brains were immediately removed and cooled on 
dry ice. Then, the Hipp and the PFC was separated from the rest 
of the encephalon and homogenized in ice-cold 20 mM Tris-HCl 
buffer (pH 7.4) for determinations of lipid peroxidation level, 
nitrite content, catalase and superoxyde dismutase activities.

Nitrite content assay
An aliquot of crude homogenate (10%) for each structure was 
centrifuged at 4°C (800xg for 10min), and supernatant was used to 
analyze nitrite levels as described elsewhere [47]. Briefly, samples 
were incubated at room temperature for 20 min with Griess reagent 
(0.1% N-(1-naphthyl) ethylenediaminedihydrochloride; 1% 
sulfanilamide in 5% phosphoric acid; 1:1). The absorbance was 
measured at 550 nm and compared to that of standard solutions of 
sodium nitrite.

Lipid peroxidation (LPO) assay
Lipid peroxidation was evaluated by measuring the thiobarbituric- 
acid-reacting substances (TBARS) in homogenates, as previously 
described [48]. Briefly, an aliquot of crude homogenate of Hipp or 
PFC was centrifuged at 4°C (1000xg for 10 min), and supernatant 
was mixed with 1ml 10% trichloroacetic acid and 1ml 0.67% 
thiobarbituric acid. They were then heated in a boiling water 
bath for 15 min and butanol (2:1, v/v) was added to the solution. 
After centrifugation (800xg for 5 min), thiobarbituric-acidreacting 
substances were determined from the absorbance at 535 nm. 
The results above were expressed as nmol of malondialdehyde 
(MDA)/g wet tissue.

Determination of catalase activity
Catalase activity was measured by the method that uses H2O2 to 
generate H2O and O2 [49]. In a 3ml quartz tank, 1.95ml of 50mM 
phosphate buffer, 1ml of H2O2 (0.019 M) and 0.05 ml of the sample 
were added [50]. The absorbance was measured at 240nm at time 
0 (T0) and after every 30 seconds for 2 min. Results are expressed 
as mmol/min/mg of protein.

Determination of total Superoxide-dismutase (SODt) activity
The SODt activity was evaluated by measuring its ability to inhibit 
the photoreduction of NBT (nitroblue tetrazolium) [51]. In an 
aerobic medium, the riboflafine / methionine / NBT mixture gave 
a blue coloration, the optical density of which was measured at 
580 nm. One unit of SODt corresponds to the amount of protein 
necessary to inhibit photoreduction by 50%.

Statistical analyses
All values are expressed as means ± SEM for behavioral tests 

and biochemical analyses. Statistical comparison between groups 
was performed using a one-way analysis of variance (ANOVA) 
followed by Tukey’s post-hoc test. Fisher’s PLSD post-hoc test 
was used to compare data between two groups. The accepted level 
of significance set at p<0.05. All statistics were performed using 
GraphPad Prism 6 software.

Results
Effects of AO treatment on body weight gain, relative brain, 
Hipp and PFC weights in rats exposed during early adolescence 
to a binge-like ethanol intoxication
The body weight of all animals increased normally on all the groups 
before any type of treatment. In adulthood, 17 weeks following 
EtOH weaning, a very significant body weight loss was observed 
in the EtOH group compared to control (p = 0,0003). Moreover, 
at the end of adolescence, 2 weeks following EtOH weaning, the 
body weight loss in EtOH treated animals was also detected but the 
difference was not statistically insignificant compared to control 
(p=0,1858). However, no significant difference was observed 
between control and EtOH animals when these were chronically 
supplemented with AO (Argan+EtOH group), and this throughout 
the period of the experimentation, before and after bing-like 
ethanol intoxication (Figure 1).

Figure 1: Effects of AO supplementation (1ml/100g/day) over a period 
of 20 weeks (from the 21th day of life) in the body weight gain in rats 
submitted during early adolescence to bing-like EtOH (3g/Kg/2day 
Off – 2day On). The results are expressed as mean ± SEM of the body 
weight with interval of 7 days (n = 10-12 animals per group). (*) P<0.05 
compared to control group; (≠) P<0,05 EtOH compared to Argan+EtOH 
group (One-way ANOVA with repeated measures followed by Tukey’s 
test).

The estimation of the relative weight of the brain, Hipp and PFC 
(Table 2) showed that early EtOH intoxication induced a significant 
decrease on the brain weight in the EtOH group compared to 
control two weeks after the last ethanol dose (p=0,001). Early 
supplementation with AO, abolishes this difference (EtOH vs. 
Argan+EtOH; p=0,3503). Also, the intoxication with the EtOH 
reduces the relative weight of the Hipp and the PFC compared to 
control but this reduction remain non significant on both adolescent 
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(p=0,1002, p=0,0681 respectively) and Adult group (p=0,2011, 
p=0,3103 respectively).

Lots
6-7 rats per group

Control EtOH Argan+EtOH

Braina
Adolescent 0,825 ± 0,011 0,707 ± 0,021* 0,735 ± 0,019 ns

Adult 0,635 ± 0,022 0,570 ± 0,025 0,644 ± 0,021

PFCa
Adolescent 0,033 ± 0,005 0,027 ± 0,003 0,023 ± 0,001

Adult 0,023 ± 0,002 0,021 ± 0,001 0,018 ± 0,001

Hippa
Adolescent 0,074 ± 0,003 0,059 ± 0,005 0,061 ± 0,007

Adult 0,059 ± 0,002 0,049 ± 0,003 0,051 ± 0,002
Table 2: Effect of early adolescence binge-like EtOH (3g/Kg/-2day Off, 
2day On) and AO supplementation (1ml/100g/day) on relative weights of 
brain, Hipp and PFC in adults and adolescents rats.
The results are expressed as mean ± SEM of the brain, Hipp and PFC 
(g) weights based on the body weight of each animal (a). (*) P<0.05 
compared to control group (One-way ANOVA with repeated measures 
followed by Tukey’s test). PFC : Prefrontal Cortex; Hipp : Hipp; (ns) 
results not significant.

Effect of Bing-like EtOH intoxication and AO pre-treatment 
on cognitive performance in adolescent and adult rats
Effects on working memory in the Y maze test: Y maze test 
is commonly used to evaluate the impairment on the working 
memory on animals. In both adolescent and adult animals, SPA 
is around 60%, well above random (22.22%). As shown in Figure 
1A, the early EtOH intoxication on rats could lead to a significant 
decrease on working memory. On both adolescent and adult 
animals, the SPA is significantly decreased in the EtOH group 
compared to control (p=0,0063 and p<0,0001 respectively). Based 
on age, our results show that working memory is severely affected 
in adult rats compared with their adolescent counterparts (EtOH 
groups: Adolescent vs Adult p=0,0059). On the contrary, AO pre-
treatment before EtOH intoxication increases the SPA regardless 
of the animals’ age. Thus, no significant difference was observed 
between the EtOH+Argan and control groups (EtOH+Argan vs 
Control; Adolescent p=0,0564; Adult p=0,0693) (Figure 2A).

Effects on the recognition memory in the object recognition 
test: Concerning the object recognition test, exploration duration 
of the familiar object during the acquisition trial was comparable 
between groups both in adolescent and adult ages (data no shown). 
When animals were allowed to explore both the familiar and a 
novel object during a retention trial, 24 hrs after acquisition, we 
can see that no difference was found between groups in object 
recognition performance (RI%) in adolescents rats. Nevertheless, 
in adult rats, a significant decrease in RI% was revealed for the 
EtOH group compared to control (EtOH vs Contol p=0,0012) 
(Figure 2B).

Also, intergroup analysis shows that at 24 hrs delay, only Control 
adolescent and adult groups showed recognition performance 
significantly above the chance level (p<0,05 one group t-test), 
while EtOH and Argan+EtOH adolescents tended to perform 
above the chance level (p=0,1079 and p=0,0504 respectively). 
In adulthood, EtOH rats perform significantly below the chance 

level (p=0,0500) exploring more the familial object that novel 
one. On the other hand, AO pretreated EtOH rats (Argan+EtOH 
group) show no difference in recognition performance compared 
to control group at both adolescent and adult age (p=0,0587 and 
p=0,0655 respectively) (Figure 2B).

Figure 2: Effect of early adolescence binge-like EtOH (3g/Kg/-2day Off, 
2day On) and AO supplementation (1ml/100g/day) on Cognitive abilities 
in adolescents and adults rats. A. Percentage of spontaneous alternation 
(SPA) in the Y maze. B. Object recognition index (RI) after 24h of delay. 
C. Number of platform crosses during the probe trial in Morris water 
maze. The dashed lines represent the chance levels of SPA 22.22% (A) 
and of RI 50% (B). (*) Treatment effect ; (δ) age effect (paired t-test).

Effects on learning and spatial memory performance in 
the Morris Water Maze Test: In Morris Water Maze, when 
the animals are trained for 5 days to reach the hidden platform 
using extra-labyrinth wall signs, the latency (Figure 3) to find it 
decreases significantly in both adolescent and adult groups. Yet, 
this parameter tended to be higher in EtOH groups, as compared 
to control counterparts (p<0,05), which suggests a learning delay 
induced by early bing-like EtOH intoxication.

Figure 3: Effect of early adolescence binge-like EtOH (3g/Kg/-2day Off, 
2day On) and AO supplementation (1ml/100g/day) on special learning 
performance. (A) and (B) latency to find the submerge platform during the 
five days of training in adolescents and adults rats successively. (*) EtOH 
vs Contrôle ; (#) Argan+EtOH vs EtOH. Test ANOVA (Tukey's multiple 
comparisons test).
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In adolescent EtOH rats, the latency to reach the submerged 
platform during the 4th session, was significantly increased 
compared to control (p=0,0626). However, in adult animals, it 
appears that early ethyl intoxication seriously affects learning 
performance. Thus, the latency to find the hidden platform was 
significantly increased from the 3rd session until the 5th (Control 
vs EtOH: 3rd session p=0,0022; 4rd session p=0,012; 5rd session 
p=0,0002) (Figure 3).

On the contrary, no significative difference in learning performance 
was observed between control and Argan+EtOH groups, over the 
course of training. While in adult EtOH rats, AO pretreatment 
was significantly increases the learning performance compared 
to the EtOH group during the 4th and 5th sessions (Argan+EtOH 
vs EtoH: 4th sessions p=0,0456; 5th sessions p=0,0407). These 
results suggest that prolonged AO supplementation prevents 
animals against early bing-like EtOH intoxication (Figure 3).

When the platform was removed to test the strength of the learning 
during the probe test (1h after the 5th session), both adolescent and 
adult rats showed a significant preference for the target quadrant, 
with a highly significant difference between the control and treated 
groups (p<0,0001). Moreover, the percentage of time spent in the 
target quadrant decreased significantly in EtOH rats compared 
to control on both adult (p=0,0001) and adolescent (p=0,0034) 
groups (data no shown). The number of platform crosses (Figure 
2C) was also significantly lower in EtOH adult rats compared to 
control (p=0,0011). No significative difference in this parameter 
was observed in adolescent rats (EtOH vs Contol p=0,1890). These 
data clearly suggest that adult rats under early EtOH intoxication 
showed special learning performance. In the other hand, AO 
pretreatment was slightly improve this parameter in adult rats but 
the results are not statistically significant (EtOH vs Argan+EtOH 
p=0,0516) (Figure 2C).

All together, results obtained from cognitive tests show that 
binge-like EtOH intoxication (3g/Kg/ 2 day Off, 2day On) 
during early adolescence (PND30-43) was seriously affects the 
cognitive abilities of animals, especially in adult age, after 4 
months of the last dose of ethanol. However, early and prolonged 
AO pretreatment (10g/kg/day, 5 weeks for adolescent and 20 
weeks for adult groups), induces a considerable improvement 
on the performances of animals. In adult rats, it significantly 
increases sensory, recognition and special memorization as well 
as learning performance. While in adolescent rats, it appears that 
AO supplementation for 5 weeks was insufficient to significantly 
improve those cognitive parameters.

Effect of Bing-like EtOH intoxication and AO pretreatment on 
oxidative status of the Hipp and PFC in adolescent and adult 
rats 
Effect on NO and TBARS levels: As shown in Figure 4, lipid 
peroxidation and NO production was noticeably increased in EtOH 
group when compared to the Control group in both adolescent 
and adult rats, and these in Hipp and PFC. Thus, in adolescent 
rats the early bing-like EtOH induces a significant increase in the 

TBARS (Figure 4A & B) and NO levels (Figure 4C & D), in both 
Hipp (p=0,0108 and p<0,0001 respectively) and PFC (p=0,0121 
and p<0,0001 respectively). Also, in adult rats, these parameters 
remain significantly increased in the EtOH group compared to 
control in the two structures studied (Hipp. TBARS p=0,0034; NO 
p=0,0071; PFC. NO p=0,0021) (Figure 4B, C & D). During that 
phase, TBARS production in PFC was not significantly altered in 
EtOH group in comparison with control group (p=0,2578) (Figure 
4A).

According to age, our results show that only the NO level was 
significantly decreased among the adult EtOH group compared to 
adolescent EtOH group, in Hipp (p=0,0010) and PFC (p=0,0019) 
(Figure 4C &D). Though, no difference in TBARS concentration 
among the EtOH adolescents and their counterparts adults groups 
was detected in Hipp (p=0,0600) and PFC (p=0,3589) (Figure 
4A & B) for both periods of evaluation. On the other hand, AO 
pretreated EtOH rats showed decrease in lipid peroxidation level 
and NO content when compared with the EtOH group, especially 
for adult group (after 20 weeks of supplementation) (EtOH vs 
Argan+EtOH: in Hipp. TBARS p=0,0301; NO p=0,0104; in PFC. 
TBARS p=0,7671; NO p=0,0037) (Figure 4). Nevertheless, in 
adolescent EtOH rats supplemented with AO for only 5 weeks 
(Argan+EtOH group), no difference was observed in TBARS 
level and NO content when compared to the EtOH group (in PFC. 
TBARS p=0,4269; NO p=0,0867; in Hipp. TBARS p=0,0530; NO 
p=0,0508) (Figure 4).

Figure 4: Effect of early adolescence binge-like EtOH (3g/Kg/-2day Off, 
2day On) and AO supplementation (1ml/100g/day) on the pro-oxidant 
parameters in the Hipp and PFC. The results were expressed as means ± 
SEM of the TBARS level (μmol) per gram of homogenate after 3 weeks 
(Adolescent) and 17 weeks (Adult) of the last dose of ethanol on PFC (A) 
and Hipp (B), and NO concentration (μmol) per gram of homogenate after 
3 weeks (Adolescent) and 17 weeks (Adult) of the last dose of ethanol on 
PFC (C) and Hipp (D). (*) Treatment effect ; (δ) age effect (paired t-test).
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Effect on catalase (CAT) and total superoxide dismutase 
(SODt) enzymatic activities
In both of the Hipp and the PFC, CAT and SODt enzymatic 
activities was significantly decreased in EtOH group compared to 
control group, and these after 3 weeks of the last dose of ethanol 
(Adolescent group) [PFC. (CAT. p=0,0123; SODt. p=0,0011); 
Hipp. (CAT. p<0,0001; SODt. p=0,0246); Figure 5A & C]. 
However, after 17 weeks of the last dose of ethanol (Adult group), 
the significant decrease of these two parameters in the EtOH group 
compared to Control group, was observed only in the Hipp [CAT. 
p=0,0084; SODt. p=0,0002; (Figure 5B & D)]. Yet, in PFC no 
difference was found between EtOH and Control groups for both 
of CAT and SODt enzymatic activities [(p=0,3265 and p=0,0620 
respectively; (Figure 5B & D)].

Concerning the AO pretreatment, we can see that all parameters 
were increased in supplemented EtOH rats. Significantly, in adult 
age for Hipp structure [EtOH vs. Argan+EtOH : CAT. p=0,0428; 
SODt. p=0,0407; (Figure 5B & D)]. Yet, in PFC no significative 
difference was found in CAT and SODt enzymatic activities 
between EtOH and Argan+EtOH groups (p=0,0604; p=0,182 
respectively). In adolescents group, the CAT enzymatic activity 
was increased significantly only in PFC (p=0,0236). Nevertheless, 
in the Hipp no significative difference was observed between 
EtOH and Argan+EtOH group, in CAT (p=0,0938) and SODt 
(p=0,0624) enzymatic activities (Figure 5B &D), same thing for 
SODt enzymatic activity in the PFC (p=0,0600) (Figure5C).

Figure 5: Effect of early adolescence binge-like EtOH (3g/Kg/-2day Off, 
2day On) and AO supplementation (1ml/100g/day) on the Antioxidant 
parameters in the Hipp and PFC. The results were expressed as means ± 
SEM of the CAT enzymatic activity (μmol) per minute per milligram of 
protein after 3 weeks (Adolescent) and 17 weeks (Adult) of the last dose 
of ethanol on PFC (A) and Hipp (B), and SODt enzymatic activity (μmol) 
per minute per milligram of protein after 3 weeks (Adolescent) and 17 
weeks (Adult) of the last dose of ethanol on PFC (C) and Hipp (D). (*) 
Treatment effect ; (δ) age effect (paired t-test).

In summary, the results of these experiment shows that early 
binge-like Ethanol intoxication is responsible in rats brain for the 
oxidative stress resulting from a disruption of the pro-oxidant/
antioxidant ratio. Thus, Bing drinking in early adolescence 
induces, at short term (late adolescence) and long-term (adult), for 
a hyperproduction of free radicals (NO and TBARS) and a decrease 
in anti-oxidant defense (Catalase and SODt). However, prolonged 
supplementation with AO, reduces the pro-oxidant parameter and 
increases the anti-oxidant enzyme activity in the Hipp and PFC. 
These data suggest improved oxidative status of the brain in adult 
rats previously intoxicated by ethanol and submitted to 20 weeks 
of AO supplementation.

Discussion
In the context of binge drinking alcoholism in adolescence, the 
majority of studies have highlighted the long-term consequences 
on cognitive functions of chronic exposure to massive quantities 
of ethanol. In this regard, the present study was aimed to evaluate 
the impact of acute intoxication (8 doses of EtOH/14j - 2days Off 
– 2days On) during early adolescence and AO pretreatment on 
cognitive abilities and oxidative status in the Hipp and CPF, after 2 
weeks (63PND) or 17 weeks (163PND) of weaning.

Early adolescent bing-like EtOH, affects permanently the 
cognitive abilities of rats
Historically with Jellinek's classification of alcoholism in 1960, the 
concept of binge drinking currently used joins that of paroxysmal 
alcohol consumption or dipsomania [52]. At present, there are 
multiple definitions, including a massive and rapid consumption 
of alcohol followed by a period of abstinence [4]. Binge drinking 
is mostly found among 15-25 year olds [53,54], the period of 
adolescence during which the brain has not completed its maturation 
and is still undergoing important mechanisms of neuromaturation 
including synaptic "pruning" and myelination. Alcohol disrupts 
these processes of maturation, and the adolescent brain is much 
more sensitive to the toxic effects of alcohol compared to that of 
adults [9]. Evidence of this increased sensitivity is of many kinds 
and has been largely determined in animal models, especially in 
rodents (rats and mice).

Rodents also present a period of "adolescence" similar in many 
respects to that observed in humans. For example, adolescent 
rodents (adolescence covering the second month of life) [39] 
have a greater propensity to play, to interact socially and to be 
more impulsive at the physiological and behavioral level [55]. 
They tend to consume more alcohol and are particularly sensitive 
to the behavioral effects of ethanol (pleasant, sedative, hypnotic, 
disinhibiting) [56]. In addition, adolescent rodents also have many 
similarities in terms of development and brain maturation (decrease 
of the volume of the cerebral cortex, synaptic pruning…) [57,58]. 
Studies, have shown that a exposure to binge drinking alcohol 
inevitably leads to a significant loss of the volume of the cortical 
and subcortical regions including the Hipp, accompanied by 
cognitive deficits [59-61]. Surprisingly, abstinence from chronic 
or acute alcohol consumption is associated with recovery of brain 
volume and long-term improvement in cognition [62,63].
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Structurally, the findings of our study are consistent with previous 
reports. Thus, the relative weight of the brain was significantly 
decreased in the adolescent animals (PND63) previously intoxicated 
with EtOH. Same results were found for the relative weights of 
the Hipp and PFC, one week after the last dose of EtOH, but, the 
losses are statistically insignificant. Nevertheless, in adulthood 
after 17 weeks of abstinence (PND163), a dramatic increase in 
relative weight in both the brain, the Hipp and PFC, was observed 
in rats submitted to bing-like EtOH during early adolescence. 
These structural changes are associated with cognitive deficits in 
different learning and memorizing tasks, whatever the age of the 
animals. Thus, the performances of sensory (%SPA), recognition 
(%IR), spatial memory (% of time spent in the target quadrant) 
and learning memories (latency to find the hidden platform), were 
significantly decreased under the EtOH intoxication.

In contrast to studies suggesting the association between improved 
cognition and recovery of brain volume after a prolonged period 
of abstinence [64,63], our study showed that the recovery of the 
relative weight of the Hipp and CPF observed after 17 weeks of 
abstinence, did not have any beneficial effects on the cognitive 
performance of the rats. In contrary, the study found an even greater 
decrease in memorization and learning performance in adult EtOH 
animals compared to their adolescent counterparts. This may be 
due to the model of ethyl intoxication used in this study, which 
consists in administering a high dose of EtOH (ip 3g of pure 
EtOH/2j×8) during a critical period of brain development which is 
early adolescence (PND30-PPND44). These results suggest lasting 
and irreversible changes in the neural circuits involved in memory 
and learning mechanisms. Indeed, exposure to ethanol during 
early adolescence may interfere with cellular processes of brain 
maturation, especially in the Hipp and the cortex. in particular, 
ethanol induces inhibition of the mediation of synaptic potentials 
and long-term potentiation (LTP) by N-methyl-D-aspartic acid 
(NMDA) on rat hippocampal slices, so that more important in 
adolescents than in adults [65]. These effects of ethanol present 
behavioral consequences, where it appears, that the deficits of 
acquisition of the spatial memory are more important and more 
lasting (presumed irreversible) in both of adolescents and adults 
rats [9,62,66,67].

The use of animal models exposed to a large amount of alcohol 
has shown that, in adults, the main ethanol-induced brain damage 
is localized in limbic structures, notably the Hipp and more 
particularly the gurus dentate [7]. Ethanol consumption mainly 
induces cellular degeneration by necrosis [68] and a reduction of 
neurogenesis [69,70], associated with cognitive deficits. Monti & 
al., 2005, have shown that binge drinking kills 2 to 3 more the 
neurons in the adolescent animal compared to an adult animal 
exposed to the same amount of alcohol [71]. Other studies have 
shown, in vitro that exposure to ethanol induces impaired ability 
of NSCs to proliferate, differentiate and survive [72,73]. Inhibition 
of NSCs proliferation as well as reduced survival of neuronal 
progenitors and dendritic arborization have also been reported 
in vivo [74-76]. All of these data indicate that ethanol inhibits 
neurogenesis and contributing to neurodegeneration by loss of 

production of new cells [77], explaining - at least in part - the 
irreversibility of the cognitive deficits associated with the relative 
weight reductions of the Hipp and PFC found in our study.

On the other hand, one of the key factors of alcohol-related 
toxicity is the oxidative stress it engenders, up to exceeding the 
capacity of the antioxidant system to eliminate reactive oxygen 
species (ROS), which leads to their accumulation in the cells. 
The ROS are chemical species derived from molecular oxygen, 
whose outer layer contains an unpaired electron. Since of this 
electron, these compounds react easily with their environment and 
particularly alter phospholipids and membrane proteins, proteins 
of the respiratory chain, and DNA [78]. In the brain, the production 
of ROS by ethanol comes mainly from its acetaldehyde catabolism 
by the enzymes ADH (alcohol dehydrogenase) and CYP2E1 
(cytochrome P450) which stimulate the production of ROS. The 
production of ROS is amplified by the fact that ethanol stimulates 
the production of both ADH and CYP2E1 enzymes. Acetaldehyde 
facilitates the oxidation of membrane lipids in mitochondria, 
decreases the amount of antioxidant enzymes [79] and stimulates 
the production of ROS and NO via induction of NADPH oxidase/
Xanthine oxidase and inducible NO synthase systems [80].

In the case of bing drinking, as the consumption of ethanol is 
excessive and punctual (over a short period of time), the pro-
oxidants/antioxidants balance is so disturbed, and the system is 
overloaded, so that the amount of antioxidant enzymes decreases, 
while that of the ROS increases considerably. This results a 
significant reduction in the ability of neurons to eliminate the 
excessive production of ROS [81]. These data correlate with our 
results, thus, evaluation of the oxidative status of the brain shows 
that ethyl intoxication under the mode of bing drinking (ip 3g 
EtOH / 2j x 8), induces a hyperproduction of free radicals (increase 
of NO and TBARS levels) and a decrease of the antioxidant 
defense (Catalase and SODt activities) in both of the Hipp and 
the PFC, after 2 weeks of abstinence. Also, this perturbation of 
the prooxidant / antioxidant ratio is revealed, in adulthood after 
17 weeks of chronic abstinence, explaining - at least in part - the 
irreversibility and persistence of cognitive deficits observed in 
adult animals after 4 months of the last dose of EtOH.

AO pretreatment improves the cognitive abilities impaired by 
early adolescent bing-like EtOH
Diet is one of the environmental factors susceptible to develop 
or reduce susceptibility to mental diseases [82]. Argan oil is well 
known for its beneficial effect as hypolipemiant, hypotensive 
and antioxidant activities [83]. The protective effect of argan oil 
could be attributed to its interesting chemical composition. It 
is essentially characterized by the presence of unsaturated fatty 
acids and antioxidant compounds such as Vitamin E family 
(tocopherol) [24,25]. The results of the present study, show that 
prolonged supplementation with AO (5 or 20 weeks), induces 
an improvement in cognitive performance in different tasks of 
memorization and learning in rats previously intoxicated by 
EtOH. It appears that the %SPA in the Y maze test and the %IR 
during the retention phase in the object recognition test, were 
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significantly increased in AO supplemented EtOH rats compared 
to EtOH rats not supplemented. In addition, they spend more 
time in the target quadrant during the Morris probe Test. Some 
animal performances were greatly changed by age. In adult rats, 
it significantly increases sensory and recognition memorization as 
well as learning performance. While in adolescent rats, it appears 
that the 5 weeks of supplementation with AO (10 days before, 14 
during and 10 days after EtOH intoxication), was insufficient to 
significantly improve these cognitive parameters.

Thus, AO supplementation was induced long-term changes in 
the cognitive performance of rats, although to varying degrees 
in adolescents and adults ages, with predominant variations in 
adults, depending on the behavioral test used. The composition 
of argan can facilitate healthy brain by providing antioxidants, 
polyinsatured fatty acids and vitamins that would influence cellular 
functions involved in the synaptic transmission [83], neurite 
growth [84], membrane fluidity [85] and neurodegeneration [86]. 
Although ethanol has been described for many years as being able 
to alter the fluidity of membranes in the brain [87] and affects the 
phenomenon of neurogenesis [69], the beneficial effects of AO 
revealed in our study may have been more relevant here since 
argan supplementation begun in an early age (just after weaning 
21PND) during which neural networks continue to settle. These 
results suggest that the therapeutic efficacy of AO could thus 
strongly depend on the duration, dose and treatment conditions.

The beneficial effects of argan oil in regulating the proxidant / 
antioxidant balance, revealed in this study, could explain, at least 
in part, by its rich chemical composition among other tocopherol, 
schottenol, spinasterol and ferulic acid. These products play a 
crucial role as antioxidants against oxidative damage [88]. Indeed, 
the mechanisms of action of antioxidants are diverse, including 
the capture of singlet oxygen, the deactivation of radicals by 
covalent addition reaction, the reduction of radicals or peroxides, 
the chelating of transition metals [89]. Some testimonies have 
reported that tocopherols and polyphenols are the most important 
antioxidants in argan oil thanks to their presence in large quantities 
and their antioxidant activity [90]. It has been shown that dietary 
argan oils exhibit more antioxidant activity compared to many 
other dietary vegetable oils [91,92].

α-Tocopherol is considered a powerful antioxidant against the 
oxidative stress that is at the root of nervous system disorders 
[93]. It acts not only as an effective antioxidant, lipophilic 
and scavenger of free radicals [93,92], but also stabilizes cell 
membranes [94]. Additionally, α -tocopherol plays a key role in 
maintaining neurological function [95] and oral supplementation 
of α-tocopherol affects cerebrospinal fluid and brain [96]. In 
addition, treatment with α-tocopherol alone or in combination is 
able to delay the progression of AD [97]. Indeed, our data establish 
that AO, rich in tocopherols, is able to counteract many side effects 
in PFC and Hipp induced by binge drinking intoxication in early 
adolescence: overproduction of ROS (NO and TBARS), reduction 
of enzymatic activity of endogenous antioxidants (CAT and SODt) 
and decrease of the relative weight of these structures. Thus, our 

results that appear inconsistent with the effects of the commonly 
described AO effects in literature may be due, on the one hand to 
the length of the period of supplementation (20 weeks) and on the 
other hand to the few studies that have specifically investigated the 
benefit of a dietary intake of AO on biochemical parameters.

Conclusion
In conclusion, the present study disassembled for the first time 
that the components of AO could have neuroprotective effects 
against cognitive disorders induced by adolescent binge-like 
alcohol intoxication. We have demonstrated that AO pretreatment 
is effective in increasing the cognitive abilities of rats in the short 
and long term by increasing sensory, recognition, spatial memory 
and learning performance. Also AO shows an ability to protect 
the brain against oxidative stress in the Hipp and PFC. Relative 
weight recoveries of these structures were also observed in EtOH 
rats receiving dietary 10 ml/Kg/day of AO, starting from weaning, 
for 5 or 20 weeks (Figure 6).

Figure 6: Schematic illustration of physiopathological hypothesis of 
the link between the consumption of ethanol and the cognitive deficits. 
Our results suggest that AO pretreatment improve the cognitive 
performance by synergistic effects of this compound, through increased 
hypocampal neurogenesis, reduction of oxidative stress, and modulation 
of inflammatory processes in the brain.

The neuroprotective effect of AO in cognitive impairments 
induced by adolescent binge-like ethanol may be attributed, at 
least in part, to its antioxidant activity and the likely modulation 
of hippocampal neurogenesis pathways in the brain. Knowing 
the interesting chemical composition of AO and the complexity 
of the pathophysiology of memory deficits, which involves nero-
inflammatory pathways, neuroplasticity and oxidative stress 
among others; we can consider the possible synergistic effects of 
these compounds that would be more beneficial than the use of 
each (Figure 6). The current study suggests that the neuroprotective 
effect of AO against cognitive impairments induced by early 
binge-like ethanol in adult and adolescent rats, may be the result of 
modulation of enzymatic antioxidant activities and hippocampal 
neurogenesis pathways of the brain. This suggests that a AO-
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based diet may help prevent and / or treat, in the long term, the 
progression of cognitive disorders induced by excessive alcohol 
consumption in early adolescence.
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