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Abstract Sleep deprivation is a major health problem inmodern society; it has been worsened by
alcohol and caffeine intake to stay awake and improve bodily activities, an experience
common among night-shift workers. For the present study, 50 adult male Wistar rats
weighing between 150 g and 200 g were randomly selected and divided into 5 groups
of 10 rats each (n¼ 10). Group 1 was the control group; group 2 was the group of sleep-
deprived (SD) rats; group 3 was composed SD rats submitted to the administration of
20% alcohol; group 4 comprised SD rats submitted to the administration of 200mg/kg
of caffeine; and Group 5 was composed of SD rats who underwent the co-administra-
tion of 20% alcohol and 200mg/kg of caffeine. At the end of 28 days, the animals were
euthanized, and blood samples were collected for biochemical analysis. Memory,
anxiety, social behavior and locomotive activity were assessed using the Y-maze, the
elevated plus maze, the hole-board and three-chambered social approach tests, and
the open field test. The plasma levels of the acetylcholinesterase (AChE) enzyme and
inflammatory cytokines (interleukin 6 [IL-6], interleukin 10 [IL-10], and tumor necrosis
factor beta, [TNF-β]) were alsomeasured. Data was expressed as mean� standard error
of the mean [SEM] values, and the data were analyzed through analysis of variance
(ANOVA) followed by the Tukey post hoc test, with significance set at p<0.05. The
results revealed that sleep deprivation, and the co-administration of alcohol and
caffeine impair memory in rats. Sleep deprivation also caused a significant increase in
anxiety and anxiety-related behavior, with decreased social interaction, in rats.
Locomotive activity was improved in SD rats, especially in those to which alcohol
was administered. Sleep deprivation significantly reduced acetylcholinesterase activity
among SD rats and those to which alcohol was administered when compared with the
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Introduction

Alcohol, which is addictive to humans, is a psychotropic sub-
stance found in beer, wine, and spirits, and the fifth leading
causeof cancer,witheffects ranging fromimpairmentofneuro-
cognitive function, dizziness, nausea, vomiting, and hangover-
like symptoms to liver and brain damage.1–4 Caffeine, on the
other hand, is a methylxanthine central nervous system (CNS)
stimulant, used as a cognitive enhancer to increase alertness
and attentional performance, physical stamina,mood,memory,
and cognitive performance.5–10 At moderate amounts, caffeine
can stimulate behavior whichmay indicate CNS activation, but,
at high concentrations, it can even decrease learning and
memory-related behavior.11,12 Pharmacologically, caffeine is
an adenosine-receptor antagonist that primarily affects the
A1 and A2A receptors, which are connected to brain activities
related to sleep, arousal, and cognition; it takes effect within
thefirst30minutesafter intakedueto its rapidabsorption inthe
stomach and small intestine.13 However, the effects of caffeine
overdose range from tachycardia, hypertension, nausea, vomit-
ing, gastritis, irritation, sleeplessness, sadness, anxiety, and
seizures, to stroke.14 A major reason for the deliberate con-
sumption of caffeine is to combat sleepiness.11

Sleep deprivation has become a global public health prob-
lem associated with various social consequences, such as
obesity, type-2 diabetes, hypertension, cardiovascular disease,
anxiety, and depression.15–18 Sleep deprivation impairs cogni-
tive function and reduces cognitive control, and it causes
disruptions to capacity planning, ethical misbehavior, and
anxiety.19–21 Sleep deprivation impairs acetylcholinesterase
activity, thus causing decreased cholinergic release and/or via
glutamatergic inhibition.22 Insufficient sleep isoneof themost
prevalent and important health problemsworldwide, and it is
associated with immune system modulation and mood and
immune system declines.23,24 Due to the pressures of the
workplace, the growth of urban centers, modern civilization,
societal factors such as cost of living, safetyof the environment
inwhich one lives, increased incidence of anxiety, depression,
and other psychiatric disorders, individuals are plagued by
sleep deprivation, which raises the levels of inflammatory
biomarkers, thus affecting their health andwell-being.25 Sleep
deprivation impairs immunefunction, leading toalterations in
inflammatory cytokines.26,27

Inflammatory biomarkers are used to monitor chronic
disease activity and overall health status; thus, they act as
useful indicators of infection.28,29 Cytokines, which are in-
volved in cell signaling, are the actual components that signal
the immune system to respond in a specific area of the body
that is being invaded.30 When cytokines are elevated, this
indicates that the body’s immune system has been triggered
and there is inflammationoccurring somewhere in thebody.31

Anti-inflammatory cytokines (such as interleukin 6 [IL-6] and
interleukin 10 [ IL-10]) regulate the production of pro-inflam-
matory cytokines, hence blocking the synthesis of IL-1, tumor
necrosis factor (TNF), and other important pro-inflammatory
cytokines. Interleukin 6 reduces inflammation though the
inhibition of TNF and IL-1 production by macrophages and
stimulation of acute-phase proteins, plasma proteins
whose concentrations change during acute inflammatory
responses.32,33 Transforming growth factor-beta (TGF-β) often
exhibits disparate effects, with immune-enhancing activity in
local tissues and immune-suppressive activity in the systemic
circulation, by suppressing the proliferation and differentia-
tion of T cells and B cells, and it limits the production of IL-2,
interferon-gamma (IFN-γ), and TNF.32

It iswell established that sleepplaysa critical role in learning
and memory formation. Studies have demonstrated that sleep
deprivation in animals leads to memory deficits in several
behavioral models.34 It has been proposed that the deleterious
effects caused by sleep deprivation are due to its long-term
effect in the hippocampus, which is important for memory.35

Themechanisms bywhich altered sleep duration affects health
are unclear, but experimental studies36–39 suggest that altered
sleepmay impact levels of cytokines known to be important in
regulating inflammation. These studies36–39 show that sleep
deprivation results in various medical conditions, such as
cardiovascular disease, arthritis, diabetes mellitus, altered-
immune responses in certain cancers, and increased activation
of cellular signals that initiates the expression of inflammatory
cytokines. Alcohol affects virtually every system, including the
immune system, and heavy alcoholism is associated with
increasedcytokine secretionand inflammation in theseorgans,
reinforcing the possibility that cytokines play a pivotal role in
alcohol-related brain and heart damage.40,41 It becomes perti-
nent for the present study to investigate the result of altered
cognitive decline and depressive-like manifestations implicat-
ed in increased acetylcholinesterase activity and inflammatory
cytokines in sleep-deprived (SD) rats.

Materials and Methods

Experimental Animals and Grouping
In total, 50 adult male Wistar rats weighing between 150 g
and 200 g were obtained and housed in the animal unit of the
Faculty of Basic Medical Sciences, Delta State University,
Abraka, under standard laboratory conditions and grouped
into 5 groups of 10 rats (n¼10) as follows:

Group 1: Control;
Group 2: SD Wistar rats;
Group 3: SDþ20% alcohol;

controls. The plasma levels of IL-6, IL-10 and TNF-β were significantly increased in SD
rats when compared with the controls. The administration of alcohol and caffeine
separately, as well as their co-administration, significantly increased cytokine levels in
rats.
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Group 4: SDþ200mg/kg of caffeine; and
Group 5: SDþ20% alcoholþ200mg/kg of caffeine.

Induction of Sleep Deprivation
Sleep deprivation was induced using the modified multiple
platform model as described by Nunes and Tufik (1994). In
this method, the animals are kept for 8 hours a day on 12
small circular (3 cm in diameter) platforms each that are
41 cm high inside a chamber that measuring 23�234�35
cm and filled with water up to 1cm below the upper surface.
The animals are returned to their respective cages after the
daily 8 hours of sleep deprivation. This process continues for
four weeks. The animals lose muscle tone at the start of each
episode of paradoxical sleep, which causes them to fall into
the water and awaken.

Alcohol and Caffeine Reconstitution and
Administration
For administration of alcohol (20%), 20mL of ethanol were
diluted in 80mL of distilled water, and 400mg of caffeine
were diluted in 10mL of normal saline to obtain a stock
solution of 40mg/mL. A dose of 200mg/kg was then admin-
istered based on the rat’s body weight. Alcohol and caffeine
were administered by orogastric gavage once a day between
8am and 10am for a period of 4 weeks.

Behavioral Studies
Working memory, anxiety, social behavior, and locomotive
activity were assessed.42–44 Working memory performance
was assessed by recording spontaneous alternation behavior
in a single session in a modified Y-maze model with 3 equal
arms at an angle of 120° from each other. The hole-board test
is a mice apparatus that was adapted for the dimensions of a
rat. Each rat was placed at the end of one arm and allowed to
move freely through the maze during an 8-minute session.
The series of arm entries were recorded visually. Entry was
considered completed when the hind paws of the rat had
completely entered the arm. Alternation was defined as
successive entries into three different arms (A, B, and C) of
overlapping triplet sets.45 Percentage alternation was calcu-
lated as the ratio of actual to possible alternation (defined as
the total number of arm entries minus 2), multiplied by 100,
as follows: % alternation¼ (number of alternations)/(Total
arm entries - 2) x 100.

Anxiety was assessed using the hole-board test and elevat-
ed plus maze (EPM) test, as described by a previous studies.46

The EPM apparatus consists of 2 open arms (measuring
25�5 cm) and 2 closed arms (measuring 25�5�16cm)
arranged perpendicularly and connected at the center (mea-
suring 5�5 cm) and elevated to a height of 100 cm. Each rat
was placed in the center of the apparatus, and the number of
entries and time spent per open and closed arm, respectively,
were recorded. The hole-board consists of a square boardwith
16holes, eachmeasuring around3 cm indiameter.42However,
itwasmodified to6 cmfor rats in the current study tomeasure
specific animal behavior by head dip, which is considered a
measure of neophilia.47 The anxiety level is inversely propor-
tional to the number of head dips.48

Social behavior was assessed through the three-chambered
social approach test, asdescribedbyaprevious study,49which is
based on two behaviors: social avoidance and social fear. In this
test, eachanimal isplaced inoneof thechambers andallowed to
explore it for five minutes. Thereafter, an unfamiliar animal is
placed in another chamber. The time the test animal spends
alone in its chamber and the time the animal spends interacting
with the unfamiliar (stranger) animal is observed and recorded.
Social avoidance is considered as a decrease in the duration of
the interaction, and social fear is shown by behaviors such as
flight, defensive burying, and alarm cries.

Locomotive activity was assessed through the open field
test, as described by previous research.50 The open field used
in the present study is a rectangular wooden arena com-
posed of a floor measuring 36�36�26 cm. The floor was
divided with permanent red markings into 16 equal squares
at the bottom. It was placed in a sound-isolation room with
dim lighting. Locomotion (number of floor units entered
with all paws), rearing frequency (number of times the
animal stood on its hind legs or with its forearms against
the walls of the observation cage or free in the air), and
frequency of grooming (number of body cleanings with
paws, picking of the body and pubis with the mouth, and
face-washing actions) were recorded for thirty minutes and
scored. The trial lasted for 5minutes. An increase in locomo-
tion, rearing, and grooming connotes a central excitatory
response, while a decrease connotes central inhibition.

Sample Collection
At the endof thefourweeks, the rats fastedovernight andwere
euthanized by cervical dislocation, and laparotomy was per-
formed to open the animals. A blood sample was collected
from the inferior vena cava and placed inside a labeled plain
container to obtain serum for the biochemical analysis.

Enzyme Assay
After decapitation, the brains were excised and kept on a Petri
dish cooled with crushed ice. The brains were washed with
cold isotonic saline to remove blood, and the brain regions
were then immediately dissected andweighed. The tissuewas
kept in cold 0.32M sucrose (pH 7.4 with Tris base). Homoge-
nates (5% w/v) were prepared using glass homogenizer tubes
andaTeflon (TheChemoursCompany,Wilmington,DE,United
States) motor-driven pestle. The homogenates were centri-
fugedat900g for10minutes at 4°C, and thesupernatantswere
collected and centrifuged at 100,000g for 60minutes at 4°C.

Biochemical Analysis

Lipid Peroxidation Assay
Lipid peroxidation was determined as the formation of
malondialdehyde (MDA) according to themethod of Ohkawa
et al.51

Assessment of the Activity of Acetylcholinesterase
(AChE)
Acetylcholinesterase (AChE) activity was determined by the
method of Ellman et al.52
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Estimation of Cytokine Level
Plasma samples (100 μl; 1:50 dilution in assay buffer) were
assayed for ILs (IL-6 and IL-10) and TNF-β using commercial
enzyme-linked immunosorbent assay (ELISA) kits. The
assays were performed as per the manufacturer’s protocols.

Ethical Consideration
Ethical approval (number: RBC/FBMS/DELSU/P22/013) was
obtained from the Ethics in Research Committee of the
Faculty of Basic Medical Sciences, Delta State University,
Abraka, Nigeria, for the use of laboratory animals.

Statistical Analysis
The results were expressed as mean� standard error of the
mean (SEM) values. The statistical comparisons were per-
formed using one-way analysis of variance (ANOVA), fol-
lowed by the Tukey post hoc test for multiple comparisons,
using the Prism statistical software (GraphPad Software, La
Jolla, CA, United States), version 9), and values of p � 0.05
were considered statistically significant.

Results

►Figure 1 shows the assessment of memory using the Y-
maze test in SD male Wistar rats; sleep deprivation signifi-
cantly (p<0.05) impairedmemory function in all groups 3, 4,
and 5 (SD rats which underwent the administration of
alcohol, caffeine, and both respectively) when compared
with the controls. Similarly, significant (p<0.05) memory
impairments were observed in groups 3, 4, and 5 when
compared to group 2 (SD rats not submitted to the adminis-
tration of caffeine or alcohol). The lowest level of memory
impairment was observed in group 5 when compared to
groups 3 and 4.

►Figure 2 shows the impact of the administration of
caffeine and alcohol on anxiety-related behavior using the
EPM; compared to the controls, sleep deprivation caused a
significant (p<0.05) increase in the level of anxiety of groups
3, 4, and 5. There was also a significant (p<0.05) increase in
the level of anxiety of groups 3, 4, and 5 compared to group 2.

The anxiety level among group 5 was significantly (p<0.05)
higher when compared to that of group 4.

►Figure 3 shows the assessment of the anxiety level using
the hole-board test. Sleep deprivation significantly (p<0.05)
increased the anxiety levels of groups 3, 4, and 5 when
compared to the controls. However, this increase was higher
in group 3. The data also shows that the anxiety level
significantly (p<0.05) decreased in group 5 when compared
to groups 2 and 3. Similarly, the level of anxiety in group 4
significantly decreased when compared to group 3.

►Figure 4 shows the assessment of social behavior using
the three-chambered social approach test. Sleep deprivation
caused a significant (p<0.05) decrease in social behavior in
groups 3, 4, and 5when compared to the controls. The lowest
level of decrease was observed in group 5. Social behavior
also significantly (p<0.05) decreased in groups 3, 4, and 5
compared to group 2.

►Figure 5 shows the assessment of motor activity using
the open field test. Sleep deprivation significantly (p<0.05)
increased motor activity in groups 2, 3, and 4 compared to
the controls; this increasewas highest in group 3. However, a
significant (p<0.05) decrease in motor activity was ob-
served in group 5 compared to the controls and to group 2.

Fig. 1 The impact of the administration of alcohol and caffeine on
memory using the Y-maze test in sleep-deprived male Wistar rats.
Values are expressed as mean� SEM. Data were analyzed by
ANOVA followed by Tukey post hoc tests. Significance was set at
p< 0.05. Notes: �Significantly different from the controls.
αSignificantly different from sleep-deprived rats. βSignificantly
different from rats that received 20% alcohol. dSignificantly different
from rats that received caffeine (200mg/kg).

Fig. 2 The impact of the administration of alcohol and caffeine on anxiety-
related behavior using the elevatedplusmaze in sleep-deprivedmaleWistar
rats. Values are expressed as mean� SEM. Data were analyzed by
ANOVA followed by Tukey post hoc tests. Significance was set at p< 0.05.
Notes: �Significantly different from the controls. αSignificantly different
from sleep-deprived rats. βSignificantly different from rats
that received 20% alcohol. dSignificantly different from rats that received
caffeine (200mg/kg).

Fig. 3 The impact of the administration of alcohol and caffeine on
anxiety-related behavior using the hole-board test in sleep-deprived
male Wistar rats. Values are expressed as mean� SEM. Data were
analyzed by ANOVA followed by Tukey post hoc tests. Significance was
set at p< 0.05. Notes: �Significantly different from the controls.
αSignificantly different from sleep-deprived rats. βSignificantly
different from rats that received 20% alcohol. dSignificantly different
from rats that received caffeine (200mg/kg).
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►Figure 6 shows the assessment of acetylcholinesterase
activity. A significant (p<0.05) decrease in acetylcholinester-
ase activitywas observed ingroups 2, 3, and 4 compared to the
controls; and a significant (p<0.05) increase was observed in
group 3 compared to the controls. Inversely, acetylcholines-
terase activity was significantly (p<0.05) reduced in group 4
compared to group 2; there was also a significant (p<0.05)
reduction in group 5 compared to the controls and group 2.

►Figure 7 shows the assessment of the levels of TNF-β.
Sleep deprivation significantly (p<0.05) increased the levels
of TNF-β in groups 3, 4, and 5 compared to the controls, but
the difference in the increase in groups 3, 4, and 5 compared
to group 2 was not significant. Comparisons involving only
groups 3, 4, and 5 did not show significant differences either.

►Figure 8 presents the assessment of IL-6 levels. Sleep
deprivation significantly (p<0.05) increased the levels of IL-6
in of groups 3, 4, and 5 compared with the controls. A
significant (p<0.05) increase was also observed in group 4
compared to group 2.

►Figure 9 presents the assessment of IL-10 levels. Sleep
deprivationsignificantly (p<0.05) increased thelevelsof IL-10
in groups 3, 4, and 5 compared to the controls. A significant
(p<0.05) increase was also observed in group 4 compared to
group 5. And a slightly significant (p<0.05) decrease was
observed in group 3 compared to group2.

Discussion

The results of the present study revealed that sleep depriva-
tion significantly impaired memory in groups 3, 4, and 5
compared with the controls (►Fig. 1). This effect may be

Fig. 4 The impact of the administration of alcohol and caffeine on social
behavior using the three-chambered social approach test in sleep-deprived
male Wistar rats. Values are expressed as mean� SEM. Data were
analyzedbyANOVA followedbyTukeypost hoc tests. Significancewas set at
p< 0.05. Notes: �Significantly different from the controls.
αSignificantly different from sleep-deprived rats. βSignificantly different
from rats that received 20% alcohol. dSignificantly different from rats that
received caffeine (200mg/kg).

Fig. 5 The impact of the administration of alcohol and caffeine on motor
activity using the open-field test in sleep-deprived male Wistar rats.
Values are expressed as mean� SEM. Data were analyzed by ANOVA
followed by Tukey post hoc tests. Significance was set at p< 0.05.
Notes: �Significantly different from the controls. αSignificantly different
from sleep-deprived rats. βSignificantly different from rats that received
20% alcohol. dSignificantly different from rats that received caffeine
(200mg/kg).

Fig. 6 The impact of the administration of alcohol and caffeine on
acetylcholinesterase activity in sleep-deprived male Wistar rats.
Values are expressed as mean� SEM. Data were analyzed by
ANOVA followed by Tukey post hoc tests. Significance was set at
p< 0.05. Notes: �Significantly different from the controls.
αSignificantly different from sleep-deprived rats. βSignificantly
different from rats that received 20% alcohol. dSignificantly different
from rats that received caffeine (200mg/kg).

Fig. 7 The impact of the administration of alcohol and caffeine on the
levels of tumor necrosis factor beta (TNF-β) in sleep-deprived male
Wistar rats. Values are expressed as mean� SEM. Data were
analyzed by ANOVA followed by Tukey post hoc tests. Significance was
set at p< 0.05. Notes: �Significantly different from the
controls. αSignificantly different from sleep-deprived rats.
βSignificantly different from rats that received 20% alcohol.
dSignificantly different from rats that received caffeine (200mg/kg).

Fig. 8 The impact of the administration of alcohol and caffeine on the
levels of interleukin-6 (IL-6) in sleep-deprived male Wistar rats. Values
are expressed as mean� SEM. Data were analyzed by ANOVA
followed by Tukey post hoc tests. Significance was set at p< 0.05.
Notes: �Significantly different from the controls. αSignificantly
different from sleep-deprived rats. βSignificantly different from rats
that received 20% alcohol. dSignificantly different from rats that
received caffeine (200mg/kg).
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attributed to impairment of the hippocampus through the
destruction of synaptic plasticity and a decrease in the
speed of processing information during sleep deprivation.
However, we must also considering that alcohol affects
memory by altering hippocampal cell-to-cell communica-
tion, which plays an important role in forming and main-
tainingmemory.53Our findingwas consistent with the study
by Vedder et al,.54 who also reported the association of
cognitive dysfunction and excessive consumption of alcohol.
In the present study, memory impairment was observed in
SD rats that received only caffeine when compared to the
controls and non-treated SD rats. This is in line with the
study by Chen et al.,55 who reported that sleep deprivation
alters the beneficial effects on the brain of caffeine, a known
CNS stimulant which can alleviate brain fatigue and low
cognitive efficiency. Themechanismbywhich caffeinebrings
about wakefulness is by blocking sleep-promoting receptors
in the brain called adenosine receptors, which bind to
adenosine, thus blocking it and preventing its activation.

In the current study, sleep deprivation caused anxiety in
groups 3, 4, and 5 compared to the controls using the Y-maze
test, EPM, and the hole-board test (►Fig. 2–4). The decrease
in anxiety when using hole-board test was observed in
the comparison of group 5 to groups 2 and 3, while the
Y-maze test showed the same effect when compared to the
controls but the opposite effect when compared to group 2.
This is in line with the study by Chang et al.,56 who reported
that sleep deprivation significantly caused anxiety. In the
current study, in the EPM and hole-board test models, the
level of anxiety significantly increased in the groupswho had
received alcohol (groups 3 and 5) when compared to control
group. This may be due the potential of alcohol to make
anxiety progressively worse, as it is a CNS depressant that
alters the levels of serotonin and other neurotransmitters in
thebrain, thus interferingwith thefight-or-flight response to
cause anxiety.57–59

Furthermore, a significant increase in the level of anxiety
was also observed in group 4 when compared group 2. The
level of anxiety in group 5 also significantly increased. These
results are in line with those of a previous study60 that
reported the effect of caffeinated drinks on sleep. The

authors60 hypothesized that kids aged 6 to 10 years who
regularly consume an average of 0.4mg of caffeinated sleep
for about 15minutes. Another study61 reported that the
sleep of subjects who drink 100mg to 150mg of caffeine a
day was more interrupted than that of subjects who drink
lower amounts, and that sleep disturbances were worse on
nights after higher consumption, because the effects of
alcohol may be increased by caffeine’s inhibition of A2A
receptors.

Data from thepresent study revealed that sleepdeprivation
caused a significant (p<0.05) decrease in social behavior in
groups 3, 4, and 5 compared to the controls (►Fig. 4). Such an
alterationmay be linked to the reports of previous studies that
chronic sleep deprivation, for longer than a week, causes
changes in the neurotransmitter receptor systems and neuro-
endocrine stress systems; these alterationsmatch those linked
to severe depression.62 Moreover, excessive drinking reduces
serotonin, and low serotonin levels result in depression.63Our
findings were contrary to the findings of Al-Maddah et al.64

that chronic rather than acute sleep deprivation may result in
depression.

Prolonged sleep deprivation and the administration of
alcohol and caffeine alter motor activity (►Fig. 5). This finding
was similar to that of a previous study65 that reported no
significant increase in motor activity under 24hours of oxida-
tive stress. However, another study66 reported a finding to the
contrary: reduced motor activity in sleep deprivation, includ-
ing the ability to execute instructions. The administration of
alcohol to SD rats significantly increased motor activity when
compared to non-treated sleep deprived rats in the current
study. This observation correlates to that of a previous study,65

which reported that the brain adenosine system represents a
common pathway for the effects of ethanol and sleep depriva-
tion on motor activity. Caffeine-treated rats were observed to
display increasedmotor activitywhen compared to the control
group. This observation may be attributed to the antagonist
measureofcaffeineagainst poormotor activity performance in
sleep deprivation by blocking receptor binding and thus has
different neurochemicals effects.64,65However, the co-admin-
istration of alcohol and caffeine in SD rats significantly
decreased motor activity. Such a decrease could be due to
the oxidative stress caused by the co-administration of alcohol
and caffeine potentiating differential neurochemical effects.67

Among its various effects, sleep deprivation has been
shown to decrease AChE activity in rats, as observed in the
current study (►Fig. 6), an effect which can lead to the
accumulation of AChE at the synaptic junctions, causing
cytotoxicity. Our results support the earlier findings of Vidya-
sagar et al.,68 who reported that 96hours of sleep deprivation
significantly reduced whole-body AChE activity, which is
suggestive of high acetylcholine turnover in this region. In
the present study, the administration of 20% alcohol amid
sleep deprivation significantly increased the level of AChE
activity, which results in decreased cholinergic activity, fol-
lowing increased AChE activity and vice versa. This is in line
with previous studies22 that reported that alcohol increases
AChE activity in SDWistar rats. Similarly, our findings corrob-
orates that of previous studies:69,70 caffeine significantly

Fig. 9 The impact of the administration of alcohol and caffeine on the
levels of interleukin-10 (IL-10) in sleep- deprived male Wistar rats.
Values are expressed as mean� SEM. Data were analyzed by
ANOVA followed by Tukey post hoc tests. Significance was set at
p< 0.05. Notes: �Significantly different from the controls.
αSignificantly different from sleep-deprived rats. βSignificantly
different from rats that received 20% alcohol. dSignificantly different
from rats that received caffeine (200mg/kg).
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decreases AChE activity, which was shown by a significantly
increased level of acetylcholine in the brain. Meanwhile,
caffeine has been shown to delay or prevent sleep, improving
task performance during sleep deprivation by binding to
antagonizing adenosine receptors in the brain.71

In the present study, we observed significantly higher
levels of circulating TNF-β, IL-6, and IL-10 in the serum of
both SD rats and the SD rats treatedwith alcohol and caffeine
when compared to the levels of the controls (►Figs. 7–9).
Tumor necrosis factor beta is involved in the regulation of cell
survival, proliferation, differentiation, and apoptosis; it also
inhibits tumor growth and kills malignant cell lines, and
plays a significant role in innate immune control.72However,
circulating inflammatory cytokines have been identified to
be accelerated in alcohol and caffeine-induced patients
and several inflammatory cytokines including IL-6, IL-10
and TNF-β. This shows that the CNS is impacted by increased
quantities of circulating cytokines, resulting in altered sleep-
wake cycle or troubled sleep.73–75 This observation corrob-
orates the findings of the present study, despite the fact that
our sample was different from the samples of these other
studies.73–75Data from the present study has also shown that
the levels of inflammatory biomarker TNF-βwere elevated in
SD rats. This corroborates previous findings76–79 that a high
percentage of people with anxiety-related disorders caused
by sleep deprivation exhibit evidence of elevated inflamma-
tory markers in blood concentrations and their soluble
receptors.

Conclusion

Sleep deprivation and the co-administration of alcohol and
caffeine impaired the memory of the experimental rats com-
pared to control rats. Sleep deprivation further caused a
significant increase in anxiety and anxiety-related behavior,
with decreased social interaction. Locomotive activity was
improved in SD rats, especially in those treated with alcohol.
Sleep deprivation significantly reduced AChE activity among
SD rats and SD rats treated with alcohol when compared with
the controls. The isolated and combined administration of
alcohol and caffeine significantly increased the levels of these
cytokines in rats. Overall, the co-administration of alcohol and
caffeine increasedAChE activityand the levels of inflammatory
cytokines in SD rats with possible cognitive decline and
depressive-like manifestations.
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