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Abstract

Drug abuse has been a public health concern over the years particularly the abuse of alcoholic drinks and caffeinated beverages. Each of these drinks
affect the function of the brain but there are no research findings as regards their simultaneous use. Hence this study aimed to investigate chronic
use of caffeine and ethanol on the cerebral cortex of male Wistar rats.

Fifty (50) adults males Wistar rats weighing between 120-150grams were randomly divided into five groups (n=10); Control groups C1, C2 and
Treatment groups T1, T2and T3. The control groups C1 and C2 were given distilled water and 2% sucrose solution respectively while Treatment
groups T1, T2 and T3 were given 10 mg/kg body weight of caffeine in 2% sucrose solution, 25% ethanol in 2% sucrose solution and 10 mg/kg body
weight caffeine dissolved in 25% ethanol in 2% sucrose solution respectively. All animals drank freely for 7 weeks before they were sacrificed by
cervical dislocation and the brain specimens were processed for histological protocols. Body and brain weights were taken with sensitive weighing
balance. Results were presented as mean + SEM and analyse using SPSS Version 12, one-way Anova was use and level of significance was set at P<
0.05.

Results showed body weight loss in the Treatment Group T1, T2 and T3 were insignificant (P>0.059, 0.067 and 0.075) when compared to the
body weight obtained in Control Groups C1 and C2 while brain weight loss in the Treatment Group T1, T2 and T3 were insignificant (P>0.06, 0.08
and 0.12) compared to brain weight obtained in Control Groups C1 and C2. The routine histological analysis showed that high dose of caffeine
and ethanol affected cerebral cortex cells and their expression of Nissl bodies and an indication of cytoplasmic functional integrity relative to the
synthesis of protein. It also showed neuronal distortion and complete obliteration of pyramid neurons.

These findings showed that the combined abuse of ethanol and caffeine is more deleterious to the functionalities of the cerebral neuron as shown by
neuronal damages in the cerebral cortex. Further studies on the mechanism of neuronal damage from the combined drinks of ethanol and caffeine
are therefore recommended.
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Introduction

Caffeine is a white, odorless powder with a slightly bitter taste
[1]. It is the most widely consumed active substance in the world
that affects the central nervous system by stimulating brain and
nerve cells activities [2]. Caffeine (1,3,7-trimethylxanthine) is a pu-
rine alkaloid present in high concentrations in tea, coffee and in a
number of bevera ges such as Coca-cola product [3]. It is mainly
used recreationally as a cognitive enhancer, increasing alertness
and attentional performance.

Caffeine acts by blocking binding of adenosine to the adenosine
A1 receptor, which enhances release of the neurotransmitter ace-
tylcholine [4]. Caffeine has a three-dimensional structure similar to
that of adenosine, which allows it to bind and block its receptors
[4]. Caffeine also increases cyclic AMP levels through nonselective
inhibition of phosphodiesterase [5].

Ethanol is one of the most widely used psychoactive drugs in
the world [6]. Some characteristics, such as the low cost, availabili-
ty and easy access, contribute to high ethanol consumption among
adolescents [7]. Indeed, it has been observed that a reduced sensi-
tivity to ethanol-induced motor impairments among adolescents,
which may contribute to heavy drinking as well as the early devel-
opment of alcohol dependence [8]. Consequently, alcohol misuse
during early life can result in long-lasting health problems, includ-
ing central nervous system (CNS) impairments [9].

Material and Method
Experimental Animals

Fifty (50) adult males Wistar rats weighing between 120-150g
were used for this study. The rats were made to undergo a two
weeks’ acclimatization period under standard laboratory condi-
tions at Animal Holding of Anatomy Department, Ladoke Akintola
University of Technology, Ogbomoso, Nigeria and treated in accor-
dance with the Guide for Care and Use of Laboratory animals pre-
pared and compiled by the National Academy of Science and pub-
lished by the National Institute of Health (1985).

Experimental Design

At the end of acclimatization period the rats were randomly as-
signed into 5 groups (C1, C2, T1, T2 & T3) of ten animals. Group C1
(Control group 1) received distilled water, Group C2 (Control group
2) received 2% sucrose solution while Group T1 (Treated group 1),
T2 (Treated group 2) and T3 (Treated group 3) received 10mg/kg
caffeine in 2% sucrose solution, 25% ethanol in 2% sucrose solu

Table 1: Showed results for Mean + S.E.M of the Body Weight.

Copyright© Oluwagbenga Oluwasemilore JOSEPH

tion and 10mg/kg with 25% of ethanol in 2% sucrose solution re-
spectively for 7 weeks (49days).

Collection of Organs

The final body weights were taken and documented at the
end of 7 weeks (49 days) of administration. The next day at 8.00
HRS GMT, all the rats were sacrificed by cervical dislocation. The
cerebral cortex of the brain specimens was harvested, weighed,
documented and immediately transferred to fixative (10% formol
calcium) for routine histological paraffin embedding procedures
and stained for Nissls substance using Cresyl violet as described by
Venero, et al, [10].

Tissue Processing

The section was produced by normal routine histological meth-
ods of fixation, dehydration, impregnation, embedding, sectioning
and staining with Nissls substance using Cresyl violet by Venero, et
al, [10]. The micrographs of the relevant stained sections were sub-
sequently taken with the aid of a light microscope.

Statistical Analysis

All the data were analyzed by analysis of variance (ANOVA)
and post-hoc tests (Tukey HSD) used to determine the source of a
significant effect. Results are expressed as Mean * S.E.M., p<0.05 is
taken as an accepted level of significant difference from vehicle or
standard.

Result and Discussion
Results

Morphometric Analysis (Body Weight): Table 1 Revealed
the body weight results for the five (n=5) Groups. The Wistar rats
in Treated Groups showed changes in body weight during the pe-
riod of caffeine and ethanol intake, except the Control Group C1
(Received distilled water) and Control Group C2 (Received 2% Su-
crose solution), which has a gained of body weight from (159.7
2.136) to (177.2+ 10.53) for Control Group 1 and (159.4 + 7.745) to
(180.3+9.718) for Control Group C2 (Received 2% Sucrose solution
) with significant (0.012 and 0.019) for the analysed body weight
data obtained for the period of seven weeks (49 days) compared to
analysed data results obtained for Treated Groups T1 (10mg/kg of
Caffeine in 2% Sucrose solution), T2 (25% Ethanol in 2% Sucrose
solution ) and T3 (10mg/kg Caffeine in 25% Ethanol in 2% Sucrose
solution) which results showed detrimental body weight loss with
insignificant ( P> 0.059, 0.067 and 0.075).

Control Group C2 Group T1(10mg/ | GroupT2 (25% Eth- | Oroup T3 (10meg/kg
. Control Group C1 PR . Caffeine in 25% Eth-
Period/Week . . (2% Sucrose solu- kg of Caffeine in 2% anol in 2% Sucrose .
(Distilled water) . . . anol in 2% Sucrose
tion) Sucrose solution) solution) .
solution)
Week 0 159.7 £2.136 159.4 £ 7.745 50.00+0.58 178.4+ 6.049 171.8+ 7.302
Week 1 151.6 + 6.442 162.5 £ 6.682 168+ 5.153 169.7+9.288 165.5 £ 5.416
Week 2 151.1+ 7.884 163.7 +6.920 166.7 +6.731 170.3+ 7.447 163.7 £ 10.02
Week 3 166.7 + 4.167 166.1 +8.929 166.4+ 8.09 167.8+ 7.566 157.8 +5.223
Week 4 168.8+ 5.142 170.3 £10.43 163.5+ 5.313 165.9+ 10.73 151.2 £7.230
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Week 5 171.9£8.53 174.5£5.76 163.3+ 4.82 165.0+ 8.547 151.0 £ 5.480
Week 6 173.3+9.718 174.9+6.79 161.6+10.02 157.9+ 4.673 147.9 £ 5.320
Week 7 177.2+10.53 180.3+9.718 161.2+7.08 151.7+ 4.489* 144.8 + 8.650*

Note*: Significance: P < 0.05, value greater than 0.05 are considered insignificant while values less than 0.05
icant (*). Values are expressed as Mean * Standard error of mean

Percentage Body Weight Loss and Gained: Table 2 Results
showed percentage body weight loss and gained. The Control
Group C1 which Received distilled water and Control Group C2
which Received 2% Sucrose solution showed gained in body weight
with 17.5% for Control Group 1 and 20.9% for Control Group 2

Table 2: Showed Percentage Body Weight (Gained and Loss).

are considered signif-

compared to Treated Groups T1 (10mg/kg of Caffeine in 2% Su-
crose solution), T2 (25% Ethanol in 2% Sucrose solution ) and T3
(10mg/kg Caffeine in 25% Ethanol in 2% Sucrose solution) which
showed percentage lost in body weight with-10.7%,-26.7% and-
27% respectively from data obtained and analysed (Figure 1).

GROUP Initial Final Percentage body weight (gain or loss)
Control Group C1 (Distilled water) 159.7 £ 2.136 177.2+10.53 17.50%
Control Group C2 (2% Sucrose solution) 159.4 £ 7.745 180.3+9.718 20.90%
o0
Group T1 (10mg/kg of gaffeme in 2% Sucrose 171.9+ 4575 161.2+ 7.08 10.70%
solution)
Group T2 (25% Ethanol in 2% Sucrose solution) 178.4+ 6.049 151.7+ 4.489 26.70%
L o o0
Group T3 (10mg/kg Caffeine in 25% Ethanol in 2% 171.8+ 7.302 144.8 + 8.650 27%
Sucrose solution)
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Figure 1: Histogram Representation of Brain Weight after sacrifice.

Histological Evaluation Results for Groups

Control Group C1 (Distilled water): The cerebral cortex sec-
tion for Control group C1 which received distilled waters appeared
normal with evenly distributed pyramidal neuronal cells in the In-
ternal pyramidal layer and glial cells. This outcome results indicat-
ed Control group C1 have normal cytoarchitecture in compared to
the Treated groups.

Control Group C2 (2% Sucrose solution): The cerebral cortex
section for Control group C2 which received 2% Sucrose solution
appeared normal with evenly distributed pyramidal neuronal cells
with prominent dendrites and evenly distributed glial cells with no
cellular distortions in compared to the Treated groups

Treated Group T1 (10mg/kg Caffeine in 2% Sucrose solu-
tion): The cerebral cortex section for Treated group T1 showed few
normal pyramidal neuronal cells with reduced distribution of the
glial cells.

Treated Group T2 (25% Ethanol in 2%Sucrose solution):
The cerebral cortex section showed Treated group T2 showed dis-
torted pyramidal neurons cells with scantily distributed glial cells.

Treated Group T3 (10mg/kg Caffeine+25% Ethanol in 2%
Sucrose solution): The cerebral cortex section showed distortion,
diffusion and complete obliteration of pyramidal neurons cells with
damaged nuclei and nucleoli leaving a central pale region and poor-
ly sized glial cells that are scantily expressed.

Histological Observation (Photomicrograph of the Histology)

Control Group 1 Cerebral Cortex (Distilled water): (Figures
2 and 3)

Control Group 2 Cerebral Cortex (2% Sucrose solution):
(Figures 4 and 5)

Treated Group T1 Cerebral Cortex (10mg/kg Caffeine in
2% Sucrose solution): (Figures 6 and 7)
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Treated Group T2 Cerebral Cortex (25% Ethanol in 2%Su- Treated Group T2 Cerebral Cortex (25% Ethanol in 2%Su-
crose solution): (Figures 8 and 9) crose solution): (Figures 10 and 11) (Table 3)

Figure 2: Photomicrograph of cerebral cortex (Frontal lobe) (control section C1) showed the distinct different layers of MLL (Molecular layer)
EGL (External grannular layer) EPL (External pyramidal layer)IGL (Internal grannular layer )IPL (Internal pyramidal layer)
MFL (Multiform layer). The black arrow pointing to the Pial surface of the meningeal layer. Cresyl violet stain x 100.

Figure 3: Photomicrograph of cerebral cortex (Frontal lobe) (control section C) showed the
IPL (Internal pyramidal layer).The Normally stained and evenly distributed pyramidal Neuronal cells (Green arrows) and glial cells(Black
arrows) with no cellular distortions . Cresy/ violet stain x 400.

Figure 4: Photomicrograph of cerebral cortex (Frontal lobe) (control section C2) showed the distinct different layers of MLL(Molecular layer)
EGL (External grannular layer) EPL (External pyramidal layer) IGL (Internal grannular layer ) IPL (Internal pyramidal layer)MFL (Multiform
layer).Note the black arrow pointing to the Pial surface of the meningeal layer. Cresyl! violet stain x 100.
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Figure 5: Photomicrograph of cerebral cortex (Frontal lobe) (control section C2) showed the
IPL (Internal pyramidal layer). The normally stained and evenly distributed pyramidal Neuronal cells with prominent dendrites (Green arrows)
and evenly distributed glial cells(Black arrows) with no cellular distortions . Cresy! violet stain x 400

Figure 6: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T1) showed the distinct different layers of MLL (Molecular
Layer)EGL (External Grannular Layer)EPL (External Pyramidal Layer IGL (Internal Grannular Layer )IPL (Internal Pyramidal Layer).
MFL (Multiform layer).Note the black arrow pointing to the Pial surface of the meningeal layer. Cresyl violet stain x 100.

Figure 7: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T1) showed the IPL (Internal pyramidal layer).

Note*: Few normal (Green arrows) and distorted (Blue arrows) neuronal cells with reduced distribution of the glial cells (Black arrows). Cresyl! violet
stain x 400.
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Figure 8: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T2) showed the distinct different layers of MLL(Molecular
layer) EGL (External Grannular Layer) EPL (External Pyramidal Layer) IGL (Internal grannular layer ) IPL (Internal Pyramidal Layer).
MFL (Multiform layer).Note the black arrow pointing to the Pial surface of the meningeal layer. Cresyl violet stain x 100.

Figure 9: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T2) showed the IPL (Internal pyramidal layer).

Note*: Few distorted (Green arrows) neurons with scantily distributed glial cells (Black arrows). Cresy! violet stain x 400.

Figure 10: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T3) showed the distinct different layers of MLL(Molecular
layer EGL (External grannular layer)EPL (External pyramidal layer IGL (Internal grannular layer )IPL (Internal pyramidal layer).
MFL (Multiform layer).Note the black arrow pointing to the Pial surface of the meningeal layer. Cresyl violet stain x 100.
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Figure 11: Photomicrograph of cerebral cortex (Frontal lobe) (Treatment section T3) showed the IPL (Internal pyramidal layer). Note neuronal
distortion showing complete obliteration of pyramidal neurons(Green arrows) with damaged nuclei and nucleoli leaving a central pale region

and poorly sized glial cells (Black arrows) Cresyl violet stain x 400

Table 3: Table of comparison of histochemical results.

Group T3 (10mg/kg
0, -
Groups’ structure Control Group C1 Control Group C2 Group T1_(10_mg/ Grou;_) P B L Caffeine in 25% Eth-
. (2% Sucrose solu- kg of Caffeine in 2% anol in 2% Sucrose .
(cerebral cortex) (Distilled water) X . . anol in 2% Sucrose
tion) Sucrose solution) solution) .
solution)
Pyramidal cell Normal Normal Fairly normal Less appearance Dlstortzgaigg degen-
Granular cell Normal Normal Slightly normal Detached from normal Diffusion and Dis-
structure torted
Blood vessels Normal Normal Dilatation Diminishing Congested
Neurofibres Normal Normal Shrunken Detached Lesser appearance
Discussion of deficiency and malnutrition [15]. Therefore, prolonged ethanol

One of the most important parts of the human body is the brain
and this is because it is the seat of cognition and thinking. The cere-
bral cortex on the other hand plays a very important role in learn-
ing and different forms of memory, most especially its role in the
consolidation of long-term memory [11]. It has been argued over
time that caffeine and ethanol inhibit cerebral cortex neurogenesis
in the brain [12].

Influence of Ethanol and caffeine on body and Brain weight in
Treated Groups Compared to Control Groups

The results of this experiment indicated that there was a sig-
nificant (P < 0.05) increase in the body and brain weights (g), of
the control group and an insignificant (P < 0.05) decrease in the
relative weight (%) of the brain of the treated animals.

In the present study, the reduced dietary intake in the group’s
receiving ethanol was counter-balanced by the energy value of con-
sumed ethanol. Moreover, the resultant total energy supply in the
groups’ receiving ethanol was not lower than for the control groups.

Prolonged ethanol consumption may cause disturbances in the
metabolism of macro-nutrients and micronutrients, including de-
creased digestion and absorption of impaired transport and utiliza-
tion of nutrients, because of the influence of ethanol on the stom-
ach [13] and intestines [14]. Simultaneously, ethanol consumption
may increase the excretion of nutrients that may increase the risk

consumption shows a result in lower body mass gain in animals
with ethanol intake comparison with animals that do not receive
ethanol.

Histological Observation

Ethanol and caffeine could affect the structural integrity of cer-
tain parts of the cerebral cortex formation. Demonstration of Nissl
bodies The Cresyl Violet staining technique helps to understand the
cytological conditions of the demonstrated cells by demonstrating
the Nissl bodies or materials in the cell. Photomicrographs of the
cerebral cortex of the Group C1 (Control) experimental animals
showing distinct cells. Cerebral Cortex is demonstrated with struc-
turally normal of MLL, EGL, EPL, IGL, IPL and MFL. Photomicro-
graphs of the cerebral cortex of the Group C2 (Control) experimen-
tal animals showed normal structures of the cells.

Photomicrographs of the cerebral cortex of Group T1(10mg/kg
of caffeine) experimental animals showed that the cerebral cortex
cells stain relatively less intensely for Nissl bodies. These effects are
attributable to caffeine effects at the dose employed.

Photomicrographs of the cerebral cortex of Group T2 (25%
ethanol) experimental animals show sparse cell structure and they
stained relatively less intensely for Nissl bodies. Ethanol in high
dose, as seen in the research, therefore affected cerebral cortex cells
and their expression of Nissl bodies and an indication of cytoplas-
mic functional integrity relative to the synthesis of protein [16].

American Journal of Biomedical Science & Research



Am ] Biomed Sci & Res

Photomicrographs of the cerebral cortex Group T3(10mg/kg of
caffeine+25% of ethanol) experimental animals showed neuronal
distortion and complete obliteration of pyramid neurons.

Conclusion

These findings showed that the combined abuse of ethanol and
caffeine is more deleterious to the functionalities of the cerebral
neuron as shown by neuronal damages in the cerebral cortex. Fur-
ther studies on the mechanism of neuronal damage from the com-
bined drinks of ethanol and caffeine is therefore recommended.
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