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Effect of caffeinated energy drinks on the
structure of hippocampal cornu ammonis 1 and
dentate gyrus of adult male albino rats
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Abstract: Energy drinks are available worldwide and frequently consumed to increase energy level and compensate lack
of sleep. Energy drinks consumers aim to improve their cognitive functions. Red Bull is the most popular energy drink
consumed in Egypt. However, the link between the impact of energy drinks on the structure of hippocampal cornu ammonis 1
(CA1) and dentate gyrus (DG), a highly vulnerable brain regions to various insults, has not yet documented. To study the
effect of energy drinks on structure of hippocampal CAl and DG of adult male albino rats. Twenty one adult male albino
rats were divided into three groups; group I control group, groups II and III received Red Bull, with a dose of 3.75 ml/kg/day
orally using gastric tube for four and eight consecutive weeks respectively. At the end of the experiment, brains were dissected
and hippocampal specimens were processed for histopathological and immunohistochemical studies. Histopathological
examination of hippocampal sections in group II revealed vacuoles, decrease thickness of pyramidal cell layer with
irregular dark or ghost nuclei. However, changes were more severe in group III with cracks in pyramidal cell layer, massive
vacuolation and signet ring cells. Moreover, star shaped astrocytes and glial fibrillary acidic protein immuno-reactivity were
more abundant in group III than in group II. Caffeinated energy drinks produced neurodegenerative changes and reactive
astrocytosis in hippocampal CA1 and DG of adult male albino rats. These changes were duration-dependent being more
severe in longer duration of intake.
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Introduction

Energy drinks are available worldwide. The active in-
gredients that are found in most energy drinks (caffeine,
taurine, glucose, and many vitamins), provide the body with
great deal of mental and physical energy [1]. These energy
drinks are aggressively marketed to consumers with attrac-
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tive names, to express the strength, speed, and power as Red
Bull (GmbH, Fuschl am See, Austria), Boom Boom (Tempire
Group, Fort Worth, TX, USA), and Power Horse (PH USA,
Inc., San Francisco, CA, USA) [2]. Red Bull is the most popu-
lar energy drink consumed in Egypt [3].

These drinks are frequently consumed by athletes, teen-
agers, and college students in order to increase their energy
level and compensate for the lack of sleep. They may also
improve mood, physical performance and reduce mental fa-
tigue [4, 5].

However, the International Society of Sports Nutrition
recently announced concerns regarding safety and efficacy
of energy drink [6]. In addition, an alarming number of car-
diovascular side effects including arrhythmia, cardiac arrest
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Effect of energy drinks on hippocampus

up to even sudden death were reported because of energy
drinks’ consumption [7-10].

Some studies also reported many harmful effects of en-
ergy drinks on the kidney, liver and heart [11, 12]. Other
studies demonstrated a notable increase in total protein, tri-
glyceride, high density lipoproteins, low density lipoproteins,
cholesterol, and glucose with a decrease in alanine transami-
nase, aspartate transaminas, creatinine, uric acid and albu-
min in energy drinks” administrated rats [13].

Moreover, many authors declared that caffeinated en-
ergy drinks had adverse effects on the brain such as anxiety,
stress, hyper movement, headache, and fatigue [14, 15]. Oth-
ers declared more adverse effects including depression, sleep
disturbance and irritability [16, 17].

Being a part of the limbic system, the hippocampus plays
an important role in learning, emotions in addition to con-
solidation of recent short-term memory into long-term mem-
ory [18]. The limbic system consists of interconnected corti-
cal and subcortical arrangements responsible for connecting
visceral states and emotions to cognition and behavior [19].

Most energy drinks consumers aim to improve their high-
er cognitive functions as memory. However, the link between
the impact of energy drinks as Red Bull on memory and hip-
pocampal structure has not yet been documented [20].

The hippocampal cornu ammonis 1 (CAl) is considered
the most sensitive zone that is vulnerable to various insults [21].
In addition, it is one of three brain regions that are most sus-
ceptible to oxidative stress and the first to undergo decline in
its function [22]. The dentate gyrus (DG), is another vulner-
able brain tissue that contains adult neuronal stem cells which
are responsible for adult hippocampal neurogenesis [23].

Hence, it became the aim of the present work to study the
effect of energy drinks as Red Bull on the structure CAl and
DG of the hippocampus of adult male albino rats.

Materials and Methods

Animals

Twenty-one adult male albino rats, 3-6 month old and
150-200 g in weight, were obtained from the animal house
of The Bilharzial Research Unit, Faculty of medicine Ain
Shams University, Cairo, Egypt. The animals were housed in
conventional wire-mesh cages in a room temperature regu-
lated at 21°C+10°C, humidity 45% to 50%, and light/dark
cycles (/12 hours). The animals were fed on standard rat diet
and allowed free water access. Animals were allowed to ac-
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climatize to experimental conditions by housing them for 10
days prior to experiment.

Drugs
Red Bull energy drink was purchased from the local
Egyptian market.

Experimental protocol
Experiment was carried according to the guide of the
Committee of the Animal Research Ethics (CARE) at Fac-
ulty of Medicine, Ain Shams University. Twenty-one adult
male albino rats were equally and randomly divided into
three groups:
Group I (Control group): included seven rats that were left
untreated.
Group II (Short-term Red Bull group): included seven rats
which received Red Bull at a dose of 3.75 ml/kg/day orally
using gastric tube for four consecutive weeks [24]. This
dose (3.75 ml) contains (1.13 mg) of caffeine.
Group IIT (Long-term Red Bull group): included seven
rats which received Red Bull at a dose of 3.75 ml/kg/day
orally using gastric tube for eight consecutive weeks [24].
This dose (3.75 ml) contains (1.13 mg) of caffeine.

Methods

At the end of the experiment, rats were anaesthetized
with ether inhalation. Animals were decapitated. The scalp
was removed, and the nose was cut off, an opening in the
lambdoid suture was done for rapid fixation of the brain.
The heads were immersed in Bouin’s solution for 2 days. The
bone overlying the cerebral hemispheres was removed. The
brains were dissected carefully and immersed in the Bouin’s
solution for 10 days till hardening occurred [25]. The brains
were hemi-sectioned by sagittal incision passing through the
corpus callosum.

Histological studies

The brain hemispheres were processed for paraffin
blocks. Serial parasagittal sections were done. The sections
were stained with hematoxylin and eosin [26]. Other speci-
mens 1 mm’ were immediately fixed in 4% glutaraldehyde
and processed for semithin sections. Sections were stained
with Toluidine blue [27]. The sections were examined with
an Olympus light microscope (CX31) equipped with digital
camera in Anatomy department and were photographed.

GFAP immunohistochemistry was done to demonstrate

https://doi.org/10.5115/acb.20.136



332 Anat Cell Biol 2020;53:330-341

the astrocytes. Sections were Deparaffinated, hydrated and
incubated in blocking solution TBT [Tris Base Saline (TBS),
0.5 M pH 7.4 containing 3% (w/v) bovine serum albumin and
0.05% (v/v) Triton X-100]. Sections were incubated overnight
at 4°C in a humidified chamber with the anti- glial fibrillary
acidic protein (GFAP) mouse monoclonal antibody at a 1:50
dilution. Slides were washed for 5 minutes in TBS. Immuno-
detection was performed using biotinylated anti-mouse im-
munoglobulins then incubation with 3,3 diaminobenzidine
chromogen (DAKO) in hydrogen peroxide for 5-10 minutes
(brown staining). The sections were lightly counterstained
with Mayer’s hematoxylin, dehydrated and mounted [28].

Morphometric study and statistical analysis

The measurements were done using image analyzer (Im-
age ] program [University of Wisconsin, Madison, W1, USA]
and TS view program [CX31, Olympus, Japan]) in Anatomy
department — Ain Shams University as follow:

1) Thickness of pyramidal cell layer was measured us-
ing digital micrographs taken by an Olympus CX31
microscope equipped with digital camera. Pixels were
calibrated for actual measurements in micrometer us-
ing stage micrometer for the objective lens of 40x.

2) Cell count was done by using point selection at the ob-
jective lens of 40x.

3) Mean area percentage of GFAP immunoreactivity was
done after image splitting. Images were converted into
RGB stacks then red stack was adjusted to threshold to

Fig. 1. A photomicrograph of parasagittal section of hippocampus
of control rats showing its 3 regions; CA1, CA2, and CA3 (H&E,
x100). The D appeared V-shaped, with its C. C, crest; CAl, cornu
ammonis 1; CA2, cornu ammonis 2; CA3, cornu ammonis 3; D,
dentate gyrus.
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mark it with a binary mask. Then the percent area in
relation to the field was calculated at the objective lens
of 40x. The area percentage was measured in five fields,
from five serial sections, from five animals, from each
group [29].

The data were recorded, entered, and processed on a com-
patible computer using GraphPad Prism Program (version
5.0; GraphPad Software, San Diego, CA, USA) for using IBM
SPSS Statistics for Windows, Version 25.0 (IBM Co., Ar-
monk, NY, USA).

One-way analysis of variance (ANOVA) was employed
to compare means between groups. All the data were repre-
sented as meantstandard error of mean for each subgroup.

The level P<0.05 was considered the cut-off value for
significance. Results were considered statistically signifi-
cant when P-value<0.05 and highly significant when P-
value<0.001 [30]. The P-value value was corrected accord-
ing to Bonferroni procedure by dividing the o value by the
number of the compared groups (m) (o/m) [31]. Data were
represented in tables and bar charts.

Results
Histological results
Group I (control group)

Examination of the parasagittal sections of hippocampi
of the control group of rats showed that the hippocampal

Fig. 2. A photomicrograph of a parasagittal section of control hippo-
campus showing CA1, with three layers of cells, P, R, and M (H&E,
%200). P layer is seen as a clear narrow zone with widely spaced small
deeply stained oligodendroglia cells (arrowhead). R cell layer contains
closely packed cells (arrow). The M layer contains widely spaced cells.
CA1, cornu ammonis 1; M, molecular; P, polymorphic; R, pyramidal.

www.acbjournal.org
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Fig. 3. A photomicrograph of a parasagittal section of control
hippocampus showing R cells in CA1, R cells appear large closely
packed triangular neurons (arrow) (H&E, x400). Some with N and
others with n. CAl, cornu ammonis 1; n, dense elongated nuclei; N,
vesicular nuclei; R, pyramidal.

Fig. 4. Semithin section of control hippocampal CA1 showing dark

closely packed large, triangular R cells with vesicular N and prominent
n (Toluidine blue, x1,000). CA1, cornu ammonis 1; n, nucleoli; N,
nuclei; R, pyramidal.

formation was formed of hippocampus proper and DG.
Hippocampus proper was further subdivided into three re-
gions which are (CA1, CA2, and CA3). The DG appeared V-
shaped, with crest and two limbs curved around CA3 (Fig. 1).

CA1 appeared to be composed of three distinctive layers;
polymorphic, pyramidal, and molecular. The Polymorphic
layer was a clear narrow outer zone that was relatively acel-
lular and revealed widely spaced small deeply stained oli-
godendroglia cells (Fig. 2). The Pyramidal cell layer, deep to
the polymorphic layer, was the main cell layer containing the
major neuronal cells in CA region and had closely packed
deeply stained large cells (Fig. 2). Pyramidal cells appeared
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Fig. 5. A photomicrograph of a parasagittal section of control hippo-
campus showing DG with packed granule layer (H&E, x100). The G
appear rounded to oval with large vesicular nuclei. S are present. DG,
dentate gyrus; G, granule dark cells; S, deeply stained stem cells .

Fig. 6. A photomicrograph of a GFAP immunostaining of hippo-
campus of adult male control rat showing the normal distribution of
apparently few brownish star shaped astrocytes in CA1 and D (GFAP,
x200). CA1, cornu ammonis 1; DG, dentate gyrus; GFAP, glial
fibrillary acidic protein.

triangular, some of them had vesicular nuclei and others had
dense elongated nuclei (Fig. 3). The molecular layer was the
most inner layer, adjacent to suprapyramidal limb of the DG.
It contained widely spaced cells (Fig. 2).

Examination of semithin sections revealed triangular
deeply stained pyramidal neurons with vesicular nuclei and
prominent nucleoli (Fig. 4). DG revealed packed granule
cell layer whose granule cells appeared rounded to oval with
large vesicular nuclei in addition to deeply stained stem cells
(Fig. 5).

In GFAP stained sections, normal distribution of appar-
ently few brownish star shaped astrocytes were seen in CA1
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Fig. 7. Higher magnification of a GFAP immunostaining of hippo-
campus of adult male control rat showing the normal distribution
of brown star shaped astrocytes (arrow) within the junctional zone
between molecular layers of CA1 and DG (GFAP, x400). CA1, cornu
ammonis 1; DG, dentate gyrus; GFAP, glial fibrillary acidic protein.

Sherif A. Kamar, et al

Fig. 9. Higher magnification of a parasagittal section of hippocampus
from group II showing an apparent decreased thickness of principal
neuronal cell layer of CA1 (R) (H&E, x200). Note some neurons with
dark nuclei and wide pericellular space (arrow). CA1, cornu ammonis

1; R, pyramidal cell layer.

Fig. 8. A photomicrograph of a parasagittal section of hippocampus

from group II showing apparent preservation of general architecture
with diffuse v in all its regions (H&E, x100). v, vacuolation.

and DG (Fig. 6). GFAP also revealed the normal distribution
of brown star shaped astrocytes within the junctional zone
between the molecular layers of CA1 and DG (Fig. 7).

Group II (Short-term Red Bull group)

Examination of the hippocampus of short-term Red Bull
group showed preservation of the general architecture of the
hippocampus. However, diffuse vacuolations were observed
in all hippocampal regions (Fig. 8). An apparent decrease
in the thickness of principal neuronal layer in CA1 was
observed (Fig. 9). Neurons with dark nuclei were seen with
increased pericellular space (Fig. 9). Higher magnification

https://doi.org/10.5115/acb.20.136

Fig. 10. Higher magnification of a parasagittal section of hippo-
campus from group II showing many g within CA1 (H&E, x400).
Many congested BV are also observed. BV, blood vessels; CA1, cornu
ammonis 1; g, ghost neurons.

revealed some ghost neurons in CAl, and many congested
blood vessels (Fig. 10). Dentate gyrus showed lightly stained
ghost cells with some darkly stained cells. Increased number
of stem cells in the crest of DG was also noticed (Fig. 11).

Semithin sections showed diffuse vacuolations in the DG,
lightly stained cells with vesicular nuclei and other dark cells
with dark irregular nuclei and some shrunken ghost cells
(Fig. 12).

In GFAP stained sections, an apparent increase in brown-
ish positive immune reaction was observed in all hippo-
campal layers (Fig. 13), together with increased distribution
of brownish star shaped astrocytes in the junctional zone

www.acbjournal.org
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Fig. 11. A photomicrograph of a parasagittal section of hippocampus
from group II showing L and some G within the DG (H&E, x400).
An increased number of S were observed in the C of DG. C, crest;
DG, dentate gyrus; G, darkly stained cells; L, lightly stained ghost

cells; S, stem cells.

Fig. 12. Semithin sections of hippocampus from group II showing
diffuse v within the DG. L with N and other G with n are seen. Some

shrunken g are also observed (Toluidine blue, x1,000). DG, dentate
gyrus; g, ghost cells; G, dark cells; L, lightly stained cells; n, dark

irregular nuclei; N, vesicular nuclei; v, vacuolations.

between molecular layers of CA1 and dentate (Fig. 14).

Group III (Long term Red Bull group)

Examination of the hippocampus of long-term Red Bull
group showed preservation of the general architecture of the
hippocampus (Fig. 15). An obvious decrease in thickness of
principle neuron cell layers was observed in all hippocam-
pal regions (Fig. 15). Most of CA1 neurons appeared with
dark irregular nuclei and signet ring cells with pyknotic pe-
ripheral nuclei (Fig. 16), in addition to diffuse vacuolations
within the pyramidal cell layer (Fig. 16). DG showed an appar-

www.acbjournal.org
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Fig. 13. A photomicrograph of a GFAP immunostaining of hippo-
campus from group II showing an apparent increase in the brownish
positive immuno-reaction in all layers (GFAP, x200). GFAP, glial
fibrillary acidic protein.

Fig. 14. Higher magnification of a GFAP immunostaining of
hippocampus from group II showing increased distribution of
brownish star shaped astrocytes (arrow) in the junctional zone
between molecular layers of CA1 and DG (GFAP, x400). CA1l, cornu
ammonis 1; DG, dentate gyrus; GFAP, glial fibrillary acidic protein.

ent thinning of the granule cell layer, with widespread cracks
(Fig. 17). Most of the cells appeared with dark pyknotic nuclei
and some signet ring neurons (Fig. 18). Intense vacuolations
(Fig. 17) and cracks (Figs. 17 and 18) in-between the cells were
observed. Marked increase in the number of stem cells in the
crest of DG was noted (Fig. 18). Loss of compact organization
of the granular neurons of the DG with dark pyknotic nuclei
and ghost cells were seen in some areas (Fig. 19).

Semithin sections showed lightly stained neurons with
pale nuclei and others with dark irregular nuclei. Multiple
diffuse small vacuoles were also noticed (Fig. 20).

In GFAP stained sections, an intense increase in the
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Fig. 15. A photomicrograph of a parasagittal section of hippocampus
from group III showing preservation of the general architecture of the
hippocampus. However, an apparent marked decrease in thickness of
N was observed in all regions (H&E, x100). N, principal neuronal cell
layers.

Fig. 16. Higher magnification of a parasagittal section of hippo-

campus from group III showing that most of CA1 neurons have N
(H&E, x400). F are observed with n. Diffuse V within the R cell
layer is also seen. CA1, cornu ammonis 1; F, signet ring cells; n,
pyknotic peripheral nuclei; N, dark irregular nuclei; R, pyramidal, V,

vacuolation.

brownish positive immune reaction in all hippocampal
regions was observed (Fig. 21). Also, wide distribution of
large dark brown star shaped astrocytes with multiple thick
processes was seen in the junctional zone between molecular
layers of CA1 and DG (Fig. 22).

Statistical results

As shown in Fig. 23, Pyramidal cells’ thickness was highly
significant reduced in one-month group and two-months
group respectively compared to the control group (**P<0.01,

https://doi.org/10.5115/acb.20.136

Fig. 17. A photomicrograph of a parasagittal section of hippocampus
from group III showing an apparent thinning of C of DG with
widespread cracks (arrow) within the layer (H&E, x200). C, granular
cell layer ; DG, dentate gyrus.

Fig. 18. A photomicrograph of a parasagittal section of hippocampus
from group III showing granular neurons of the DG with n, and signet
ring neurons (arrow) (H&E, x400). Intense V and C in between the
granular cells are observed. Marked increase in the number of S cells
in the crest of DG are also seen. C, cracks; DG, dentate gyrus; n, dark
pyknotic nuclei; S, stem; V, vacuolation.

***P<0.001), and significant reduction was observed in two-
months group compared to one-month group ("P<0.05).

Also, as shown in Fig. 24, pyramidal cells’ number were
highly significant reduced in one-month group and two-
months group respectively compared to the control group
(**P<0.01, ***P<0.001), with more significant decreased in
number in the two-months group than one-month group
('P<0.05).

In addition, as shown in Fig. 25, the percentage area of
GFAP immuno-reactivity was highly significant increased in
one-month group and two-months group respectively com-
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Fig. 19. A photomicrograph of a parasagittal section of hippocampus
from group III showing loss of compact organization of the granular
neurons of the DG with n, and ghost cells (arrow) (H&E, x400). DG,
dentate gyrus; n, dark pyknotic nuclei.

Fig. 21. A photomicrograph of a GFAP immunostaining of hippo-
campus from group III showing an apparent intense increase in the
brownish positive immuno-reaction in all regions (GFAP, x200).
GFAP, glial fibrillary acidic protein.

Fig. 20. Semithin sections of hippocampus from group III showing L
with N & other neurons with n are observed. Multiple diffuse small V
are observed (Toluidine blue, x1,000). L, lightly stained neurons ; n,
dark irregular nuclei; N, pale nuclei ; V, vacuoles.

pared to the control group (***P<0.001), with more signifi-
cant increase in the two-months group than in one-month
(*"P<0.001).

Discussion

Hippocampal CA1 is one of three brain regions consid-
ered most susceptible to oxidative stress and various insults
leading to rapid decline in its function [21, 22]. Also, the DG,
is another vulnerable brain tissue that contains adult neuro-
nal stem cells which are responsible for adult hippocampal
neurogenesis [23]. Caffeinated energy drinks are available

www.acbjournal.org

Fig. 22. Higher magnification of a GFAP immunostaining of hippo-

campus from group IIT showing wide distribution of large dark brown
star shaped astrocytes with multiple thick processes (arrow) in the
junctional zone between molecular layers of CA1 and DG (GFAP,
x400). CA1, cornu ammonis 1; DG, dentate gyrus; GFAP, glial
fibrillary acidic protein.

worldwide and are frequently used to improve mood, physi-
cal performance and reduce mental fatigue [4, 5]. However,
they have many nervous side effects as anxiety, headache,
fatigue [14, 15], depression and sleep disturbance [16, 17]. So,
the aim of the present work was to study the effect of energy
drinks as Red Bull on the structure of CA1 and DG of the
hippocampus of adult male albino rats.

The present study revealed that, after one month of Red
Bull administration, diffuse vacuolation was observed both
in CAl and DG with decrease in thickness of neuronal cells
in all regions. These changes were aggravated and more
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Fig. 23. A bar chart showing pyramidal cell thickness (in um) among
the three groups. Pyramidal cells” thickness is highly significantly
reduced in one-month group and two-months group respectively
compared to the control group (**P<0.01, ***P<0.001), and
significant reduction was observed in two-months group compared to
one-month group ("P<0.05).
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Fig. 24. A bar chart showing pyramidal cell number among the three
groups. Pyramidal cells’ number are highly significantly reduced in
one-month group and two-months group respectively compared to the
control group (**P<0.01, ***P<0.001), with more significant decreased
number in the two-months group than one-month group ("<0.05).

prominent after another month of administration. This was
supported by some studies that observed the adverse effects
of Red Bull ingredients on the brain with many nervous
manifestations [14, 15] and mood changes [16, 17].
Histopathological examination observed degenerated
neuronal cells with dark nuclei, increased pericellular space
and multiple ghost cells after one month of Red Bull ad-
ministration. Pyramidal cells’” thickness and number were
statistically highly significant reduced after one and two
months of Red Bull administration respectively compared to
the control group. These degenerative findings were mark-
edly increased after two-month duration compared to one-
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Fig. 25. A bar chart showing the percentage area of GFAP immuno-
reactivity in the three groups. The area is highly significantly increased
in one-month group and two-months group respectively compared
to the control group (***P<0.001), with more significant increase in
the two-months group than in one-month (7"P<0.001). GFAP, glial
fibrillary acidic protein.

month duration. In addition, after two-month administra-
tion of Red Bull, signet ring cells appeared with pyknotic
peripheral nuclei. This was in accordance with Bawazirand
and Almehmadi [32] who also observed degeneration of
nerve cells, apoptosis of large pyramidal cells, necrosis of the
nervous tissue in the hippocampus of rats after three weeks
of daily administration of Red Bull. These changes could
be attributed to the deleterious effect of caffeine; the main
constituent of energy drinks [33]. Blaise et al. [34], described
that caffeine disrupts the synaptic plasticity in hippocampal
neurons through inhibition of long-term potentiation at the
synapse. Huang et al. [35] and Lazarus et al. [36] added that
chronic caffeine consumption decreased long term potentia-
tion, by disrupting the normal sleep-waking cycle. Another
study declared that consumption of caffeine could inhibit
hippocampus-dependent learning and memory partially
through inhibition of hippocampal neurogenesis [37].

In addition to the neuronal cell loss immediately after
treatment with caffeine and taurine, a significant reduc-
tion in number and length of total dendrites mainly caused
by a reduction of higher dendrite branching was observed
[38]. Furthermore, disturbed maintenance and disruption
of dendrites and synapses has been associated with psychi-
atric illnesses, such as schizophrenia and major depressive
disorders, as well as neurodegenerative diseases, such as
Alzheimer’s disease (AD) [39]. Abo El-Khair et al. [40] also
observed similar findings as disarrangement and shrinkage
of pyramidal cells with decrease in their dendritic arboriza-
tion and spine numbers as a direct result of aging process.
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Recent studies have suggested that consumption of energy
drinks alone or combined with alcohol leads to oxidative
stress and inflammatory response in the brain [41-43]. Com-
ponents of energy drinks as caffeine, taurine, and guarana
were reported to reduce basal-free radical generation as su-
peroxide dismutase and catalase in vitro [44]. The mitochon-
dria represent the ‘hot-spot’ for degenerative processes. Both
oxidative stress and excessive production of reactive oxygen
species produce an abnormal activity of the mitochondrial
complex I, which directly interferes with cellular adenosine
triphosphate production, causing neuronal cell death [45].

Beside mitochondrial dysfunction, other postulated
underlying molecular mechanisms for neuronal cell death
include glutamate-related excitotoxicity, the formation of
advanced glycation end products and the possible inhibition
of Nuclear factor (erythroid-derived 2)-like 2 that is closely
related to anti-inflammation and oxidative stress [46].

In the current work, GFAP stained sections showed in-
creased immunoreactivity with energy drinks administrated
groups in the form of an apparent increased distribution of
star shaped astrocytes indicating reactive astrocytosis. These
findings were supported by statistical analysis. The area per-
centage of GFAP immuno-reactivity was statistically highly
significant in the one- and two-months experimental groups
respectively compared to the control group with more sig-
nificant increase after two months compared to one-month
group. Vallés et al. [47] and Kang et al. [48] explained that
the inflammatory response of the brain by reactive astro-
cytosis and production of various inflammatory mediators,
leads to neuronal death. Diaz et al. [41] added that daily in-
take of energy drinks causes neuronal inflammation and on
chronic use it can cause neuronal death.

Reactive astrocytes gain neurotoxic properties as they se-
crete lipocalin 2, which is a potent neurotoxic mediator [49].
Also, abnormal regulation of calcium and glutamate homeo-
stasis in reactive astrocytes may lead to the neurodegenera-
tion. In hippocampus of AD mice, excessive GABA released
by reactive astrocytes results in tonic inhibition of DG gran-
ule cells [50].

Moreover, in the present study, examining DG of group
IT revealed lightly stained ghost cells with some dark stained
cells, while that of group III revealed apparent thinning of
granule cell layer, with widespread cracks within the layer.
Most of the cells appeared with dark pyknotic nuclei, some
signet ring neurons, intense vacuolations and cracks in be-
tween the cells were observed. This was supported by Spans-
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wick and Sutherland [51], who declared that after 10-week of
hippocampal degeneration, an approximate 50% reduction
of neurons within the granule cell layer of the DG was ob-
served.

Also, an increased number of stem cells within the crest
of DG were recorded in the present work. This was explained
by Gebril et al. [52] who observed an increase in the prolif-
eration of stem cells in the DG following brain injury.

In conclusion, the current study revealed the degenerative
effects of energy drinks as Red Bull on the histological struc-
ture of hippocampal CA1 and DG of the adult male albino
rats. These degrative effects were directly related to the dura-
tion of intake of such drinks.
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