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Abstract:

Energy drinks (EDs) are carbonated beverages containing caffeine, sugars, taurine, and herbal extracts. Their
consumption has markedly increased worldwide, particularly among younger populations despite growing
evidence of serious multisystem health risks. Aim: This study aimed to investigate the potential adverse effects
of one of the popular EDs in Egypt at both low and high doses on the brain and pancreas of adult male albino
rats through biochemical and histopathological studies. Materials and Methods: Thirty adult male albino Wistar
rats (8 weeks old) were randomly divided into three groups (10 rats each). Group I served as the control group,
while groups II and III received Volt ED at doses of 3.1 mL/100 g/day and 6.3 mL/100 g/day, respectively,
administered orally by gavage for four weeks. Ethical approval was obtained from the Research Ethics
Committee, Faculty of Medicine, Benha University. Serum glucose, brain neurotransmitters (GABA and
dopamine), malondialdehyde (MDA), and catalase (CAT) in brain and pancreatic tissue homogenates were
measured. Histopathological examinations of both organs were also performed. Results: ED administration
significantly increased serum glucose and induced dose-dependent reductions in brain GABA and dopamine
concentrations. Oxidative stress was evident by elevated MDA and reduced catalase activity in brain and
pancreatic tissues. Histopathological findings revealed neuronal degeneration and hemorrhage in the brain, along
with pancreatic necrosis and fibrosis. Conclusion: ED overconsumption induces hyperglycemia, neurotransmitter
depletion, oxidative stress, and tissue damage in brain and pancreas, warranting caution regarding their
consumption.
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Introduction: labeled on the ED packaging (Gérka et

] al., 2025).
In recent years, the consumption of energy

drinks (EDs), mainly by young adults and
adolescents, has risen significantly. These
beverages are often marketed with claims
that they can increase concentration
energy levels, and improve mood.
However, concerns have been raised about
the health risks associated with excessive
consumption (Costantino et al., 2023).

EDs are carbonated beverages that contain
caffeine, taurine, glucose, fructose, amino
acids, vitamins, guarana and ginseng.
Guarana and ginseng are natural sources
of caffeine, and their levels are often not

Caffeine is a primary component of EDs,
and recent research has found that the
components of EDs may exert synergistic
effects rather than acting through caffeine
alone. Most EDs contain 32 mg of
caffeine per 100 mL which exceeds the
Food and Drug Administration (FDA)
imposed limit of 20 mg of caffeine per
100 mL of traditional soda (Hassan et al.,
2023). Also, the daily exposure to taurine,
gluconolactone, and glucuronolactone
from EDs in younger populations is
considered high. Additionally, the high
sugar content, which forms 10% of the
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volume of EDs, contributes to diabetes
and obesity (Boyina and Dodoala, 2020).

The consumption of EDs is associated
with numerous adverse effects, including
neurological symptoms such as tremors
and nervousness; cardiac issues such as
tachycardia and chest pain;
gastrointestinal symptoms; hematological
disorders; kidney problems; hepatitis; and
pancreatitis (Abdelwahab et al., 2020).

Evaluating the effects of food additives,
such as taurine and other amino acids, on
mood and behavior is of growing concern
(Boyina and Dodoala, 2020). The brain
is one of the most vulnerable organs to
toxicity, as these substances can affect
neuronal functions and the concentration
of neurotransmitters in the brain, which
are linked to Parkinson's disease,
cognitive dysfunction, and
neuropsychiatric disorders (4bdel-Kareem
etal., 2023).

Beyond  neurological  effects, ED
consumption has also been implicated in
metabolic disorders. Type 2 diabetes
mellitus is one of the fastest-growing
public health problems worldwide. The
consumption of sugar-containing
beverages has been proven to be
associated with adverse health
consequences in the diabetic population
and is also linked to a high risk of
diabetes, obesity, and metabolic disorders
in healthy individuals (7seng et al., 2021).

In Egypt, the consumption of EDs among
youth is still underestimated and
represents a significant public health
challenge. The production and
consumption of EDs in Egypt are
increasing yearly, with a lack of
knowledge about their adverse health
effects (Hafez et al., 2023).

Materials and methods:
Animals:

The study included 30 adult male albino
rats (weighing 130 — 150 g), aged 8
weeks. Rats were housed at the Animal
Breeding Unit, Faculty of Veterinary
Medicine, Benha  University, and
acclimatized for one week under
standardized conditions with free access
to food and water. according to Cuschieri
and Baker (1977).

Chemicals:

Commercially available ED (Volt®, AJE
Company, Egypt, 300 mL bottle) was
purchased from the local Egyptian market.
Each 100mL of the drink contains:
caffeine  32mg, taurine 400 mg,
glucuronolactone 240 mg, sugars 10.8 g,
vitamin B2 0.40 mg, vitamin B3 5.60 mg,
vitamin B5 2.30 mg, vitamin B6 0.90 mg,
vitamin B12 0.90mg, sodium 73 mg,
potassium 3 mg, calcium 2 mg,
magnesium 2mg, and total carbohydrates
11g.
Experimental and animal
grouping:

Animals were randomly assigned to three
groups (n=10 each):

Group I (control group): 10 rats had
unrestricted access to food and purified
water, and were kept untreated to serve as
baseline controls.

Group II (low-dose ED group): 10 rats
were administered Volt ED at a dose of
3.1 mL/100 g body weight/day, equivalent
to approximately one can per day in
humans, via oral gavage. The dose was
adjusted according to Akande and
Banjoko (2011). All animals were
sacrificed after four weeks of treatment.
Group III (high-dose ED group): 10 rats
received 6.3 ml/100 g/day of Volt ED,
equivalent to approximately two cans per

design
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day in humans, by gavage tube and then
sacrificed after four weeks. The dose was
adjusted according to Akande and
Banjoko (2011).

Ethical consideration:

The study adhered to the guidelines for
the care of experimental animals. The
research was submitted to the Research
Ethics Committee of Benha University's
Faculty of Medicine and received
approval under approval code (MS-15-7-
2024). After completion of specimen

collection, humane euthanasia was
performed via diethyl ether inhalation,
consistent with institutional ethical

guidelines. All carcasses were disposed of
by incineration in accordance with proper
safety protocols.

Collection of Samples

Rats were anesthetized by diethyl ether
inhalation in a glass cage then sacrificed
by cervical decapitation for taking blood
and tissue samples. Blood samples (5 ml)
were collected, by puncture of retro-
orbital plexus, without anticoagulant to
obtain clear serum for biochemical
analysis according to Parasuraman et al.
(2010). Both brain and pancreas were
excised, weighed, and cleared of residual
blood. Each organ was divided into two
equal parts: one half was used for
biochemical analysis (homogenate
preparation) according to Owolabi et al.
(2017), and the other half was fixed in
10% neutral buffered formalin for
histopathological examination (Bancroft
and Gamble, 2008).

Studied Parameters

All experimental groups were subjected to
biochemical analysis, including serum
glucose measurement, estimation of
neurotransmitters (GABA and dopamine)
in brain tissue homogenates, and

evaluation of oxidative stress and
antioxidant markers (MDA and CAT) in
both brain and pancreatic tissue
homogenates; in addition,
histopathological  examinations  were
performed on brain and pancreas
specimens to assess structural changes
induced by the experimental intervention.

Biochemical Analysis

Measurement of Serum Glucose Level:

Blood samples were centrifuged to
separate serum, and glucose levels were
determined using the glucose oxidase—
peroxidase (GOD-POD) method. This
assay is based on enzymatic oxidation of
glucose with subsequent colorimetric
detection of the formed chromogen
according to  the  manufacturer’s
instructions (7Trinder, 1969).

Estimation of GABA and Dopamine in
Brain Homogenates:

Brain GABA and dopamine levels were
determined using a rat-specific ELISA kit.
The assay is based on an HRP-conjugated
enzymatic colorimetric reaction measured

spectrophotometrically at 450 nm
(Engvall and Perlmann, 1971).
Estimation of Oxidative Stress and

Antioxidant Markers:

Malondialdehyde (MDA) and catalase
(CAT) enzyme levels in brain and
pancreatic homogenates were measured
using a rat-specific ELISA kit. The assay
is based on an enzyme-linked colorimetric
reaction, and absorbance was read at 450
nm using a microplate reader (Engvall
and Perlmann, 1971).

Histopathological Examination of Brain
and Pancreas:
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Histopathological examinations of both
brain and pancreas were conducted on all
rats, and the slides were analyzed at the
Pathology Department of the Animal
Health Research Institute, Zagazig
Laboratory. All tissue sections obtained
from rats were prepared using the paraffin
technique. Paraffin sections were cut to a
thickness of 4 um and stained with eosin
and hematoxylin. Samples were examined
under a light microscopy after staining
(Bancroft and Gamble, 2008).

Statistical Analysis

Data were analyzed using IBM SPSS
Statistics version 28.0. Quantitative data
were expressed as means =+ standard
deviation (SD), median, minimum, and
maximum. Normality was assessed with
Shapiro-Wilk test (Razali and Wah,
2011).Parametric data between three
groups were compared using one way
ANOVA followed by post hoc LSD,
while non-parametric data used Kruskal-
Wallis test followed by Dunn’s test.
Spearman correlation assessed
relationships  between non-parametric
variables. Significance was set at P <0.05,
with P < 0.01 indicating highly significant
differences.

Results:

There was a highly significant increase in
serum glucose levels in both the low- and
high-dose groups in comparison to the
control group (P = 0.006 and P < 0.001
respectively). In addition, serum glucose
levels were significantly higher in the
high-dose group compared to the
low-dose group (P = 0.022). (Table 1)

Regarding GABA levels, there was a
highly significant decrease in GABA

levels in both the low-dose and high-dose
groups compared to the control group

(P = 0.008 and P < 0.001 respectively).
On the other hand, no significant
difference was observed in GABA level
between the high-dose group and the low-
dose group (P = 0.307). Similarly,
dopamine levels were significantly
decreased in both the low-dose and high-
dose groups compared to the control
group (P = 0016 and P < 0.001
respectively). Moreover, dopamine level
in high-dose group was significantly
decreased compared to the low-dose
group (P = 0.032). (Table 2)

Concerning MDA levels, there was a
significant increase in the brain and
pancreas of the low-dose compared to the
control group (P = 0.012 in brain, P =
0.017 in pancreas). Moreover, MDA
levels in the high-dose group were
significantly higher than those in both the
control and the low-dose groups (P <
0.001 and = 0.009 for brain, P < 0.001and
= 0.003 for pancreas, respectively).
Conversely, CAT enzyme activity, a
significant decrease was observed in the
brain and pancreas of the low-dose group
compared to the control group (P =0.038
in brain and P = 0.011 in pancreas).
Additionally, CAT enzyme activity in the
high-dose group was significantly lower
than those in both the control and the low-
dose groups (P < 0.001 and P = 0.024 for
brain, P < 0.001 and P =0.023 for
pancreas, respectively). (Table 3)

Spearman correlation analysis of serum
glucose revealed a significant negative
correlation with pancreatic CAT enzyme
in the high-dose group (r = -0.647, P =
0.043). (Figure 1)
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Figure 1: Spearman correlation of serum glucose with pancreatic CAT enzyme in the
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Figure 2: Spearman correlation between: A) GABA and MDA in brain of the high-dose

group. B) GABA and CAT in brain of the low-dose group. C) GABA and CAT
in brain of the high-dose group.
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Figure 3: Show spearman correlation between: (A) Dopamine and MDA in brain of the control
group. (B) Dopamine and MDA in brain of the high-dose group. (C) Dopamine and
CAT in brain of the control group. (D) Dopamine and CAT in brain of the low-dose

Spearman correlation analysis showed
significant associations between GABA
and brain oxidative stress and antioxidant
markers. GABA exhibited a highly
significant negative correlation with brain
MDA in the high-dose group (r = -0.951,
P < 0.001) and positive significant
correlations with brain CAT: in low-dose
(r = 0.765, P = 0.010) and high-dose
groups (r=0.713, P =0.021). (Figure 2)

Spearman correlation analysis demon-
strated strong relationships between
dopamine and brain oxidative stress and
antioxidant markers. Dopamine showed
highly significant negative correlations
with brain MDA in control (r = -0.986, P
<0.001) and high-dose groups (r =-0.922,

group.

P < 0.001). On the other hand, dopamine
exhibited significant positive correlation
with brain CAT in control group
(r=0.914, P <0.001) and low-dose group
(r=0.647, P =0.043). (Figure 3)

Regarding histopathological results in
brain in control group, examination of
sections from cerebral cortex by light
microscope showed normal histological
structure of parenchyma of subcortical
white matter, dendrites with intact
neurons, pyramidal cells and blood vessels
of the cortex as shown in (Figure 4a) In
the low-dose ED group, cerebral cortex
showed massive focal spongiform
degenerative changes (neuronal vacuola-
tion) with demyelination of some neurons
(Figure 4b) In high-dose ED group, peri-
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vascular encephalomalacia and spongi-
form degeneration of some neurons
(Figure 4c¢). The hippocampus of the
control group shows normal pyramidal
layer, polymorphic layer, and molecular
layer with normal blood vessels as shown
in (Figure 5a). In low-dose ED group, the
hippocampus shows mild reduction of in
pyramidal cell density with mild inter-
stitial edema as shown in (Figure Sb). In
high-dose ED group, the hippocampus
shows focal encephalomalacia with focal
spongiform degenerative changes of some
neurons as revealed in (Figure Sc).
Examination of the cerebellum in both
control and low-dose ED groups reveal
normal granular cell layer, Purkinje cell
layer, and molecular layer (Figures 6a,b),
In contrast, the high-dose group shows
focal spongiform degenerative changes
characterized by neuronal vacuolations
(Figure 6¢).

Concerning histopathological findings in
pancreas, in control group, examination of
sections from pancreatic tissues by light
microscopy shows normal pancreatic acini
with normal islets of Langerhans and
vasculature (Figure 7a). In low-dose ED
group  perivascular  steatosis  (fatty
degeneration) with small focal necrotic
area (Figure 7b). In high-dose ED group,
pancreatic tissues showed perivascular
fibrosis with vascular congestion and
perivascular edema accompanied by
hemorrhage (Figure 7¢), and partial
necrosis of islets of Langerhans (Figure
7d).

Discussion:

In such a world where instant energy has
become an essential part of daily life, EDs
have exploded from athletic supplement
into a global phenomenon, particularly
among young individuals. These drinks
contain a combination of stimulants,

including caffeine, sugar, amino acids,
guarana, and ginseng, which deliver a
powerful neurochemical punch. The
Usage of large amounts of EDs on a
regular basis may have negative health
risks and can produce toxic effects on the
vital organs (Gaballa et al., 2025).

In this study, serum glucose levels were
significantly elevated in the ED
consumption groups compared to the
control group. This finding is consistent
with previous results by Nowak et al.
(2018), Haroun et al. (2020), and Abdel-
Kareem et al. (2023) that revealed a
significant increase in serum glucose in
rats administered ED.

The increase in glucose levels might result
from the high sugar content of the EDs,

inducing metabolic alternations and
insulin  resistance,  while  caffeine
exacerbates this by altering glucose
metabolism, and stimulating stress
hormones (Sadowska, 2012).

In this study, we found that ED

consumption significantly increased the
MDA levels in both brain and pancreatic
tissue homogenates compared to the
control group. This finding is consistent
with previous studies, including Reis et
al. (2017) and Al-Basher et al. (2018), for
brain tissue, and Haroun et al. (2020),
and Abdel-Kareem et al. (2023) for
pancreatic tissue.

Moreover, CAT enzyme levels were
markedly decreased in both brain and
pancreatic tissues of the ED-treated

groups compared to controls, in agreement
with Abdelwahab et al. (2020) and
Sherif et al. (2024).

Mechanistically, EDs induce oxidative

stress by decreased tissue sensitivity to
insulin, altered glucose metabolism, and

79



80|Samir et al.

stimulate stress hormones. Consequently,
this leads to glycation of the membrane
phospholipids in cells and intracellular

organelles, causing lipid peroxidation and
DNA damage in the organs (Ekaluo et
al., 2016).

Table 1: Effect of low- and high-dose ED consumption on serum glucose across the

studied groups:

Groups Pair-wise
Variable Control group Low-dose group High-dose group P value comparison
(n=10) (n=10) (n=10) P
Serum P1=0.006**
glucose 99.5 (94.4-102.2) 1321.4216(152):1.2- 162.2 (150.5-169.6)* | <0.001%%% | P;<0.001%%**
(mg/dl) ) P3=0.022*

Data are presented as median (range); n: number of rats, and ED: Energy drink

Pair-wise comparison: P value of Dunn’s test, P1: comparison between low-dose group versus control group,
P2: high-dose group versus control group, P3: high-dose group versus low-dose group. a: indicates significant

change when compared to control, and b: indicates significant change when compared to low-dose group.
*: significant at P < 0.05, **: Highly significant at P < 0.01, and ***: Very highly significant at P <0.001.

Table 2: Effect of low- and high-dose ED consumption on neurotransmitters (GABA
and dopamine) in brain homogenate across the studied groups

Groups Pair-wise
Variable Control group Low-dose group High-dose group P value o
(n=10) (n=10) (n=10)
GABA P1=0.008**
(Pg/mg) 679.4 (685.6-777.3) | 555.2 (488.5-601.6)* | 469.6 (480.9-525.2)* | <0.001*** | P2<0.001%**
gmg P3=0.307
Dopamine P1<0.001**
(ng/mg) 10.2 (9.5-10.5) 7.01 (6.8-7.5) 6.15 (5.9-6.3) <0.001%%* | P2<0.001%*
gmg P3=0.029*

Data are presented as median (range), n: number of rats, ED: Energy drink, and GABA: Gamma-aminobutyric
acid.

Pair-wise comparison: P value of Dunn’s test, P1: comparison between low-dose group versus control group,
P2: high-dose group versus control group, P3: high-dose group versus low-dose group. a: indicates significant
change when compared to control, and b: indicates significant change when compared to low-dose group.

*: significant at P < 0.05, **: Highly significant at P < 0.01, ***: Very highly significant at P < 0.001.

Regarding neurotransmitters, the present
study demonstrated a highly significant
reduction in GABA levels in groups
consuming ED compared to the control
group with strong negative correlation
was observed between GABA and MDA
levels in the brain.

These findings are consistent with those
reported by Almehmadi (2017) and
Hassan et al. (2023), who observed a
significant decrease in GABA
concentrations across various brain
regions in ED-treated groups.

The decrease in GABA levels may result
from the caffeine’s suppression of
GABAergic pathways, both by blocking
postsynaptic  inhibitory currents and
presynaptic GABA release via calcium

channel activation (Mansy et al., 2017).

In contrast, Ferreira et al. (2014)
demonstrated  that caffeine  might
indirectly increase GABA release by
blocking A: receptors, elevating cAMP,
and enhancing NMDA receptor-mediated
GABA release.
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Table 3: Effect of low- and high-dose ED consumption on MDA and CAT enzyme in
brain and pancreatic homogenates across the studied groups

(B O08 Pair-wise
Variable Control group Low-dose group High-dose group P value comparison
(n=10) (n=10) (n=10)
Brain
MDA P1=0.012*
(nmol/mg) 0.63 (0.59-0.67) 1.10 (0.95-1.32)* 2.01 (1.85-2.25)* | <0.001%** | P2<0.001%%*
P3=0.009**
CAT enzyme b P =0.038%
(ng/mg) 11.1 (8.8-12.2) 7.6 (7.05-8.18)* 6.19 (5.85-6.69)" | <0.001*%* | P»<0.001%**
P3;=0.024*
Pancreas
MDA P:1=0.017*
(nmol/mg) 0.49 (0.48-0.50) 1.8 (1.52-2.01)* 3.50 (3.25-3.64)™ | <0.001%** | P2<0.001%%*
P3=0.003**
CAT enzyme b Pi=0.011
(ng/mg) 12.4 (11.5-13.3) 8.02 (7.37-8.95)* 5.54 (4.99-6.69)" | <0.001*%* | P»<0.001%**
P3=0.023*

Data was presented as median (range), n: number of rats, ED: Energy drink, MDA: Malondialdehyde, and

CAT: Catalase enzyme.

Pair-wise comparison: P value of Dunn’s test, P1: comparison between low-dose group versus control group,

P2: high-dose group versus control group, P3: high-dose group versus low-dose group. a: indicates significant

change when compared to control, and b: indicates significant change when compared to low-dose group.

*: significant at P < 0.05, **: Highly significant at P < 0.01, and ***: Very highly significant at P < 0.001.
dopaminergic signaling in the brain and

The present study revealed that the ED  blood. (Prasad et al., 2021).

treated groups showed a significant
decrease in dopamine levels compared to
the control group. This is consistent with

Moreover, this study showed the
correlations between the oxidative and

Bawazir (2017) and Hanna et al. (2025),
who reported the same reductions
following prolonged ED usage. The
decrease results from caffeine-induced
stimulation of the dopaminergic neurons,
leading to more depletion of dopamine
stores.

On the contrary, other studies have
indicated that ED consumption may lead
to increased dopamine release in both
hippocampus and cerebral cortex (Vargiu
et al., 2021; Hassan et al., 2023). Vargiu
et al. (2021) attributed this elevation to
the high contents of caffeine, taurine, and
glucose in EDs. Caffeine increases
dopamine by blocking adenosine A>A
receptors, which normally suppress D:
receptor, leading to enhanced

antioxidant markers and other parameters,
which revealed that no significant
correlation between serum glucose and
MDA in all studied groups. However, the
high-dose group exhibited a significant

negative correlation between serum
glucose levels and pancreatic CAT
activity, which may contribute to

increased oxidative stress, disrupts the
function of B-cells, and reduces insulin

secretion, ultimately leading to
hyperglycemia.
A strong negative correlation was

observed between both GABA and
dopamine with MDA levels in the brain of
the ED groups along with positive
correlation with CAT enzyme. This can be
attributed to the fact that increased MDA
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and reduced CAT activity enhance
oxidative stress, leading to disruption of
cell-membrane integrity and neuronal
damage, ultimately resulting in decreased
neurotransmitters production.

Histopathological examination revealed
that ED consumption induced

degenerative changes in the brain tissue,

inflammation, and demyelination of some
neurons, vascular  congestion, and
hemorrhage. These findings agree with
those of Bawazir (2017) and
Abdelwahab et al. (2020). Mansy et al.
(2017) explained that these changes
caused by lipid peroxidation and, which
may result from the caffeine content or
preservatives in EDs.

including focal spongiform degeneration,

Figure 4: Photomicrographs of the cerebral cortex (scale bar = 100 um). (a) Control group
showing normal parenchyma, subcortical white matter (SC), dendrites (D), intact neurons (N),
pyramidal neurons (PN), and blood vessels (BV); (b) low-dose ED group showing massive focal
spongiform degenerative changes (neuronal vacuolation) (arrowhead) with demyelination of some
neurons (arrows); (¢) high-dose ED group showing perivascular encephalomalacia (thin arrow)
with hemorrhage (arrowhead) and spongiform degeneration of some neurons (thick arrow).

Figure 5: Photomicrographs of the hippocampus (scale bar = 100 pm). (a) Control group
showing normal histological structure of parenchyma with normal pyramidal layer (PL),
polymorphic layer (POL), and molecular layer (ML) with normal blood vessels (BV); (b) low-
dose ED group showing mild reduction of in pyramidal cell density (arrow) with mild interstitial
edema (arrow head); (c¢) high-dose ED group showing focal encephalomalacia (arrows) with focal
spongiform degenerative changes (neuronal vacuolations) of some neurons (arrowhead).
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Figure 6: Photomicrographs of the cerebellum (scale bar = 100 pm). (a) Control group
showing normal histological structure of parenchyma with normal granular cell layer
(GCL), purkinje cell layer (PCL), and molecular layer (ML); (b) low-dose ED group
showing normal granular cell layer (GCL), purkinje cell layer (PCL), and molecular

layer (ML); (¢) high-dose ED group showing focal spongiform degenerative changes
(neuronal vacuolation) (arrowhead).

Figure 7: Photomicrographs of the pancreas (scale bar = 100 pm). (a) Control group showing normal
pancreatic acini (A), intercalated ducts (ICD) with normal islets of Langerhans (IL) and blood
vessels (BV); (b) low-dose ED group showing vascular congestion (arrowhead) with
perivascular steatosis (fatty degeneration) (thin arrows) small focal necrotic area is observed
(thick arrow); (¢) high-dose ED group showing severe vascular congestion (thin arrows) with
perivascular fibrosis (arrowhead), hemorrhage (curved arrow), and peri vascular edema (thick

arrow) (d) high-dose ED group showing partial necrosis of the islets of Langerhans
(arrowhead).
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Conversely, Ebuehi et al. (2011) and Reis
et al. (2017) observed no histopathologi-
cal changes in the brain tissue despite the
biochemical alterations, may be due to the
shorter exposure period.

Examination of pancreatic tissue in ED-
treated groups revealed partial necrosis of
the islets of Langerhans and pancreatic
parenchyma, accompanied by severe
vascular congestion and fibrosis. These
observations are consistent with the
findings of Ayuob and ElBeshbeishy
(2016) and Qassim et al. (2022), who re-
ported necrosis of the islets with
infiltration of the inflammatory cells.
These changes may result from ED-
induced hyperglycemia, which increase
the production of ROS, leading to
oxidative stress and tissue damage
(Ayuob and ElBeshbeishy, 2016).

Limitations:

Despite these findings, this study has
several limitations. The short duration of
exposure may not capture chronic effects
of long-term ED consumption. The study
was conducted exclusively on male rats,
which limits the assessment of sex-
specific differences. The use of a single
ED brand (Volt) limits the generalizability
of the findings. The relatively small
sample size (n=10 per group) warrants
replication in larger cohorts. Utilizing an
animal model might restrict direct
application to human groups. Lack of
behavioral or cognitive assessments.
Absence of recovery or reversibility
studies. The effect of each component of
the drink or different durations of
consumption not tested. The effects on
other organs like kidney or liver not
tested. Finally, the gavage administration
method does not reflect voluntary
drinking behavior observed in real-world
consumption.

Conclusion and Recommendations

EDs induce marked toxic effects on both
the brain and pancreas, manifested by
hyperglycemia, enhanced oxidative stress
(increased MDA and decreased CAT), and
reduced neurotransmitters (GABA and
dopamine). These biochemical changes
were supported by significant
histopathological alterations after four
weeks of oral ED administration. These
findings underscore the need for greater
public awareness regarding the health
hazards of ED consumption, particularly
among young populations, and highlight
the importance of regulatory measures to
limit their availability.
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