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Abstract: Energy drinks are non-alcoholic beverages containing stimulant substances such
as caffeine, taurine, guarana, B-group vitamins, and other components that contribute to
increased energy levels, alertness, and physical endurance. These beverages are widely
consumed among students, athletes, and individuals experiencing increased workloads during
periods of intensive professional activity. This study presents the results of an investigation into
the cellular and tissue structures of the rat brain following oral administration of an energy
drink over short-term (12 weeks) and prolonged (36 weeks) periods.

Keywords: Energy drinks, caffeine, taurine, brain, perivascular and pericellular edema

Aim of the study: Energy drinks are becoming increasingly popular among adolescents
and young adults both in the United States and worldwide. Their demand, particularly among
students, is обусловлена their pleasant taste as well as the claimed stimulating effect that helps
maintain alertness and reduce sleepiness.

The first energy drinks appeared on the market in the 1960s in European and Asian
countries and have gained widespread global distribution since the late twentieth century.
Scientific literature reports data on both short-term and long-term effects of energy drink
consumption on the cardiovascular and central nervous systems. It has been established that
energy drinks may cause a number of adverse effects, especially in young individuals, including
arterial hypertension, severe cardiovascular pathologies, kidney diseases, metabolic disorders,
sleep disturbances, seizure conditions, and psychoneurological complications. It should be
noted that energy drinks do not provide the body with additional energy but rather activate its
internal reserves, promoting more intensive utilization of endogenous energy resources.

The main biologically active components of energy drinks are caffeine and taurine.
Caffeine exerts a stimulating effect on the central nervous system by increasing concentration
and reducing fatigue, whereas taurine is involved in the regulation of metabolic processes. At
the same time, excessive consumption of energy drinks may lead to undesirable reactions such
as dizziness, insomnia, increased irritability, tachycardia, and elevated blood pressure.

In order to identify morphological manifestations of the negative effects of energy drinks,
an experimental study was conducted to examine structural changes in the cerebral cortex of
rats following their prolonged administration.

Materials and Methods: This report presents the results of a study of structural changes in
the cerebral cortex of 22 outbred albino rats weighing 160–200 g. The animals were divided
into three groups:

 Group I (control group): included six rats.
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 Group II (short-term energy drink administration group): included seven rats that
received an energy drink at a dose of 7.5 ml/kg/day orally via a gastric gavage for 12 weeks.

 Group III (long-term energy drink administration group): included six rats that
received an energy drink at a dose of 7.5 ml/kg/day orally via a gastric gavage for 36 weeks.

The rats were euthanized by decapitation in compliance with bioethical standards. The
brains were removed and fixed in 10% neutral formalin, after which tissue samples were
processed and embedded in paraffin. Histological sections were stained with hematoxylin and
eosin.

Results and Discussion: Microscopic examination of the cerebral cortex of rats that
received energy drinks for 12 weeks revealed uniform loosening of the brain tissue in all
regions, most pronounced in the superficial cortical layers. Perivascular spaces were moderately
dilated, whereas pericellular spaces showed a significantly greater degree of expansion.

In the cerebral cortex of rats exposed to energy drinks for 36 weeks, more pronounced
loosening of cellular and tissue structures was observed, extending across all cortical layers.
Enhanced perivascular edema and a markedly more severe pericellular edema were noted
compared to the earlier experimental period. In addition, pronounced swelling of neuronal
nuclei and uneven staining of the tigroid substance were detected.

Comparative analysis of vascular-tissue changes and cytoarchitectonics of the cerebral
cortex in experimental and control animals revealed significant and statistically reliable
differences in both the nature and extent of alterative-dystrophic and necrobiotic processes
within the brain histoarchitecture. These changes were absent in control rats and were clearly
manifested in the experimental animals.

Thus, the results of the microscopic examination of the cerebral cortex of rats subjected to
oral administration of energy drinks indicate that the primary pathomorphological changes
involve the vascular wall. The brain tissue surrounding the capillaries undergoes marked
edematous loosening. By the final stages of the experiment, cellular elements of the brain
become shrunken and more sparsely distributed. Loosening of the brain substance, pronounced
perivascular edema, and less intense pericellular edema progressively increase with prolonged
exposure. The most prominent changes are observed in the temporal and parietal regions of the
cerebral cortex.

Conclusion: Based on the results of the histological examination, it can be concluded that
prolonged consumption of energy drinks is accompanied by the development of pronounced
alterative–reactive changes in the vascular bed and cortical layers of the brain. The adverse side
effects of this widely consumed beverage intensify with increasing duration of use. The
significant, reliable, widespread, and clearly expressed changes identified in experimental rats,
in contrast to their absence in control animals, provide clear evidence of the damaging effect of
energy drinks on brain structures. The data obtained in this study may be used in the
development and implementation of measures aimed at regulating energy drink consumption
and addressing important social challenges in society.
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