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ABSTRACT

Rising energy drink–alcohol co-consumption raises cognitive concerns, yet evidence

on their combined effects on female learning behaviour remains limited. This study

therefore examined the separate and combined effects of energy drink and alcohol on

learning behavior in female albino Wistar rats. Twenty-eight female rats were

randomly assigned to four groups (n = 7): control (distilled water), energy drink,

alcohol, and combined energy drink plus alcohol. Energy drink (Red Bull®; 1.0 ml/kg)

and alcohol (0.25 ml/kg) were administered orally for 28 consecutive days. Learning

performance was assessed using a T-maze task, with latency to locate a food reward

recorded 30 minutes after daily administration. Data were analyzed using one-way

analysis of variance (ANOVA). The results revealed a significant main effect of

treatment on learning performance, F(3, 24) = 6.01, p = .003. Rats that received the

energy drink alone exhibited significantly shorter latencies compared with the control

group, indicating enhanced learning efficiency. Alcohol administration alone did not

significantly affect learning performance. In contrast, rats exposed to the combined

energy drink and alcohol treatment displayed the longest learning latencies,

suggesting impaired cognitive performance relative to the energy drink-only condition.

These findings indicate that while energy drink consumption may transiently facilitate

learning, its co-consumption with alcohol may negate these benefits and impair

cognitive function. The study underscores the potential neurobehavioral risks

associated with alcohol–energy drink combinations.
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Introduction

Learning is a fundamental neurocognitive process

involving experience-dependent changes in

behavior mediated by synaptic plasticity within

distributed neural networks, particularly the

hippocampus and prefrontal cortex (Kandel et al.,

2021; Ormrod, 2020). Learning efficiency depends

on intact neurotransmitter systems and balanced

excitatory–inhibitory signaling, both of which are

highly sensitive to psychoactive substances (Squire

et al., 2022).

Alcohol (ethanol) is a central nervous system

depressant that disrupts learning and memory

through potentiation of γ-aminobutyric acid

(GABAergic) inhibition and suppression of

glutamatergic neurotransmission, particularly N-

methyl-D-aspartate (NMDA) receptor activity

(Abrahao et al., 2017). Chronic or repeated alcohol

exposure impairs long-term potentiation (LTP),

reduces hippocampal neurogenesis, and

compromises memory consolidation (White &

Swartzwelder, 2019).

In contrast, energy drinks are stimulant beverages

containing high concentrations of caffeine, taurine,

sugars, and other psychoactive compounds.

Caffeine acts primarily as an adenosine A₁/A₂A

receptor antagonist, increasing dopaminergic and

noradrenergic activity and transiently enhancing

arousal, attention, and reaction time (Curran &

Marczinski, 2017). However, excessive or repeated

caffeine exposure is associated with anxiety, sleep

disruption, impaired cognitive stability, and reduced

learning efficiency, particularly when combined

with metabolic stressors such as high sugar intake

(Temple et al., 2022).

The co-consumption of alcohol mixed with energy

drinks (AmED) has emerged as a significant global

public health concern, especially among young

adults and university populations (Marczinski &

Fillmore, 2014; Verster et al., 2018). The stimulant

properties of energy drinks can mask subjective

alcohol intoxication without reversing cognitive or

motor impairment, creating a dissociation between

perceived and actual performance—a phenomenon

commonly described as “wide-awake drunkenness”

(O’Brien et al., 2008).

Preclinical studies demonstrate that AmED

produces neurobehavioral effects distinct from

either substance alone. Rodent models show that

AmED enhances behavioral sensitization to ethanol,

increases motivation for alcohol self-administration,

and disrupts hippocampal synaptic plasticity more

severely than alcohol exposure alone (Ferreira et al.,

2013; Petribu et al., 2023). Importantly, adolescent

and adult exposure to AmED has been associated

with long-lasting alterations in learning-related

brain regions, including reduced synaptic efficiency

and altered dopamine signaling (Williams et al.,

2022).

Despite growing evidence of sex differences in

substance sensitivity (Balogun, S.K., et al , 2020a;

Balogun, et al, 2020b), most experimental studies

on alcohol and energy drinks disproportionately

focus on male subjects. Female rodents exhibit

distinct hormonal modulation of learning, stress

responsivity, and dopaminergic function, which

http://www.npa-journals.org
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may alter vulnerability to psychoactive substances

(Becker & Koob, 2016). Estrogen, in particular,

interacts with hippocampal plasticity and memory

consolidation, potentially modifying alcohol- and

caffeine-induced cognitive effects (Barha & Galea,

2013).

Given these biological differences, findings derived

from male-only models may not generalise to

females. The present study therefore focuses

exclusively on female albino Wistar rats, addressing

a critical gap in the literature and aligning with

current recommendations for sex-inclusive

neuroscience research (NIH, 2022).

Rodent models remain indispensable for controlled

investigation of substance-induced neurobehavioral

changes. Rats share substantial genetic,

neurochemical, and anatomical similarities with

humans and allow precise manipulation of dosage,

exposure timing, and behavioral assessment that is

not feasible in human studies (Leung & Jia, 2016).

Female Wistar rats are particularly suitable for

learning paradigms due to their well-characterised

cognitive profiles and sensitivity to

pharmacological manipulation.

Although alcohol and energy drinks independently

affect learning and memory, empirical evidence

directly comparing their separate versus combined

effects on learning behavior remains limited.

Existing studies frequently examine AmED as a

single exposure condition, making it difficult to

determine whether observed cognitive deficits

reflect additive effects or synergistic neurotoxicity.

Furthermore, most available animal studies focus

on adolescent or male subjects, leaving the effects

on adult females insufficiently explored. This gap is

particularly concerning given sex-specific

neuroendocrine modulation of learning and

substance sensitivity. Consequently, there is

inadequate experimental evidence clarifying how

alcohol alone, energy drinks alone, and their

combination differentially influence learning

behavior in adult female subjects.

This research attempts to answer the following

research question;

1. what effect does energy drink administration

have on learning behavior in female albino Wistar

rats?

2. what effect does alcohol administration have on

learning behavior in female albino Wistar rats?

3. does combined administration of alcohol and

energy drinks produce a differential effect on

learning behavior compared to separate

administration?

The following hypotheses were tested to answer the

research questions

1. Energy drink administration will significantly

affect learning behavior in female albino Wistar rats.

2. Alcohol administration will significantly affect

learning behavior in female albino Wistar rats.

3. Combined administration of alcohol and energy

drinks will produce a significantly different effect

on learning behavior than either substance alone.

http://www.npa-journals.org
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METHODOLOGY

Research Design

The study adopted a randomized controlled

experimental design with a between-subjects

factorial structure. Two independent variables were

investigated: energy drink (Red Bull®)

administration and alcohol administration, each

with two levels (present vs. absent). The dependent

variable was learning performance, operationalized

as latency to locate food reward in a T-maze task.

Animals were randomly assigned to one of four

experimental conditions: control (distilled water),

energy drink only, alcohol only, and combined

energy drink plus alcohol.

Study Setting

The experiment was conducted in the animal

laboratory of the Department of Psychology,

University of Ibadan, Nigeria, under standard

laboratory conditions suitable for behavioral

neuroscience research.

Experimental Animals

Twenty-eight (28) female albino Wistar rats were

used for the study. The rats were young adults and

were housed in standard laboratory cages under

controlled environmental conditions (12-hour

light/dark cycle, ambient temperature, and adequate

ventilation). Animals were allowed free access to

standard rat chow and water throughout the study.

Following a 14-day acclimatization period, the rats

were randomly allocated into four groups (n = 7 per

group):

(i) Control group (distilled water)

(ii) Energy drink group

(iii) Alcohol group

(iv) Energy drink + alcohol group

Animal identification was achieved using non-

invasive tail markings. All procedures involving

animals were carried out in accordance with

internationally accepted guidelines for the care and

use of laboratory animals.

Drugs and Dosage

The energy drink used was Red Bull®, while

alcohol was administered as an undiluted ethanol

solution. Dosages were calculated based on

individual body weight and administered orally

using an oral cannula.

(i) Energy drink: 1.0 ml/kg body weight

(ii) Alcohol: 0.25 ml/kg body weight

(iii) Combined group: received both substances at

the same respective dosages

(iv) The control group received an equivalent

volume of distilled water.

Procedure

Following acclimatization, animals received daily

oral administration of their assigned treatment for

28 consecutive days. Body weights were recorded

regularly to ensure accurate dosage administration.

Thirty (30) minutes after each daily treatment,

learning performance was assessed using a T-maze

apparatus. Food reward was placed consistently in

one arm of the maze. Each rat was placed at the

start arm, and the latency to locate the food reward

was recorded in seconds using a stopwatch.

Learning performance was assessed across three

trials per testing session, and mean latency scores

were computed. Reduced latency across trials and

days was interpreted as improved learning

performance.
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All behavioral testing was conducted under similar

environmental conditions to minimize extraneous

variability.

Statistical Analysis

Data were analyzed using one-way analysis of

variance (ANOVA) to examine differences in

learning performance across the four experimental

groups. Statistical significance was evaluated at p

< .05. Where appropriate, post hoc comparisons

were conducted to identify specific group

differences.

RESULTS

Table 1 presents the descriptive statistics for learning performance, measured as latency (in seconds) to

locate the food reward in the T-maze across the four experimental groups.

Table 1: Descriptive statistics showing the mean time of performance on learning behavior

Descriptives

N Mean

Std.

Deviation Std. Error

95% Confidence Interval for

Mean

Lower

Bound Upper Bound

ENERGY

DRINK

7 57.5200 38.85966 14.68757 21.5808 93.4592

ALCOHOL 7 93.2571 62.08938 23.46758 35.8340 150.6802

COMBINED 7 159.0229 46.72665 17.66101 115.8079 202.2378

CONTROL 7 127.1814 36.76660 13.89647 93.1780 161.1849

Total 28 109.2454 58.85212 11.12200 86.4249 132.0658

From Table 1, rats administered energy drink only demonstrated the shortest mean latency (M = 57.52, SD =

38.86), indicating superior learning performance relative to the other groups. In contrast, rats exposed to the

combined energy drink and alcohol treatment exhibited the longest mean latency (M = 159.02, SD = 46.73),

suggesting poorer learning performance. The alcohol-only group (M = 93.26, SD = 62.09) and the control

group (M = 127.18, SD = 36.77) showed intermediate performance levels. Overall, substantial variability in

learning performance was observed across treatment conditions, as reflected in the standard deviations and

confidence intervals.

http://www.npa-journals.org
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A one-way analysis of variance (ANOVA) was conducted to examine the effect of treatment condition

(energy drink, alcohol, combined energy drink and alcohol, and control) on learning performance. The result

is shown in Table 2.

Table 2: One-Way ANOVA showing learning performance across the four treatment conditions (Energy

Drink, Alcohol, Combined, and Control).

ANOVA

TIME

Sum of

Squares df Mean Square F Sig.

Between

Groups

40114.464 3 13371.488 6.009 <.05

Within Groups 53401.966 24 2225.082

Total 93516.430 27

The ANOVA result shows a significant main effect of treatment on learning performance, F(3, 24) = 6.01, p

= .003 (p<.05). This implies that the mean learning times differed significantly among the four groups.

To identify the specific group differences underlying the significant omnibus effect, Tukey’s Honestly

Significant Difference (HSD) post hoc test was performed. The result is shown in Table 3.

Table 3: Turkey HSD Post Hoc Test result showing pairwise comparisons between Treatment groups.

Multiple Comparisons

Mean Differences

ENERGY

DRINK

ALCOH

OL

COMBINE

D

CONTROL

ENERGY

DRINK

http://www.npa-journals.org
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ALCOHOL 35.73714

COMBINED 101.50286* 65.76571

CONTROL 69.66143* 33.92429 -31.84143

NB: p < .05

The result of the post hoc analysis showed that the energy drink group differed significantly from the

combined energy drink and alcohol group (p = .003) and from the control group (p = .050), with the energy

drink group demonstrating faster learning performance. However, the difference between the energy drink

group and the alcohol-only group was not statistically significant (p = .501). No other pairwise comparisons

reached statistical significance (p > .05), including comparisons between the alcohol-only group and the

control group, as well as between the combined treatment group and the control group.

Figure 1 illustrates the mean learning latencies for the four experimental groups with corresponding 95%

confidence intervals, visually highlighting the superior performance of the energy drink group and the

impaired performance associated with the combined treatment condition.

http://www.npa-journals.org
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Figure 1: Bar chart showing the mean learning behavior performance scores with 95% confidence intervals
for the four experimental groups (Control, Alcohol, Energy Drink, and Combined).

DISCUSSION

The present study examined the separate and

combined effects of an energy drink (Red Bull®)

and alcohol on learning performance in female

albino Wistar rats. Learning was assessed using T-

maze latency, a well-established measure of spatial

learning and cognitive efficiency. Overall, the

findings demonstrate differential effects of energy

drink, alcohol, and their combination on learning

behavior, partially supporting the study hypotheses.

The first hypothesis, which predicted a significant

effect of energy drink administration on learning

behavior, was supported. Rats that received the

energy drink alone exhibited significantly shorter

latencies in the T-maze compared with the control

group, indicating enhanced learning performance.

This finding is consistent with extensive evidence

that caffeine, the primary psychoactive component

of energy drinks, exerts facilitatory effects on

cognitive performance, particularly on attention,

vigilance, and learning speed. Caffeine acts mainly

as a non-selective adenosine A₁ and A₂A receptor

antagonist, thereby reducing inhibitory

adenosinergic tone and increasing neuronal

excitability, especially within cortico-hippocampal

circuits critical for learning and memory (Fredholm

et al., 2022; Nehlig, 2018). Enhanced dopaminergic

and cholinergic transmission following caffeine

intake has also been linked to improved task

acquisition and faster response times in rodents

(Borota et al., 2014; Pan et al., 2023).

The present findings align with prior animal studies

reporting improved maze performance and spatial

learning following low-to-moderate caffeine

exposure (Angelucci et al., 2019; Kaster et al.,

2015). Importantly, these facilitatory effects appear

dose-dependent, with moderate doses enhancing

http://www.npa-journals.org
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cognition while higher doses may impair

performance through anxiety-like effects or

locomotor hyperactivity (Nehlig, 2018). The

improved learning observed in the energy drink

group therefore likely reflects acute CNS

stimulation rather than long-term cognitive

enhancement.

The second hypothesis, which proposed a

significant effect of alcohol alone on learning

behavior, was not supported. Although rats exposed

to alcohol showed numerically shorter latencies

than controls, the difference did not reach statistical

significance.

Alcohol is widely recognized as a central nervous

system depressant that disrupts learning and

memory through its effects on GABAergic,

glutamatergic, and hippocampal plasticity

mechanisms (Crews et al., 2019; Vetreno & Crews,

2021). However, the absence of a significant

impairment in the present study may be attributable

to several factors. First, the dose administered may

have been relatively low, potentially falling below

the threshold required to elicit marked cognitive

deficits. Second, low doses of alcohol have been

reported to produce transient stimulant-like effects,

including increased locomotion and reduced anxiety,

which may partially offset impairments during

simple learning tasks (Pohorecky, 2016).

Comparable findings have been reported in rodent

studies showing minimal or inconsistent effects of

low-dose alcohol on acquisition speed in maze tasks,

particularly when exposure is acute or subchronic

(Cippitelli et al., 2017). Thus, the present result

suggests that, under the current experimental

conditions, alcohol alone did not substantially

disrupt learning performance in female Wistar rats.

The third hypothesis, predicting a significant effect

of the combined administration of energy drink and

alcohol, was not supported when compared directly

with the control group. Nevertheless, the combined

treatment group displayed the poorest numerical

learning performance and differed significantly

from the energy drink-only group.

This pattern is highly consistent with the growing

literature on alcohol mixed with energy drinks

(AmED), which indicates that caffeine does not

reverse alcohol-induced cognitive impairment but

instead masks subjective sedation while preserving

or worsening objective deficits (Marczinski &

Fillmore, 2014; Benson et al., 2020). In animal

models, combined caffeine–alcohol exposure has

been shown to disrupt hippocampal synaptic

plasticity, increase behavioral disorganization, and

impair learning despite heightened arousal (Petribu

et al., 2023; Pan et al., 2023).

The markedly slower learning observed in the

combined group supports the concept of “wide-

awake intoxication,” whereby stimulant-induced

alertness coexists with alcohol-related cognitive

dysfunction (Marczinski, 2018). Although the

difference from the control group did not reach

statistical significance, the magnitude and direction

of the effect suggest a biologically meaningful

impairment that may have been constrained by

sample size. The significant contrast between the

combined group and the energy drink group further

underscores the antagonistic interaction between

caffeine and alcohol on learning processes.
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The exclusive use of female rats is an important

contribution, given increasing evidence that sex

differences influence psychostimulant and alcohol

effects on cognition. Female rodents often exhibit

heightened sensitivity to caffeine and alcohol due to

hormonal modulation of adenosine and

dopaminergic systems (Becker & Koob, 2016; Finn,

2020). The pronounced enhancement observed with

energy drink administration and the distinct

impairment pattern with combined exposure

highlight the need for sex-specific analyses in

substance-related cognitive research.

Conclusion

This study demonstrates that energy drink

consumption alone significantly facilitates learning

performance in female albino Wistar rats, likely

through caffeine-mediated central nervous system

stimulation. Alcohol alone, at the administered dose,

did not significantly alter learning behavior.

Critically, the combined administration of energy

drink and alcohol produced the poorest learning

performance, particularly when contrasted with the

energy drink-only condition, indicating a

detrimental interaction between the stimulant and

depressant substances.

Overall, the findings suggest that while energy

drinks may transiently enhance learning efficiency,

co-consumption with alcohol undermines cognitive

performance, reinforcing concerns about the

neurobehavioral risks associated with AmED use.

RECOMMENDATIONS

Based on these findings, the following

recommendations are proposed:

(i) Public health interventions should intensify

awareness campaigns highlighting the cognitive

risks associated with mixing alcohol and energy

drinks, particularly among young adults and

students.

(ii) Regulatory agencies should consider stricter

controls on the marketing and availability of

alcohol–energy drink combinations.

(iii) Future studies should employ larger sample

sizes, include both sexes, and investigate dose–

response relationships to clarify threshold effects.

References

Abrahao, K. P., Quadros, I. M. H., & Souza-

Formigoni, M. L. O. (2013). Individual

differences in ethanol-induced behavioral

sensitization correlate with voluntary

ethanol consumption. Behavioural Brain

Research, 248, 54–59.

https://doi.org/10.1016/j.bbr.2013.03.045.

Abrahao, K. P., Salinas, A. G., & Lovinger, D. M.

(2017). Alcohol and the brain: Neuronal

molecular targets, synapses, and circuits.

Neuron, 96(6), 1223–1238.

https://doi.org/10.1016/j.neuron.2017.10.03

2.

Angelucci, M. E. M., Cesário, C., Hiroi, R. H.,

Rosalen, P. L., & Da Cunha, C. (2019).

Effects of caffeine on learning and memory

in rats tested in the Morris water maze.

Brazilian Journal of Medical and

https://doi.org/10.1016/j.bbr.2013.03.045.
https://doi.org/10.1016/j.neuron.2017.10.032.
https://doi.org/10.1016/j.neuron.2017.10.032.
http://www.npa-journals.org


NPA JOURNALS |www.npa-journals.org/njp NJP|Volume 25|Issue 2|2025

113

Biological Research, 52(6), e8438.

https://doi.org/10.1590/1414-

431X20198438.

Asorey, J., Varlinskaya, E. I., & Spear, L. P. (2018).

Ethanol and energy drink interactions:

Behavioral and physiological outcomes in

adolescent and adult rats. Alcohol, 67, 43–

52.

https://doi.org/10.1016/j.alcohol.2017.08.0

06.

Balogun, S.K., Famakinde, O.P., Adebayo, D. Y,

and Atue, G. (2020a) Effects of

Separate and Combined Chronic Ingestion

of Codeine and Tramadol on Self

Grooming Behavior of Male and Female

Albino Rats. American Journal of

Applied Psychology, 9 (3), 66-76. doi:

10.11648/j.ajap.20200903.13

Balogun, S.K. Osuh, J.I and Olorode, G.(2020b)

Effects of Separate and Combined

Chronic Ingestion of Tramadol and Codeine

on Aggressive Behaviour Among

Female Albino Rats. Covenant Journal of

Psychology,.5(1), 39 – 59

Bandura, A. (1977). Social learning theory.

Prentice Hall.

Barha, C. K., & Galea, L. A. M. (2013). Influence

of sex hormones on learning and memory.

Neuroscience & Biobehavioral Reviews,

37(9), 1921–1937.

https://doi.org/10.1016/j.neubiorev.2013.06.

004.

Becker, J. B., & Koob, G. F. (2016). Sex

differences in animal models: Focus on

addiction. Pharmacological Reviews, 68(2),

242–263.

https://doi.org/10.1124/pr.115.011163.

Benson, S., Verster, J. C., Scholey, A., & Alford, C.

(2020). Effects of mixing alcohol with

energy drinks on objective and subjective

intoxication: A systematic review and

meta-analysis. Neuroscience &

Biobehavioral Reviews, 109, 188–197.

https://doi.org/10.1016/j.neubiorev.2019.12.

004.

Biggio, F., Mura, M. E., Caria, S., & Follesa, P.

(2024). Adolescent exposure to alcohol

mixed with energy drinks induces long-

lasting hippocampal synaptic alterations.

Neuropharmacology, 232, 109547.

https://doi.org/10.1016/j.neuropharm.2023.

109547.

Borota, D., Murray, E., Keceli, G., Chang, A.,

Watabe, J. M., Ly, M., Toscano, J. P., &

Yassa, M. A. (2014). Post-study caffeine

administration enhances memory

consolidation in humans. Nature

Neuroscience, 17(2), 201–203.

https://doi.org/10.1038/nn.3623.

Carnicella, S., Ron, D., & Barak, S. (2014).

Intermittent ethanol access model in rats: A

robust model of alcohol dependence.

Alcohol, 48(3), 279–289.

https://doi.org/10.1016/j.alcohol.2014.01.0

06.

Costa-Valle, M. T., et al. (2018). Kidney injury

induced by chronic alcohol and energy

drink co-consumption. Toxicology Reports,

5, 976–982.

https://doi.org/10.1016/j.toxrep.2018.09.01

1.

https://doi.org/10.1590/1414-431X20198438.
https://doi.org/10.1590/1414-431X20198438.
https://doi.org/10.1016/j.alcohol.2017.08.006.
https://doi.org/10.1016/j.alcohol.2017.08.006.
https://doi.org/10.1016/j.neubiorev.2013.06.004.
https://doi.org/10.1016/j.neubiorev.2013.06.004.
https://doi.org/10.1124/pr.115.011163.
https://doi.org/10.1016/j.neubiorev.2019.12.004.
https://doi.org/10.1016/j.neubiorev.2019.12.004.
https://doi.org/10.1016/j.neuropharm.2023.109547.
https://doi.org/10.1016/j.neuropharm.2023.109547.
https://doi.org/10.1038/nn.3623.
https://doi.org/10.1016/j.alcohol.2014.01.006.
https://doi.org/10.1016/j.alcohol.2014.01.006.
https://doi.org/10.1016/j.toxrep.2018.09.011.
https://doi.org/10.1016/j.toxrep.2018.09.011.
http://www.npa-journals.org


NPA JOURNALS |www.npa-journals.org/njp NJP|Volume 25|Issue 2|2025

114

Crews, F. T., Robinson, D. L., Chandler, L. J.,

Ehlers, C. L., Mulholland, P. J., Pandey, S.

C., Rodd, Z. A., Spear, L. P., Swartzwelder,

H. S., & Vetreno, R. P. (2019).

Mechanisms of alcohol-induced

neurodegeneration and recovery.

Neuropharmacology, 158, 107769.

https://doi.org/10.1016/j.neuropharm.2019.

107769.

Curran, C. P., & Marczinski, C. A. (2017). Taurine,

caffeine, and energy drinks: Reviewing the

risks to the adolescent brain. Birth Defects

Research, 109(20), 1640–1652.

https://doi.org/10.1002/bdr2.1177.

Diaz, A., Treviño, S., Pulido-Fernández, G.,

Martínez-Muñoz, R., Cervantes, N.,

Espinosa, B., & Guevara, J. (2016).

Chronic consumption of alcohol and energy

drinks induces oxidative stress and

inflammation in rat brain. Oxidative

Medicine and Cellular Longevity, 2016, 1–

12. https://doi.org/10.1155/2016/7234879.

El Yacoubi, M., Ledent, C., Ménard, J. F.,

Parmentier, M., Costentin, J., & Vaugeois,

J. M. (2003). The stimulant effects of

caffeine on locomotor behavior in mice are

mediated through A2A adenosine receptors.

Neuropharmacology, 44(2), 221–227.

https://doi.org/10.1016/S0028-

3908(02)00352-5.

Feldman, R. S. (2021). Essentials of understanding

psychology (15th ed.). McGraw-Hill.

Ferreira, S. E., Abrahao, K. P., & Souza-Formigoni,

M. L. O. (2013). Expression of behavioral

sensitization to ethanol is increased by

energy drink administration. Pharmacology,

Biochemistry and Behavior, 110, 245–248.

https://doi.org/10.1016/j.pbb.2013.07.002.

Ferreira, S. E., de Mello, M. T., Rossi, M. V., &

Souza-Formigoni, M. L. O. (2004). Does

an energy drink modify the effects of

alcohol on psychomotor performance?

Alcoholism: Clinical and Experimental

Research, 28(9), 1408–1412.

https://doi.org/10.1097/01.ALC.000013982

1.69144.9D.

Finn, D. A. (2020). The endocrine system and

alcohol drinking in females. Alcohol

Research: Current Reviews, 40(2), 1–12.

https://doi.org/10.35946/arcr.v40.2.02.

Fredholm, B. B., Chen, J. F., Cunha, R. A.,

Svenningsson, P., & Vaugeois, J. M.

(2022). Adenosine and brain function.

International Review of Neurobiology, 166,

1–34.

https://doi.org/10.1016/bs.irn.2022.03.001.

Frezza, M., di Padova, C., Pozzato, G., Terpin, M.,

Baraona, E., & Lieber, C. S. (1990). High

blood alcohol levels in women. New

England Journal of Medicine, 322(2), 95–

99.

https://doi.org/10.1056/NEJM19900111322

0205.

Gilpin, N. W., Herman, M. A., & Roberto, M.

(2012). The central amygdala as an

integrative hub for anxiety and alcohol use

disorders. Biological Psychiatry, 72(8),

659–668.

https://doi.org/10.1016/j.biopsych.2012.02.

026.

IsHak, W. W., Ugochukwu, C., Bagot, K., Khalili,

D., & Zaky, C. (2012). Energy drinks:

Psychological effects and impact on well-

https://doi.org/10.1016/j.neuropharm.2019.107769.
https://doi.org/10.1016/j.neuropharm.2019.107769.
https://doi.org/10.1002/bdr2.1177.
https://doi.org/10.1155/2016/7234879.
https://doi.org/10.1016/S0028-3908(02)00352-5.
https://doi.org/10.1016/S0028-3908(02)00352-5.
https://doi.org/10.1016/j.pbb.2013.07.002.
https://doi.org/10.1097/01.ALC.0000139821.69144.9D.
https://doi.org/10.1097/01.ALC.0000139821.69144.9D.
https://doi.org/10.35946/arcr.v40.2.02.
https://doi.org/10.1016/bs.irn.2022.03.001.
https://doi.org/10.1056/NEJM199001113220205.
https://doi.org/10.1056/NEJM199001113220205.
https://doi.org/10.1016/j.biopsych.2012.02.026.
https://doi.org/10.1016/j.biopsych.2012.02.026.
http://www.npa-journals.org


NPA JOURNALS |www.npa-journals.org/njp NJP|Volume 25|Issue 2|2025

115

being and quality of life. Innovations in

Clinical Neuroscience, 9(1), 25–34.

Jay, S. M., Calamaro, C. J., & Mason, T. B. (2006).

Energy drinks and sleep disruption. Journal

of Pediatric Health Care, 20(5), 351–356.

https://doi.org/10.1016/j.pedhc.2006.04.00

2.

Kandel, E. R., Koester, J. D., Mack, S. H., &

Siegelbaum, S. A. (2021). Principles of

neural science (6th ed.). McGraw-Hill.

Kennedy, D. O., & Scholey, A. B. (2004). A

glucose–caffeine ‘energy drink’

ameliorates subjective and performance

deficits during prolonged cognitive

demand.Appetite, 42(3), 331–333.

https://doi.org/10.1016/j.appet.2004.03.009.

Kolb, B., & Gibb, R. (2014). Searching for the

principles of brain plasticity and behavior.

Cortex, 58, 251–260.

https://doi.org/10.1016/j.cortex.2013.11.01

2.

Krahe, T. E., et al. (2017). Behavioral effects of

alcohol mixed with energy drinks in

rodents. Behavioural Brain Research, 327,

157–164.

https://doi.org/10.1016/j.bbr.2017.03.040.

Leung, V., & Jia, Z. (2016). Animal models of

cognitive impairment. Journal of

Neuroscience Research, 94(7), 559–570.

https://doi.org/10.1002/jnr.23773.

Marczinski, C. A. (2011). Alcohol mixed with

energy drinks: Consumption patterns and

motivations. Current Drug Abuse Reviews,

4(2), 107–119.

Marczinski, C. A. (2018). Alcohol mixed with

energy drinks: Consumption patterns and

motivations. Current Opinion in

Behavioral Sciences, 19, 42–47.

https://doi.org/10.1016/j.cobeha.2017.10.00

4.

Marczinski, C. A., & Fillmore, M. T. (2014).

Energy drinks mixed with alcohol: What

are the risks? Nutrition Reviews, 72(Suppl.

1), 98–107.

https://doi.org/10.1111/nure.12127.

Mazur, J. E. (2017). Learning and behavior (8th

ed.). Routledge.

Nehlig, A. (2018). Interindividual differences in

caffeine metabolism and factors driving

caffeine consumption. Pharmacological

Reviews, 70(2), 384–411.

https://doi.org/10.1124/pr.117.014407.

NIH. (2022). Consideration of sex as a biological

variable in NIH-funded research. National

Institutes of Health.

O’Brien, M. C., McCoy, T. P., Rhodes, S. D.,

Wagoner, A., & Wolfson, M. (2008).

Caffeinated cocktails: Energy drink

consumption, high-risk drinking, and

alcohol-related consequences. Academic

Emergency Medicine, 15(5), 453–460.

https://doi.org/10.1111/j.1553-

2712.2008.00085.x.

Ormrod, J. E. (2020). Human learning (8th ed.).

Pearson.

Pan, Y., Wang, X., Zhang, Y., & Chen, J. F. (2023).

Caffeine–alcohol interactions in the brain:

Implications for cognition and addiction.

Frontiers in Neuroscience, 17, 1184321.

https://doi.org/10.3389/fnins.2023.1184321.

Petribu, B. N., Abrahao, K. P., & Souza-Formigoni,

M. L. O. (2023). Ethanol combined with

energy drinks: Two decades of research in

https://doi.org/10.1016/j.pedhc.2006.04.002.
https://doi.org/10.1016/j.pedhc.2006.04.002.
https://doi.org/10.1016/j.appet.2004.03.009.
https://doi.org/10.1016/j.cortex.2013.11.012.
https://doi.org/10.1016/j.cortex.2013.11.012.
https://doi.org/10.1016/j.bbr.2017.03.040.
https://doi.org/10.1002/jnr.23773.
https://doi.org/10.1016/j.cobeha.2017.10.004.
https://doi.org/10.1016/j.cobeha.2017.10.004.
https://doi.org/10.1111/nure.12127.
https://doi.org/10.1124/pr.117.014407.
https://doi.org/10.1111/j.1553-2712.2008.00085.x.
https://doi.org/10.1111/j.1553-2712.2008.00085.x.
https://doi.org/10.3389/fnins.2023.1184321.
http://www.npa-journals.org


NPA JOURNALS |www.npa-journals.org/njp NJP|Volume 25|Issue 2|2025

116

rodents. Frontiers in Behavioral

Neuroscience, 16, 1100608.

https://doi.org/10.3389/fnbeh.2022.110060

8.

Petribu, B. N., Abrahao, K. P., & Souza-Formigoni,

M. L. O. (2023). Ethanol combined with

energy drinks: Two decades of research in

rodents. Neuroscience & Biobehavioral

Reviews, 147, 105078.

https://doi.org/10.1016/j.neubiorev.2023.10

5078.

Robinson, T. E., & Berridge, K. C. (1993). The

neural basis of drug craving. Brain

Research Reviews, 18(3), 247–291.

https://doi.org/10.1016/0165-

0173(93)90013-P.

Roldán, M., et al. (2017). Energy drink components

reduce ethanol aversion in rats.

Behavioural Pharmacology, 28(7), 565–

573.

Schunk, D. H. (2020). Learning theories: An

educational perspective (8th ed.). Pearson.

Souza-Formigoni, M. L. O., De Lucca, E. M.,

Hipólide, D. C., Enns, S. C., & Oliveira, M.

G. M. (1999). Sensitization to ethanol

locomotor activity in mice.

Psychopharmacology, 143, 303–310.

https://doi.org/10.1007/s002130050952.

Squire, L. R., Berg, D., Bloom, F. E., du Lac, S.,

Ghosh, A., & Spitzer, N. C. (2022).

Fundamental neuroscience (5th ed.).

Elsevier.

Temple, J. L., Bernard, C., Lipshultz, S. E.,

Czachor, J. D., Westphal, J. A., & Mestre,

M. A. (2022). The safety of ingested

caffeine. Frontiers in Psychiatry, 13,

848623.

https://doi.org/10.3389/fpsyt.2022.848623.

Ugwuja, E. I. (2014). Energy drinks and kidney

function. Renal Failure, 36(5), 812–817.

https://doi.org/10.3109/0886022X.2014.88

2142.

Van Hest, A., Van Haaren, F., & Van de Poll, N. E.

(1987). Behavioral differences between

male and female Wistar rats in food

rewarded lever holding. Behavioural Brain

Research, 25(2), 155–164.

https://doi.org/10.1016/0166-

4328(87)90007-6.

Verster, J. C., Benson, S., Johnson, S. J., Alford, C.,

Godefroy, S. B., & Scholey, A. (2018).

Alcohol mixed with energy drinks: A

systematic review. Human

Psychopharmacology, 33(1), e2656.

https://doi.org/10.1002/hup.2656.

Vetreno, R. P., & Crews, F. T. (2021). Alcohol,

neuroinflammation, and addiction. Alcohol

Research: Current Reviews, 41(1), 1–16.

https://doi.org/10.35946/arcr.v41.1.02.

Wetherill, R. R., & Fromme, K. (2016). Alcohol-

induced blackouts. Alcohol Research:

Current Reviews, 38(1), 35–45.

White, A. M., & Swartzwelder, H. S. (2004).

Hippocampal function during adolescence:

A unique target of ethanol effects. Annals

of the New York Academy of Sciences, 1021,

206–220.

https://doi.org/10.1196/annals.1308.027.

White, A. M., & Swartzwelder, H. S. (2019). Age-

related effects of alcohol on memory and

plasticity. Neurobiology of Learning and

Memory, 158, 108–115.

https://doi.org/10.1016/j.nlm.2019.01.005.

https://doi.org/10.3389/fnbeh.2022.1100608.
https://doi.org/10.3389/fnbeh.2022.1100608.
https://doi.org/10.1016/j.neubiorev.2023.105078.
https://doi.org/10.1016/j.neubiorev.2023.105078.
https://doi.org/10.1016/0165-0173(93)90013-P.
https://doi.org/10.1016/0165-0173(93)90013-P.
https://doi.org/10.1007/s002130050952.
https://doi.org/10.3389/fpsyt.2022.848623.
https://doi.org/10.3109/0886022X.2014.882142.
https://doi.org/10.3109/0886022X.2014.882142.
https://doi.org/10.1016/0166-4328(87)90007-6.
https://doi.org/10.1016/0166-4328(87)90007-6.
https://doi.org/10.1002/hup.2656.
https://doi.org/10.35946/arcr.v41.1.02.
https://doi.org/10.1196/annals.1308.027.
https://doi.org/10.1016/j.nlm.2019.01.005.
http://www.npa-journals.org


NPA JOURNALS |www.npa-journals.org/njp NJP|Volume 25|Issue 2|2025

117

Williams, A. M., Parikh, M., Doyle, A. R., &

Meyer, P. J. (2022). Intermittent access to

alcohol mixed in energy drink during

adolescence alters alcohol motivation in

adulthood. Alcoholism: Clinical and

Experimental Research, 46(3), 453–466.

https://doi.org/10.1111/acer.14774.

Wise, R. A., & Bozarth, M. A. (1987). A

psychomotor stimulant theory of addiction.

Psychological Review, 94(4), 469–492.

https://doi.org/10.1037/0033-

295X.94.4.469.

Woolsey, C. (2010). Energy drink cocktails: A

dangerous combination for athletes and

beyond. Journal of Alcohol and Drug

Education, 54(3), 5–28.

https://doi.org/10.1111/acer.14774.
https://doi.org/10.1037/0033-295X.94.4.469.
https://doi.org/10.1037/0033-295X.94.4.469.
http://www.npa-journals.org

