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Since energy drinks (EDs) were sold to the general public as soft drinks and recreational beverages, mixing EDs with ethanol has grown in popularity, particularly among younger people. Given the research that links these drinks with higher risk behaviors and increased ethanol intake, ethanol combined with EDs (AmEDs) is a particularly worrying combination. EDs generally commonly include a variety of ingredients. Sugar, caffeine, taurine, and B-group vitamins are almost always present. Studies on the combined effect of ethanol and sugar and caffeine on ethanol-induced behaviors are extensive. Not so much in regards to taurine and vitamins. This review briefly summarises available information from research on the isolated compounds on EtOH-induced behaviors first, and secondly, the combination of AmEDs on EtOH effects. The conclusion is that additional research is needed to fully comprehend the characteristics and consequences of AmEDs on EtOH-induced behaviors.
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1 introduction

Mixing ethanol (EtOH) with energy drinks became popular several years ago (Weldy, 2010; Patrick et al., 2018). The goal of this combination is to maintain EtOH intake while sustaining high energy levels, thus limiting the narcotic effects of this alcohol. However, these drinks are usually packed with many ingredients, whose interaction, and their interaction with EtOH, has not been extensively tested.

The limited evidence exploring EtOH-energetic drinks seems to agree that this combination is a particularly risky one. Concretely, the consumption of these drinks is associated with increased risk behaviors and greater EtOH consumption, particularly among young individuals (O’Brien et al., 2008; Curran and Marczinski, 2017; Scalese et al., 2017; Vieno et al., 2018). Understanding the interaction between these beverages is key to advance in proposing preventive strategies towards the harmful effects of alcohol mixed with energy drinks (AmEDs). This review will resume relevant findings of studies exploring behavioral and cellular effects on the interaction between EtOH and common ingredients found in popular energy drinks: sucrose, caffeine, B-group vitamins, and taurine. Finally, it will review experimental work using energy drinks as a whole compound.



2 Behavioral and neurophysiological effects of EtOH intake

When chronically consumed, EtOH is a drug capable of producing many harmful effects both centrally and peripherally (Li et al., 2010). For instance, it is known that chronic ethanol metabolism in the liver causes fatty liver and general metabolic impairment and could result in chronic inhibition of AMPK activation to activate regulatory processes, such as gene expression, that take longer to initiate and reverse (Wilson and Matschinsky, 2020). In the central nervous system, EtOH alters the metabolism of neurons and astrocytes in the brain, which has an immediate impact on all aspects of neurotransmitter function release, receptor sensitivity, transport, and metabolism, as well as long-term changes in the cellular machinery (Wilson and Matschinsky, 2020). However, the chemical mechanism by which this alcohol exerts its effects on behaviour is only partially known.

There is robust evidence that the first metabolite of EtOH, acetaldehyde, mainly mediates the effects described above. This molecule plays a significant role in the behavioral effects of EtOH consumption, including hangover symptoms and liver damage (Wang et al., 2010) and the development of tolerance and dependence (Deng and Deitrich, 2008). Moreover, data shows that acetaldehyde enhances the rewarding effects of EtOH (Hipólito et al., 2007; Correa et al., 2012), leading to continued use and addiction. Additionally, acetaldehyde can contribute to the adverse effects of EtOH consumption, such as hangover symptoms and liver damage.



3 EtOH and sucrose

Alcoholic beverages are usually combined with soft drinks high in sugar (Samson et al., 1996). Early studies show that combining EtOH with sugar and other sweet molecules like fructose has a metabolic impact on EtOH’s pharmacokinetics, increasing EtOH blood clearance (Rawat, 1977). The predominant theory explaining the reason to mix sweet compounds with EtOH proposes that sugar and other sweeteners increase drinking by improving the taste of EtOH. Notably, Lemon et al. pointed to sucrose receptors as potential receptors for EtOH, given their findings on similar across-neurone response patterns to EtOH and sucrose (Lemon et al., 2004). This result suggests that both EtOH and sucrose are represented similarly by gustatory activity in the brain.

Consistent with this, it is known that several neural circuits responding to EtOH and sugar overlap (Barson and Leibowitz, 2016). Evidence shows a synergic effect of sucrose and EtOh on the activation of the nucleus accumbens shell, a region closely related to motivated behaviour (Czachowski and Samson, 2002; Stratford and Wirtshafter, 2011). Also, abundant preclinical work shows that, when binged on, sucrose can increase dopaminergic signalling to the nucleus accumbens in a similar fashion to what EtOH does (Rada et al., 2005; Rodríguez-Ortega et al., 2019).



4 EtOH and caffeine

The effects of caffeine on alcohol consumption have been extensively discussed (see López-Cruz et al., 2013 for a review). Some authors suggest that the enhanced arousal and subjective feeling of vigor brought on by caffeine may be the cause of the EDs’ facilitation of EtOH ingestion (Doggett et al., 2019; Oh et al., 2019). Caffeine and EtOH have complicated interactions in various domains. For instance, acute caffeine delivery appears to have the ability to enhance the stimulant effects of acute EtOH dosages at modest concentrations. However, a potentiation of the suppressive effects of both compounds is most noticeable at greater dosages of either caffeine or EtOH. On the other hand, it does not appear that continuous administration of either alters the acute levels at which locomotion can be induced.

Acute, low dosages of caffeine can counteract the effects of EtOH’s incoordination. However, high doses can intensify them. Interestingly, compared to A2A receptors, adenosine A1 receptors seem more crucial for these actions. Caffeine’s capacity to slow down the quick tolerance to EtOH’s effects on coordination has also been linked more to A1 than A2A receptors. However, there is a discrepancy in the literature. The specific effects of adenosine antagonism on EtOH self-administration may vary depending on conditions like dietary restriction, sexual activity, EtOH intake or reinforcement paradigms, or others. For instance, it has been proposed that the restricting effect of caffeine on EtOH intake may be due to high, intoxicating dosages of caffeine (Potthoff et al., 1983; Dietze and Kulkosky, 1991). However, the fact that prolonged caffeine prevented the impact of EtOH deprivation raises the possibility that caffeine may be effective in treating protective abstinence, but further research is needed to make this determination.



5 EtOH and B-vitamins

Vitamins are among the common ingredients added to energy drinks. Briefly, B2, B3, B5, B6, and B12 are the most frequent. In a recent study, Zielińska et al. (2022) analyzed the composition of various energy drinks. The authors report that vitamin B3 (niacinamide) content varied from 3.4 to 9.7 mg per 100 ml, with a higher amount usually found than that reported on the label. Another study analyzed 20 EDs and shots and concluded that vitamins B3, B6, and B12 were the most common; all of them well above the recommendations of daily value intake (Jagim et al., 2022).

Niacin has positive effects in restoring a healthy lipid profile and delaying the progression of atherosclerosis (Julius, 2015). It has been used for more than half a century in the treatment of lipid disorders, such as abnormally elevated concentrations of LDL, non-HDL cholesterol, triglycerides, and lipoproteins, and low concentrations of HDL (Julius, 2015; Garg et al., 2017).

EtOH consumption impairs vitamin function, especially B1, B2, B6, and B12 (Gibson et al., 2008; Miyazaki et al., 2012). However, some evidence suggests that a sufficient vitamin mixture in the diet could limit the negative effect of EtOH on B-vitamin metabolism (Miyazaki et al., 2012).

Unfortunately, the range variation of the different amounts of vitamins, together with the lack of behavioral studies on the combination of specific vitamins and EtOH, makes it extremely difficult to elucidate the individual or combined effect of these molecules on EtOH-induced behaviors.



6 EtOH and taurine

Taurine interacts mainly with glutamatergic and GABAergic receptors. According to in vitro research (Suárez and Solís, 2006), taurine activates presynaptic NMDA receptors at physiological levels while reducing glycine affinity for this receptor. One of the suggested explanations for the decrease in neuronal excitability brought on by taurine is this indirect suppression of NMDA signalling. Taurine’s interaction with the GABA system is one more way that it causes its inhibitory effects. It has been suggested that taurine functions as a positive allosteric modulator of the GABAA receptors’ alpha-2 subunit (Hansen et al., 2020). It is interesting to note that it has been proposed that EtOH acts on the same receptor.

Some studies suggest that injection of EtOH elevates taurine concentrations both centrally (brain) and peripherally (circulating blood). For instance, animal models show that taurine exerts protective effects by acting as an antioxidant, mainly by increasing glutathione and peroxide dismutase levels in the liver (Yildiz et al., 2019). Also, there is evidence that oral administration of taurine prevents the development of EtOH-induced hypertension in rats (Harada et al., 2000). Centrally, taurine is released in many alcoholism-related brain regions after both chronic and acute EtOH administration. Acute EtOH treatment in particular (0.5, 1, 2, and 3 g/kg, i.p.) enhances taurine release in the amygdala (Quertemont et al., 1998, 1999). On the other hand, voluntary ingestion of EtOH at 10% concentration stimulates taurine release in the nucleus accumbens (nAcc; Li et al., 2010). Contrary to this, other research demonstrates both prolonged and acute injection of EtOH lowers taurine levels in the brain (Iwata et al., 1980). Iwata et al. (1980) however, focused on the cerebellum, brainstem, and prefrontal cortex. This discrepancy should be taken into account when considering all the results.

Using the two-bottle choice paradigm, Pulcinelli et al. (2020) show that chronic taurine treatment (100 mg/kg, i.p.) increases rats’ voluntary alcohol intake and preference. Additionally, the rats subjected to chronic EtOH ingestion (20% w/v) showed anxiolytic effects. According to prior studies, the authors hypothesize that taurine’s anxiolytic effects may be caused by interactions with the GABA and DA systems. These results are relevant in view of the potential impact of taurine in AmEDs. In addition, taurine may augment the increased EtOH consumption linked to AmEDs in these beverages (Messiha, 1979). However, in more recent research on the interaction between taurine and EtOH, the co-treatment of taurine and EtOH did not have any discernible effects on ataxia, loss of the righting reflex, or locomotor activity. Only one strain of mice was used for the study (C57BL/6J mice), and taurine supplementation alone only marginally improved locomotor activity during the first five minutes following injection. This shows that genetics may affect how people react to taurine and may be a topic to investigate when thinking about AmEDs. Ulenius et al. recently confirmed these findings. The authors found no difference in the animals given with vehicle vs. taurine at 30, 60, 300, or 600 mg/kg (i.p.) in terms of their ability to move (Ulenius et al., 2019). For a review of the behavioral and cognitive effects of taurine on AmEDs mixed with EtOH, see Tarragon et al. (2021).



7 EtOH and energy drinks

Energy drinks provide immediate access to relatively high doses of caffeine and raise the possibility of clinically significant interactions between caffeine and EtOH when combined. There is a considerable amount of evidence connecting AmEDs to higher levels of alcohol consumption (Marczinski and Fillmore, 2014; Asorey et al., 2018; Doggett et al., 2019). Most of the research indicates that overall EtOH consumption at the end of a drinking session increases when caffeinated beverages add to the mix (Simon and Mosher, 2007; Verster et al., 2018). It has also been demonstrated that AmED, as opposed to EtOH alone, encourages a higher conditioned response to environmental signals linked with EtOH (Takahashi et al., 2015).

In a recent study, it was shown that rats are capable of self-administrating an energy drink called Red Bull® that contains sucrose (11%), taurine (0.4%), and caffeine (0.32%). Additionally, it is shown that Red Bull® (RB) + EtOH self-administration is linked to drinking alcohol in larger quantities, resulting in greater levels of EtOH in the blood (Roldán et al., 2018). This highlights the danger that AmED may pose in encouraging the development of addictive behaviors (May et al., 2015).

In another recent study, the likelihood of consuming AmEDs shortly nearly doubles if a person recently took non-alcoholic EDs (Doggett et al., 2019). Some of the chemicals found in EDs may improve EtOH’s reinforcing characteristics, lessen the aversive effects it causes, or both (Roldán et al., 2018). These data demonstrate the potential value of pharmacological substances other than caffeine in investigating AmEDs. Hence the importance of understanding the individual effects of these various chemicals.



8 Conclusion

Evidence shows that AmEDs are especially harmful during critical developmental periods, like adolescence and the prenatal phases (Brown et al., 2008; Squeglia et al., 2009; Al-Basher et al., 2018). Significantly, the consumption of AmEDs is increasing among pregnant women, who are mostly unaware of the potentially harmful effects on their unborn offspring, sometimes carrying over into puberty (Alamneh et al., 2020; Lees et al., 2020). According to numerous research, the primary motivations for combining EDs with EtOH, are to mask EtOH’s flavor, raise arousal levels, and quicken drunkenness (Peacock et al., 2015; Verster et al., 2018; Doggett et al., 2019). There is a lot of information on the interactions between EtOH and sucrose (Sharpe and Samson, 2003; Avena et al., 2004; Dorofeikova et al., 2017), as well as EtOH and caffeine (Kunin et al., 2000; Ferré and O’Brien, 2011; López-Cruz et al., 2013). However, studies addressing the potential impact of other common ingredients in these drinks are surprisingly rarer. This review hopes that it will be helpful not only to researchers looking for a place to start when developing studies focused on the voluntary use of EtOH and EDs but also to be of interest to the younger and pregnant population of potential risks these beverages imply.
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