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INTRODUCTION

Energy drinks (EDs) are a type of functional beverage advertised to 

help improve concentration and recover from fatigue. Since the release 

of Red Bull in the U.S. in 1997, it has continued to gain popularity 

among young consumers [1]. According to the 2018 survey of energy 

beverage usage among Korean adolescents, consumption has been re-

ported to be almost daily by 3.3%, one to two times a week by 10.9%, one 

to two times a month by 27.7%, and 58.1% respectively. However, as the 

grade level of adolescents increases, their drinking rate gradually in-

creases as well among high school students, 5.6% consume EDs daily, 

14.7% once a week, 32.4% once a month. Of the total, 52.7% reported 

drinking energy drinks, higher than the average of all adolescents [2].

The main ingredients of EDs are caffeine, taurine, vitamin B, and 

sugar [3]. These drinks typically contain more than 80 mg of caffeine per 

250 mL, labeled as “high caffeine content.” One can of ED represents 

70% of the maximum recommended daily intake of caffeine. Caffeine is 

a commonly used psychostimulant that has a chemical structure similar 

to that of adenosine, preventing adenosine from binding to the adenos-

ine receptor in the brain [4]. These caffeine actions can constrict blood 
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vessels in the brain, and the decrease in brain blood flow contributes to 

changes in cognitive function [5]. Some EDs contain up to 17 teaspoons 

of sugar [3]. The consumption of excess sugar is known to have adverse 

physical and mental effects. Indeed, several components of EDs can 

cause synergy problems. Increased ED intake and caffeine-related over-

dose have negative effects on cardiovascular health, such as arrhythmia 

[6]. Results of studies to mental health as well as the physical effects of 

EDs have identified associations between ED consumption and mental 

health issues, such as anxiety and depression symptoms [7]. In addition, 

studies have shown that the EDs consumed by American college stu-

dents for psychotropic effects are associated with a low-grade point aver-

age (GPA) scores [8]. 

Adolescence is a transitional period from childhood to adulthood, 

with changes in physical and mental abilities [9]. Adolescents’ brains are 

structurally and functionally changed and gradually reconstructed. Es-

pecially in adolescence, information processing speed and working 

memory are most noticeably improved [10]. Growing adolescents who 

consume EDs may show abnormal physical symptoms, such as impaired 

growth, palpitations, and insomnia [11,12]. In addition, students who 

consumed EDs show a significantly increased risk for suicidal thoughts 

compared with those who do not drink EDs [13]. Consumption of high-

caffeine EDs in adolescence is associated with alcohol abuse in college 

[14]. Increased hospitalization and deaths from ED consumption have 

been reported [15]. However, there have not been many studies on EDs, 

concentration improvement, and mental health, and most studies have 

been conducted on adults; research on adolescents is very insufficient [7]. 

The brain of adolescents undergoes a different developmental process to 

that of adults, and as such, research results in adults may not apply 

equally. Moreover, the effects or side effects of EDs may be different 

from those of adults. EDs are popular among adolescents, but the long- 

and short-terms effects of chronic use of EDs with high caffeine and 

various additives are not fully understood.

The present study aimed to identify changes in psychomotor activity, 

such as anxiety, depression, and cognitive function, by administering 

EDs to adolescent rats for a long or short time. 

METHODS

1. Animals

Male Sprague Dawley rats weighing 180 ± 20 g, 6 weeks old, were pur-

chased through Orient Bio (Seongnam, Korea). The sample size (num-

ber of animals) is calculated from the ‘resource equation,’ and 5 to 7.5 

animals per group are needed [16]. However, according to the protocol 

of the open field test and the forced swim test, which are behavioral tests, 

8-20 rats need per group [17,18]. Finally, a total of 27 animals were used, 

9 per group. Animals were housed in a place where water and food were 

freely consumed, and the environment was regulated (22 ± 2°C, the hu-

midity of 50%), and day and night cycle (12 hr light/12 hr dark) con-

trolled conditions. After a week’s adaptation period, animals were ran-

domly assigned to the control group (CON), long-term intake group 

(LT), and short-term intake group (ST).

2. Energy drink application

In this experiment, commercially available energy drinks were used 

in the research to confirm the overall effect of energy drinks rather than 

specific ingredients. The drinks stir in room temperature at 100 RPM, to 

remove the CO2 contained in the energy drink, and then used to con-

firm that all air bubbles were removed. According to McConnell (2008), 

the maximum oral dose in rats is 10 mL - 20 mL/kg [19], and according 

to a survey by Yoo & Shim (2014), the maximum consumption of energy 

drinks in Korean university students was two cans per day [20]. Howev-

er, the half-life of caffeine in humans is 2.5-4.5 hours, whereas rats have a 

pharmacokinetic difference of 0.7-1.2 hours [21], so more doses should 

be administered. Therefore, we administered 1.5 mL/100 g of the drink 

twice a day (9 am/9 pm), which is four cans of human consumption. The 

long-term administration group (LT) was administered for 14 days, and 

the short-term administration group (ST) was administered for one day 

on the day of the behavioral experiment. The control group also received 

normal saline at the same time and the same method to give the same 

stress due to oral administration.

3. Behavioral tests

1)�Open�field�test

The Open-field test (OFT) measures activity to determine of anxiety-

like behavior. Before the behavioral experiment, the laboratory environ-

ment was prepared at a temperature of 23°C, and the lighting slightly 

dark. Rats are moved to the test site at least 1 hour in advance to adapt to 

the environment. Rats were placed in a box (77× 77× 25 cm), acclima-

tized for 60 seconds, and observed for 5 minutes. The mobility and ac-

tivity of the rat were observed by dividing the section into 16 identical 
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square lines inside the box. At the end of each experiment, the inside of 

the box was washed with 70% ethanol. Measure the number of move-

ments from the side and center. It was counted as a movement when all 

four legs of the rat passed.

2)�Forced�swim�test

Forced swim test (FST) is a behavioral test for rodents developed as a 

model for predicting the clinical efficacy of antidepressant drugs. Prepare 

a cylindrical water bottle (100 cm in height and 30 cm in diameter) and 

fill 2/3 of the water (22 ± 2°C). Each of the Rats was dropped into a trans-

parent cylindrical number. When the animal is first submerged in the 

tank, the animal’s head is gently placed so that it does not fall into the wa-

ter. The first day was trained for 10 minutes, and the next day conducted 

the test for 5 minutes. The water in the tank was changed whenever the 

group changed. After the experiment, the video is analyzed to measure 

mobility and immobility. The immobility was a moment of floating on 

the surface of the water without hope without overcoming the stressors. 

In other words, immobility time means depressing-like behavior.

3)�Novel�object�recognition�test

The novel object recognition test (NOR) is used to evaluate cognitive 

function in animals. This test is a revised version, with habituation, ex-

ploration, and new recognition periods, assessed by the difference in 

search time for new or familiar objects. One day before the test, rats are 

exposed to the test space for 5-minute habituation. On the first day, two 

identical objects (A+A) are placed in a test box (60 × 60 × 40) a few centi-

meters from each other. After 20 seconds of acclimatization time, record 

the pattern of object search for 10 minutes. On the second day of the test, 

two different objects (A+B) are placed, where A is the same object used 

in the familiarization session, and B is the new object (Figure 1A). As in 

the first test, after 20 seconds of adaptation, rats are probed for 10 min-

utes to record the object. After the experiment, the video is analyzed to 

measure the time of interest in each object. Interest was based on the 

distance ≤ 2 cm between the nose and the object. The difference be-

tween groups was analyzed by calculating the discrimination ratio (DR).

Discrimination ratio =    

(TN: time exploring novel object, TF: time exploring familiar object)

4)�8-arm�radial�maze�test

An 8-arm radial maze is presented in Figure 1B. It has eight arms, and 

the labyrinth wall is made of transparent material so that rats can see 

clues such as the surrounding lab desk, wall corners, and pictures hang-

ing on the wall. Food is placed at the end of each radioactive maze. Rats 

can visit eight arms to gain food. If the visited arm is revisited, it is set as 

an error. In addition to learning spatial cues, rats need to remember the 

arm they visited and the one they didn’t. The two types of memory eval-

uated in this test are reference memory and working memory. In this 

experiment, the traditional 8-arm radial maze test is modified and used 

to remove water instead of food. The 8 arm radial maze test was tested in 

the CON and LT groups to assess spatial learning and memory. Because 

the ST group was administered only one day on the last day of the be-

havioral test, it was excluded from this test, which took three days. Re-

move water from the cage the day before training. On the training day, 

place 20 μL of water at each end of the 8-arm maze. If the rat is unable to 

locate the arm within 120 seconds, carefully guide the rat to the nearest 

Figure 1. Setting up cognitive function test. The process of novel object recognition test (A), schematic represent of 8-arm radial maze test (B).
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arm for 10 seconds so that it can recognize the target location. After 24 

hours, the test is conducted. Place the rat in the central space, enter each 

of the eight arms, and record the take time and the correct number of 

times it takes to find water in each of the eight arms. The time limit is 8 

minutes. For accurate results, the experiment was repeated three times, 

and the average value was used.

4. Statistical analysis

Statistical analysis was performed using the SPSS Ver. 25.0 (IBM-SPSS 

Inc., Chicago, Illinois, USA). All data were shown as the standard error 

of the mean (SEM) and evaluated for normal distribution by the Shap-

iro-Wilk test. When the normal distribution and the Levene test are sat-

isfied, the differences of each group were tested using the One-way 

ANOVA test and the Scheffe’s test (Post-hoc). Statistical significance was 

limited on p< .05. If the normal distribution or the Levene test are not 

satisfied, the group differences were compared using the nonparametric 

test, the Kruskal-Wallis test. If there is a significant difference between 

groups after the Kruskal-Wallis test (p< .05), the Mann-Whitney test is 

performed for each group. And then the Bonferroni method (0.05/3) is 

considered post-hoc (p< .0167).

5. Ethical consideration

This study follows the policies of the Animal Experimental Ethics 

Committee and the laws related to animal experiments and conducted 

animal experiments in by 3R (replacement, refinement, reduction) prin-

ciples. All participants in this study completed the training of users of 

laboratory animal facilities and received appropriate training such as 

handling animals, administering anesthetics, and sterilizing them. All 

procedures were conducted after the approval of the study by the Animal 

Experimentation Ethics Committee of K University (KHSASP-19-227).

Figure 2. Change of body weight. Weekly body weight gain (A), Body weight after intervention of energy drink (B). Data are expressed as mean ± S.E. 
S.E = Standard errors (*p < .05 compare to the CON group, #p < .05 compare to the LT group); CON = Control group, LT = Long-term intake group; 
ST = Short-term intake group.
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RESULTS

1.  Effects of long- and short-term administration of energy 

drinks on weight gain

Before the start of the intervention, the mean body weight (g) was 

156.22 ± 2.27 in the CON group, 159.33 ± 1.53 in the LT group, and 159.11

± 1.46 in the ST group, and there was no difference between the control 

group and the experimental group. (F = 0.94, p= .405) (Figure 2A). After 

an intervention, body weight (g) was measured as 312.89 ± 3.59 in the 

CON group, 326.44 ± 1.99 in the LT group, and 316.22 ± 2.12 in the ST 

group, with significant differences between the groups (F =7.00, p= .004). 

As a result of post-hoc analysis, a significant difference occurred between 

the CON and the LT group (p = .006) and the LT and the ST group 

(p= .041) (Figure 2B).

2.  Effect of long- and short-term administration of energy 

drinks on anxiety- and depression-like behavior

In the open field test, an increase of activity of the side region, avoiding 

exposure in exploratory behavior is an expression of anxiety. The total 

movement time (sec) was 39.86 ± 5.64 for CON, 74.67± 7.64 for LT Group, 

and 40.14 ± 7.57 for ST Group. It was significantly higher in the LT group 

compared to the CON group and the ST group (F =7.81, p= .004) (Figure 

3A). Spent of time(sec) in the side region, was measured as a CON group 

37.14 ± 4.88, LT group 71.33 ± 6.18, and ST group 43.00 ± 6.51 (F = 9.79, 

p= .002). Compared to the control group, the movement of the LT group 

to the side region increased (p= .003), and it was measured higher than 

the ST group (p= .014) (Figure 3B). However, the time spent in the center 

area was not different between groups (F = 0.45, p= .642) (Figure 3C).

In the forced swim test (FST), immobility time means learned help-

lessness and is used as depression-like behavior. Immobility time (sec) 

was 21.71± 3.64 in the control group, 40.59 ± 6.44 in the LT group, and 

19.44 ± 2.49 in the ST group (F = 6.51, p= .006). The LT group increased 

the immobility time compared to the CON group and the ST group (re-

spectively p= .036, p= .011). ST Group was no different from the CON 

group (Figure 4).

3.  Effect of long- and short-term administration of energy 

drinks on cognitive behavior

Novel object recognition test was conducted to evaluate learning and 

memory. There were differences between groups (χ2 = 8.38, p= .015). As 

a result of the Mann-Whitney test for each group, the LT group was sig-

nificantly reduced compared to the control group (Z = -2.82, p= .003), 

but there was no significant difference from the ST group (Z = -2.16, 

Figure 4. Immobility time in forced swim test. Data are expressed as 
mean ± S.E. 
S.E = Standard errors (*p < .05 compare to the CON group, #p < .05 
compare to the LT group); CON = Control group; LT = Long-term intake 
group; ST = Short-term intake group.
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p= .029) (Figure 5A).

An 8-arm radial maze test was performed to evaluate learning and 

memory between the control and LT groups. The number of correct was 

7.11 ± 0.26 for the CON group and 5.67± 0.24 for the LT group, which 

significantly reduced the spatial cognitive function in the long-term ad-

ministration group of energy drinks (Z = -2.98, p= .003) (Figure 5B).

DISCUSSION

This study highlighted the behavioral changes caused by long-term 

ED consumption in adolescence. The long-term intake EDs increased 

anxiety- and depression-like behavior, as well as decreased learning and 

memory function. In the long-term administration group (LT) showed a 

significantly increased body weight compared with the control and 

short-term administration (ST) groups. EDs contain plenty of sugar and 

caffeine [22]. In our study, the amount of ED consume by the animals 

was 3 mL per day, which contained 1.1 mg of caffeine and 456 mg of 

sugar. In terms of human consumption, their consumption is equivalent 

to four cans, and the sugar content would be 152 g (56 sugar cubes). Park 

et al. (2019) reported that long-term administration of high-level caffeine 

is not associated with weight gain [23], although another study suggested 

that caffeine consumption may reduce insulin sensitivity [24]. Rush et al. 

(2006) confirmed that the combination of sugar and caffeine in EDs can 

contribute to obesity by promoting insulin resistance and fat production 

through increasing carbohydrate oxidation and reducing lipid oxidation 

[25]. As such, the present results are in line with those in previous stud-

ies. However, it is difficult to determine the risk of obesity in EDs based 

on the results of this study.

In the OFT and FST of this study, the ST group did not show reduced 

anxiety, depression, or motility. This result is contrary to a previous 

finding that EDs increase physical performance in exercise [26]. In the 

LT group, the activity increased by 1.87 times compared with the control 

group. This difference is thought to be owing to the 1.92-fold increase in 

the time in the side region. Notably, the LT group showed increased 

anxiety- and depression-like behaviors. Studies related to mental health 

and EDs have conflicting findings. Results have shown that EDs have a 

positive effect on mood, vitality, and social extroversion [7]. Meanwhile, 

other studies have reported an increase in tension and anxiety scores as 

an adverse effect [27]. The previously reported improvement effect of 

EDs on attention seems to be temporary, and a direct comparison is not 

possible given that the study experimented with human adults. Chronic 

use of EDs drinks has been reported to be sufficiently related to anxiety, 

depression, self-mutilation, and suicidal thoughts [28]. The results of our 

study also provide consistent results.

In the two cognitive-behavioral tests in this study, the LT group had 

significantly reduced spatial learning and memory function compared 

with the control group. In particular, the eight-arm radial maze allowed 

us to evaluate the reference memory (when entering the arm to find com-

pensation) and working memory (when entering the other arm from the 

arm previously entered). The decrease in the number of correct attempts 

in the LT group suggested that the long-term consumption of EDs can 

interfere with learning and memory. According to previous studies the 

higher the energy drink consumption of students, the lower their grade 

point average (GPA) score [29]. Our findings support the results of previ-

ous studies.  

The results of the four behavioral tests showed that long-term admin-

istration of EDs increases behavior such as anxiety and depression, re-

sulting in reduced memory owing to decreased concentration. Histo-

logical analysis after three weeks of ED administration in a similar ex-

perimental design to this study showed a reduction of neurotransmit-

ters, such as NE, DA, and GABA in the hippocampus of rats [30]. How-

ever, this previous study did not perform behavioral tests, so it is difficult 

to explain causal relations with respect to the current study. Other stud-

ies have shown that high sugar intake leads to brain inflammation and 

memory impairment [31]. Additionally, high concentrations of caffeine 

have been reported to cause short-term memory impairment in adoles-

cent rats [32]. Therefore, the effect of EDs on reducing cognitive function 

may be attributed to the sugar or caffeine content. This study did not in-

dependently test the components, it was not possible to determine 

whether the decline in cognitive function was due to the high concen-

trations of sugar or caffeine. Nevertheless, the current results are relevant 

because most EDs contain high levels of both caffeine and sugar. 

An important implication of this study is that the long-term con-

sumption of EDs using laboratory animals showed increases in anxiety- 

and depression-like behaviors, and also decreases in learning and mem-

ory. In animal experiments, strict environmental control is possible, and 

behavior tests can be applied in the same way, thereby enabling the pro-

duction of meaningful data and evidence. Moreover, long-term applica-

tion for 14 days in rats makes more sense because it corresponds to one 

year in human time. However, to reveal the overall long- and short-term 
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effects, analysis of each ingredient and component combination is re-

quired. This is a limitation of the present study. Future research should 

investigate the effects of individual components and concentrations. 

Despite evidence that the consumption of EDs is associated with adoles-

cents’ health and risky behavior, EDs continue to be popular with young 

consumers. Therefore, more research is needed in the future.

CONCLUSION

Anxiety- and depression-like behaviors increased, and the function 

of learning and memory decreased in adolescent rats that consumed 

EDs for a long time. Nurses and health care providers should be knowl-

edgeable about the risk of ED consumption in adolescents to provide 

proper education and conduct appropriate practice.
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