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Abstract. – OBJECTIVE: In this study, we sought 
to investigate the effects of energy drink supplemen-
tation and treadmill exercise on the levels of free 
radicals, antioxidants, Angtpl8, Elabela, and lipid 
metabolism in rats. 

MATERIALS AND METHODS: A total of 28 male 
Wistar albino rats (4 weeks old, 101.96 ± 9.75 g) were 
included in the study. The rats were randomly divid-
ed into four equal groups: control, exercise, supple-
ment, and exercise+supplement groups. At the end 
of the study, the rats were decapitated, and blood 
samples were tested for levels of Angptl-8, ghrelin, 
leptin, irisin, SOD, CAT, TBARS, total oxidant status, 
and total antioxidant status using enzyme-linked im-
munosorbent assay. Levels of blood lipids including 
triglycerides, total cholesterol, HDL-C, and LDL-C 
were studied using spectrophotometric method in 
an auto analyzer. 

RESULTS: Statistical analysis showed statisti-
cal significance in TBARS, LDL-C, irisin, Angptl-8, 
and Elabela levels of the exercise group; SOD and 
HDL-C levels of the supplement+exercise group; 
and total cholesterol levels in the supplement group 
(p < 0.05). Although there were differences between 
the groups in leptin, ghrelin, and CAT levels, they 
were not statistically significant (p > 0.05). 

CONCLUSIONS: As a result, it can be argued that 
treadmill exercise is important in regulating lipid 
metabolism and stimulating peptide hormones and 
receptors. Furthermore, consuming energy drinks 
without performing exercise or physical activity in-
creases fat stores, and such increases in the critical 
organs and tissues may pose a threat to the body.
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Abbreviations: 
CAT: Catalase; HDL-C: High density lipoprotein cho-

lesterol; LDL-C: Low density lipoprotein cholesterol; 

SOD: Superoxide dismutase; TAS: Total antioxidant sta-
tus; TBARS: Thiobarbituric acid-reactive substances; TG: 
Triglyceride; TOS: Total oxidant status.

Introduction

The importance of exercise is understood day 
by day. Individuals are negatively affected by en-
vironmental factors such as eating habits, heavy 
work schedule, and stress, and choose a sedentary 
life. Stress factors, negative eating habits, and 
lack of regular and adequate nutrition make the 
human body susceptible to diseases. Scholars1 have 
proved that exercise has many positive physiologi-
cal, physical, psychological, and dynamic effects. 
Regular exercise increases oxygen consumption in 
the activated muscles. Depending on the amount 
of oxygen consumption, reactive oxygen species 
are released in the body, increasing oxidative stress 
and potentially causing damage to many tissues 
and organs2. Moreover, these radicals increase 
during exercise and return to their former levels 
after exercise. Increased contraction and function-
ing of the skeletal muscle cells affect metabolism, 
causing an increase in cytokines. Exercise induces 
an excessive production of various anti-inflamma-
tory cytokines, which leads to the development of 
an acute phase response by the body3.

The excessive consumption of energy drinks 
is increasing, and many ignore the effects of the 
ingredients that these drinks contain. People con-
sume energy drinks with different motivations, 
for example, to have fun, improve performance, 
or enhance concentration. As a result, they suffer 
negative physical, physiological, and psychologi-
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cal problems4. It is thought that an arbitrary con-
sumption of energy drinks by individuals with a 
sedentary lifestyle not only provides energy but 
also promotes metabolic distress and leads to fat 
storage in some organs and tissues of the body. 
Energy drinks are used extensively, especially by 
young people and athletes. They contain caffeine 
in large amounts and vitamin complexes in differ-
ent doses. Excessive consumption of energy drinks 
has become very common due to its perceived ben-
efits such as improving cognitive and psychomo-
tor functions, minimizing fatigue, and enhancing 
performance and endurance5,6.

Based on this information, what effects ener-
gy drinks would have when they are consumed 
with or without subsequent exercise is a matter 
of interest. Therefore, in this study, we aimed at 
investigating the effects of energy drink supple-
mentation and treadmill exercise on the levels of 
free radicals, antioxidants, Angtpl8, Elabela, and 
lipid metabolism in rats.

Materials and Methods

Animals
Male Wistar rats (4 weeks, 90-130 g body 

weight) were obtained from the Firat University 
Experimental Research Center (FÜDAM) and used 
in this study. Rats were maintained in a standard 
laboratory environment (temperature: 22 ± 2 °C, 
relative humidity: 55 ± 5% and 12/12 h light/dark 
cycle). Animals were given a standard diet which 
was daily refreshed on a regular basis and their 
hygiene was maintained. The experiment was car-
ried out at FÜDAM. This study was approved by 
the Animal Ethical Committee of Firat Universi-
ty (FÜHADEK) (2017/20/224), carried out with 
the project number BSY.18.10 of Firat University 
Scientific Support, and provided by the Research 
Projects (FUBAP) coordination unit. All experi-
ments were performed in accordance with the in-
ternationally accepted standard ethical guidelines 
for laboratory animal use and care, as described in 
the European community guidelines7; EEC Direc-
tive 86/609/EEC, of the 24th of November 1986.

Experiment Design
Power analysis was carried out to generalize the 

results obtained for the assignment of the experi-
mental groups and to have a sufficient number of 
samples. The power analysis resulted in groups of 
7 members each (Figure 1). 28 male Wistar albino 
rats (4 weeks old, mean weight: 101.96 ± 9.75 g) 
were included in the study. The rats were obtained 

from FÜDAM, and they were cared for and fed in 
the same center. During the study, the rats were 
housed in standard laboratory conditions, with con-
stant temperature (22°C-25°C), 40% ± 5% humid-
ity, and 12:12-h day-night cycles, and were taken 
care of in special cages. This also included daily 
cleaning under the surveillance of a veterinarian. 
They were fed with pellet feeds ad libitum. 

- Control group (n = 7): The animals in this 
group did not receive any treatment, and standard 
feed was fed to them. 

- Exercise group (n = 7): The animals in this group 
were fed with a daily standard diet and engaged in a 
30-min treadmill exercise daily for 4 weeks. 

- Supplementation group (n = 7): In addition to 
a daily standard diet, the animals in this group were 
administered energy drink by the gavage method 
(3.57 ml/kg/day) once a day for 4 weeks. The sup-
plementation dose was increased as the experimen-
tal animals were followed up for their weight on 
a weekly basis. Based on their mean weight, the 
animals received a commercially available energy 
drink (RedBull) supplementation of 3.57 ml/kg in 
the first week, 7 ml/kg/day in the second week, 
and 10 ml/kg/day in the third and fourth week. The 
energy drink supplement was administered daily to 
each rat by the gavage method in a single dose at 
the same time in the morning8,9. 

- Supplement+exercise group (n = 7): In ad-
dition to a daily standard diet, the animals in this 
group received a single dose (3.57 ml/kg/day) of 
energy drink by the gavage method for 4 weeks 
and engaged in 30 min/day of treadmill exercise 
for 4 weeks.

Treadmill Exercise Programs
The treadmill exercise procedure in this study 

was performed using a treadmill designed for 
rats10. The animals assigned for exercise engaged 
in treadmill familiarization training for 2 weeks. 
They underwent the familiarization training at a 
minimum speed of 10 cm/s and 0% incline for 15 
min a day on a treadmill consisting of 5 separated 
lanes designed for rats. Later, the rats performed 
running exercise at an average speed of 45 cm/s for 
30 min, 5 days a week for 4 weeks in accordance 
with the treadmill protocol developed by Rico et 
al10. In order to keep the rats running during the 
exercise period, they were given an electrical stim-
ulus of 100 mV when needed.

Biochemical Analysis
At the end of the 4-week experimental period, 

the rats were decapitated in a sterile environment 
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Figure 1. The flow Diagram of the study.  G: Group.
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Table I. Alteration of lipid profile in rats with and without energy drink and treadmill exercise.

Parameters CG (Mean + SD) EG (Mean + SD) SG (Mean + SD) E + SG (Mean + SD)

Chol (mg/dL) 53.42 ± 5.12 40.00 ± 7.89a 52.14 ± 8.27b 47.71 ± 8.36
TG (mg/dL) 40.71 ± 5.40 38.57 ± 9.28 44.85 ± 9.90 35.57 ± 11.58
HDL-C (mg/dL) 22.42 ± 4.03 28.28 ± 3.14a 25.14 ± 3.89 29.57 ± 2.93a

LDL-C (mg/dL) 18.42 ± 6.37 11.42 ± 2.93a 18.28 ± 4.88b 15.42 ± 4.15

CG: Control group. Chol: Total cholesterol. EG: Exercise group. E+SG: Supplement + exercise group. HDL-C: High-density 
lipoprotein cholesterol. LDL-C: Low-density lipoprotein cholesterol. SG: Supplement group. TG: Triglyceride. a: vs. CG (p < 
0.05). b: vs. EG (p < 0.05).

and blood samples were collected in tubes con-
taining aprotinin and centrifuged at 4,000 rpm for 
5 min to separate the serum. The contents were 
transferred into previously assigned and num-
bered Eppendorf tubes and stored at -80°C until 
analysis. For studying blood lipids, including to-
tal cholesterol, high density lipoprotein cholester-
ol (HDL-C), low density lipoprotein cholesterol 
(LDL-C), and triglycerides, we centrifuged the 
samples at 4,000 rpm for 5 min in a Nüve brand 
centrifuge, performed analysis in a Beckman 
Coulter autoanalyzer, and recorded the results. 
Angiopoietin-like protein-8 (Angptl-8), ghrelin, 
leptin, irisin, superoxide dismutase (SOD), cata-
lase (CAT), thiobarbituric acid-reactive substanc-
es (TBARS), total oxidant status (TOS), and total 
antioxidant status (TAS) analyses were performed 
using Andy Gene kits (AndyGene Biotechnology 
Co., Ltd., Beijing, CHINA) and enzyme-linked 
immunosorbent assay in accordance with the 
manufacturer’s protocol.

Statistical Analysis
The data obtained were analyzed using statis-

tical SPSS 22.0 software (IBM Corp., Armonk, 
NY, USA). To test the normality of the data, Sha-
piro-Wilk test was used, and the data were found to 
be non-normally distributed. Kruskal-Wallis test, 
which is a nonparametric test, was used for the 
analysis. The Mann-Whitney U test was used to 
determine differences among the groups. The data 
were presented in tables as mean, standard devia-
tion, and standard error, and the significance level 
was set at p < 0.05.

Results

HDL-C levels were found to be statistically 
significantly higher in the E and E+SG groups 
compared to the control group (p < 0.05) (Table 

I). When total cholesterol and LDL-C values were 
compared between the groups, it was observed that 
there was a statistically significant decrease in E 
group and increased in S group (p < 0.05) (Table I). 

When statistical analyses were performed, a 
statistically significant increase was observed in 
TBARS (pg/mL) and SOD (ng/mL) levels among 
the experimental groups (p < 0.05). There was a 
statistically significant decrease in TBARS levels 
in the S group when compared with only the E 
group (p < 0.05) (Figure 2A). When TOS (μmol 
H2O2 equivalent/L) levels were compared between 
the experimental groups, statistical increases were 
determined (p < 0.05) (Figure 2B). The changes 
in TAS (mmol Trolox q/L unit) and CAT (U/mg) 
levels between the experimental groups were not 
statistically significant (p > 0.05) (Figure 2B).

A statistically significant increase was found 
in Irisin (ng/mL) and Elabela (ng/mL) levels in 
E groups when compared with C groups, where-
as there was a statistically significant decrease in 
Angptl-8 (pg/mL) levels (p < 0.05). In addition, 
statistical analyses showed that there were sta-
tistically significant increases and decreases in 
Angptl-8 and Elabela levels among the experimen-
tal groups (p < 0.05) (Figure 3). Although there 
was a difference between the groups in terms of 
leptin (ng/mL) and ghrelin (ng/mL) levels, it was 
not statistically significant (p > 0.05) (Figure 4).

Discussion

In this study, we investigated the effects of en-
ergy drink supplementation and treadmill exercise 
on the levels of Angtpl8, Elabela, free radicals, an-
tioxidants, leptin, ghrelin, irisin, and lipid metab-
olism in rats.

Studies11,12 investigating the effects of exercise 
have found that it induces increased production of 
free oxygen radicals, leading to oxidative stress; 



Figure 2. Alteration of TBARS, SOD (A) and TOS, TAS, CAT (B) in rats with and without energy drink and treadmill exercise. 
CAT: Catalase. CG: Control group. EG: Exercise group. E+SG: Supplement + exercise group. SG: Supplement group. SOD: Superoxide dismutase. TAS: Total antioxidant status. TBARS: 
Thiobarbituric acid-reactive substances. TOS: Total oxidant status.
a:  vs. CG (p < 0.05). b: vs. EG (p < 0.05). c: vs. SG (p < 0.05).
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Figure 3. Irisin, Angptl-8 and Elabela levels in rats with and without energy drink and treadmill exercise. CG: Control group. 
EG: Exercise group. E+SG: Supplement + exercise group. SG: Supplement group. a: vs. CG (p < 0.05). b: vs. EG (p < 0.05).

conversely, it also affects antioxidant enzyme ac-
tivity, thereby contributing to the development of 
defense against oxidative stress. In our study, we 
investigated the effects of treadmill exercise after 
energy drink supplementation on oxidative damage 
markers, such as TOS and TBARS, and observed 
that TOS was high in the supplement+exercise 
group, followed by the exercise group. TBARS 
levels (pg/mL) in the exercise group were found 
to be much higher than that in the other groups, 
and the difference was found to be statistically 
significant (p < 0.05). When we compared the 
supplementation group with the exercise group, 
significant differences were found in the supple-
mentation group and a highly significant difference 
was observed between the exercise and control 
groups. In the scientific literature, free radicals and 
oxidative damage markers indicating that exercise 
increases oxidative damage have been previously 
studied. In contrast, Aksu et al13 showed that acute 
exercise did not cause oxidative damage in the rat 
brain and suggested that free radicals could have 
effects on different organs. In our study, according 
to antioxidant serum levels, the highest TAS was 
found in the group that received energy supple-
mentation, while the lowest TAS was observed in 
the exercise group. CAT, one of the antioxidants, 
was found to be the highest in the exercise group 
and the lowest in the control group. Higher CAT 
levels in the group that received supplementation, 
but no exercise as compared to that in the control 

group, suggested that the energy drink helped to 
increase the level of antioxidants. SOD levels were 
found to be the highest in the supplement+exercise 
group. According to the results of statistical analy-
ses, significant differences were found in the com-
parison between the experimental groups and con-
trol group (p < 0.05). Findings suggest that energy 
drinks are beneficial in increasing antioxidants, i.e., 
in activating defense mechanisms. Exercise creates 
positive effects for many systems and contributes 
to endocrinological regulation. In particular, it has 
been reported that regular physical activity or exer-
cise reduces the incidence of coronary heart diseas-
es, ischemic necrosis, and related mortality rates 
in humans14. It has also been reported that exercise 
reduces triglyceride (TG) levels, increases HDL-C 
levels, lowers blood pressure, regulates endothelial 
function and hemostatic factors, and minimizes the 
risk of metabolic syndrome and the development 
of type 2 diabetes15.

In our study, we observed that the total choles-
terol levels of the rats were the lowest in the exer-
cise group and the highest in the control group. The 
intake of energy drink without physical activity 
may have contributed to fat storage in the tissues 
and higher cholesterol levels in the supplement 
group as compared to the exercise group. Statis-
tical analysis results, comparing the control and 
exercise groups, showed significance at a level of p 
< 0.05 in favor of the exercise group. In our study, 
the highest HDL-C levels were observed in the 
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supplement+exercise group, whereas the lowest 
HDL-C levels were observed in the control group. 
In addition, the difference between the supple-
ment+exercise group and control group was found 
to be statistically significant (p < 0.05). These re-
sults suggest that HDL-C levels were high due to 
exercise or physical activity; in addition, exercise 
combined with energy drink supplementation con-
tributed to increasing HDL-C levels. It has been 
emphasized in some studies that at least 5 weeks 
of regular exercise schedule should be followed in 
order to see positive changes in blood lipids16. In-
creases in HDL-C levels are attributed to different 
mechanisms, the most important being an increase 
in lipoproteins, thereby leading to increased lipase 
activity, TG breakdown, and substrate supply17. In 
our study, the highest LDL-C levels were observed 
in the control group and the lowest were observed 
in the exercise group; when considered in conjunc-
tion with other blood lipids, these values might be 
interpreted by possible positive effects of exercise 
and energy drink. LDL-C levels were higher in the 
control group compared to the other groups, with 
also high levels observed in the group treated with 
only energy supplementation. Statistically, the dif-
ference between the exercise and the supplement 
groups was found to be significant at a level of p < 
0.05. Energy drinks have a rich content and high 
levels of certain substances (such as taurine and 
glucuronolactone), which cause important effects 
and side effects in the human body18. There have 

been studies suggesting that they may also be a risk 
factor for obesity due to their high sugar content19. 
In that case, if the calories obtained from energy 
drinks are not burnt, they might get stored as ex-
cess sugar and fat in the body and cause damage 
to the tissues, blood circulation, and metabolism. 
This could account for the higher LDL-C values 
in the supplement group compared to those in the 
other groups. With respect to triglycerides, the 
lowest level was observed in the supplement+ex-
ercise group and the highest level was observed 
in the supplementation group. Although there was 
no statistically significant difference between the 
groups, the combination of exercise and energy 
drink supplementation was considered positive in 
terms of the effects exercise could have on TG lev-
els. Studies on TG levels report different results. 
For instance, there are studies20 reporting higher 
TG levels in the exercise groups than those in the 
control groups.

It has been suggested that leptin improves glu-
cose balance and suppresses lipid metabolism in 
adipocytes, but the mechanism of these effects 
has not yet been fully elucidated21. In our study, 
the highest levels of leptin were found in the en-
ergy supplement group, and the lowest levels in 
the exercise group. When the other groups were 
compared, no statistical significance was found. 
Most of the studies22-24 on leptin seem to have been 
focused on people with obesity or on acute exer-
cise and plasma leptin levels. Overall, these studies 

Figure 4. Leptin and Ghrelin levels in rats with and without energy drink and treadmill exercise. 
CG: Control group. EG: Exercise group. E+SG: Supplement + exercise group. SG: Supplement group.
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subsequent studies were gradually conducted and 
suggested that apelin plays an active role in regu-
lating nutrition and food intake, maintaining flu-
id metabolism and balance29, and regulating pain 
levels30. As Elabela is a newly discovered peptide, 
research have mostly tried to explain the effects 
of its synthesis in tissues, deficiency, and recep-
tors, as well as differences in synthesizing gene 
and amino acid sequences, with some efforts to 
expand the scope of the studies. With respect to 
Elabela levels, the lowest levels were observed in 
the control group and the highest were observed 
in the exercise group. We believe our study is 
original, since no previous research has yet inves-
tigated Elabela in connection with supplementa-
tion and exercise.

Conclusions

Our study is consistent with the literature about 
this newly discovered peptide hormone, which has 
been previously investigated mostly in terms of 
its effects on cardiovascular system and obesity; 
indeed, in our study, it seems to be positively af-
fected in rats engaged in exercise. We believe that 
treadmill exercise, performed for 30 min a day 
for 4 weeks, has made significant contributions 
to stimulating and increasing the levels of peptide 
hormones and receptors, which are actively in-
volved in lipid metabolism and regulation. We can 
argue that the use of energy drinks alone, without 
exercise or physical activity, increases fat stores, 
particularly in the critical organs and tissues, there-
by posing a threat for the body. Our study sup-
ports the fact that the consumption of energy drinks 
should be restricted, subjected to age restrictions, 
and individuals who do not exercise should abstain 
from consuming them; these results can be used for 
public information purposes.
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suggest that exercise intensity and energy expendi-
ture considerably change plasma leptin levels. In 
our study, the lowest ghrelin levels were observed 
in the supplement group, the highest levels were 
found in the supplement+ exercise and exercise 
groups, and no statistically significant difference 
was observed among the groups. Ghrelin levels 
decreased with weight gain and excessive nutrition 
and caloric intake. Moreover, the fact that ghrelin 
levels in the supplement group were lower than 
those in the control group led us to think that the 
administered energy drink reduced appetite stim-
ulation by inducing feeling of satiety.

With regard to irisin levels, statistical analysis’ 
results showed the highest irisin level in the exer-
cise group and the lowest in the control group. The 
difference between the irisin levels in the control 
and exercise groups was found to be statistically 
significant. High values observed in the exercise 
group are followed by those seen in the supple-
ment+exercise group. Irisin is reported to exert 
its effect by causing energy-storing white fat cells 
to mimic or be converted into energy-consuming 
brown adipose tissue25,26. Betatrophin, also known 
as angiopoietin-like protein-8 (Angptl-8), has 
emerged as a newly discovered hormone synthe-
sized primarily by the liver and adipose tissues. It 
has been generally reported to play an active role 
in lipid metabolism, serve as a regulator in glucose 
metabolism, and cause an increase in pancreatic 
beta cell proliferation27.

In our study, the highest Angptl-8 levels were 
found in the control group and the lowest levels 
were found in the exercise group. These results 
suggest that regular exercise at moderate intensi-
ty decreases Angptl-8 levels. Angptl-8 is known 
to affect lipid metabolism and insulin production. 
In addition, the increase in adipose tissue in the 
body due to weight gain affects betatrophin levels. 
Since exercise is an important factor in regulating 
lipid metabolism and providing body fat control, 
it decreases Angptl-8 levels, but in the supple-
ment+exercise group, betatrophin levels seem to 
have increased compared to the exercise group, 
probably because the energy drinks were not fully 
used in energy consumption even with exercise. 
Most of the studies in the literature seem to have 
been focused on diabetes and metabolic diseases, 
insulin resistance, and obesity. Our study is orig-
inal as it investigates the effects of exercise and 
energy drink supplementation.

Apelin is an adipocytokine secreted by the ad-
ipose tissue. Although earlier experimental stud-
ies28 primarily focused on cardiovascular systems, 
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activity, increases fat stores, particularly in the critical organs 
and tissues, thereby posing a threat for the body.
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