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Effects of Energy Drinks on Biochemical and Sperm Parameters
in Albino Rats
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treatment, the rats were assessed for signs of toxicity.
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The consumption of energy drinks has increased world- wide, since their appearance on the
market in 1987. Their purpose is to increase the physical stamina, promote faster responses, and
higher mental concentra- tion of the organism, diminishing sleep needs and keep- ing the body in
a state of alert [1, 2]. In addition to water, energy drinks contain ingredients such as caffeine,
taurine, guarana, glucuronolactone, vitamins, and carbo- hydrates. Carbohydrates provide
nutrients for energy, and caffeine stimulates the central nervous system [1]. These drinks
eliminate the signs of tiredness produced naturally by the body, and because of this feature, many
people choose to use them to allow them to increase their workload or improve their performance.
Among those people who tend to abuse of these types of drinks, one finds mainly athletes and
students, who attempt to increase their concentration and their physical or mental abilities for
hours [3]. Knowing the composition of en- ergy drinks and the fact that they contain psychoactive
substances with highly stimulating properties, an import- ant factor to consider is the question of
caffeine concen- trations, which can vary between 50 mg per 250 mL can and 505 mg per 1 L
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bottle, which may result in

caffeine, the consumption of energy drinks has been associated with seizuresstrokes [6], and
gonadotoxic effects [7].

A significant increase in the incidence of male infertility has been described in the literature
worldwide, which gener- ates questions about its causes. There are several substances present in
our daily lives that exhibit potential interferences with biological functions, such as reproduction,
embryonic development, growth, and metabolism [8]. For this reason, these substances are more
frequently becoming the focus of research with the aim of observing their effects in the long term
and their consequences for humans, even at very low concentrations [9].The aim of this study is
to evaluate the effect of energy drinks on hepatic, cardiac, and renal functions, as well as on
sperm parameters of male Wistar rats. The biochemical markers in blood serum for the above
func- tions and testosterone will be analyzed, together with the sperm parameters including
motility, concentration, and morphology.

MethodsAnimals and treatment

For this study, 40 male rats (Wistar) 60 days old and with an average weight of 250 g were
obtained from the vivarium of the University of “Vale do Itajai-UNIVALI, SC”. This study was
approved by the Ethics Committee on Animal Use (CEUA) under the number 031/14.

The animals were fed at will and were kept under cyc- ling light/dark conditions of 12/12 h and
controlled temperature (22 = 2 °C). Their cages were equipped with wood shavings and paper
towel as a way to provide an enriched environment. The animals were divided into four groups of
ten individuals, allocated in three cages with three, three and four rats per cage, in accordance
with the guide for the care and use of laboratory animals [10]. The dose of energy drink was
administered through water bottles. The animals were exposed to increasing therapeutic doses
(DT) of energy drink, based on allo- metric extrapolation, resulting in values per animal of 150 g:
Group 1 received DT1 = 2.36 mL per day, group 2, DT3 = 7.47 mL, group 3, DT6 = 14.16 mL.
The control group consumed only water. The energy drink (com- mercial name not disclosed)
contained the following components according to the manufacturer: 80 mg of caffeine, 1 g of
taurine, group B vitamins (B2, B3, B5, B6, and B12), 27 g of carbohydrates, and 50 mg of
glucuronolactone.

The animals were not submitted to any restrictions or control regarding food consumption.
The energy drinks were diluted with water in appropriate proportions and supplied trough
water bottles suitable for rodents, which were controlled daily to ensure that the entire dose
was ingested and supplying untreated water only after total consumption. The average daily
consumption for a 70 kg adult human is 250 mL of energy drink; however, the manufacturer
notes that the maximum dose con- sumed in a day should not exceed 400 mg of caffeine, i.e.,
1250 mL, a value above which caffeine intoxication may occur. To determine the quantity of
energy drink to be administered to one rat in order to have an equiva- lent exposition to that of an
adult man drinking a can of 250 mL, we followed an allometric scale [11]. The doses were
adapted according the average weight of the ani- mals of each cage, according to the following
formula: where DDR: daily dose for a rat, DDM: daily dose for a man, k: metabolic constant (=
70 for both man and rat), WM: weight of a man (70 kg), WA: weight of the animal. During the
120-day treatment period, the animals were observed for signs and symptoms that could indicate
systemic toxicity or decrease in well-being such as piloerection, behavioral changes, bent posture,
changes in food and water consumption, and alterations in body weight. These aspects were
evaluated daily when re- searchers interacted with the animals, during supply of energy drink,
water, food, or cleaning of the cages. The animals were weighed weekly, and the doses of energy
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drink adapted accordingly, using the above- mentioned formula.

After the treatment period, the animals were sacri- ficed in a CO,/O; (from 30/70% to 100/0%)
chamber. During the entire procedure, the animals were kept in observation, until they fell and
the respiratory arrest was confirmed. Once these signs were clearly irrevers- ible, the following
biochemical, anatomical, and sperm analyses were performed.

Biochemical analyses Blood was collected by cardiac puncture before total heart arrest using a 5-
mL syringe and a 25 x 7 hypoder- mic needle. Serum was obtained by centrifuging the blood in
tubes containing a coagulation accelerator, without anticoagulants, at 3000 RPM for 10 min. The
chemical analyses were performed in serum samples using an automated analyzer for clinical
chemistry (Roche Cobas Mira, Séo Paulo, Brazil). Diagnostic kits (Labtest®) were used for
assessing the biochemical markers, such as the enzymes aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydro- genase (LDH), and alkaline phosphatase (FAL),
as well as urea, creatinine, creatine phosphokinase (CPK), and creatine kinase MB fraction (CK).
Total cholesterol and testosterone were Anatomical analysis

The liver, kidney, spleen, testes, seminal vesicles, and epididymal fat were individually weighed,
and the rela- tive weight of each organ/gland was calculated in respect to the final weight of the
animal and expressed as a percentage. Seminal analysis .Both vas deferens were dissected over a
length of 1 cm starting close to the epididymis [12]. The cut pieces were placed for 10 min at 37
°C in 0.3 mL modified HTF medium (Irvine Scientific, Spectrun, Brazil) containing 10% fetal
bovine serum (Cripion®, Brazil), in order to allow dispersion and capacitation of spermatozoa.
These stan- dardized conditions were rigorously respected for each animal, in order to diminish
the risks of compromising sperm counts by performing different cuts in each case.Sperm
concentrations were determined using Makler counting chamber (Sefi Medical Instrument, Itajali,
Brazil). Observations were made using an Olympus microscope (Olympus, Brazil) at x100
magnification. Results are expressed as a number of millions per milli- liter. For motility
determinations, a 20-uL aliquot of the sperm suspension was placed on a slide and covered with a
coverslip 24 x 24 mm (KASVI, Curitiba, Brazil): 200 spermatozoa were counted and classified as
motile or immotile. The results are expressed as the percentage of motile cells. For sperm
morphology, smears were prepared using a 10-uL aliquot of the sperm suspension and stained
with the hematological kit Panoético (NewProv®, Pinhais, Brazil). In all, 200 spermatozoa were
classified as normal or abnormal hook,banana- shaped, triangular, or amorphous head).

Statistical analysis Data were submitted to statistical analysis (Instat, GraphPad Software, USA)
using ANOVA and Tukey’s multiple mean comparison between the four groups. The significance
level was set at p < 0.05.

Results During the 120 days of treatment, the animals treated with the energy drink showed no
signs of systemic tox- icity, such as irritability, weight loss, piloerection, behav- ioral changes,
bent posture, or diarrhea. There were also no changes in water consumption between the
groups.The relative weights of the organs and glands (liver, kidneys, spleen, testes, seminal
vesicles, and epididymal fat) between the groups were similar, as well as the ani- mals’ weight
gain (Table 1). All animals gained weight in a physiological manner throughout the experimental
period (Fig. 1) and there no significant differences be- tween groups.

The wvalues measured in the serum for aspartate amino- transferase (AST), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (FAL), cre- atinine
phosphokinase (CPK), and creatine kinase fraction MB (CKMB) are presented in Table 2. VValues
found in the treated groups were not statistically different from those of the control group

There was a significant decrease (p < 0.05) in the con-centration of sperm in the treated groups
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(DT185 + 0.7, DT3 7.2 £ 0.9; DT6 8.4 = 0.9) compared to the control group (12.3 £ 1.2).
However, other sperm parameters (motility and morphology) were not significantly differ- ent
between groups

Discussion

This study investigates the effects of energy drinks on the reproductive system of male rats and
their potential effects on the several biochemical and biological param- eters. The therapeutic
dose (DT1) was calculated using an interspecific allometric scaling, based on the dose
corresponding to one can of energy drink (250 mL) by an adult human. Higher treatment doses
of 3x DT (DT3) and 6x DT (DT6) were also applied in order to investigate higher dosages where
negative effects might be more clearly visible.With regard to weight gain, all animals behaved
simi- larly and showed the expected physiological gain over the treatment period (Fig. 1).
This is unlike what one could expect from human studies, where the intake of sugar-added
beverages has been shown to contribute to weight gain and eventually obesity [13]. However,
one cannot neglect the thermogenic effect of caffeine, a sub- stance present in large
concentrations in energy drinks, which may have been responsible for some level of weight
control, especially at higher doses. Signs of toxicity may be associated with several com-
pounds present in the energy drink, especially to caf- feine. At high levels, caffeine may cause
adverse health effects by altering the functioning of the cardiovascular system, causing an
imbalance in calcium, and increasing the risk of cancer and even death [14]. Although publi-
cations in this field are contradictory, the evidence suggests that due to a lack of sufficient studies
on the long-term effects of caffeine intake, caffeine consump- tion should be considered with
caution [14]. In our Values represent means + standard error of the mean. Tested parameters (units in
parenthesis): aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), alkaline phosphatase (FAL), creatinine phosphokinase (CPK), and creatine kinase fraction MB
(CKMB). Data were evaluated by analysis of variance (ANOVA) and Tukey’s test for comparison of
the means. Level of significance study, no signs of systemic toxicity were observed during the 120
days of exposure to the energy drink. There were no changes in behavior and in ingestion of
liquids in the treated groups, a fact that may have been altered in view of the amount of glucose
supplied.Energy drinks have not been evaluated experimentally, despite their routine use by many
young people and adults. The literature is limited to studies on these drinks’ individual
components, most of these at a pre- liminary stage, with the exception of caffeine, whose
mechanism and mode of action on the body is almost completely elucidated. The effects of
guarana, for ex- ample, are still poorly understood, although it is recog- nized that products with
high amounts of guarana have physiological effects similar to those of caffeine. The same scarcity
of studies exists for taurine and other in- gredients contained in energy drinks, as well as, for the
cumulative effects of these substances with other prod- ucts such as alcohol or drugs [15].

All of the biochemical markers tested were identical between the treated and the control
groups. A normal value for total cholesterol could be explained by the presence of the amino
acid taurine, the function of which is to maintain the solubility of cholesterol by binding it to
certain bile salts, therefore improving its ability to be digested [16]. However, according to
Du et al. [17], caffeine would induce a dose-dependent increase in total cholesterol, HDL, and
LDL. According to a study conducted by Onuegbu et al. [18], on the biochemical profiles of
healthy men and women who consumed 2 g of coffee, daily for 30 days, it was observed that
some markers were high, such as AST, ALT, FAL, and total proteins. Another study shows
that the energy drinks also affect the concentration of creatinine, uric acid, al- bumin, and
total protein [19].

129 " Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



CAJMNS Volume: 03 Issue: 03 | May- Jun 2022 I

The microscopic evaluation of sperm concentration, motility, and morphology is an essential step
for predict- ing the reproductive potential of the males of any spe- cies. In our study, sperm
motility was not significantly different between groups (Table 3), which suggests that the energy
drink did not measurably influence this par- ameter under our conditions. This finding is in
contrast to studies demonstrating the beneficial potential of caf- feine on sperm maotility in
animals and humans [20, 21] with reduced fecundability among males, but not among females
[27].Testosterone levels did not show any difference be- tween the control and treated groups Due
to the high stability of testosterone in the blood, the levels of this hormone may take time to fall
depending on the severity of the cellular injury of the Leydig cells and indi- vidual characteristics
[26, 28]. To better understand the reason for the decrease in sperm concentrations, meas- uring
LH and FSH levels might help to determine which mechanism is responsible (endocrine versus
sperm matur- ation defect). The length of treatment was approximately two spermatogenic cycles,
which in rodents lasts approxi- mately 54 days [29], thus, this treatment might also have to be
extended. The protocol of the study did not include dosages of LH and FSH because a reduction
in sperm concentration was not anticipated. Furthermore, the serum volume collected did not
allow for more analyses than those that were performed. The fact that T was not altered by the
treatment suggests that LH was not affected either. The most important hormone remains FSH
which should be analyzed, together with histological observa- tions of the testes in further studies.

Conclusion

The energy drinks, when consumed on a long-term basis and in high concentrations, interfere
negatively with sperm concentration in rats, while motility, morphology, water consumption, and
signs of toxicity remain un- changed. It has been ruled out that energy drinks, in the respective
doses, may result in hepatic, renal, and/or cardiac damage. Further studies on a larger cohort are
needed to specifically locate the mode of action of en- ergy drink either directly on
spermatogenesis, through endocrine hormones or other metabolic pathways.

References

1. Muxiddinovna, I. M. (2022). IMPACT OF ENERGY DRINKS AND THEIR COMBINATION
WITH ALCOHOL TO THE RATS METOBOLISM. Gospodarka i Innowacje., 22, 544-549.

2. Mukhiddinovna, 1. M. (2022). EFFECTS OF CHRONIC CONSUMPTION OF ENERGY
DRINKS ON LIVER AND KIDNEY OF EXPERIMENTAL RATS. International Journal of
Philosophical Studies and Social Sciences, 2(4), 6-11.

3. Halimova Yu.S. Shokirov B.S. Morphological changes of internal organs in chronic alcoholism//
Middle European Scientific Bulletin 12, 51-55.

4. F0.C. Xammmoma, b.C. Illokupon. (2022). COBPEMEHHBLIE JAHHBIE O MOP®O-
OVYHKIIMOHAJIBHBIX  ACIIEKTOB YEJIOBEYECKOI'O OPI'AHU3MA I[TPU
3JIOYIIOTPEBJIEHUE SHEPTETUUYECKUMU HATIUTKAMU// PEDAGOGS jurnali. Towm 4,
Ne 1. C. 154-161.

5. Khasanova, M. T. (2022). HISTOPATHOLOGICAL CHANGES IN STRUCTURE OF KIDNEY
UNDER THE CONSUMPTION OF ENERGYDRINKS IN RATS. International Journal of
Philosophical Studies and Social Sciences, 2(2), 167-171.

6. Xacanosa, M\; T., & Y6aiigymnaes, 1lI. ®. (2022). HAPYIIEHUE [TAMATU V BOJIBHBIXC
CEPAEYHOU HEJOCTATOYHOCTBIO. Gospodarka i Innowacje., 22, 603-607.

130 " Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/


https://scholar.google.com/scholar?oi=bibs&cluster=2706519337559484812&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=2706519337559484812&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=2706519337559484812&btnI=1&hl=ru

CAJMNS Volume: 03 Issue: 03 | May- Jun 2022 I

7. Khasanova, M. T. (2022). Damage of Energy Drinks on Morphological Structures of Rat’s
Pancreas. Spanish Journal of Innovation and Integrity. Vol 5 (2022). P. 217, 220.

8. lyadurai SJ, Chung SS. New-onset seizures in adults: possible association with consumption of
popular energy drinks. Epilepsy Behav. 2007;10(3):504-8.

9. Kawmaimoga, III. M., Temaes, L. XK., & Xamumgoa, H. K. (2020). ITapamerpsl ¢puzngeckoro
pa3BUTHs 8-JICTHUX JCTell B HOPME M IMPH cKosmo3ze. Mopdoiorus, 157(2-3), 92-93

10. Worrall BB, Phillips CD, Henderson KK. Herbal energy drinks, phenylpropanoid compounds, and
cerebral vasculopathy. Neurology. 2005; 65(7):1137-8.

11. Dias TR, Alves MG, Bernardino RL, Martins AD, Moreira AC, Silva J, Barros A, Sousa M, Silva
BM, Oliveira PF. Dose-dependent effects of caffeine in human Sertoli cells metabolism and
oxidative profile: relevance for male fertility. Toxicology. 2015;328:12-20.

12. Reiter LW. Research plan for endocrine disruptors. National Service Center for Environmental
Publications; 1998. http://nepis.epa.gov/Exe/ZyPURL. cgi?Dockey=10003A5G.TXT.

13. Bila DM, Dezotti M. Desreguladores enddcrinos no meio ambiente: efeitos e consequéncias.
Quim Nova. 2007;30:651-66.

14. Guide for the care and use of laboratory animals, 8th ed. Washington: National Academic Press;
2011. https://grants.nih.gov/grants/olaw/guide-for- the-care-and-use-of-laboratory-animals.pdf.

15. Pachaly JR, Fernando H, de Brito V. Interspecific allometric scaling. In: Sons JW, editor.
Biology, medicine, and surgery of South American wild animals. lowa State University Press:
Wiley; 2008. p. 475-81.

16. Oshio LT, Guerra MO. Methods in toxicology of the male reproductive system and fertility in
rodents. Interdisciplinary J Exp Stud. 2009;1(3):148-52.

17. Berkey CS, Rockett HR, Field AE, Gillman MW, Colditz GA. Sugar-added beverages and
adolescent weight change. Obes Res. 2004;12(5):778-88.

18. Nawrot P, Jordan S, Eastwood J, Rotstein J, Hugenholtz A, Feeley M. Effects of caffeine on
human health. Food Addit Contam. 2003;20(1):1-30.

19. Anumosna, H. I1., & AcanoBa, H. X. (2020). U3yuenue anatoMuu 4epe3 mpoOiIeMHOe 00yueHue
cpeau CTyneHToB MeaukoB. In COOpHUK MaTepuanoB MEXIYyHApOJIHON y4uyeOHON OHIaiH
koH(pepeHu  “COBpEMEHHOE COCTOSIHHE€ MEIUIIMHCKOTO O00pa3oBaHUA: MPOOJEMBI H
nepcrektussl (pp. 138-139).

20. Amumona, H. I1. (2021). Onenka Cocrosaue [ereir C I'mneprpodumii Anenounos B Ilemuon
Kapantuna. bapkapopnuk Ba Etakun TagkukoTnap onnain uimuil xxypaanu, 1(6), 774-785.

21. Temirova, N. R. (2022). MORPHOMETRIC INDICATORS OF GROWTH AND
DEVELOPMENT OF CHILDREN IN ENDEMIC AREAS. British Medical Journal, 2(1).

22. Safehood: The Food Safety Promotion Board. A review of the health effects of stimulant drinks—
final report. In: Food Safety Promotion Board EA, editor. Eastgate, Little Island, Cork; 2002.
http://www.safefood.eu/SafeFood/
media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB- Stimulant-
drinks.pdf.

23. Kamalova, S. M., & Teshaev, S. J. Comparative Characteristics of Morphometric Parameters of
Children with Scoliosis. measurements, 14, 15.

24. Chen W, Guo J, Zhang Y, Zhang J. The beneficial effects of taurine in preventing metabolic
syndrome. Food Funct. 2016;7(4):1849-63.

131 " Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/


http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=10003A5G.TXT
http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=10003A5G.TXT
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
http://www.safefood.eu/SafeFood/media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB-Stimulant-drinks.pdf
http://www.safefood.eu/SafeFood/media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB-Stimulant-drinks.pdf
http://www.safefood.eu/SafeFood/media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB-Stimulant-drinks.pdf
http://www.safefood.eu/SafeFood/media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB-Stimulant-drinks.pdf
http://www.safefood.eu/SafeFood/media/SafeFoodLibrary/Documents/Publications/Research%20Reports/FSPB-Stimulant-drinks.pdf

