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SUMMARY
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Introduction

Key words: energy drinks, Red Bull, glucose, rats, sports.

Red Bull is a commercial energy drink allegedly conceived to improve physical and
intellectual performance. This beverage was launched in 1987, but in 1992 it was banned in
France and other countries, in Europe and South America, due to its negative effects. In 2008,
the commercialization of Red Bull restarted in France, as a result of a growing pressure from the
European Union (Reissing et al., 2009).

The banning measure or the sales restriction was determined by the death of a few young
people, associated with excessive consumption of energy drinks (U.S. Department of Health and
Human Services, 2012). In North America, the Red Bull selling started in 1997. Since 2003 to
2008, the Red Bull selling has tripled in North America and East Europe and doubled in
Australia and Middle East.

In Western Europe, the selling of energy drinks has not changed. In Turkey, the energy
drinks (EDs) with a high level of caffeine are banned to the young people under 18 years of age.
In Denmark and Uruguay, EDs are completely banned. In Norway and Sweden, the energy
drinks are sold only in chemist’s shops. In Canada, the labels must contain warning messages
regarding their consumption in combination with alcohol and stating the highest quantity allowed
to consumption. (Buxton and Hagan, 2012). In Romania, there is no restriction.

The increase of EDs consumption, especially in young people and athletes, led to many
investigations concerning the effects of the energy drinks upon the body, as well as the reasons
for their consumption. In the last years, an increasing number of articles started to appear,
documenting the negative effects determinated by excessive consumption of energy drinks. The
most common adverse effects are registered at the level of the nervous, cardiovascular and
gastro-intestinal systems.

Most studies show that, on short term, a temperate EDs consumption improves the
cognitive and psychomotor capacity. The stimulating properties, according to the producer, are
due to the combined action of the components. There have been performed a lot of studies
concerning the effects of the EDs consumption, on short term, but mostly focused on isolated
components (ingredients) and not on the whole of the energy drink. The effects on long term



were less investigated, and the effects upon skeletal muscle and cardiovascular system are not
known.

The purpose of this study was to test the Red Bull effects on short and long term, in both
animals and humans, submitted to endurance physical effort (trained and untrained subjects).

The knowledge of the effects caused by the long term consumption of Red Bull is very
important because this drink is addressed especially to young people (including athletes), often
with lack of judgement and adequate information, and their health can be seriously damaged.

Due to the negative consequences, seldom noticed, but very dangerous for the body, the
expansion of the EDs consumption (especially among athletes) and the producer’s promises that
energy drinks supply the required energy under stress conditions and permanent demands, our
purpose was to investigate the effects of this energy drink under various but relevant conditions.

Our study wanted to check the effects of Red Bull upon body and the manner in which
the consumption influences certain physiological and morphological parameters, under effort
conditions relevant to sports. The tissues considered for study were those of blood, liver,

skeletal muscle and myocardium.

| THE CURRENT STATE OF KNOWLEDGE REGARDING THE EFFECTS OF
ENERGY DRINKS

1.1 Ingredients
The energy drinks contain, in different concentrations, depending on product: caffeine, taurine,
sometimes guarana, sugar, synthetic sweeteners and some vitamins from the B group (Fig.1.1.1,
Table 1.1.1). Each ingredient, separately taken, has beneficial effects upon human body or even
therapeutic effects. The stimulating properties of Red Bull stem from the combined action of its
ingredients: caffeine, taurine, carbohydrates (glucose and sucrose), B3 vitamin, glucuronolactone
etc. Usually, energy drinks contain high amounts of carbohydrates along with nutrients purposed

to improve cognitive and psychomotor capacity.



RER BULL Energy Drink
especialy developed for periods of
increased mental and physical
exertion:
®increases endurance @ increases con-
centration and reaction speed @ improves
vigilance @ improves the emotional status
@ stimulates metabolism
Red Bull's effects have been recognized
by world class athelete, busy professionals,
active students and long distance drivers
around the world
Not suitable for children and
persons sensitive to caffeine.
Pasturized.
Ingredients: Water, Sucrose, Glucose,
Acidifier Sodium Citrates, Carbon Dioxide,
Taurine (0.4%), Gluocuronoloctone (0.24%),
Caffrine (0.03%), Inositol, Vitamins (Niacine,

Panthothenic Acid, B6, B12), Flavorings,
Colours (Caramel, Riboflavin).
Nutrition Information per 100 mi:

Energy 192k (45 kcal), Protien nil,
Carbohydrates 11.3 g, Fat nil, Vitamils:
Niocin 8 mg/44% RDA, Panthothenic Acid
2mg/33% RDA, B6 2mg/100% RDA,

B12 2)g/200% RDA

RDA = Recomened Daily Allowance

RED BULL GmbH,
5330 Fuschl am See, Ausstria

Figure 1.1.1. Red Bull ingredients: water, sucrose, glucose, sodium citrate, caffeine, carbon dioxide,
taurine, glucuronolactone, inositol, B vitamins (niacin, pantothenic acid, B6, B12), flavours, dyes (caramel,

riboflavin) (https://www.media.deviantart.com)

Table 1.1.1 The content of Red Bull energy drink. DRD- daily recommended dose
(https://www.media.deviantart.com)

Ingredient Dose
Caffeine 80 mg
Taurine Unknown
Guarana Unknown
Sugar 279
Sodium 200 mg
B3 vitamin 100% DRD
5 mg (250% DRD)

B6 vitamin
80%

B12 vitamin

Caffeine, the most known psychoactive drug and the most studied substance from the
composition of EDs (Zang et al., 2014), is found in Red Bull in amount of 80 mg/dose (Fig.
1.1.1), which represents the equivalent of the quantity found in a cup of coffee. In adults, the
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intake of up to 400 mg caffeine is considered safe (Clauson et al., 2008). The daily
recommended dose in European countries ranges from 280 to 490 mg.. The highest caffeine
uptake is in the Scandinavian countries, proportional with the largest coffee consumption in
these countries. (Wierzejka and Jarosz, 2012).

Toxicity begins from larger doses than 490 mg, and 10 g could be lethal. (Cannon et al.,
2001). Some of the energy drinks contain additional caffeine doses, by adding guarana extract,
cola nuts, cocoa, that potentiate coffee effects. (Di Rocco et al.,, 2011). After IUPAC
(International Union of Pure and Applied Chemistry), the caffeine’s name is 1,3,7-
trimethylxantine.

Caffeine potentiates the muscular contractions by inducing the release of calcium ions
from the endoplasmatic reticulum, inhibits a series of phosphodiesterase and enzymes that
degrades the glycogen from liver and muscles (Markos and Kavouras, 2005), it is an antagonist
of the adenosine by blocking the adenosine receptors, it stimulates the action of the sodium-
potassium pump from the plasma membranes (Wolinsky and Driskell, 2004).

Caffeine is a non-selective competitive inhibitor of phosphodiesterase enzymes
(Echeverri et al., 2010), which leads to the increase of the adrenergic tonus in the central and
peripheral nervous system (Benowitz and colab,. 1982) and it could be an effective therapeutic
agent against Alzheimer disease (Arendash and Cao, 2010).

Caffeine activates AMPK (AMP-activated protein kinase) (Zheng et al., 2014), a key
enzyme that coordinates more signalling pathways implicated in maintaining the energy
homeostasis (Viollet et al., 2006). Moreover, it stimulates diuresis and lipolysis (Temple et al.,
2009).

From the point of view of improving physical performances, literature data confirm this
possibility (Davis and Green, 2009; Lara et al., 2014). It is found that the athletes use the
caffeine before their competitions. This fact results from the urine tests at the doping
examinations (Del Coso et al., 2012).

The chronic and excessive consume leads to cardiac ischemia and the toxicity at the level
of the central nervous system can range from irritability to lethargy and coma. At the start of
some caffeine intoxications symptoms of muscular convulsions, fasciculation, clonus,
hallucinations, even brain edema, and severe brain blood pressure were described (Mrvos et al.,
1989; Dietrich and Mortensen, 1990).



Taurine is implicated in the regulation of a wide range of biological functions. It is an
aminoethylsulphonic acid found in biliary secretion (Yamori et al., 2010). In the hepatocit, it is
mixed with cholic acids and their result is tauro-cholic acid. The tauro-cholic salts, especially
the sodium salts, are later secreted in the bile (Guyton and Hall, 2006). These salts act like a
detergent, decreasing the surface tension of the large fat particles, favouring the formation of
fine particles, i.e., their emulsification. Taurine is synthesised from methionine and cysteine in
the presence of pyridoxine (Birdsall, 1998).

In animal body, it is found like a free molecule and it is not incorporated into the muscle
proteins. Often, it is called an amino acid, even it lacks a carboxyl group. Until recently, taurine
was considered a non-essential nutrient, but the last studies show that taurine is essential in the
visual information process, (Warburton et al., 2001; Zhang et al., 2003) and in the heart activity
(Chowdhury et al., 2016).

It is found in large amounts in the skeletal muscle, especially in the slow fibres,
increasing the performance of physical exercises (Ripps and Shen, 2012).

Daily recommended input ranges from 20 mg to 400 mg, depending on diet (Finnegan,
2003; Clauson et al., 2008). The taurine content in energy drinks can range from 400 mg to 3000
mg/dose.

In humans, the adverse effects induced by large doses of taurine are controversial. On a
short period of time, there are no reports, until now, of adverse effects of taurine administration
(Clauson et al., 2008), but it is known that taurine is found in the supplements consumed by
athletes. In Europe, after the death of some athletes which consumed large amounts of taurine,
certain countries banned the commercialization of energy drinks with a high level of taurine
(Babu et al., 2008).

Niacin (B3 vitamin) exerts its role in the body as a coenzyme, under the form of NAD"
(nicotinamid-adenin-dinucleotid) and NADP™ (nicotinamid-adenin-dinucleotid phosphate) and
thereby participates in the decrease of the oxidative stress (Hamound et al., 2013). Moreover,
the enzymes depending on NAD/NADP" are involved in redox reactions, in energy generation,
cholesterol metabolism, fatty acid oxidation, glucose degradation, pentose phosphate pathway,
synthesis and degradation of the amino acids, synthesis of the glucocorticoids hormones and
sexual hormones. It can be synthesised in body from tryptophan.

Niacin has been used as a cholesterol lowering agent for more than 50 years (Digby et



al., 2012; Song and FitzGerald, 2013; Dunbar and Goel, 2016). However some of the studies
show that the lowering effects of niacin upon cholesterol are seen only after 12 weeks of
treatment (Parwaresch et al., 1978).

Niacin has positive effects upon all cardiovascular functions and upon atherosclerosis
evolution (Julius, 2015). It is used to modify relevant lipid disorders: LDL high concentration,
non-HDL cholesterol, high level of triglycerides and lipoproteins, HDL low concentration
(Goldberg et al., 2000; Barter et al., 2007; Julius, 2015; Ito et al., 2015).

Besides the healthy effects upon the lipid profile, niacin administration in large doses
evidenced serious changes in gene expression of most tissues (Khan et al., 2014). Therefore,
there are specific studies in the literature which show that the niacin administration in large
doses induces the change of muscle fibres from type Il to type | and increases the number of
type-1 fibers in skeletal muscles of obese rats and pigs (Monin et al., 1987; Fernandez et al.,
1994).

In the last time, certain studies have shown that niacin rises the blood concentration of
the cholesterol and homocysteine (Dworzanski et al., 2011).

In the Red Bull energy drink, the niacin quantity is larger than the daily recommended

dose.

2. Effects of the consumption of energy drinks on animals

There are few studies concerning the energy drink consumption in animals. Furthermore,
there are no studies on the acute effects of these drinks on animals. Most of the experiments
focus only on the effects determined by their main ingredients, caffeine and taurine.

It has been demonstrated that chronic administration of energy drinks is associated with
blood biochemical changes as well as changes in the activity of the hepatic enzymes. For
instance, the total cholesterol concentration, triglycerides, high density lipoproteins (HDL), low
density lipoproteins (LDL), as well as glucose concentration increase after the consumption of
energy drinks. Moreover, the transaminase activity (ALT, AST) in blood increases in both rats
and rabbits after chronic administration of energy drinks (Akande et al., 2011; Ebuehi et al.,
2011; Khayyat et al., 2014).

At the structural level, the induced changes by the energy drink (Red Bull) is noticed for

both erythrocytes and blood peripheral cells. Thus, the erythrocytes become hypochromatic and



display poikilocytosis, anisocytosis, vacuolysis and fragmentation. Neutrophils have irregular
shapes, with hiperchromatic, bilobated and pycnotic nuclei. Some of the cytoplasmtic areas
present degenerations (Sinha et al., 2006; Khayyat et al., 2014). Therefore, the energy drinks
have a devastating effect upon blood figurative elements in male rats (Khayyat et al., 2014).

3. Effects of the consumption of energy drinks on humans

In the last years, the concern associated with potential risks determined by the energy
drink consumption has increased very much. Meantime, the producers promote the energy
drinks and claim to be safe and adequate for consumption, despite the studies that demonstrated
the opposite.

As distinct from other categories of drinks, the sale of energy drinks and other products
with a high level of caffeine continues to increase. The real problem is that the sale of this kind
of products is often addressed to young people under 18 years of age.

The negative effects of the energy drink consumption are observed through a series of
physiological changes (increase of heart beat frequency and blood pressure) and behaviour
(anxiety, aggressively) (Jackson et al., 2013). The most vulnerable are the teenagers, in which
chronic energy drink consumption is followed by behavioural and cognitive problems (anger,
agitation, dependence on other substances, decrease of concentration and memory capacity)
(Van Battenburg-Eddes et al., 2013).

The positive effects of the energy drink consumption are mentioned in very few studies.
These effects are linked, for example, with effort perception, muscular pain in the lower limbs
and optimal use of energy provisions during the sub maximal effort in cycling (Duncan and
Hankey, 2013). Other beneficial consequences of the energy drink consumption result from the
improvement of the physical and mental performance, including the increase of the memory and
concentration capacity (Alford et al., 2001; Scholey and Kennedy, 2004). Some of the authors
show that acute administration of the energy drinks determines the increase of right and left
ventricle function (Menci et al., 2013).

On short term, the negative effect of the energy drinks are evidenced through an increase
of the heart beat frequency and of the systolic and diastolic blood pressure (Elitok et al., 2015;
Marczinski et al., 2014; Grasser et al., 2014; Grasser et al., 2015).
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3.2 Effects of the consumption of energy drinks in athletes

The nutrition for optimising the training and the performances of athletes evokes a great
attention; therefore it has generated a large data base about the ergogenic value of some food
supplements. However, for most of the products used by the athletes, there is not enough
scientific evidence that they are safe and efficient for increasing the physical performances. For
this reason, both the athletes and the trainers need an appropriate information from a scientific
point of view regarding the supplements’ ergogenic potential (Porrini and Del Bo, 2016).

Some of the studies confirm a performance increase of the endurance exercises. The
effect is due to the caffeine high level and/or the carbohydrates from the energy drinks. Other
studies, but not many, show a positive effect of muscular power increase. Finally, it is suggested
that the increase of the neuromuscular performances is not assigned only to caffeine but to all of

the energy drinks’ ingredients.

5. Thesis objectives

The present work is an equally basic and applied study, with biomedical and nutritional
implications, focussing particularly on the energetic of effort.

Due to the expansion of the energy drinks consumption, especially among young
people, accompanied by the producer's promises that they would provide the energy needed
under stress conditions and continuous strain, we decided to check the Red Bull effects upon the
animal and human body and the way in which the consumption influences certain biochemical,
physiological, morphological and ultrastructural parameters. The selected tissues were blood,
hepatic tissue, skeletal and cardiac muscular tissues.

This choice was not random. There is a very tight metabolic bond between the four
marked tissues. Thus, the hepatic tissue was chosen due to its metabolic functions and the bond
it has with other studied tissues. The liver has an important role in maintaining the plasma
glucose normal concentration; some of the reactions of the lipid metabolism take place only in
the liver; almost all of the blood plasma proteins (90%) are synthesised here, with the exception
of some gamma-globulins. Being a distension organ, large amount of blood can be stored in its
blood vessels. The regular blood volume of the liver represents almost 10% of the whole blood.

When the pressure from the right atrium increases, the blood pressure from the liver has a

11



retrograde increase. In this way, the liver extends and 0,5-1 | of blood is additionally stored in
the hepatic veins and sinusoids. This happens especially in heart failure accompanied by
peripheral congestion. Therefore, the liver contributes to the constant maintenance of the blood
volume, accumulating blood when there is excess and providing additional blood when the
circulator blood volume is reduced (Guyton and Hall, 2006).

The relationship between the liver and skeletal muscle, known as the ”Cori cycle”, is
intermediated by blood. In this cycle, the resulted lactate from the glycogen degradation in
skeletal muscle is carried through blood to liver, where it is reconverted to glucose. From all of
the glucose predecessors, lactate is very important because it is the final product of the
glycolysis in the skeletal muscle.

The metabolic bond between the heart muscle and the liver is achieved, among others,
by the blood lipoproteins. Their role is to carry out lipid components between liver and other
organs. For instance, some of them carry out phospholipids and cholesterol from liver to
peripheral tissues and back (Guyton and Hall, 2006).

The metabolic relationship between myocardium and skeletal muscle is assured by the
glucose and fatty acid metabolization. Both tissues preferentially metabolise unesterified fatty
acids under rest conditions. They provide 60-70% of the heart energy needed under
physiological conditions. Only 15-20% of the heart needed energy is obtained from glucose
metabolization. Free fatty acids provide 2/3 of the energy needed for an efficient functioning of
the skeletal muscle under rest conditions and moderate effort. The remainder is provided by
sugars. In exhausting and short term efforts (anaerobic metabolism), the muscle activity is
maintained by glucose. In sustained efforts of moderate intensity, the muscular activity is
maintained by the oxidative catabolization of the fatty acids at the mitochondrial level.

The effects of the energy drink consumption upon liver, independent of duration
(chronic or acute) and quantity were little studied, only a few studies being available in the
literature which certify the effects of the energy drinks upon this tissue (Akande and Banjoko,
2011; Vivekanandarajah et al., 2011; Ebuehi et al., 2011; Khayyat et al., 2012).

The effects of the energy drink consumption upon skeletal muscle and myocardium
were not studied at all. In the literature, there are only a few reports referring to cardiovascular
symptoms in humans after excessive energy drink consumption (Lattavo et al., 2007; Yew and
Laczek, 2007; Shannon et al., 2007; Babu et al., 2008; Clauson et al., 2008; Miller et al., 2008;

12



Reissing et al., 2008).

Since the physical activity potentiates the metabolic bonds among the four tissues, and
the earliest effects of the physical effort are observed at their level, our research group from the
Animal Physiology Laboratory of the Biology and Geology School (Babes-Bolyai University of
Cluj-Napoca) decided to study, for the first time, the chronic effects of Red Bull in animals and
the acute ones in both trained (athletes) and untrained people.

Our motivation was completed by the fact that athletes and young people are important
targets for the sale of energy drinks. Unfortunately, the athletes’ studies were limited at blood
samples; we could not take tissue biopsies. The human researches respected the Law 206/2004
prescriptions, concerning the good conduct in scientific research, technological development and
innovation, as well as the Helsinki Declaration for research that involves humans subjects
(http://sites.jamanetwork.com/declaration-ofhelsinki/ index.html, 1964).

In the last time, the association between energy drinks and alcohol has become more
popular among young people. At the same time with the popularity increase, more and more
negative reports started to appear in the scientific and medical world. (Seifert et al., 2011; Cheng
et al., 2015; Larsen et al., 2015; Peacock et al., 2015; Halubcikova et al., 2016; Magnezi et al.,
2016; Reid et al., 2017). Therefore, we decided to observe, in rats, what are the chronic effects
of the combined alcohol and energy drinks administration upon body. Based on the reasons
shown above, we took into consideration the following objectives:

1. To study the acute effects of the energy drinks in athletes and untrained young

people, under the conditions of physical effort;

2. To measure the blood and tissue biochemical changes induced by energy drinks

and/or alcohol administration in trained laboratory animals (Wistar rats);

3. To observe the ultrastructural modifications determined by energy drinks and/or

alcohol in trained laboratory animals.

THE PRELIMINARY RESEARCH FOR VERIFYING THE CONSUMPTION OF
ENERGY DRINKS BY HUMANS

The hypothesis from which we started from was the identification of the effects of
energy drink consumption among young people. Our objective was knowing the frequency of

the consumption of energy drinks among young people, athletes and untrained people, but also
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the effects of energy drinks on health. We got motivated by the fact that in the past years an
increasing number of young people started to consume for both relaxation and a source of
energy.

6.4. Conclusions
We can say that the majority of our subjects are energy drinks consumers. On top of

that, most of them also combine the energy drinks with alcohol.

111 THE PERSONAL RESEARCH CONTRIBUTIONS ON THE METABOLIC
EFFECTS OF ENERGY DRINKS

7. Effects of the energy drinks consumption in humans

7.1. Experimental design

Materials and methods

Participants. Thirteen healthy voluntary males between the ages of 20-25 years were
selected to participate in this study. They were organized in two groups: trained (T) and
untrained (U). The trained volunteers were rugby players of the Rugby Team of the Babes-
Bolyai University of Cluj-Napoca. The untrained volunteers were young college students who
self-reportedly do not engage in regular demanding physical activity. All participants were
informed about the purpose and demands of the study before giving their written consent to
participate. All volunteers were self-declared as healthy, with no history of cardiovascular,
urinary, digestive or metabolic diseases (determined by questionnaire). The protocol was in
accordance with the Declaration of Helsinki (http:/sites.jamanetwork.com/declaration-
ofhelsinki/index.html, 1964) for research on human subjects. Table 7.1.1. shows the main
characteristics of the participants in this study.

Experimental design. All subjects were instructed not to consume food, energy drinks,
coffee and alcohol 12 h prior to the onset of the experiment. In the first day, anthropometrical
measurements were recorded. Blood samples were drawn and blood pressure and heart rate were
measured twice, once before and once after performing physical exercises. Following a warm-up
the participants were asked to undergo Astrand Cycle Ergometer Test for 5 minutes. One day
later, the protocol was repeated, however after the initial recordings and blood sampling, the

subjects ingested one dose of Red Bull. A period of 45 minutes of rest followed, after which the
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warm-up and Astrand test were performed.

The moments when samples were collected for biochemical and hemodynamic
determinations were noted as follows:
1. RU (RU, rest time of untrained subjects);
2. U, moment when untrained subjects have done physical exercise for a period of 6 minutes;
3. URB, when untrained subjects had done physical exercise for a period of 6 minutes after they
have drinking a dose of Red Bull;
4. RT (RT, rest time of the trained subjects);
5. T, moment when the subjects have done physical exercise for a period of 6 minutes;
6. TRB, moment when the subjects have done physical exercise for a period of 6 minutes after
they consuming a dose of Red Bull
Assays. Blood was collected from the antecubital forearm vein and processed for biochemical
examinations at Medstar Laboratory from Cluj-Napoca, Romania. A Conelab.30i determined
glycemia, proteinemia, LDH, AST and ALT activities.

Data analysis. The results are presented as mean =+ standard error (SE). The data were

analysed for statistical significance using the unpaired Student t-test. A value of p < 0.05 was

considered significant.

Tabel 7.1.1. Comparison of anthropometric data between trained (n=6)
and untrained (n=7) subjects

TRAINED (T) UNTRAINED (U)
WEIGHT (kg) 102.4+2.7 77.74+4 .85
HEIGHT (M) 1.83£0.03 1.83£0.03
BMI (kg/m?) 30.66+1.06 23.15+1.30
Bf % 19.24+1.6 42.54+1.43
Bm% 41.16+1.02 13.32+1.78

BMI-body mass index; Bm%-percent of body muscle; BF%-percent of body fat. Data are
meanztstandard error.

7.2. Results and discussions

As expected, physical activity increased the systolic pressure in both groups (Table
7.2.1). Physical activity did not produce significant changes in glucose blood concentration
(Table 7.2.1, Fig. 7.2.1 a). However, Red Bull was observed to have determined a significant
decrease of glycaemia in trained males. These results are in accordance with the results of

Phillips et al. (2014). It is possible that the results in this study were influenced by the niacin in
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Red Bull, which intensified the use of glucose as a cofactor for the enzymes that are involved in

the glycolytic pathway.

Tabel 7.2.1. Effects of exercise and Red Bull on hemodynamic and biochemical blood parameters

TRAINED UNTRAINED
Parameter RT T TRB RU U URB

HR 4.71+4.6 167+7.98 172.28+6.1 | 68.83+4.49 163+4.37 171.66+6.4
(beats/min)

SBP 129+6.37 153.33£83  176.66+£9.88 | 117.14+4.34 142.25+8.5 135+5.45
(mmHg)

DBP 77.33£3.0 74.16£2.3 78.33£2.78 | 72.14+2.14 67.14+1.84 72.14+2.14
(mmHg) 7 8

Glycaemia 94.5+1.89 91.5+1.78 73.66+7.4% | 85.28+3.12 90.28+5.45 85.57+5.09
(mg/dl)

Proteinemia  7.19+0.13 7.85+0.09 7.64£0.15 | 7.11+0.08 8.01+0.15 8.01£0.10***
(g/dI) ** e

LDH 165+7.58 187.8+4.3 194.8+£7.85 | 136.28+7.85 157.57+11. 174.14+5.87
activity (U/l) 9 50

ALT (U/N) 24.8+1.39 26.6+1.50 27.25+1.28 17+£2.98 18.85+3.58 20.14+£2.91
AST activity 21.243.30 21.8+3.59 24.2+1.31 | 18.71£1.56 19.28+2.21 25+5.77
un

RB-Red Bull; HR-heart rate; SBP-sistolic blood pressure; DBP-diastolic blood pressure; RT-resting trained group;
T-trained group after exercises; TRB-trained group after exercises and Red Bull administration; RU-resting
untrained group; U-untrained group after exercises; URB-untrained group after exercises and Red Bull
administration. The results are expressed as mean+SE.

Glycaemia *p < 0.05 vs exercises

Proteinemia **p < 0.01 and ***p 0.001 vs resting

Proteinemia increased significantly in both groups after physical activity coupled with
Red Bull administration (Table 7.2.1, Fig. 7.2.1 b). The increase of protein concentration may be
due to muscle damage that occurs during intense effort and this subject matter requires further
investigations.

The activities of LDH and ALT also increased after physical activity. Red Bull
intensified this increase in both groups. In the case of LDH activity, the increase may be due to

the high amount of caffeine which stimulates LDH activity to sustain the lactate production
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(Dias et al., 2015).

As depicted in Table 7.2.1, AST activity was not affected by physical activity, but
rather increased after Red Bull administration. Similarly, Hazar et al. (2011) did not find any
difference in the AST value after exercise in their study, which was carried out with professional
sportsmen. As with ALT activity, the mechanism behind AST activity increase following Red
Bull consumption is unclear.

7.3 Partial conclusions
The results of our study indicate that energy drinks such as Red Bull can affect biochemical
blood parameters, as well as blood pressure and heart rate. Furthermore, energy drinks may be a
risk factor for the development of cardiovascular diseases. Further research is required, while
raising awareness among young people and athletes about the potential acute and chronic effects
of energy drink consumption is important.

8. Study of metabolic effects produced by consumption of energy drinks and

alcohol in animals

8.1 The experimental protocol

The animals used, male Wistar rats, weighing 183,945,05 g, were kept in the animal
facility of the Department of Molecular Biology and Biotechnology, Faculty of Biology and
Geology, Babes-Bolyai University, under hygienic conditions, constant humidity and
temperature, 12/12 h light/dark, receiving a Larsen diet. Every experimental group was
constituted from 7 individuals. The animal manipulation was gentle, without causing them stress
or pain.

The animals from all experimental groups received a standard diet and had free access
to food and water. The animals were organized into four groups:

a— C, the control group;

b — RB, the group which consumed an energy drink (Red Bull) daily, for 4 weeks, 1,5
ml/100 mg body weight, which correspondents to a 250 ml Red Bull dose consumed by an adult
human weighing 70 kg;

¢ — E, the group which received ethanol daily, in the drinking water, for 4 weeks,
0,6mI1/100 g body weight;
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d — RBE, the group which consumed the combination of energy drink and ethanol (1,5
ml Red Bull/100g body weight and 0,6 ml ethanol/100g body weight).

In the last 6 days of the treatment, the rats were tested for physical effort endurance, by
putting them to swim under special conditions. Thus, their tails were tied with weights, which
represented 10% of their body weight, then they were put to swim individually, in a swimming
pool, at the room temperature, until they remained submerged for at least 5 seconds (Gitay and
Bano, 2013).

In the sixth day, immediately after the effort test was finished, the animals were killed
under anesthesia by exsanguination. Besides blood, we also collected pieces of hepatic tissues,
skeletal muscle and myocardium. The blood was sampled on preservative agent (heparine) and
without preservative agent and kept at 4°C until use, for serum obtaining. The serum was stored
at -80°C until the biochemical determinations were made. The tissues were homogenised with
phosphate buffer, 10% concentration and kept at -80°C until the moment of use. At the same
time, for ultrastructural studies, we also took tissue samples. Fine sections were incorporated in
a jelly capsule containing an inclusion medium, which could be an ester resin (Vestopal) or an
epoxy resin (Epon 812), to which a polymerizing agent was added. After encapsulation, the
polymerization of the medium was completed by introducing the capsules in a laboratory oven
at 60°C, for 48-72 hours.

Table 8.1.1 Tissues analysed and hematological parameters measured

Hematological Tissues (liver, skeletal and cardiac muscle)
Biochemical
glycaemia glycogen concentration
proteinemia glucose concentration
Cholesterolemia totale proteins concentration
LDH activity cholesterol concentration
ASAT, ALAT activities LDH

ASAT, ALAT activities

Statistical data processing

Statistical data processing contains the following stages: calculation of the arithmetic
mean (Xm) of the standard deviation (SD or ), of the standard error of the mean (SE) and of the
significance of the differences between means according to the Student t-test. In these
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calculations, the aberrant values/observations were eliminated by applying the Chauvenet
criterion, i.e., those values were eliminated which deviated from the arithmetic mean by more
than the standard deviation size (c) weighted with an o factor which depends on the number of
observations (n), i.e, falling outside the interval Xmz a - ¢ (Tarba, 2003).

The comparisons were performed between each treated group and the control group (C)
and also between the ethanol (E) group and the double-treated group (RBE) using the unpaired
two-tailed Student t-test (Microsoft Office 2003, Excel). The differences which have values of
the p < 0,05 were considered statistically significant, in the following way:

p < 0,05 significant (*)

p < 0,01 distinctive significant (**)

p < 0,001 highly significant (***).

6.3. Results and discussions
6.3.1. Metabolic changes induced by the Red Bull consumption in blood and liver

The results of our research show that both the energy drink and alcohol have determined
the increase insignificantly of the blood sugar. Similarly, the hepatic glucose concentration
increases after the separate treatment with the drinks, statistically significant after ethanol
administration. The interesting thing is that when they were both administered, the 2 drinks have
determined a decrease of the 2 parameters, statistically significant only in blood (Fig. 8.3.1.1 a,
Table 8.3.1.1).

The insignificant increase of the blood sugar after the Red Bull consumption could be the
result of dehydration induced by caffeine and taurine, since it is known that they can induced
diuresis and natriuresis in rats and humans (Maughan and Griffin, 2003; Reisenhuber et al.,
2006; Bigard, 2010).
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The marginal increase of the plasma and hepatic glucose concentration might be put on
the niacin high content of the Red Bull energy drink (Li et al., 2011; Davidson et al., 2013; Li et
al., 2013; Phan et al., 2013; Blond et al., 2014; Chen et al., 2015), though the mechanism is not
fully understood.

Ethanol consume increased slightly the blood sugar. The hepatic glucose concentration
increased significantly after the ethanol treatment (Fig. 8.3.1.1 a si b, Table 8.3.1.1).

The significant increase by ethanol of the hepatic glucose and the marginal one of the
blood glucose can have various explanations. One of them could be represented by dehydration,
the same as in the Red Bull case, determined by its diuretic properties (Shirreffs and Maughan,
1997; O’Brien and Lyons, 2000).

However, there are studies which show that chronic alcoholism is associated with insulin

20



resistance (Patel et al., 1991).

Insulin resistance stimulates the hepatic gluconeogenesis from amino acids, a fact
validated in our study by the significant increase of the liver protein concentration (Fig. 8.3.1.3
b; Table 8.3.1.1.), but also by glycaemia increase through hepatic glycogenolysis activation
(Dufour et al., 2009; Steiner et al., 2015).

Though the two drinks taken individually do not decrease glucose concentration in either
blood or in liver (actually, there is a slight tendency of an insignificant increase), the two
substances taken together produce a decrease in liver (Fig. 8.3.1.1 a and b, Table 8.3.1.1).
Moreover, the combined treatment with the two substances decreases significantly the blood
glucose concentration, as compared to the separate treatment with each of them. It is possible
that the ethanol effects are modulated by some of the Red Bull components.

The glycogen concentration decreased significantly in the liver of all treated groups,
(Fig. 8.3.1.1 c, Table 8.3.1.1). The significant decrease determined by Red Bull may be due to
caffeine. Caffeine determines the adrenaline and noradrenaline release and sensitises the
receptors for dopamine through plasma concentration increase of the Ca?* (Cannon et al., 2001;
Pohanka and Dobes, 2013). Adrenaline, as it is known, stimulates glycogenolysis through the
decrease of glycogen synthesis phosphorylation (Kolves et al., 2015). The effect is strong,
producing in a few minutes the release of large amounts of glucose in the blood (Dufour et al.,
2009; Steiner et al., 2015). As a result, the blood glucose concentration increases after the
treatment with Red Bull (Fig. 8.3.1.1 a and b, Table 8.3.1.1), a fact which might be due to the
simulation of hepatic glycogenolysis by caffeine.

Our results demonstrate that chronic ingestion of ethanol has significantly decreased
glycogen hepatic concentration (Fig. 8.3.1.1 ¢, Table 8.3.1.1).

The quoted studies from the literature associate the chronic alcoholism with insulin
resistance (Patel et al., 1991; Martin et al., 2004). Insulin resistance emerges, for instance, as a
consequence of alcohol chronic consumption, through the inhibition of the hepatic glycogen
synthesis. In these conditions, the glycogen phosphorylation activates and catalysis the glycogen
split to glucose-l-phosphate. The result is to release the free glucose in circulation, which
explains our results relative to the glucose concentration increase in blood and in liver after
alcohol chronic consumption. (Fig. 8.3.1.1 aand b, Table 8.3.1.1).

The combined administration of the two drinks (Red Bull and ethanol) significantly
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decreased the hepatic glycogen concentration (Fig. 8.3.1.1 ¢, Table 8.3.1.1), their effects being
cumulated.

We found that, at the ultrastructural level, the both drinks produce a series of common
modifications (Fig. 8.3.1.9 b; Fig. 8.3.1.10 b; Fig. 8.3.1.11 b). In the cytoplasm, one can observe
a lot of mitochondria with a rarefied matrix and thin cristae, part of them associated with RER
(rough endoplasmatic reticulum), implicated in protein synthesis. RER is present as ordered
parallel profiles, especially around nuclei. These aspects suggest an intensification of the protein
synthesis after the treatment and they confirmed the biochemical results.

Partial conclusions

The results obtained in our experiment indicate that the Red Bull treatment deeply
affected both the structure and the function of the hepatic tissue, an effect demonstrated by the
increase of the serum and hepatic glucose concentration, of the serum cholesterol, as well as the
increase of the enzymatic activity of LDH and ASAT from the liver. Our results confirm the
literature data concerning the potential of some compounds from Red Bull (caffeine, taurine and
niacin) to deeply affect the hepatic tissue (Li et al., 2011; Davidson et al., 2013; Li et al., 2013;
Phan et al., 2013; Blond et al., 2014; Chen et al., 2015).

Our study also confirms the detrimental effects of the ethanol upon liver, demonstrated
through the stiffening of the membranes, the appearance of a fibrotic net with necrotic areas,
followed by a significant increase of the glucose, cholesterol and hepatic protein concentration.
Also, the ethanol affected the hepatic enzymatic activity. Our results are similar to those quoted
in the literature (Cheng et al., 2001; Kutuk and Basaga, 2007; Ayala et al., 2014).

The novelty of our study consists in the fact that the mixed treatment with the two
drinks, Red Bull and ethanol, have synergistic/cumulative effects at both biochemical and
ultrastructural level. We do not exclude the possibility that a longer treatment can affect
significantly all the parameters involved.

6.3.2. Changes induced by Red Bull consumption in the skeletal muscle

Resistance to effort. The endurance exercises produce metabolic and cardiovascular
activity changes.

In our study, the effort resistance increases in all the groups. At the beginning of the test
period, the highest resistance to effort was achieved by the animals of the control group. By

time, the resistance increases in all groups, but slower in those treated (2, 3 days). Later, the
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situation reverses, the highest resistance being achieved in all treated animals (4, 5 days) as
compared with the animals in the control group. At the end of the testing period, the situation
reverses again, the resistance decreasing in all treated groups below that registered in the control
group (Fig. 8.3.2.1; Table 8.3.2.1.).

The transient increase of the effort resistance after Red Bull consumption might be due
to the high level of carbohydrates in the energy drink. The subsequent decrease of the effort
resistance might be explained by the reduction in the energy storage of the skeletal muscle (Fig.
8.3.2.2 asi b; Tabel 8.3.2.1; Tabel 8.3.2.2) or by the dehydration due to the high caffeine content
of Red Bull (Reissehuber et al., 2006; Temple et al., 2009). Caffeine intensifies diuresis and, as
a result, Na* and Ca*" are eliminated, they being essential for muscle contraction (Reissenhuber
et al., 2006; Emohare and Ratman, 2006).

Similar to the Red Bull case, the physical resistance decrease in ethanol-treated animals
might be due to dehydration; it is known that its metabolization has such an effect (El-Sayed et
al., 2005; Shirreffs and Maughan, 2006; Vella and Smith, 2010).

The combined treatment with Red Bull and alcohol emphasizes even more the animals

resistance decrease, their effects being synergistic.

Table 8.3.2.1. The evolution of the effort resistance of rats (swimming minutes to exhaustion/day)

Day C RB E RBE
Day 1 7.174+0.726 3.541+0.698** 5.315+1.102 4.962+1.135
Day 2 5.96+0.658 7.004+1.581 5.627+1.142 4.71£1.527
Day 3 9.948+0.866 8.074+1.585 6.894+1.609 6.121£1.97
Day 4 6.975+0.56 12.291+3.241 11.7£1.912* 8.681+1.708
Day 5 17.791£2.025 21.028+3.527 21.267+7.649 18.86+8.109
Day 6 14.701+£1.332 14.538+1.599 12.148+1.984 9.667+3.329
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Figura 8.3.2.1. The evolution of the effort resistance of rats treated for 6 days of endurance testing a. C-
Control group; RB- Red Bull group; E- Ethanol group and RBE- Red Bull Ethanol group. n=7 in all groups. The
resuls are shown as arithmetic mean + standard error (Xm=ES).

In our experiment, the glucose concentration decreases in all treated groups. This
decrease is statistically significant in alcohol consumption groups, i.e., in group E and RBE (Fig.
8.3.2.2 a; Table 8.3.2.2). The glycogen concentration followed the same tendency (Fig. 8.3.2.2
b; Tab. 8.3.2.3). In this case, the change was significant in all treated groups.

Table. 8.3.2.2. The compund effects of swimming, Red Bull consumption and ethanol upon
some biochemical parameters from skeletal muscle

Skeletal muscle

Parameters C RB E RBE
Glucose (mg/g tissue) 1.26+0.09 0.69+0.19 0.38+0.12** 0.21£0.06***
Glycogen (mg/g tissue) 3.60+0.35 2.194+0.40* 2.274+0.23* 0.8740.3%**
Proteins (mg/g tissue) 101.24+7.46 104.88+3.81 103.77+5.88 106.4+2.54
LDH Activity (umoles 0.0137+ 0.0116+ 0.0130+ 0.0126+
pyruvate/g tissue/min) 0.001 0.0015 0.001 0.0004
ALAT Activity (ug 5769.36+ 6632.46+ 7287.22+ 5026.65+
pyruvate/g tissue/hour) 683.63 254.25 651.04 841.57
ASAT Activity(ug 3149.13+ 3367.93+ 3347.24+ 3355.16+
pyruvate/g tissue/hour) 151.2 82.06 83.94 64.20

C-Control; RB-Red Bull; E-Ethanol; RBE-Red Bull and Ethanol. Each group contains 7 individuals. The
results were expressed as mean standard error of the mean

Glucose E**p <0.01; RBE***p < 0.001; Glycogen RB*p < 0.05; E*p < 0.05; RBE***p < 0.001; Proteins
RBE*p < 0.05.
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Figure 8.3.2.2. Induced changes by swimming and Red Bull and ethanol consumption upon
glucose and glycogen concentration in skeletal muscle. (a) Glucose concentration in skeletal muscle (*p <
0.05 vs C; ***p < 0.001 vs C), (b) Glycogen concentration from skeletal muscle (*p < 0.05 vs C; ***p < 0.001
vs C). C-control, RB-Red Bull, E-Ethanol, RBE-Red Bull and Ethanol. n=7 in all groups. The results were
expressed as mean arithmetic+ standard error (Xm+ES).

The decrease of muscle glucose and glycogen concentration after Red Bull consumption
(Fig. 8.3.2.2; Table 8.3.2.2) might be due to niacin from the energy drink composition (Li et al.,
2010).

In rats, it is known that niacin switches the type-Il fibers to type | and increases the
number of type-l fibres. As a result of this switching, the oxidative capacity of the skeletal
muscle increases (Ringseis et al., 2013). The fiber type of the muscles is associated with insulin
sensitivity (Lillioja et al., 1987). The decrease of the glucose and glycogen concentration in the
skeletal muscle can be the consequence of the switching of type-I1I fibers to type I, because these
fibers in time consume more glucose. This explanation is just a hypothesis.

The significant decrease of glycogen concentration after energy drink ingestion can be
on one side, the result of insulin resistance determined by caffeine, and on the other side due to
glucose use from the storage, favouring the serum glucose protection.

The significant decrease of glucose and muscular glycogen concentration (Fig. 8.3.2.2;
Table 8.3.2.2) in the group which ingested ethanol was expected. Molima et al. (1991)
demonstrated that glucose takeover by gastrocnemian muscle in rats significantly decreased
after chronic alcohol consumption.

If our results were to be compared to the other researches’ regarding the administration
of alcohol (Budohoski si colab., 1984; Molina and colab., 1991; Spolarics and colab., 1994;
Thong and Graham., 2002, 2002; Keijzers si colab., 2002), we are the first who have noticed
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that Red Bull administration determined related effects with alcohol, these being a decrease of
glucose concentration (Figure 8.3.2.2, Table 8.3.2.2) and glycogen stores (Fig 8.3.2.2, Table
8.3.2.2).

Moreover, we have noticed that when the two drinks are administered together, they
have synergistic effects, determining a highly significant decrease.

Ultrastructurally, the main modification that appears in all treated groups consists in the
presence of some enlarged spaces between muscle fascicles, in which  free nuclei and an
amorphous material can be found. Also, there appears some slight changes in myocytes, as
evidenced through the presence of small vacuolisations at the level of the ,,I” bands, which
contain actin myofilaments (Fig. 8.3.2.5 b; Fig. 8.3.2.6 b; Fig. 8.3.2.7 b).

Partial conclusions

The main conclusion of this part of the study is that Red Bull decreases the physical
endurance to effort, due to biochemical changes (glycogen storage and muscular glucose
concentration decrease) and ultrastructural modifications (vacuolisation and expansions of the
structural elements from the reticular triads, alterations of actin myofilaments). As a result, the
producer’s promises concerning the increase of the physical performances after energy drink
consumption are not confirmed (at least in the endurance case).

Red Bull with alcohol consumption should be avoided, especially by athletes, because
our results show that this kind of combination leads to an intense physical exhaustion.

6.3.3. Changes induced by Red Bull consumption in the cardiac muscle

Our results show that glucose concentration has increased in all groups after treatment
(Fig. 8.3.3.1 a, Table 8.3.3.1), although it is significantly increased only in the RBE group.
Moreover, the experiments indicate that, following the treatment, a clear increase of glycogen
concentration also occurred in all groups, as shown in Fig. 8.3.3.1 b and Tab. 8.3.3.1. It can be
observed that the glycogen concentration is significantly increased in the RB group.

It is believed that, in the RB group, the increase of glucose and glycogen concentration
is caused by two ingredients of the energy drink, caffeine and taurine. Normally, caffeine causes
calcium release from intracytoplasmic stores (Kuo et al., 2007) and activation of AMPK (AMP-

activated protein kinase) via CaMKK (Calmodulin-dependent protein kinase kinase-pB) (Fogarty
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et al., 2010). AMPK promotes the uptake and use of glucose in cardiomyocytes (Daskalopoulos
et al., 2016). Besides, AMPK either inhibits glycogen synthesis by phosphorylation of glycogen
synthase, or activates glycogen degradation by phosphorylation of glycogen phosphorylase
(Jeon, 2016). However, chronic activation of AMPK, as has happened in our study, may
increase glycogen synthesis by increasing glucose uptake and glucose-6-phosphate formation.
This induces allosteric activation of glycogen synthase that can overcome inhibitory

phosphorylation by AMPK (Hunter et al., 2011). Moreover, taurine increases glucose uptake,

glycolysis and glycogen synthesis in the heart of adult rats (Lampson et al., 1983).

Tabel 8.3.3.1. The combined effects of the physical effort (swim test) with Red Bull and/or ethanol
consumption on some biochemical parameters in the myocardium

Myocardium

Parameters C RB E RBE
Glucose 0.65£0.13 0.7520.1 0.72+0.08 1.34+0.16*
(mg/g tissue/)
Glycogen 1.2940.15 2.94+0.47* 1.65+0.19 1.64+0.216
(mg/g tissue/)
Cholesterol (mg/g 10.61+1.31 2.1440.16%** 2.204+0.33%** 2.07+0.24%**
tissue/)
Protein (mg/g tissue/) 98.52+1.35 99.49+2.14 105.33+£1.59* 99.55+2.39
LDH activity 0.015+0.0004 0.014+0.0009 0.015+0.0002 0.01140.0001
(umoles pyruvate/g
tissue/ min)
ALT activity 7289.08+385.5 9151.49+572.19* 8470.95+£385.13 7453.11+183.08
(ug pyruvate/g tissue/
hour)
AST activity 1970.25+143.4  2616.58+£169.48* 2578.59+191.5* 2731.27+118.64%*
(ug pyruvate/g tissue/
hour)

C-Control; RB-Red Bull; E-Ethanol; RBE-Red Bull and ethanol. n=7 in all groups. The results are expressed as
mean value =+ standard error of the mean (Xm=ES).
Glucose RBE*p < 0.05; Glycogen RB*p < 0.05; Cholesterol RB**p < 0.01; E**p < 0.01; RBE***p < 0.001;
Proteins E*p < 0.05; ALT activity RB*p < 0.05; AST activity RB*p < 0.05; E*p < 0.05; RBE**p < 0.01.
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Figura 8.3.3.1. Changes induced by the combined physical effort (swim test) and Red Bull and/or
ethanol consumption on the concentration of glucose and glycogen in the myocardium. (a) Glucose and (b)
glycogen concentration in the myocardium (*p < 0.05 vs C). C-control, RB-Red Bull, E-Ethanol, RBE-Red Bull
and Ethanol. n=7 in all groups. The results are expressed as mean value + standard error of the mean (Xm+ES).

In our experiment, ethanol has led to a slight increase in glucose and glycogen
concentration (Fig. 8.3.3.1 a, Tab. 8.3.3.1). It is known that ethanol decreases the sensitivity to
insulin, and this is mediated in the heart muscle by TNFa (Tumour necrosis factor-a) and/or IL-
6 (interleukin 6), that induce JNK (Jun N-terminal kinases) activation, which inhibits the path
Akt-AS160-GLUT4 (Lang et al., 2014).

The combined administration of Red Bull and ethanol produced a significant increase of
glucose concentration (Fig. 8.3.3.1 a, Table 8.3.3.1). This outcome was expected since the
independent administration of each of these components had led to an increase of the glucose
concentration in the myocardium.

The concentration of cholesterol was significantly diminished in all groups, as shown in
the results presented in Fig. 8.3.3.2 and Table 8.3.3.1. This effect can in turn be a cause of the
myocardial dysfunctions reported in the literature in chronic consumption of EDs and alcohol.

14 - Figure 8.3.3.2 Changes of total
cholesterol concentration in the

myocardium  (*p<0.05 vs C;

**p<0.01 vs C; ***p < 0.001 vs C)
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The reduction of the cholesterol concentration induced by Red Bull (Fig. 8.3.3.2, Table 8.3.3.1)
may be caused by the elevated taurine and/or niacin contained by this drink.

Such a change is somewhat normal because both taurine and niacin are two compounds
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used in the prevention and progression of atherosclerosis (Xu et al., 2008; Ruparelia et al.,
2011). More precisely, it is known that taurine reduces serum cholesterol (Chen et al., 2012) and
niacin reduces serum cholesterol and triglycerides, and increases HDL concentration (Barter,
2011).

Decreased cholesterol in myocardium following chronic ethanol treatment (Fig. 8.3.3.2,
Table 8.3.3.1) was also reported by Godfrey et al. (2015) and Hu et al. (2013), but the results
have never been explained. The physiological significance of the phenomenon is unknown.

The combined administration of Red Bull and ethanol has induced an even higher
reduction of cholesterol in the myocardium compared to the independent administration of the
two components (Fig. 8.3.3.2, Tabel 8.3.3.1).

The most serious ultrastructural modifications observed in the heart tissue of the rats
treated with EDs are those that indicate the occurrence of myocyte necrosis. Most nuclei have a
normal shape, but for some myocytes, the myofibril arrangement has a loose structure and the
space between them is occupied by many large (swollen) mitochondria displaying a rarefied
matrix and dilated cristae, which makes us assume that oxidative metabolism is affected. All of
these morphological alterations are correlated with the measured biochemical alterations in
glucose, glycogen, cholesterol and AST and ALT activities reported in our study (Fig. 8.3.3.5,
Fig. 8.3.3.6, Fig. 8.3.3.7).

Partial conclusions

Our results explain, to a certain extent, the symptoms described in the literature by those
who consume energy drinks in large quantities or for a long period of time. We particularly refer
to the accumulation of glycogen in the myocardium, which can disrupt the cardiac activity and
may favour the occurrence of tachycardia, palpitations, cardiac arrhythmias, hypertension and
even death (Yew and Laczek, 2007, Lattavo et al., 2007; Babu et al., 2008; Clauson et al.,
2008). Also, lowering the cholesterol concentration may in turn be a cause of myocardial
dysfunctions reported in the literature following the chronic consumption of energy drinks and
alcohol.

Athletes, as well as active people should avoid both the consumption of energy drinks and
their consumption in combination with alcohol. Our results show that the two beverages may, in

time, irreversibly affect the myocardium, causing necrosis.
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9. General discussion and final conclusions

The present study is the first complex study which focuses especially on the metabolic
and ultrastructural effects upon body, induced on the physical effort and particularly on sport
background, by the chronic and acute Red Bull consumption and Red Bull/ethanol combination.

In the first part of the study we presented the newest literature data concerning the
effects determined by the chronic and acute consumption of the energy drinks and their main
ingredients (caffeine and taurine).

The researches performed in the experimental part had two major objectives: (1)
evaluation of the acute administration of Red Bull and the manner in which certain blood
biochemical parameters are affected and also the blood pressure and the pulse in young athletes
or in young people without regular physical activities, during the physical exercises performing;
(2) evaluation of the effects of Red Bull, ethanol and Red Bull/ethanol upon body and the
manner in which the chronic consumption influences some biochemical and ultrastructural
parameters in rats (the tissues used were blood, liver, skeletal and cardiac muscle).

For humans, the consumption of Red Bull is affecting especially the hemodynamic
parameters, for both athletes and untrained people who do physical effort, because of this energy
drinks can represent a risk factor in development cardiovascular diseases.

Chronic consumption of Red Bull, ethanol and Red Bull/ethanol combination affected
all the tissues studied.

Our biochemical and ultrastructural results obtained after the Red Bull administration
largely explain the symptoms described in the literature as appearing after chronic or excessive
consumption of energy drinks. The glucose and glycogen concentration in all the tissues studied
are among the affected biochemical parameters. It is to be remarked, especially, the decrease in
glucose concentration and the glycogen storage from the skeletal muscle. That explains the
physical performance decrease in the endurance effort case. In myocardium, the situation was
reversed: the glycogen and glucose concentration significantly increased after the treatment. The
glycogen storage in myocardium can disturb the cardiovascular system activity and favour the
appearance of tachycardia, palpitations, cardiac arrhythmias and high blood pressure and can
even lead to death (Yew and Laczek, 2007; Lattavo et al., 2007; Babu et al., 2008; Clauson et
al., 2008).

The increase of the cholesterol concentration in liver and blood, as well as its decrease
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in the myocardium can be causes for hepatic and cardiac disfunctions noticed in the literature
after the chronic consumption of energy drinks.

Red Bull induced ultrastructural modifications in all the tissues studied. In liver, it
produced the distension of SER (smooth endoplasmic reticulum), in the skeletal muscle it
determined myofibrilar alterations, disarray and diminution of the muscle fibers, while in the
myocardium lysis areas could be observed. The most common ultrastructural modification
present in all tissues is represented by the rarefaction and dilatation of the mitochondrial matrix
and cristae. The mitochondrial alterations, associated with the impairment of the oxidative
phosphorylation can explain the low physical resistance at swimming and makes us believe that
in humans it can produce the same effects.

One of the experimental groups was treated with alcohol because in the last years the
combination of alcohol and energy drinks has become a trend for young people. We wanted to
establish whether this kind of combination is more dangerous than individual administration of
those two drinks. Our results obtained for the alcohol chronic treatment confirmed what is
already known from literature. The alcohol affected all the organs studied, at both biochemical
and ultrastructural level (Fernandez-Sola et al., 1994; Cheng si et al., 2001; Worrall et al.,.,
2001; Lang et al., 2005; Siegmund et al., 2005; Kutuk and Basaga, 2007; Preedy et al., 2007,
Law et al., 2012; Ayala et al., 2014; El Hajj et al.,2014).

The combination of alcohol and energy drinks affected the body more than the
individual drinks do. The cumulative effect of the two drinks was observed for glucose,
glycogen, cholesterol, protein concentration and some enzyme activities in all tissues studied.
Furthermore, the Red Bull and ethanol combination determined the myocyte necrosis of the
myocardium. Therefore, in time, the heart damage can be irreversible. Biochemical and
ultrastrutural modifications explain the low physical resistance of animals.

In humans, Red Bull affected especially the hemodynamic parameters in both athletes
and untrained people with physical effort. Therefore, energy drinks can represent risk agents for
the development of cardiovascular diseases.

Consequently, on the basis of the experimental results, we can draw some general
conclusions concerning the metabolic effects of energy drinks and their combination with
alcohol.

1. Chronic consumption of energy drinks deeply affect especially the carbohydrate
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metabolism. The glucose and glycogen decrease in skeletal muscles explains the physical
performance decrease in the endurance effort case and contradict the producers, which promise
the opposite. The glycogen storage in the myocardium can affect the cardiovascular system
activity and explains the negative effects associated with energy drink consumption reported in
literature (tachycardia, palpitations, cardiac arrhythmias, high blood pressure);

2. We can affirm that both Red Bull and combinations of Red Bull with ethanol affect
movement qualities in a significant way because the consumption is lowering the resistance to
endurance physical effort.

3. Red Bull produces ultrastructural modifications in all tissues (smooth endoplasmatic
reticulum dilatation in liver, myofibrile disarrangement and diminution of the skeletal muscular
fibres, appearance of myocardium lysis areas). The common ultrastructural modification is
represented by the rarefaction and dilatation of the matrix and mitochondrial cristae. These
phenomena most likely stand at the basis of some metabolic disorders and decrease of the
physical resistance during the sport performing;

4. The energy drinks deeply affected the liver. The increase of the hepatic cholesterol in
addition to the increase in number and dimensions of the lipid droplets after Red Bull
consumption does not exclude the possibility that, in time, the energy drink consumption
favours the development of the non-alcoholic hepatic steathosis.

5. The negative effects of the energy drinks exceed the benefits induced by sport upon
body. Even though athletes hope for a physical performance improvement by energy drinks,
various ultrastructural and biochemical alterations produced by Red Bull in our experiment
show that, in reality, the whole body activity is disturbed.

6. The energy drinks and alcohol operate largely synergistic and sometimes even
complementary. In this combination, the effects of the two drinks are almost always

exacerbated. Therefore, their consumption must be discouraged at any age.

32



Selective bibliography

Alford, C., Cox, H., Wescott, R., (2001). The effects of red bull energy drink on human performance and
mood, Amino Acids, 21(2), 139-50

Akande, 1. S., Banjoko, O.A., (2011) Assessment of Biochemical Effect of “Power Horse” Energy Drink
on Hepatic, Renal and Histological Functions in Sprague Dawley Rats, Annual Review and Research in Biology 1,
2231-477

Arendash, G.W., Cao, C. (2010) Caffeine and coffee as therapeutics against Alzheimer disease, J.
Alzheimer Dis. 1, 117-26

Ayala, A., Munoz, M.F., Arguelles, S. (2014). Lipid Peroxidation: Production, Metabolism, and Signaling
Mechanisms of Malondialdehyde and 4-Hydroxy-2-Nonenal, Oxidative Medicine and Cellular Longevity, Volume
Article 1D 360438, 31 pages

Babu, K. M., Church, R., Lewander, W., (2008). Energy drinks: The new eye-opener for adolescents,

Clin. Ped Emerg. Med., 9, 35-42

Barter, P., Gotto, A.M., LaRosa, J.C., Maroni, J., Szarek, M., Grundy, S.M., Kastelein J.J., Bittner, V.,
Fruchart, J.C., (2007). HDL cholesterol, very low levels of LDL cholesterol, and cardiovascular events. N Engl J
Med. 357:1301-1310

Barter P. J. (2011). The Causes and Consequences of Low Levels of High Density Lipoproteins in
Patients with Diabetes, Diabetes Metab; 35: 101-106

Benowitz, N.L., Osterloh, J., Goldschlager, N., Kaysen, G., Pond, S., Forhan, S. (1982). Massive
catecholamine release from caffeine poisoning. JAMA. 248(9):1097-8

Bigard, A. X., (2010). Risks of energy drinks in youths, Arch. Pediath. 17(11), 1625-31

Birdsall, T.C., (1998). Therapeutic applications of taurine, Alt Med Rev. 3:128-3610

Blond, E., Goudable, J., Laville, M. (2015). Nonalcoholic Fatty liver disease and hyperuricemia: a close
relation with hepatic insulin resistance after nicotinic Acid treatment? Horm Metab Res. 47(7):546-7

Budohoski, L., Challiss, R.A., McManus, B., Newsholme, E.A. (1984). Effects of analogues of adenosine
and methyl xanthines on insulin sensitivity in soleus muscle of the rat. FEBS Lett, 167:1-4

Cannon, M.E., Cooke, C.T., McCarthy, J.S. (2001). Caffeine-induced cardiac arrhythmia: an unrecognised
danger of healthfood products. Med J Aust; 174:520-1

Chen, W., Guo, J.X., Chang, P. (2012). The effect of taurine on cholesterol mechanism, Mol Nutr Food
Res. 56(5), 681-90

Chen, A. C., Martin, A.J., Choy, B., Fernandez-Pefias, P., Dalziell, R.A., McKenzie, C.A., Scolyer, R.A.,
Dhillon, H.M., Vardy, J.L., Kricker, A., George, G., Chinniah, N., Halliday, G.M., Damian, D.L. (2015). A Phase 3
Randomized Trial of Nicotinamide for Skin-Cancer Chemoprevention, The New England Journal of Medicine,
373:17

Cheng, J.Z., Yang, Y., Singh, S.P., Singhal, S.S., Awasthi, S., Pan, S.S., Singh, S.V., Zimniak, P.,

33



Awasthi, Y.C., (2001). Two distinct 4-hydroxynonenal metabolizing glutathione S-transferase isozymes are
differentially expressed in human tissues. Biochem Biophys Res Commun. 282: 1268-1274

Chowdhury, S., Sinha, K., Banerjee, S., Sil, P.C (2016). Taurine protects cisplatin induced cardiotoxicity
by modulating inflammatory and endoplasmic reticulum stress responses. Biofactors. 42(6):647-664.

Clauson, K. A., Shields, K. M., McQueen, C. E., Persad, N., (2008). Safety issues associated with
commercially available energy drinks, J. Am. Pharm. Assoc., 48(3), 55-63

Cohen, P., Nimmo, H.G., Proud, C.G. (1978). How does insulin stimulate glycogen synthesis? Biochem
Soc Symp. (43):69-95

Daskalopoulos, E.P., Dufeys, C., Beauloye, C., Bertrand, L. (2016). AMPK in Cardiovascular Diseases,
ch 8. Pg179-201, Book Volume 107 2016, AMP-activated Protein Kinase, Editors: Mario D. Cordero, Benoit
Viollet

Davidson MH, Rooney M, Pollock E, Drucker J, Choy Y (2013). Effect of colesevelam and niacin on low-
density lipoprotein cholesterol and glycemic control in subjects with dyslipidemia and impaired fasting glucose. J
Clin Lipidol 7(5):423-32

Davis, J.K., Green, J.M. (2009). Caffeine and anaerobic performance: ergogenic value and mechanisms of
action, Sports Med. 10, 813-32

Del Coso, J., Salinero, J.J., Gonzales-Millan, C., Vicen-Abian, J., Perez-Gonzales, B. (2012) Dose
response effects of a caffeine-containing energy drink on muscle performance: a repeated measures design, J Int
Soc Sports Nutr. 1, 9-21

Dias, T.R., Alves, M.G., Bernardino, R.L., Martins, A.D., Horeira, A.C., Silva, J., Barros, A., Sousa, M.,
Silva, M., Oliveira, P.F. (2015) Dose-dependent effects of caffeine in human Sertoli cells metabolism and oxidative
profil: relevance for male fertility, Toxicology. 328, 12-20

Digby, JE., Ruparelia, N., Choughury, RP., (2012). Niacin in cardiovascular disease: recent preclinical and
clinical developments, Arterioscler Thromb Vasc Biol. 32 (3), 582-8

Di Rocco, J.R., During, A., Morelli P.G., Heyden, M., Biancanello, T.A., (2011) Atrial fibrillation in
healthy adolescents after highly caffeinated beverage consumption: two case reports, J. Med. Case Rep, 19(5), 947-
952

Dufour, S., Lebon, V., Shulman, G. I., Petersen, K. (2009). Regulation of net hepatic glycogenoliysis and
glucogenogenesis by epinephrine in human, Am J Psysiol Endocrinol Metab. 297 (1): E231-5

Dunbar, R.L. si Goel, H (2016).Niacin Alternatives for Dyslipidemia: Fool’s Gold or Gold Mine? Part I:
Alternative Niacin Regimens, Curr Atheroscler Rep. 18:11

Duncan, M.J., Hankey, J. (2013) The effect of a caffeinated energy drinks on various psychological
measures during submaximal submaximal cycling, Physiol Behav 5, 116-117

Dworzanski, W., Burdan, F., Szumilo, M., Jaskolska, A., Anielska, E. (2011) Coffee and caffeine-enemies
or alliantes of a cardiologist, Kardio Pol. 2, 173-6

Ebuehi, O.A., Ajayl, O.E., Onyeulor, A.L., Awelimolor, D. (2011) Effects of oral administration of energy
drinks on blood chemistry, tissue histology and brain acetylcholine in rabbits, Nig Q J Hosp Med. 1, 29-34

34



Echeverri, D., Montes, F. R., Cabrera, M., Galan, A., Prieto, A. (2010) Caffeines vascular mechanisms of
action, Int J.Vasc Med. 834060

El Hajj, E.C., El Hajj, M.C., Voloshenyuk, T.G., Mouton, A.J., Khoutorova, E., Molina, P.E., Gilpin,
N.W., Gardner, J.D., (2014). Alcohol modulation of cardiac matrix metalloproteinases (MMPs) and tissue inhibitors
of MMPs favors collagen accumulation, Alcohol Clin Exp Res. 38:448-456

Elitok, A., Oz, F., Panc, C., Jarikaya, R., Sezikli, S., Pala, Y., Bugan, O.S., Ates, M., Parildar, H., Ayaz,
M.B., Atici, A., Oflaz, H. (2015) Acute effects of Red Bull energy drink on ventricular repolarization in healthy
young volunteers: a prospective study, Anatol J Cardiol 15 (epub ahead of print)

El-Sayed, M.S., Ali, N., EI-Sayed Ali, Z. (2005). Interaction between alcohol and exercise: physiological
and haematological implications. Sports Med. 35(3):257-69

Emohare, O., Ratnam, V. (2006). Multiple cardiac arrests following an overdose of caffeine complicated
by penetrating trauma. Anaesthesia; 61:54-6

Fernandez, X., Meunier-Salaiin, M-C., Ecolan, P. (1994). Glycogen depletion according to muscle and
fibre types in response to dyadic encounters in pigs (Sus scrofa domesticus)—relationships with plasma epinephrine
and aggressive behaviour, Comp Biochem Physiol A Physiol.109:869-879

Fernandez-Sola, J., Estruch, R., Grau, J.M.J, Pare, J.C., Rubin, E., Urbano-Marquez, A., (1994). The
relation of alcoholic myopathy to cardiomyopathy. Ann Intern Med. 120:529-536

Finnegan, D. (2003). The health effects of stimulant drinks, British Nutrition Foundation Nutrition
Bulletin. 28:147-55

Fogarty S, Hawley SA, Green KA, Saner N, Mustard KJ, Hardie DG. Calmodulin-dependent protein
kinase kinase-p activates AMPK without forming a stable complex: synergistic effects of Ca®and
AMP. Biochemical Journal. 2010;426(Pt 1):109-118

Gitay, M., Bano, S. (2013). Metabolic and behavioral effects of serotonergic antidepressants in rats
exposed to swim endurance test. J. Basic Appl. Sci. 9, 269- 275

Goldberg, A., Alagona, P., Capuzzi, D.M. (2000). Multiple-dose efficacy and safety of an extended-release
form of niacin in the management of hyperlipidemia. Am J Cardiol. 85(9):1100—1105

Godfrey J, Jeanguenin L, Castro N, Olney JJ, Dudley J, Pipkin J, Walls SM, Wang W, Herr DR, Harris
GL, Brasser SM. (2015). Chronic voluntary ethanol consumption induces favorable ceramide profiles in selectively
bred alcohol-preferring (P) rats. PLoS One, 10(9):e0139012. doi: 10.1371

Grasser, E.K., Yepuri, G., Dullo, A.G., Montani, J.P. (2014). Cardiovascular and cerebrovascular
responses to the energy drink Red Bull in young adults: a randomized cross-over study, Eur J Nutr 7, 1761-71

Grasser, E.K., Dullo, A.G., Montani, J.P. (2015). Cardiovascular and cerebrovascular effect in response to
Red Bull consumption with mental stress, Am J Cardiol 2, 183-9

Guyton, A., si Hall, J. (2006). Tratat de fiziologie a omului, ed. Dr. Gh. Cuculici, dr Anca W. Gheorghiu-
Ed. all-a, Bucuresti: Editura Medicala Callisto, 2007

Hamoud, S., Kaplan, M., Meilin, E., Hassan, A., Torqovicky, R., Cohen, R., Hayek, T. (2013). Niacin

administration significantly reduces oxidative stress in patient with hypercholesterolemia and low levels of high-

35



density lipoprotei cholesterol, Am J Med Sci. 354 (3), 159-9

Hu C, Ge F, Hyodo E, (2013). Chronic Ethanol Consumption Increases Cardiomyocyte Fatty Acid Uptake
and Decreases Ventricular Contractile Function in C57BL/6J Mice. Journal of molecular and cellular cardiology.
59:30-40

Hunter RW, Treebak JT, Wojtaszewski JFP, Sakamoto K. (2011). Molecular Mechanism by Which AMP-
Activated Protein Kinase Activation Promotes Glycogen Accumulation in Muscle. Diabetes. 60(3):766-774

Ito, M.K, Watts, G.F. (2015). Challenges in the Diagnosis and Treatment of Homozygous Familial
Hypercholesterolemia, Drugs 75(15):1715-24

Keijzers, G.B., De Galan, B.E., Tack, C.J., Smits, P. (2002) Caffeine can decrease insulin sensitivity in
humans. Diabetes Care. 25(2):364-9

Khan, N.A., Auranen, M., Paetau, I. (2014). Effective treatment of mitochondrial myopathy by
nicotinamide riboside, a vitamin B3. EMBO Molecular Medicine. 6(6):721-731

Khayyat, L.A., Sorour, J., Maisaa, A.R., Essawy, A. (2012). Histological, Ultrastructural and Physiological
Studies on the Effect of Different Kinds of Energy Drinks on the Liver of Wistar albino Rat, Journal of American
Science 8(8):1-10

Khayyat, L.A., Essawy, A., Sorour, J., Maisaa, A.R. (2014), Impact of some energy drinks on the structure
and function of the kidney in Wistar albino rats, Life science Journal, 11(10)

Kong, H., Jones, P.P., Koop, A., Zhang, L., Duff, H.J., Chen, R. (2008).
Caffeine induces Ca2+ release by reducing the threshold for luminal Ca2+ activation ofthe ryanodine receptor.
Biochem J. 414(3):441-52

Kutuk, O., Basaga, H. (2007). Apoptosis signaling by 4-hydroxynonenal: a role for JNK-c-Jun/AP-1
pathway. Redox Rep. 12: 30-34

Jackson, D.A., Cotter, B.V., Merchant, R.C., Babu, K.M., Baird, J.R., Nirenberg, T., Linakis, J.G. (2013).
Behavioral and physiologic adverse effects in adolescents and young adult emergency department patients reporting
use of energy drinks and caffeine, Clin Toxicol. 7, 557-65

Jeon S-M. (2016). Regulation and function of AMPK in physiology and diseases. Experimental &
Molecular Medicine. 48(7):e245.

Julius, U. (2015). Niacin as antidyslipidemic drug, Can J Physiol Pharmacol 28, 1-12

Lang, C.H., Derdak. Z., Wands, J.R. (2014). Strain-Dependent Differences for Suppression of Insulin-
Stimulated Glucose Uptake in Skeletal and Cardiac Muscle by Ethanol, Alcoholism, clinical and experimental
research. 38(4):897-910

Lampson, W.G., Kramer, J.H., Schaffer, S.W. (1983). Potentiation of the actions of insulin by taurine. Can
J Physiol Pharmacol;61(5):457-63

Lara, B., Gonzalez-Millan, C., Salinero, J.J., Abian-Vicen, I., Areces, F., Barbero-Alvarez, J.C., Munoz,
V., Portillo, L.J., Gonzalez-Rave, J.M., Del Coso, J. (2014). Caffeine containing energy drink improves physical
performance in female soccer players, Amino Acids, 5, 1385-92

Larson, N., Laska, M.N., Story M., Neumark-Sztainer, D. (2015). Sports and energy drink consumption

36



are linked to health-risk behaviours among young adults. Public Health Nutr. 18(15):2794-2803

Lattavo, A., Kopperud, A., Rogers, P.D. (2007). Creatine and other supplements. Pediatr Clin North
Am. 54(4):735-60

Law, B.A., Levick, S.P., Carver, W.E. (2012). Alterations in cardiac structure and function in a murine
model of chronic alcohol consumption. Microsc Microanal, 18:453-461

Lee JM, Robson MD, Yu LM. (2009). Effects of high-dose modified-release nicotinic acid on
atherosclerosis and vascular function: a randomized, placebo-controlled, magnetic resonance imaging study. J Am
Coll Cardiol. 54:1787-94.

Li, D., Sun, W.P., Zhou, Y.M,, Liu, Q.G., Zhou, S.S., Luo, N., Bian, F.N., Zhao, Z.G., Guo, M. (2010).
Chronic niacin overload may be involved in the increased prevalence of obesity in US children, World J.
Gastroenterol. 16(19), 2378-2387

Li, Y., Xu, S., Mihaylova, M.M., Zheng, B., Hou, X., Jiang, B., Park, O., Luo, Z., Lefai, E., Shyy, J.Y.,
Gao, B., Wierzbicki, M., Verbeuren,T.J., Shaw, R.J., Cohen, R.A., Zang, M. (2011). AMPK phosphorylates and
inhibits SREBP activity to attenuate hepatic steatosis and atherosclerosis in diet-induced insulin-resistant mice. Cell
Metab. 13(4):376-88

Li, D., Tian, Y.J., Guo, J., Sun, W.P., Lun, Y.Z., Guo, M., Luo, N., Cao, Y., Cao, J.M., Gong, X.J., Zhou,
S.S. (2013). Nicotinamide supplementation induces detrimental metabolic and epigenetic changes in deneloping
rats. Br. J. Nutr. 110(12):2156-64

Lillioja, S., Young, A.A., Culter, C.L., Ivy, J.L., Abbott, W,G., Zawadzki, J.K., Yki-Jarvinen, H., Christin,
L., Secomb, T.V., Bogardus, C. (1987). Skeletal muscle capillary density and fiber type are possible determinants
of in vivo insulin resistance in man, J Clin. 80(2):415-424

Marczinski, C.A., Stamates, A.L., Ossege, J., Maloney, S.F., Bardgett, M.E., Brown, C.J., (2014)
Subjective state, blood pressure, and behavioral control changes produced by an ,,Energy Shot”, J. Caffeine Res. 2,
57-63

Markos, F., Kavouras S.A. (2005). Caffeine use in sports, pharmacokinetics in man, and cellular
mechanisms of action, Crit. Rev. Food Sci. Nutr, 45(7-8), 535-62

Martin, J.V., Nolan, B., Wagner, G.C., Fisher, H. (2004). Effects of dietary caffeine and alcohol
on liver carbohydrate and fat metabolism in rats, Med Sci Monit. 10(12):455-61

Maughan, R.J., Griffin, J. (2003). Caffeine ingestion and fluid balance: a review, J Hum Nutr Diet.
16(6):411-20.

Menci, D., Righini, F.M., Cameli, M., Lisi, M., Benincasa, S., Focardi, M., Mondillo, S. (2013). Acute
effects on an energy drink on myocardial function assessed by conventional echo-Doppler analysis and speckle
tracking echocardiography on young healthy subjects, J Amino Acids, 1-7

Miller, K. (2008). Energy drinks, race, and problem behaviors among college students. J Adolesc
Health. 43(5):490-497

Molina, P.E., Lang, C.H., Bagby, G.J., Spitzer, J.J. (1991). Ethanol oxidation is not required to attenuate
endotoxin-enhanced glucose metabolism, Am J Physiol. 260:R1058-1065

37



Monin, G., Mejenes-Quijano, A., Talmant, A., Sellier, P. (1987). Influence of breed and muscle metabolic
type on muscle glycolytic potential and meat pH in pigs. Meat Sci. 20:149-158

O'Brien, C.P., Lyons, F. (2000). Alcohol and the athletes, Sports Med. 29(5):295-300

Parwaresch, M.R., Haacke, H., Mader, C. (1978). Efficacy of hypolipidemic treatment in inhibition of
experimental atherosclerosis: the effect of nicotinic acid and related compounds. Atherosclerosis. 31(4):395-401

Patel, B.C., D'Arville, M., lwahashi, F., Simon, R. (1991). Impairment of hepatic insulin receptors during
chronic ethanol administration. The American Journal of Physiology. 261(2 Pt 1):G199-205

Peacock, A., Martin, F.H., Carr, A. (2013). Energy drinks ingredients. Contribution of caffeine and taurine
to performance outcomes, Appetite 64, 1-4

Petrescu, 1., (1998). Biochimie. Reactii chimice in celula vie, Presa universitara clujeand

Phan, B.A., Muifioz, L., Shadzi, P., Isquith, D., Triller, M., Brown, B.G., Zhao, X.Q. (2013). Effects
of niacin on glucose levels, coronary stenosis progression, and clinical events in subjects with normal baseline
glucose levels (&It;100 mg/dl): a combined analysis of the Familial Atherosclerosis Treatment Study (FATS),
HDL-Atherosclerosis Treatment Study (HATS), Armed Forces Regression Study (AFREGS), and Carotid Plaque
Composition by MRI during lipid-lowering (CPC) study, Am J Cardiol. 111(3):352-5

Phillips, M.D., Rola, K.S., Christen, K.V., Ross, J.W., Mitchel, J.B. (2014). Preexercise energy drinks
consumption does not improve endurance cycling performance but increases lactate, monocyte and interleukine-6
response, J Strengh Cond Res 5, 1443-53

Pohanka, M. si Dobes, P. (2014). Caffeine inhibits acetylcholinesterase, but not butyrylcholinesterase, Int J
Mol Sci. 14(5):9873-82

Porrini, M. and Del Bo’ C (2016). Ergogenic Aids and Supplements, Front Horm Res. 47:128-52

Reid, J.L., McCrory, C., White, C.M., Martineau, C., Vanderkooy, P., Fenton, N., Hammond, D. (2016).
Consumption of Caffeinated Energy Drinks Among Youth and Young Adults in Canada. Prev Med Rep. 5:65-70

Reisenhuber, A., Boehm, M., Posch, M., Aufricht, C. (2006) Diuretic potential of energy drinks, Amino
Acids,1, 81-3

Reissing, C.J., Strain, E.C., Griffiths, R.R. (2009). Caffeinated energy drinks — a growing problem, Drug
Alcohol Depend. 99(1-3), 1-10

Ringseis, R., Rosenbaum, S., Gessner, D.K., Herges, L., Kubens, J.F., Mooren, F.C., Kruger, K., Eder, K.
(2013). Supplementing obese Zucker rats with niacin induces the transition of glycolitic to oxidative skeletal
muscle fibers, J Nutr, 2, 125-31

Ripps, H. And Shen, W. (2012). Review: Taurine: A “very essential” amino acid, Mol Vis. 18: 2673-2686

Ruparelia N, Digby JE, Choudhury RP. (2011). Effects of niacin on atherosclerosis and vascular
function. Current opinion in cardiology.26(1):66-70

Scholey, A.B., Kennedy, D.O. (2004). Cognitive and physiological effects of an energy drink: an
evaluation of the whole drink and of glucose, caffeine and herbal flavouring fractions, Psychopharmacology 3-4,
320-30

Seifert, S.M., Schaechter, J.L., Hershorin, E.R., Lipshultz, S.E. (2011). Health effects of energy drinks on

38



children, adolescents and young adults, Pediatrics, 3, 511-28
Shirreffs, S.M. and Maughan, R.J. (2006). The effect of alcohol on athletic performance, Curr Sports Med
Rep. (4):192-6
Siegmund, S.V., Dooley, S., Brenner, D.A. (2005). Molecular mechanisms of alcohol-induced hepatic
fibrosis. Dig Dis. 23:264-274
Sinha, R.A., Farah, B.L., Singh, B.K., Siddique, M.M., Li, Y., Wu, Y., llkayeva, O.R., Gooding, J., Ching,
J., Zhou, J., Martinez, L., Xie, S., Bay, B.M., Summers, S.A., Newgard, C.B., Yen, P.M. (2014). Caffeine
stimulates hepatic lipid metabolism by the autophagy-lysosomal pathway in mice, Hepatology, 4, 1366-80
Song, W.L., FitzGerald, G.A. (2013). Niacin an old drug with a new twist, J Lipid Res. 54(10):2586-94
Spolarics, Z., Bagby, G.J., Pekala, P.H., Dobrescu, C., Skrepnik, N., Spitzer, J.J., (1994). Acute alcohol
administration attenuates insulin-mediated glucose use by skeletal muscle. Am J Physiol.10:E886-E891
Steiner, J.L., Crowell, K.T., Lang, C.H. (2015). Impact of Alcohol on Glycemic Control and Insulin
Action, Biomolecules. 5(4)2223
Tarba, C. (2003). Matematici cu aplicatii in biologie, Editura Risoprint, Cluj-Napoca
Templ, J.L., (2009). Caffeine use in children: what we know, what we have left to learn and why we
should worry. Neurosci. Biobehav. Rev. 33(6); 793-806
Thong, F.S.L., si Graham, T.E., (2002). Caffeine-induced impairment of glucose tolerance is abolished by
[-adrenergic receptor blockade in humans, J. Appl Physiol, 92:2347-2352
Van Battenburg-Eddes, T., Jolles, J. (2013). How does emotional relate to underachievement in a general
population sample young adolescents: a neurocognitive perspective, Front Psychol, 4, 67
Vella, L.D., Cameron-Smith, D., (2010). Alcohol, athletic performance and recovery, Nutrients.10:781—
789
Viollet, B., Foretz, M., Guigas, B., Horman, S., Dentin, R., Bertrand, L., Hue, L., Andreelli, F. (2006).
Activation of AMP-activated protein kinase in the liver: a new strategy for the management of metabolic hepatic
disorders, J Physiol. 574(Pt 1):41-53
Warburton, D.M., Bersellini, E., Sweeney, E. (2011). An evaluation of a caffeinated taurine drink on mood,
memory and information processing in healthy volunteers without caffeine abstinence, Psychopharmacology (Berl).
158(3):322-8
Wierzejska R, Jarosz M. (2012). Coffee drinking and risk of type 2 diabetes mellitus. Optimistic scientific
data. Przegl Epidemiol, 66(3):509-12
Wolinsky 1., Driskell J.A., (2004). Nutritional Ergogenic Aids, CRC Press
Worrall, S., Niemela, O., Parkkila, S., Peters, T.J., Preedy, V.R. (2001). Protein adducts in type | and type
Il fiber predominant muscles of the ethanol-fed rat: preferential localisation in the sarcolemmal and
subsarcolemmal region, Eur J Clin Invest, 31 (8):723-30
Xu YJ, Arneja AS, Tappia PS, Dhalla NS. (2008). The potential health benefits of taurine in
cardiovascular disease. Exp Clin Cardiol. 13: 57-65

Yamori,Y., Taquchi, T., Hamada, A., Mori, H., Mori, M., (2010). Taurine in health and disease consistent

39



evidence from experimental and epidemiological studies, J Biomed Sci 10, 1186/1423

Yew, D., Laczek, J. (2007). Emedicine. Toxicity, caffeine. Retrieved may 5th 2013, from http://
emedicine.medscape.com/article/821863-overview

Zang, Y., Coca, A., Casa, D.J., Antonio, J., Green, J.M., Bishop, P.A., (2014). Caffeine diuresis during rest
and exercises: A meta-analysis, J. Sci. Med. Sport 14, 143-1

Zhang, T., Maier, L.S., Dalton, N.D, (2003). “The 8C isoform of CaMKII is activated in cardiac
hypertrophy and induces dilated cardiomyopathy and heart failure,” Circulation Research, vol. 92, no. 8, pp. 912—
919

Zheng, G., Qiu, Y., Zhang, Q.F., Li, D., (2014). Chlorogenic acid and caffeine in combination inhibit fat

accumulation by regulating hepatic lipid metabolism-related enzymes in mice, Br J Nutr. 112(6):1034-40

40



