ORIGINAL ARTICLE

EFFECTS OF CAFFEINATED SOFT DRINKS & ENERGY DRINKS ON
ADULT RAT BODY WEIGHT, LIVER WEIGHT AND RELATIVE TISSUE
WEIGHT INDEX

SAIRA MUNAWAR!?, SHAGUFTA NASREEN?, KANWAL SHARIF, MUHAMMAD SUHAIL*

!Department of Anatomy, Fatima Jinnah Medical University, Lahore, 2Department of Anatomy, PGMI/AMC, Lahore,
3Department of Anatomy, Azra Naheed Medical College, Lahore,
“Department of Anatomy, Shaikh Zayed PGMI, Lahore.

ABSTRACT

Objective/Background: Youngsters are consuming caffeinated soft drinks and energy drinks at alarming rates
without knowing their safety. Hence, the research was conducted to observe the effects of most universally used
caffeinated soft drink (SD), (Coca Cola) and energy drink (ED) (Red Bull) on the body weight and liver of rats.
Methods: Control group, SD group (experimental group) and ED group (experimental group) were given a dose of
11ml/kg body weight of distilled water, Coca Cola and Red Bull per day, respectively for 8 weeks. At the start and at
the end of the experiment, all the rats were weighed and then the rats were dissected, and their livers were weighed
and Relative tissue weight index (RTWI1) calculated.

Results: The gain in body weight of both experimental groups at the end of the experiment was insignificant in
comparison to the control group. The liver weight of experimental groups was more than the control group yet it was
not statically significant but SD group had a higher RTWI in comparison to the control group.

Conclusion: Consumption of Caffeinated soft drinks (Coca Cola) and energy drinks (Red Bull) raised body weight
but the liver weight remains almost unaffected in comparison to control whereas RTWI of SD group was significantly
more. Caffeine content of both these could be held responsible for these affects, thereby making their consumption
questionable. The dose of 11ml/kg body weight given to rats in this study equals to consumption of 3 cans of these
drinks by 70 kg man, hence consumption of these drinks require caution as they affect the weight of liver and relative
tissue weight index.
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INTRODUCTION:

Caffeinated, nonalcoholic, artificially sweetened drinks
are marketed as soft drinks (SD) and energy drinks
(ED). Energy drinks have more caffeine than soft
drinks, in addition they also have taurine and many
other energy boosting constituents.! The target
population of both soft drinks as well as energy drinks
is teenagers and young adults. Although energy drinks
are expensive in comparison to cola soft drinks, but
enticing marketing strategies, easy availability and peer
pressure or its usage as a status symbol and for other
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recreational purposes have led to greater consumption
of both these drinks over the past few years.

On average, students consume up to 4 cans of
energy drinks in a month, according to them it
increased their performance in exams, improved their
concentration, helping them to finish their projects and
improved physical activity in sports.? Coca Cola is
considered to be the most prevalent caffeinated soft
drink, and contains caffeine, sucrose (fructose and
glucose), caramel coloring, lime and coca extract,
phosphoric acid, citric acid, cinnamon, nutmeg, vanilla
and orange.® While Red Bull, is most frequently used
energy drink, containing sparkling water, caffeine,
glucuronolactone, inositol, niacin, citric acid, pantenol,
vitamin B series and taurine.* The quantity of caffeine
as well as sugar is by and large the same in most
energy drinks.?

Caffeine is a methyl xanthine derivative, found in
chocolates, dietary supplements and many beverages
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including coffee tea, cola soft drinks and energy
drinks.It is also present in one of the most accessible,
non-prescribed drug throughout the world. Caffeine
acts by inhibiting phosphodiesterase enzyme and by
acting as an antagonist to adenosine receptor. On an
average, an American consumes in excess of 230mg
daily; similarly, it is estimated to be 76mg daily in the
rest of the world.> LD50 of caffeine in humans is most
probably 150-250mg but this varies according to the
degree a person is sensitive to it. A case report showed
57mg/kg caffeine was sufficient to be lethal. Literature
shows that around 1 g per kg of its intake may start
showing its toxic effects but 10 to 14 g/kg has been
considered lethal ®It heightens physical and mental
performance.’ It is held responsible for slowing down
the flow of blood to heart during exercise and cause
constriction of coronary vessels by blocking adenosine
receptors.8Caffeine is also used as a therapeutic agent
in premature infants for treatment of apnea &
bronchopulmonary  dysplasia  owing to its
bronchodilator effects.’lts consumption in greater
quantities is  associated  with  hypertension,
hypokalemia, and palpitations. It also has a positive
inotropic effect.®lts consumption in doses in excess of
300 mg per kg causes, anxiety, panic and person may
hallucinate and can have negative effects on motor
skills.1°

Caffeine ingestion during pregnancy, increases the
chances of miscarriages, intrauterine growth restriction
and low birth weight.1112

Taurine is 2-aminoethane-sulfonic acid, an amino
acid present in ample quantities in human tissues
especially liver. Average daily intake amounts to be
60mg.2*Human liver can also synthesize it by various
enzymes using cysteine as the raw material. Intake of
various nutrients especially protein and availability of
cysteine affects its endogenous synthesis. It is thought
that premature babies are deficient in enzymes
responsible  for conversion of cysteine from
cystathionine, consequently taurine manufactured, may
be insufficient. If the babies are not breast fed, they
may be deficient in taurine, therefore formula milks
have added taurine in them. It is responsible for
stabilizing ~ membranes,  maintaining  calcium
homeostasis and regulating ion channels as well as
metabolism of muscles. It is known to have
osmoregulatory effect and also reduces inflammation
and stress of endoplasmic reticulum and aging. It can
reprogram and influence gene expression in several
tissues including liver and skeletal muscles.'“Literature
shows various therapeutic uses of taurine in humans for
example in treatment of diabetes,**alcohol withdrawal
syndrome, several cardiac disease and seizures.® It was
also proved beneficial for reducing

inflammation,*"hepatic  disorders'®and mitochondrial
diseases.'6

Researchers indicated that SD intake raised
plasma triglyceride, caused lipogenesis, and
fattyliver.®®Mammary gland and pancreatic carcinoma
were also witnessed with their consumption.?’DailySD
consumption may also increase the risk of weight gain,
metabolic syndrome, inflammation'andhepatocellular
carcinoma.?*

Initially, ED were banned in many countries
especially in Europe owing to its suspected
cardiovascular effects, but later the restrictions were
lifted but now frequent emergency room visits of its
consumers and the deleterious health effects caused by
these drinks has again jolted the authorities to take the
necessary action.? Hepatitis, myocardial infarction,
gastrointestinal upsets and sudden death were also
reported with intake of ED.?223

METHODS:

Following acclimatization, 15 albino rats were
allocated to each group namely Control, SD (soft drink)
and ED (energy drink) by using random sampling
technique. Rats of all three groups were weighed before
the commencement of the experiment as well as at the
end of the experiment. Control Group, SD group
(experimental group) and ED group (experimental
group) were given a dose of 11ml/kg body weight of
distilled water, Coca Cola and Red Bull per day,
respectively for 8 weeks. Later, the rats were dissected
and their livers were weighed and RTWI was
calculated. SPSS (22.0) was used to analyze the data.

RTWI = Mean weight o_fliver _ 100
Mean body weight of Animal

RESULTS:
1.  Weight of the Rats (g):
Before the start of experiment, average body weight of
Albino rats of control group was 231 + 44 grams (g).
Rats of SD group weighed 224 + 29 g while those of
ED weighed 227 + 31g.The statistical difference
among these three groups was calculated by applying
one-way ANOVA and the difference was insignificant
with p-value 0.871.(Fig.1)

After 8 weeks, average body weight of Albino rats
of control group increased from 231 + 44 g to 258452
g, of SD group from 224 + 299 to 264+35 g while those
of ED group from 227 + 31g to 262+36 g. The
statistical difference between these three groups was
insignificant with p-value 0.920. (Fig.1) This means
that the body weight of rats in SD as well as ED group
increased but not significantly in comparison to the
control group.
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Figure.l: Average body weight of rats of control
group, SD group and ED group before and after
experiment.

2. Liver Weight of Rats (g):

Average weight of livers of rats of the control group
was 10.19+1.88 g, SD group livers weighed11.67+£1.99
g while those of ED group weighed10.85+1.95 g. This
means the weight of livers of SD group were higher
than ED group and control group but not statistically
significant, p-value 0.126. The ED group had a slight
increase in liver weight but not of statistical
significance.
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Figure.2: Weights of livers and RTWI of rats of
control group, SD and ED group.

3. Relative tissue weight index:
The relative tissue weight index of each group was
calculated and it was 3.97+0.34, 4.42+0.56 and

4.14+0.47 for control, SD and ED groups respectively.
The difference among these groups came out to be
statistically significant as shown after application of
one-way ANOVA with p-value 0.036 (Fig.2) RTWI of
SD group is higher as compared to control (p value
0.029) whereas of ED group, it was insignificantly
higher than control group (p-value 0.574) that was
evident by applying Tukey’s test.

DISCUSSION
Current study revealed that average body weight of rats
of SD group, receiving caffeinated soft drink (Coca
Cola) and that of ED group, receiving caffeinated
energy drink (Red Bull) was more than that of control
group, but the difference was statically insignificant.
These findings are consistent with that of Ebuehi et
al,and Celec et al, who reported insignificant gain in
body weight of experimental animals compared to
control with energy drink and cola drink ingestion
respectively.>*?Tamura also noted insignificant raise
in body weight of experimental animals when given
coca cola.®8According to Bukhar et al, low dose of
energy drink caused insignificant gain in weight of rats,
whereas the same energy drink in high dose
significantly reduced the weight of rats.2’Ugwuja with
his associates also reported no significant gain in
weight of experimental animals fed on energy
drinks.?80n the other hand, Bray®as well as Belpoggi
showed increased in body weight of animals with soft
drinks consumption.?°Caffeine intake has been linked
to less food intake and gastrointestinal upsets.3*3'Both
Coca Cola and Red Bull, have caffeine, which can be
held responsible for the insignificant gain in body
weight of rats in our study. Augmented physical &
mental activity with SD and ED consumption may also
be held responsible for insignificant gain in
weight.?’Taurine has also shown to reduce animal
weight in an experimental study,3? presence of taurine
in ED may be held responsible for the insignificant
weight gain besides presence of large amount of sugar.
Another finding in our study, is that there is no
significant difference in average weight of livers of
control group, SD and ED. Similarly, Ebuhei et al
showed insignificant difference in weights of organs of
rabbits when given energy drinks or caffeine.?*Celec et
al were also unable to show significant raise in weight
of organs with consumption of cola drinks.?On the
other hand, weight of rat liver was reported to be
increased with high dose of energy drink
consumption.?” Changes in liver weight can occur in
absence of morphological change in the liver.
Normalization of liver weight to body weight (RTWI)
helps to eliminate the variations due to differences in
body weight.
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The swelling of the cells leads to increase weight 6. Kerrigan S, Lindsey T. Fatal caffeine overdose: two
of the organ,® whereas necrosis of the cells tends to case  reports. Forensic  Sci.  Int. 2005  Oct
decrease the weight of the organ.3*Possible explanation 04;153(1):67-69.
for insignificant rise in weight of organ may be that 7. Glade MJ. Caffeine-Not just a stimulant. Nutrition.
both cellular processes were simultaneously taking 2010; 26(10):932-938.
place in hepatocytes resulting in insignificant weight 8. Daniels JW, Mole PA, Shaffrath JD. Effects of
gain of the organ. caffeine on bloo_d pressure, heart rate, e_md forearm

blood flow during dynamic leg exercise. J Appl
Physiol. 1998;85:154-159.
CONCLUSION_' . 9. Ku{]elman A, Durand M. A comprehensive approach
Caffeinated soft drinks and energy drinks caused an to the prevention of  bronchopulmonary
increase in body weight and liver weight but not dysplasia. Pediatr. Pulmonol. 2011;46(12):1153-
statistically significant increase. However, RTWI was 1165.
also increased which means the consumption of these 10. Ibrahim NK, Iftikhar R. Energy drinks: Getting
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day (11ml/kg) for just 8 weeks, may have started 2014;30(6):1415-1419.
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