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ABSTRACT
Objective: To investigate the outcomes of energy drink on renal tubules of albino rats.
Study Design: Laboratory-based experimental study.
Place and Duration of Study: King Edward Medical University, Lahore from Aug 2018 to Dec 2019.
Methodology: Group A and B were experimental groups received 1.5ml/kg and 2.2ml/kg body weight of energy drink,
respectively. Group C received 1ml/kg body weight of distilled water. Comparison among groups was made by applying
One-Way ANOVA for quantitative variables. Tukey’ test was used for post hoc analysis. For qualitative variables, chi-square
test was applied to make comparison among groups
Results: The mean initial and final weight of animals was around 152.7 ± 5.3g and 171.9 ± 5.1g, respectively. The mean paired
kidney weight, relative tissue weight index, length and width of kidneys for all three groups were found insignificant.
Microscopic examination showed tubular vacuolization in groups A and B showing p-value of 0.027.
Conclusion: Consumption of energy drinks results in histopathological injury of epithelial cells of renal tubules.
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INTRODUCTION
Energy drinks are kind of beverages containing
stimulant substances with caffeine as integral part.
After popularity of soft drinks, beverages containing
more stimulant ingredients gather more recognition
in 19th century.1 These energy drinks are traded with
assumption of increased physical and mental energy
and alertness.
There is a worry about the hazards of consumption of these energy boosting drinks on users' physical
well-being due to the elevated amounts of caffeine,
taurine, sugar, and other ingredients (like guarana,
ginseng and herbal contents), which act as stimulant of
vital systems of body.2 Young people especially sports
men, students, and military persons are more likely to
be regular consumers of energy boosting drinks.3 Studies have established link between consumption of
energy drinks and other precarious habits (like usage
of alcohol and addictive drugs, violence and smoking)
among teenagers and young population.4 Prime cause
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tion is excessive caffeine content which can cause sleep
disturbances, anxiety, effects on digestive system, and
other cardiac and neural symptoms like tachycardia,
seizures and headache5.
Previous researches reported acute renal damage
along with deranged serum urea and creatinine levels
caused by high intake of energy drinks; it is likely due
to increased caffeine and taurine and may be interaction of these two with other ingredients.6 Worldwide,
prevalence of chronic kidney disease among young
people is rising at alarming rate. In Pakistan, chronic
renal disease has incidence of 10.5% among young
population <30 years of age group, reported by Alam
et al7. This incidence is increasing due to unhealthy dietary habits including usage of sugar rich caffeine containing beverages.8 Some other studies reported acute
hepatic injury accredited to niacin and other herbal stimulants.9 These tissue injuries depend upon the amount of drink which varies from individual to individual.
Apart from biochemical serum parameters histology
of liver and kidneys are of great concern to determine
the extent of injury due to energy drink. The objective
of this study was to investigate the outcomes of energy
drink on renal tubules of albino rats.
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METHODOLOGY
This experimental animal study was performed in
Anatomy department, King Edward Medical University, Lahore, from August 2018 to December 2019 after
taking approval from Institutional review board under
471/RC/KEMU & No F4-3/CPS-ID/BMS/RAEC/14/.
Inclusion Criteria: Adult healthy albino male rats, 812 weeks old, weighing 130-160 grams were included.
Exclusion Criteria: Apprently sick animals were
excluded
Group A and B were experimental groups
received 1.5ml/100g and 2.2ml/100g10, body weight of
energy drink, respectively. Group C received 1ml/kg
body weight of distilled water.The rats were sacrificed
on 60th day of experiment after 24 hours of last dose.
Kidneys were removed after dissection. Gross examination of kidneys were done specimens were placed in
labelled jars. Microscopic examination was done after
histological processing and Periodic acid-Schiff stain,
hematoxylin and eosin staining. All parameters were
noted as follows, Tubular vacuolization was observed
as cytoplasmic vacuolization characterized by the
presence of clear vacuoles in renal tubular epithelial
cells11, graded as, absent (0), mild (1) <25% tubules involved in whole slide of tis-sue. Moderate (2) 26-50% tubules involved in whole slide of tissue. Severe (3) >50%
tubules involved in whole slide of tissue. Tubular
brush border loss as luminal border loss documented
by help of Periodic acid Schiff stain12. Tubular atrophy
observed as the presence of tubules having thick irregular basement membranes, flattened cells and contracted lumen, or decrease in tubular diameter >50% as
compare to non-atrophic tubules present in vicinity13.
Tubular necrosis observed as shedding of tubular
cells with disrupted basement membrane14.
Analysis of data was done by SPSS version 20.
Mean ± SD was used for quantitative variables. Qualitative parameters included vascular engorgement or
any gross abnormality of kidneys and microscopic
parameters like tubular vacuolization, tubular brush
border loss, tubular atrophy, tubular necrosis. Quantitative included weight of animal in grams, paired
kidney weight in grams, relative tissue weight index,
length and width of kidneys in millimeters. For qualitative variables, frequencies and percentages were
used. For quantitative variables, comparison among
groups was made by applying One Way ANOVA.
Tukey’ test was used for post hoc analysis. For qualitative variables, chi-square test was applied to make

comparison among groups. The p-value of ≤0.05 was
considered as statistically noteworthy.
RESULTS
Out of 90 animals, mean initial weight of animals
was around 150 grams with 151.2 ± 5.7g in group A,
152.1 ± 5.7g in group B and 152.7 ± 5.3g group C. The
difference among three groups at initial stage of experiment was insignificant with p-value 0.577.
The mean final weight of animals was around
170 grams with 171.7 ± 6.9 g in group A, 171.9 ± 6.3 g in
group B and 172.7 ± 5.1g in group C. The difference
among three interventional groups at final stage was
insignificant with p-value 0.798.
The mean paired kidney weight for group A was
1.81 ± 0.16 g, 1.82 ± 0.17g for group B and 1.76 ± 0.17g
for group C. Difference among all groups was found
insignificant with p-value 0.354.
The surface and color of kidneys was found
smooth and normal respectively, for all animals in all
three groups. Therefore, being constant these parameters were not tested for significance among the three
groups.
The mean relative tissue weight index of group
A was 1.051 ± 0.071 and for group B was 1.060 ± 0.082.
The mean index for control group C was 1.021 ± 0.098
and difference among interventional groups was not
significant with p-value 0.177.
The mean length of right kidney for group A and
group B was same as 10.52 ± 0.65mm and 10.43 ± 0.63
mm for group C. The mean length of left kidney for
group A and group B was same as 10.44 ± 0.69mm and
10.38 ± 0.67mm for group C. The difference among
three groups for right and left kidneys was insignificant with p-values 0.833 and 0.908 respectively.
The mean width of right kidney for group A and
B was same as 5.63 ± 0.62mm and 5.49 ± 0.46mm for
group C. The mean width of left kidney for group A
and B was same as 5.57 ± 0.55 mm and 5.49 ± 0.47mm
for group C. The differences among three groups for
right and left kidneys were insignificant with p-values
0.533 and 0.763 respectively. There was no vascular
engorgement or any other abnormality found on gross
examination of kidney specimens.
Tubular brush border loss, tubular atrophy and
tubular necrosis were found absent in all animals of
three groups (Figure-1, 2 and 3). Being constant, these
para-meters were not tested for significance among
three groups.
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The group A had 20 (66.6%) cases with mild vacuolization and 3 (10%) with moderate vacuolization.

While, the group B had 13 (43.3%) with mild vacuolization and 12 (40%) with moderate vacuolization
(Figure-2 & 3). The difference of group A and B from
group C was highly significant with p-value <0.001
shown in the Table.
Table: Status and comparison for tubular vacuolization for
animals at final stage of experiment in three study groups.
Absent
Mild
Moderate
Groups
p-value
n (%)
A
7 (23.3)
20 (66.7)
3 (10)
B
5 (16.7)
13 (43.3)
12 (40)
<0.001
C
30 (100)
-

DISCUSSION
Figure-1: Histological diagram showing renal cortex of group
C with intact basement membranes (yellow arrows) and
brush border of renal tubules (blue arrows) DCT represents
distal convoluted tubules, PCT shows proximal convoluted
tubules. PAS stain.400X.

Consumption of energy drinks has picked up
steam during previous few years. One of the sound
reasons is, attractive marketing strategies of companies
making these types of drinks. Target consumers of
energy drinks are teenagers and young adults. These
young people are consuming these drinks at an alarmingly high amount.15
A comprehensive research project was carried out
to see the outcomes of energy drink on renal tissue of
albino rats.

Figure-2: Histological diagram showing renal cortex of group
B with multiple tubules. Red arrow showing perinuclear
vacuolization in epithelial cells of renal tubules. H&E stain.
400X.

In our study, the difference in the initial mean
weights among three groups and its difference with
the mean final weights at the end of experiment were
statistically insignificant. This finding collaborates with
study by Al-Shaikan, due to thermogenic activity of
caffeine, no considerable weight change with energy
drink is observed.16 However, contrary to above observation, Eltahir et al showed significant weight gain in
rats treated with energy drink for period of four
weeks.17
Insignificant difference was found among groups
for weight of kidney as well as for relative tissue weight index. Study by Alansari suggested similar findings
for relative tissue weight and kidney weight.18,19

Figure-3: Histological diagram showing renal cortex of group
B with intact basement membranes and brush border of renal
tubules (black arrow). RC denotes renal corpuscle, DCT represents distal convoluted tubules, PCT shows proximal convoluted tubules. Red arrow showing perinuclear vacuolization in renal epithelial cells. PAS stain.400X.

The difference among three groups for length and
width of right and left kidneys was insignificant in
present study. These findings are similar to study conducted by Mansy et al, showed no significant effect of
use of energy drink, for 12 weeks duration, on length
and width of kidneys of Sprague Dawley rats10. Another study of effect of energy drink on albino rabbits
for duration of 30 days, carried out by Salih et al, showed similar findings regarding length and width of
kidneys.20
There was no vascular engorgement of kidneys
on naked eye observation, in the animal of any groups
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and there was no other gross abnormality of kidneys
found in any animal of all groups. Present results are
in favor of findings reported by Mansy et al, and Salih
et al, which were carried out to see effect of caffeinated
energy drink on kidneys of Sprague Dawley albino
rats and rabbits, respectively.10,20 While in contrast to
findings presented by Costa-Valle et al, showed vascular congestion and engorgement in kidneys of rats treated with energy drink in combination of alcohol for
period of one month.21
Mild to moderate increase in tubular vacuolization was found in our research project. These findings
were consistent with results shown by Mansy et al,10
and Salih et al,20 in their studies. The possible reason is
stated that caffeine raises urea, uric acid and creatinine
via acting as inhibitor of A2A adenosine receptors producing oxidative stress, causing stimulation of xanthine oxidase which in turn, activated the oxidation of
xanthine to uric acid, and formation of superoxide
anion and H2O2. The reaction between H2O2 with O2
produces free radicals, resulting in the development of
inflammatory changes causing cellular injury and vacuolization and negative effects in renal function and
structure and other possible reason of cellular vacuolization may be potential reaction of taurine with caffeine.22 While present study results are contradictory to
study presented by Elizabeth et al, who showed normal
histological features of kidney.23 Another study conducted by Eltahir et al,17 which showed deranged serum
urea and creatinine with normal histology of renal tubules of rats after administration of caffeinated energy
drink for three weeks. Thus it might take longer time
to bring changes in histology of kidneys.
Histological parameters including tubular atrophy, tubular brush border loss and tubular necrosis
were absent in kidney tissues in present study which is
in consistent with study by Eltahir et al.17 While in contrary to studies conducted by Mansy et al, and Salih et
al, and Sara et al, who showed degeneration of renal
tubular epithelium, tubular atrophy and interstitial
hemorrhage in renal tissue.10,20,24 Thus it might be due
to variable dose of energy drink and variable duration
of experiment. Among all ingredients of energy drinks,
mechanism of action on the body is almost interpreted.
The effects of herbal ingredients including guarana
and ginseng are still poorly unclear. The same paucity
of studies exists for taurine and other ingredients
present in energy drinks, as well as, for the additive
effects of these substances with each other and other
substances such as alcohol or drugs.

CONCLUSION
Energy drinks with differing doses induces histopathological changes in renal tubular cells. Further studies are
recommended to be carried out on energy drink for variable
duration with special histological staining procedures.
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