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Abstract:

The present study aims to investigate the long-term histopathological, and physiological effects of
different concentrations of a commercially available energy drink (Tiger) on liver and kidney of young mice.
Sixteen Balb/c male mice,6 -week old, were divided into 4 groups (n=4). Two groups consumed the energy
drink at a concentration of 28ul energy drink/ml water. One group were killed after 10 days (T1), another
group were Killed after 20 days (T2). Other group of mice consumed the energy drink at a final concentration
of 14ul/ml for 20 days (T3). The last group was provided only with water and served as control. Mice of all
groups drank around 3 ml per day. The histopathological study on liver of treated groups showed many
changes such as inflammatory cells infiltration and aggregation with hepatocyts necrosis, some of these
necrosis replaced by RBCs and inflammatory cells, while the pathohistological changes in kidney of treated
groups limited to aggregation of RBCs and inflammatory cells between renal tubules which expressed
vacuolar degeneration. These changes based on elevated liver function enzymes (Glutamic Oxaloacetic
Transaminase (GOT), Glutamic Pyruvic Transaminase (GPT) and Alkaline phosphatase (ALP)) and blood
urea and creatinine. These changes were more in the T2 groups, so it could be concluded that long term of
energy drink consuming effect histopathologically and physiologically on kidney and liver of young mice
depending on its concentration and period of consuming.
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Introduction:

Energy drinks are a group of non-alcoholic, Different brands of energy drinks contain
often lightly carbonated beverages used to provide caffeine ranging from 50mg to 550mg per can or
energy, diminishing sleep needs and keeping, and  bottle (5).
providing cognitive and enhancement of mood (1). This higher caffeine concentration may
Young people widely use it during study, playing result in poisoning and some its containing which
sports, and long distance driving (2). Energy drinks highly stimulating properties may results overdose
consumption has increased worldwide since 1987  (6). In addition, consumption dosage of energy

when their appearance on the market (3). drinks has been associated with strokes, seizures
Energy drinks commonly include caffeine, (7), and effect of Gonadotoxic (8).
taurine and other amino acid such as carnitine and Caffeine, the main component of energy

creatine, simple sugars (glucose and fructose), drinks, is associated with diuresis and the balance of
herbal supplements like giseng and ginkgo biloba, electrolyte in fluid. Taurine is associated to
maltodextrin, inositol, glucuronolactone, and detoxification and bile acid conjugation. Some
vitamins B complex (4). Additives such as Guarana,  studies show that the caffeinated energy drinks
Merba, Cocoa, and cola can increase the caffeine affect liver cells and increase creatinin (9, 10), these
content of energy drinks without the knowledge of drinks affect liver enzymes such as ALT, AST, and
consumers. Manufacturers of these products are not ~ ALP (11,12). Other researcher reported that the
required to include the caffeine content of these energy drink effects on renal functions (13).

herbal supplements in nutritional information. Other  studies have indicated that
Department of Biology, College of Science, consuming of energy drinks have affected blood
Mustansiriyah University, Bagdad, Iraq chemistry and the activities of liver enzyme. On the
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no obvious histopathological abnormalities of the
brain and liver (14), while Khayyat reported
histopathological abnormalities of liver (15). There
is a previous research that showed histopathological
abnormalities of many regions in brain (16). So the
present study aims to investigate the long-term
histopathological, and physiological effects of
different concentrations of a commercially available
energy drink on liver and kidney of young mice.

Materials and Methods:

Sixteen Balb/c male mice, 6 -week old,
were divided into 4 groups (n=4). One group
consumed the energy drink (Tiger) at a
concentration of 28ul energy drink/ml water, and
the animals were killed after 10 days (T1). Another
group consumed the energy drink at the same
concentration but during 20 days (T2). A third
group of mice consumed the energy drink at a final
concentration of 14pl/ml for 20 days (T3). The
fourth group was provided only with water and
served as control. Mice of all groups drank around 3
ml per day.

The mice were weighed and Kkilled by
cervical distraction at different times after energy
drink consumption. Blood was collected from eyes
in sterile tubes. Body/organs index was calculated
using the equation (bodyweight /organ weight).
Liver and kidney were collected, weighed and put

in 10% formalin solution, processed by standard
procedures. Sections of paraffin-embedded tissues
were stained with heamatoxyline and eosin and
examined by light microscopy (17). Blood samples
were centrifuged for 5min at 5000rpm. The serum
was separated from blood and used to determine
blood urea, creatinine, GPT, GOT, and ALP levels
by Bu, craetinine, GPT, GOT, and ALP kits from
Randox. All the experiments were done in
Department of Biology, Collage of Science,
Mustansiriyiah University.

Results are expressed as mean + standard
Error (M£SE). Data were analyzed by one-way
analysis of variance (ANOVA) followed by Fisher's
test for multiple comparisons, using Statview
version 5.0. Differences were considered significant
when p<0.05.

Results:
A. Body and Organs Weight:

There were no significantly differences among body
weight, organs weight, and body/organs index of all
groups except body weight after energy drink
consuming of treated 2 and 3 groups compared to
control while there were no differences between
their body weight after and before consuming
(Table 1)

Table 1. Body weight, organs weight, and organ/body weight index (M%SE) of treated and control

groups
Groups B.weight B.weight Liver weight Kidney weight Li_ver/Body Kidney/_Body
before (9) after (9) (9) (9) weight index weight index
Control 24+1.1 248+06 1.1+0.09 0.42+0.02 0.046 +0.004 0.017 £ 0.009
Treated1 245+09 265+06 1.0+0.07 0.26+0.03 0.038 + 0.003 0.010+ 0.001
Treated2 27.7+15 287+13* 13+0.14 0.50+0.01 0.044 £ 0.003 0.017 £ 0.001
Treated3 265+13 280+12* 11+0.09 0.52+0.03 0.041 + 0.002 0.019 + 0.001

*Significant difference between treated and control groups

B. Histopathological Study:
Figurel shows histological section in the liver of
control animal which shows normal liver without
any clear lesion.

2

IEigure 1. Histological section in liver of normal
animal shows no clear lesion (H&E stain 400X)
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The histopathological study on liver of
treated groups showed many changes compared to
normal section in control group. In (T1) group,
consumed the concentrated energy drink for 10
days, the sections show inflammatory cells
infiltration and aggregated in small area around
blood vessels (Fig. 2A) and in liver parenchyma
with hepatocyts necrosis (Fig. 2B) some of these
necrosis replaced by RBCs and inflammatory cells
(Fig. 2C).
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Figure 2. Histological section in liver of (T1) group (H&E sfain 400X), (A): shows inflammatory cells
infiltration and aggreggation around blood vessels ,(B): shows necrosis /\V and inflammatory cells
infiltration of liver parenchyma fgj (C): RBCs and inflammatory cells replacement necrotic area of

hepatocytes

Figure 3 shows many areas in liver
histological sections of (T2) group, consumed the
concentrated energy drink for 20 days, has
infiltration and aggregation of inflammatory cells
within liver parenchyma (Fig. 3A), around blood
vessels and in sinusoids (Fig. 3B) hepatocyts
necrotic area filled with RBCs and inflammatory
cells (Fig. 3C).

The histopathological changes in the liver
section of (T3) group, consumed the diluted energy
drink for 20 days, were less than other treated
groups such as infiltration inflammatory cells in
very small area around blood vessels (Fig. 4A) but
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there was no aggregation in liver parenchyma and
there were small areas of hepatocytes necrotic
replaced by RBCs and inflammatory cells (Fig. 4B)

The histopathological changes in kidney of
treated groups limited to aggregation of RBCs and
inflammatory cells among renal tubules which
expressed vacuolar degeneration. The biggest
aggregation area was in the (T2) group (Fig. 5C),
the bigger was in the (T1) (Fig. 5B), and the
smallest was in the (T3) group (Fig. 5D) compared
to normal section which shows no clear lesion in the
control group (Fig. 5A)
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Figure 3: Histological section in liver of (T2) group (H&E stain 400X) (A): shows inflammatory cells
aggreggation in liver parenchyma with megakarocytes in the sinusoids , (B): shows inflammatory cells
infiltration and aggreggation around blood vessels Aﬂé and in sinusoids ’31 , (C): RBCs and
inflammatory cells replacement necrotic area of hepatocytes

Figure 4. Histological section in liver of (T3) group (H&E stain 400X), (A): shows inflammatory cells
infiltration around blood vessels, (B): RBCs and inflammatory cells replacement necrotic area of
hepatocytes
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(B)inT1, (C
T2, and (C) in T3 groups, (A): Histopathologica section in the kidney of hormal animal shows no
clear lesions, (B): shows RBCs and inflammatory cells between renal tubules that expressed vacuolar
degeneration,(C): shows of RBCs and infammatory cells between renal tubules that expressed
vacuolar degeneration,(D): shows RBCs and inflammatory cells between renal tubules that
expressed vacuolar degeneration

The physiological study of liver and kidney  reached to significant higher (P<0.05) GOT and
included their enzymes determination. GOT, GPT, GPT only in the T2 group and Alkaline phosphate
and Alkaline phosphate levels were also higher in in T2 and T3 groups (Fig. 6A,B,&C)
the treated groups compared to control group but it
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Figure 6. GOT, GPT, and Alkaline phosphate levels in treated and control groups, *significantly

difference between treated and control groups
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Figure 7. Creatinine and blood urea levels in treated and control groups, *significantly difference

between treated and control groups

Discussion:

Berger and Alford (2009) reported that the
combination of caffeine and taurine, which are
some components of energy drinks, excessive
ingestion can produce ischaemia of myocardial by
inducing coronary vasospasm (18). On the other
hand, it is well established that taurine is associated
with bile acids and helped fat digest (19). Our light
microscopic results revealed leucocytes infiltration
through the hepatocytes. This might be due to
different reaction of taurine associated with other
active ingredients of the energy drinks as caffeine.

Khayyat and Mubarak (2012) studies
showed that the cytoplasm of rats’ hepatic cells,
which  consumed energy drinks, appeared
vacuolized with presence of lipid droplets. These
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could be attributed to degenerative changes within
the liver cells (15,20).

On the other hand, many works studied the
ultrastructural alterations of hepatocyts of animals
that consumed energy drinks and reported presence
dilatation and fragmentation of rough endoplasmic
reticulum cisternae (21), which can damage
hepatocytes (22-24). In addition, Balaban (2005)
indicated deterioration in mitochondrial function
because of disruption in mitochondrial structure
(25). The study of Mubarak showed irregular
outlines and pyknosis and numerous mitotic figures
in hepatocytic nuclei (20). Mubarak (2012)
attributed these changes to preservatives added to
energy drinks such as sodium benzoate, and to the
caffeine toxic work (20). These changes could lead
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to hepatocyt necrosis which indicated in this present
study.

The present study also showed elevation in the liver
function enzymes GOT, GPT, and ALP sera levels
in the mice consumed energy drink which agree
with many studies (14, 26, 27).

Typically, energy drinks contain 80-141 mg
of caffeine at 8 oz, equivalent to five ounces of
coffee or two cans of 12 ounces of caffeinated soft
drinks (28). This higher caffeine concentration
caused elevation in GOT and GPT sera levels of
rats (29), while other studies reported that the
caffeine caused decrease in GOT level (30, 31).

As mentioned above, the combination of
caffeine and taurine the containing of energy drinks
excessive ingestion can produce ischaemia of
myocardial by inducing coronary vasospasm (18).
On the other hand, the combination of caffeine and
sugar elevate the blood pressure (32). Greene
(2014) reported that the acute renal failure occur in
the context of ingestion of large quantities of energy
drink or with concomitant alcohol (13). These
evidences can explain the histopathological changes
found in this work such as RBCs and leukocytes
infiltration and aggregation between renal tubules
which could express vacuolar degeneration. This
finding is based on the results of creatinin and blood
urea levels which elevate in the serum of mice
consumed energy drink compared to control groups.

The toxic effect of caffeine may depend on
certain physiological or pathological conditions
such as dose, chronic pre-exposure, enzymatic
genetic markers, and associated with drug
consumption (33). This evidences can explain the
less histopathological and physiological changes in
the T3 group which consumed diluted concentration
of energy drink compared to T2 group which
consumed concentrated energy drink for the same
period and explain the different changes between
treated 2 and treated 1 groups which consumed the
same concentration of energy drink but in different
periods.

Conclusion:

Long term of energy drinks consuming
effect histopathologically and physiologically on
kidney and liver of young mice because of caffeine
or combination of caffeine with taurine or with
sugar toxicity which depend on its concentration
and period of consuming.

Conflicts of Interest: None.
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