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ABSTRACT
Energy drinks (EDs) became a worldwide phenomenon and popular especially among young adult
and the liver is one of the most vulnerable organs to toxicity. The aim of this work was to study the sub
chronic effect of consumption of different popular energy drinks (power horse (PH) and red bull (RB) on the
liver of adult male albino rats through biochemical and histological parameters and to determine the possible
protective role of Omega-3. Also, to determine the effects of their withdrawal (recovery period). Materials
and methods: Forty-eight adult male albino rats were divided into 8 groups; control, omega 3, RB, PH, each
of EDs combined with omega 3 for 4 weeks followed by other 2 weeks as recovery. Blood samples and liver
were obtained from the rats for biochemical and histological evaluation. Results: The studied EDs resulted
in elevation of the liver function markers (AST, ALT, ALP and total bilirubin) and reduction of total protein
with disturbance in the normal histology of the liver. Either treatment with omega 3 or EDs withdrawal
improve these changes with better effect to omega 3. Conclusion: EDs are toxic to the liver. Omega 3 or
EDs withdrawal can ameliorate this toxicity. Recommendation: Strict control of EDs consumption is

urgently needed.
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I- INTRODUCTION

Energy drinks are beverages that contain

caffeine  and  other  plant-based
stimulants, sugars, and other additives which
are widely promoted as products that increase
alertness and enhance physical and mental
performance (NCCIH, 2017). These are
commonly available in grocery stores, bars,
night clubs, super markets and vending
machines, usually displayed alongside soft
drinks, juices and sports drinks (Akande and
Banjoko, 2011).

The average consumer is attracted by the
unusual claims of increased energy, alertness,
and sports performance hence they often have
catchy names that convey strength, power,
speed, sexuality and often include appropriate
background music (e.g., Power horse, Red
bull, Full throttle, Dare devil, Cocaine e.t.c).
Generally speaking, energy drinks are
marketed towards young people, such as
students staying up all-night while studying,
driving long distances or partying
(Malinauskas et al., 2007).

Energy drinks are typically attractive to
young people. Approximately 65% of its
consumers are between the ages of 13 and 35
years old, with males two thirds of the market

(Akande and Banjoko, 2011). Serious
adverse effects of energy drinks have
especially been linked to children,
adolescents, and young adults (Seifert et al.,
2011).

Omega-3 fatty acids (w3 FAs) are
considered essential fatty acids. They are
highly important to human health. Extensive
researches indicated that ®3 FAs are
considered as strong antioxidants and found
to play protective roles in the liver,
cardiovascular and kidney diseases (Abdou
and Hassan, 2014).

As the popularity of energy drinks
continues to rise, there is a genuine concern
among the health professionals and authorities
regarding the negative health impact of these
products (Alabbad et al., 2019). There are few
studies on the effects of the energy drinks on
various systems of the body (Mohamed et al.,
2018). The liver is the major site of
metabolism, including detoxification and
activation of many substances (Emam et al.,
2018).  Therefore, the aim of the present
study was to study the sub chronic effect of
consumption of different popular energy
drinks (power horse and red bull) on liver
after oral administration in adult male albino
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rats through biochemical and histological
parameters and to determine the possible
protective role of Omega-3.  Also, to
determine the effect of a recovery period
(stopping administration of energy drinks).

II- MATERIALS AND METHODS
I1. 1.Place of the study:
Faculty of Medicine for Girls Al-Azhar
University: Handling of animals and
histopathological studies.
National Research Center in Dokki (Cairo):
Biochemical studies.
11.2.Chemicals:
The Power horse and red bull EDs were
bought from a local market.
Omega-3 (®m3) used in this study was in the
form of fish oil-containing gelatinous
capsules, called Omega- 300 capsules was
manufactured by The Arab Co. for Gelatin
and Pharmaceutical products for Montana
Pharmaceutical. Each capsule contains 1000
mg fish oil (fish oil contains ~ 30% omega 3,
(Soliman et al., 2010)) and was evacuated by
syringe carefully and given to rats by oral
gavage.
All reagents used in this study were of
analytical grade and were purchased from
Sigma-Aldrich Chemie GmbH, Germany.
11.3.Experimental animals:
Forty eight adult male albino rats, weighting
150 £ 10 gm were obtained from Helwan
animal breeding farm, Cairo, Egypt, they
were conditioned in standard metallic cages
(6 rats per cage) and kept under the same
environmental conditions regarding light,
feeding and temperature with an alternating
12 h light — dark cycle. They were
acclimatized to the laboratory conditions, fed
standard rat chow and water was available ad
libitum.
The handling of animals followed the rules
for the experimental research ethics approved
by Research Ethics Committee at faculty of
Medicine for Girls Al-Azhar University.
The animals were divided into 8 groups of 6
rats each and treated as follows:
*Group 1 (control group): Normal healthy
animals were received distillate water orally
ad libitum for 4 weeks.
*Group 2 (omega 3 group): Rats were given
omega-3 by gavage, at a dose of 300 mg/kg

b)

once daily for 4 weeks (Ayuob and El-
Beshbeishy, 2016)

*Group 3 (PH group): Rats were given
power horse energy drink with oral dose
(2.5ml/100 gm / day) once daily for 4 weeks
(Khayyat et al., 2014).

*Group 4 (PH+ recovery period group):
Rats were given power horse energy drink
with oral dose (1.5ml/100gm/day) once daily
for 4 weeks (Khayyat et al., 2014), these rats
will be kept on normal diet only for another 2
weeks (for recovery).

*Group 5 (PH+ omega-3 group): Rats were
administered power horse energy drink+
omega-3 with oral dose (1.5ml/100gm/day,
300 mg/kg/day) respectively once daily for 4
weeks (Khayyat et al., 2014; Ayuob and El-
Beshbeishy, 2016).

*Group 6 (RB group): Rats were given red
bull energy drink with oral dose
(1.5ml/100gm/day) once daily for 4 weeks
(Khayyat et al., 2014).

*Group 7 (RB+ recovery period group):
Rats were given red bull energy drink with
oral dose (1.5mI/100gm/day) once daily for 4
weeks (Khayyat et al., 2014), then rats will be
kept on normal diet only for another 2 weeks
(for recovery).

*Group 8 (RB+ omega-3 group): Rats were
administered red bull energy drink+ omega-3
with oral dose (1.5mI/100gm/day, 300
mg/kg/day) respectively once daily for 4
weeks (Khayyat et al., 2014; Ayuob and El-
Beshbeishy, 2016).

I1.4.Specimens collection:

Twenty-four hours after the last dose of
treatment, all animals were lightly
anaesthetized with diethyl ether inhalation.
Blood samples were obtained from the retro
orbital sinus puncture into heparinized
capillary tubes from each rat before Kkilling.
Blood samples were collected in clean dry test
tubes and centrifuged at 2000 rpm for 15
minutes. Sera were then separated and kept
frozen at -20 'C for estimation of the studied
liver function markers.

After collecting blood samples, animals were
sacrificed by cervical dislocation while they
were under anesthesia. Liver was dissected
immediately for histopathological studies.
I1.5.Biochemical studies:
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Liver function markers

Aspartate  aminotransferase (AST) and
Alanine aminotransferase (ALT): According
to the International Federation of Clinical
Chemistry (IFCC), (1980).

Alkaline phosphatase (ALP): According to
Keiding et al., (1974).

Total bilirubin: According to Walter and
Gerad, (1970).

total protein in the serum: According to
Bradford, (1976).

I1.6.Histopathological studies:

Liver specimens were fixed using 10%
neutral buffered formaldehyde. After proper
fixation, the specimens were dehydrated in
ascending grades of ethyl alcohol (70%, 90%,
100%), cleared in xylol, impregnated and then
embedded in paraffin wax. 5-um thick
sections were cut using rotatory microtome.
Liver sections were stained with routine
haematoxylin and eosin (H&E) stain as a
routine stain for studying the general
histological structure of the brain (Kieranan,
1999).

I1.7.Statistical analysis:
Data were analyzed using Statistical
Program for Social Science (SPSS) version

(20). AIll data were presented as mean
standard deviation (SD). For statistical
analysis of the effects of different treatments,
independent T- test was done P-value <0.05
was considered significant.
III-RESULTS

I11.1. Biochemical results
*AST, ALT, ALP and total bilirubin

There were no statistically significant
difference (p>0.05) between the control group
and o3 group as regards the studied liver
function markers (AST, ALT, ALP and total
bilirubin). But, there were a statistically
significant increase in serum level of the
studied liver function markers in (power
horse) and (red bull) groups as compared to
the control group. Subchronic toxicity with
(power horse) energy drink showed more
increase in the serum levels of AST, ALT and
ALP than (red bull) energy drink. A
statistically significant decrease in serum
levels of the studied liver function markers in
recovery and ®3 groups as compared to
power horse and red bull groups. Treatment
with ®3 showed more reduction in the serum
level of the studied liver function markers
than the recovery period (Tables 1, 2).

Table (1): comparison between the eight studied groups as regards AST and ALT activities in the
serum of adult male albino rats using independent T- test.

Groups | AST (IU/L) ALT (IU/L)

n=6 rats/ group Mean+SD p value MeanSD | p value

Control group 50.2+0.95 - 52.3+1.13

®3 group 50.1+1 0.842 52.1+1.18 0.7%

PH group 84.4+1.1 <0.05% 100.1+1.51 <0.000*"

PH+ recovery 56.5+1.8 <0.000*" 58.4+ 1.7 <0.000*"

period group <0.05" <0.000 "

PH+ ©3 group 54.3+0.87 <0.000*" 55.1+1.04 <0.000%"
<0.05™ <0.000""
0.01"" 0.001%"

RB group 81.2+0.99 <0.05" 95.7+2.8 <0.000*"
<0.000"" 0.003 "™

RB+ recovery 54.3+1.1 <0.000 " 57.6+ 1.7 <0.000 *"

period group <0.000 <" <0.000 ©

RB+ o3 group 53.4+1 <0.000 " 54.8+1.005 0.001*”
<0.000 “~ <0.000 ¢
0.8° 0.003°”

SD=standard deviation, PH=power horse, RB=red bull, ®3=omega 3. a= compared with control

group,

b= compared with PH group, c= compared with RB group, d= compared with PH+
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recovery period group, e = compared with RB+ recovery period group. P <0.05 was considered to
be significant=*, P <0.01 was considered to be highly significant, =**

Table (2): comparison between the eight studied groups as regards the levels of ALP and total
bilirubin in the serum of adult male albino rats using independent T- test.

Groups | ALP (1U/L) Total bilirubin (mg/dl)

n=6 rats/

group Mean+SD p value Mean+SD | p value

Control group | 149.94+0.92 - 0.27+£0.01 -

®3 group 149.6+0.99 0.67° 0.26+0.01 0.3%

PH group 532.7+26.6 <0.000*" 1.4+0.32 <0.000%"

PH+ recovery | 184.3+2.8 <0.000*" 0.39+0.016 <0.000""

period group <0.000"" <0.000""

PH+ w3 group | 163+2.1 <0.000 %" 0.31+0.016 <0.000%"
<0.000 """ <0.000""
<0.000 " <0.000""

RB group 464.7+26.7 <0.000 %" 1.2+0.18 <0.000%"
<0.000 """ 0.2°

RB+ recovery | 170.6+2.5 <0.000 %" 0.35+0.02 <0.000*"

period group <0.000 <0.000

RB+ 3 group | 159+1.8 <0.000 *" 0.3+0.004 0.003 %"
<0.000 “~ <0.000 “”
<0.000 <0.000

SD=standard deviation, PH=power horse, RB=red bull, ®3=omega 3, a= compared with control

group,

b= compared with PH group, c= compared with RB group, d= compared with PH+

recovery period group, e = compared with RB+ recovery period group.
P <0.05 was considered to be significant=, P <0.01 was considered to be highly significant, =**

*Total protein in serum

There was no statistically significant
difference between the control group and ®3
group regards to total serum protein. But,
there were statistically significant decrease in
serum protein level in all other treated groups
as compared to control group (group 1).
Subchronic toxicity with (power horse)
energy drink showed more decrease in the

serum protein level than (red bull) energy
drink. Statistically highly significant (P <
0.000) increase in serum protein levels was
noticed in the recovery and 3 groups as
compared to power horse and red bull groups.
Treatment with ®3 resulted in more increase
in the serum level of protein than the recovery
period (Figure, 1).
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Fig. (1): Histogram shows comparison between the eight studied groups as regards the level of total

protein in the serum of adult male albino rats.

I11.2.Histopathological results of liver tissues stained with H&E:

The control and (®3) groups showed normal
histological structure of liver tissue with
hepatic cords radiating from the central vein
forming anastomosing plates separated by
blood sinusoids. Hepatocytes were polyhedral
with eosinophilic cytoplasm and central
rounded vesicular nuclei (fig.2,3,4).

In power horse and red bull groups all
hepatocytes are vacuolated with small darkly
stained nuclei. Also, there is dilated and
congested blood vessel and marked
mononuclear cellular infiltration in portal
tract area. The central vein appears congested
(fig.5,6, 9,10).

In the recovery groups (group 4, 7) there
was no improvement in the hepatic tissue.
The hepatocytes are vacuolated with small
darkly stained nuclei. Also, there is dilated
and congested blood vessel and marked
mononuclear cellular infiltration in portal
tract area (fig.7, 11).

In (03) groups (group 5,8) there was
moderate improvement in the hepatic tissue.
The hepatocytes are polyhedral with
eosinophilic  cytoplasm  having  central
rounded and vesicular nuclei. There is marked
mononuclear cellular infiltration in portal
tract area (fig.8, 12).
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Fig.(2): A photomicrograph of a liver section of an adult albino rat control group, showing that the
liver tissue has normal histological structure with hepatic cords (H) radiating from the central vein
(C) forming anastomosing plates separated by blood sinusoids (S). Hepatocytes are polyhedral with
eosinophilic cytoplasm having central rouned and vesicular nuclei (arrow). (H&E X 200).

4

portal tract area (arrow). (H&E X 200).
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Fig.(4): A photomicrograph of a liver section of an adult albino rat m3 group, showing that the liver
tissue has normal histological structure with hepatic cords (H) radiating from the central vein (C)
forming anastomosing plates separated by blood sinusoids (S). Hepatocytes are polyhedral with
eosinophilic cytoplasm having central rounded and vesicular nuclei (arrow). (H&E X 200).
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Fig.(5): A photomicrograph of a liver section of an adult male albino rat PH group, showing the
portal tract area with mononuclear cellular infiltration (arrow) and dilated congested blood vessel
(Bv) (H&E X 200).
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Fig.(6): A photomlcrograph of a liver section of an adult male albino rat PH group, showing that all
hepatocytes are vacuolated with small darkly stained nuclei (arrow). Also, there is dilated and
congested blood vessel (Bv) and marked mononuclear cellular infiltration (double arrows) in portal
tract area. The central vein (C) appears congested (H&E X 200).
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Fig.(7): A photomlcrograph of a liver section of an adult male albino rat PH+recovery group,
showing no improvement. The hepatocytes are vacuolated with small darkly stained nuclei (arrow).
Also, there is dilated and congested blood vessel (Bv) and marked mononuclear cellular infiltration
(double arrows) in portal tract area. (H&E X 200).
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Fig.(8): A photomicrograph of a liver section of an adult male albino rat PH + 3 group showing

moderate improvement. The hepatocytes are polyhedral with eosinophilic cytoplasm having central
rounded and vesicular nuclei (arrow). There is marked mononuclear cellular infiltration (double

arrows) in portal tract area. (H&va 200). .
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hepatocytes are vacuolated with small darkly stained nuclei (arrow). Also, there is congested blood
vessel (Bv) and mononuclear cellular infiltration (double arrows) in portal tract area. (H&E X 200).
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Fig.(11): A photomicrograph of a liver section of an adult male albino rat RB+recovery period
group, showing no improvement. The hepatocytes are vacuolated with small darkly stained nuclei
(arrow). Also, there is congested blood vessel (Bv) and mononuclear cellular infiltration (double
arrows) in portal tract area. (H&E X 200).
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Fig.(12): A photomicrograph of a liver section of an adult male alblno rat RB + @3 group showing
moderate improvement. The hepatocytes are polyhedral with eosinophilic cytoplasm having central
rounded and vesicular nuclei (arrow). There is marked mononuclear cellular infiltration (double
arrows) in portal tract area. Also, dilated and congested blood vessel (Bv) can be seen (H&E X

200).

Beverages marketed as “energy drinks”
contain stimulants, mainly caffeine and are
marketed with the claims that they are mental
and physical stimulants (Alabbad et al.,
2019). Previous studies  demonstrated
histopathological lesions in different organs
following administration of energy drinks.
These organs include liver (Khayyat et al.,
2012), kidney, brain (Salih et al., 2018), testis
(Dias et al., 2015; Ahmed, 2016), pancreas
and fundus of stomach (Ayuob and
ElBeshbeishy, 2016), gastric and duodenal
mucosae (Mohamed et al., 2018).

These lesions could be attributed to
imbalance of oxidant/antioxidant environment
in these tissues with increased oxidant stress
as a result of the production of reactive
oxygen species (Ayuob and EIBeshbeishy,
2016). Reactive oxygen species (ROS) are
likely involved in the pathogenesis of wide
variety of human diseases. ROS are very
harmful and may cause direct damage to vital
cell constituents such as proteins, lipids, and
deoxyribonucleic acid (DNA) (Ahmed, 2016).

An initial step in measuring liver damage
is a simple blood biochemical test to evaluate

IV-DISCUSSION

the presence of certain liver enzymes in the
blood. The activity of these enzymes is
normally used to determine liver function.
Under normal conditions, these enzymes
reside within the hepatocytes. But when the
liver is injured, these enzymes are spilled into
blood stream. Also, liver damage causes an
obstruction of normal bile flow from the liver
to the small intestine results in elevated
bilirubin. Elevation of the cellular enzymes in
plasma or serum and elevation of bilirubin
level give indication about the hepatic injury
after consumption of energy drinks that is
confirmed by histopathology (Gheith, 2017).

The results of the present study revealed a
statistically significant increase in serum level
of the studied liver function markers (AST,
ALT, ALP, Total bilirubin) in power horse
and red bull groups as compared to the
control group.

These results were similar to Akande and
Banjoko, (2011), Ebuehi et al., (2011),
Khayyat et al., (2012), Ugwuja, (2014) and
Mansy et al., (2017).

On the contrary, Schuchowsky et al.,
(2017) observed non significant change in the
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serum level of liver function markers and
attributed this to amino acid taurine that
presents in high concentration in energy
drinks, which might, in the long term, have a
protective effect through its antioxidant
properties.

The data of the current study showed that
power horse was more harmful than red bull
in its action on liver enzymes. This result
could be explained by Khayyat et al., (2012)
who reported that the different action of the
energy drinks could be attributed to the
different mixture of their ingredients.

In the present study, the liver enzymes
levels were reduced in the recovery period
groups. This result was similar to Akande and
Banjoko, (2011) indicating that the effect of
EDs are reversible.

Also, the current study revealed that
treatment with ®3 showed reduction in the
serum level of liver enzymes and total
bilirubin. This was in agreement with
Meganathan et al., (2011).

The anti-inflammatory and/ or antioxidant
effects of omega-3 fatty acids (w3- FAS)
through suppression of lipid peroxidation and
scavenging of free radicals have been
reported by Ernest and Magdalena, (2008).
This anti-inflammatory property of @3- FAS is
due to the action of eicosapentaenoic acid,
which is one of the components of omega-3.
The anti-inflammatory action is achieved by
reducing the pro-inflammatory cytokines like
intrleukin-1(I1L-1) and tumor necrosis factor
alpha (TNFa) (Asaad and Aziz, 2011), and
through regulation of inflammatory gene
expression (e.g. Nuclear Factor Kappa B)
(Calder, 2009).

The total protein test is a rough measure of
all the proteins found in the fluid portion of
the blood. Its measurements can reflect
nutritional status and may be used to screen
for and help diagnose kidney disease, liver
disease, and many other conditions. Low total
protein levels can suggest a liver disorder, a
kidney disorder, or a disorder in which
protein is not digested or absorbed properly
(Bassey et al., 2017).

The result of the current study revealed
statistically high significant decrease in serum

protein level in power horse and red bull
treated groups.

This result could be explained by Gheith,
(2017) who stated that EDs may do so
through inhibition of A2A adenosine
receptors, which accelerates the development
of interstitial inflammation, augments
proteinuria and reduces serum protein. In
addition, the observed decrease in serum
proteins could be attributed in part to the
damaging effect of EDs on liver cells as
confirmed by the increase in the activities of
serum AST, ALT and histological changes
(Attia and Nasr, 2009).

On the contrary, Ebuehi et al., (2011)
reported an increase in serum protein after
administration of EDs. They explained that on
the basis that the EDs results in exacerbated
dehydration via excessive diuresis with
consequent hemoconcentration and increase
in serum proteins.

Results of the present study showed that
both recovery period and ®3 fatty acid
resulted in increase in serum protein level
with more increase in groups treated with ®3
fatty acid as compared to power horse and red
bull groups. This result agreed with Attia and
Nasr, (2009)

Results of the current study showed that
power horse and red bull induced
histopathological alterations in the hepatic
cells. All hepatocytes were vacuolated with
small darkly stained nuclei. Also, there were
dilated and congested blood vessel and
marked mononuclear cellular infiltration in
portal tract area and the central vein appears
congested.

This result is confirmed by Khayyat et al.,
(2012) who explained hepatic cytoplasmic
vacuolations due to presence of lipid droplets
which were attributed to deteriorative changes
within hepatocytes.

Also, the current result is agreed with
Kassab and Tawfik, (2018), who stated that
These changes were a manifestation of cell
damage and were caused by lipid
peroxidation (oxidative stress) and DNA
damage as a sign of toxicity and were
attributed to the preservatives or caffeine
gradient that are present in the energy drinks.
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Mansy et al., (2017) explained the
congestion  of  blood  vessels by
microcirculatory disturbance that caused by
energy drink intake. Also, Kassab and
Tawfik, (2018) mentioned that ED had been
associated  with  many  cardiovascular
disorders as well as increased platelet
aggregation and  impaired endothelial
function. These findings were due to different
reaction of taurine with caffeine present in the
energy drink.

Ebuehi et al., (2011) disagreed with these
histopathological results as they found no
changes in hepatic tissue although presence of
biochemical alterations. They explained this
by the short time of exposure that is not
enough to produce hepatic damage.

The present study showed that recovery
period didn't induce improvement in hepatic
tissue alterations. This may be due to the short
recovery period (2 weeks) which is not
enough to produce improvement in these
alterations. This result agreed with Akande
and Banjoko, (2011).

The results of this study revealed that
treatment with ®3 resulted in moderate
improvement in the hepatic tissue.

This result was in accordance with Ayuob
and ElIBeshbeishy, (2016).
Khanchandani, (2015) explained the ability
of 3 in protecting hepatic tissue through its
anti-inflammatory effect by regulating tumor
necrosis factor-a (TNF-a) and elevating the
immune system reaction.

VV-CONCLUSION
Considering the results obtained from
the present study it can be concluded that, the
different energy drinks (power horse and red
bull) induced biochemical and histological
changes in the liver of adult male albino rats
which were partially ameliorated by their
withdrawal or co-administration of omega 3
fatty acids.
VI-RECOMMENDATION
On account of these toxicological
findings, further researches and strict
regulations on marketed energy drinks are
needed.
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