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Background: Energy Drinks (EDs) and Soft Drinks (SDs) 
are widely consumed among adolescents and young 
adults. These drinks contain variable amounts of caffeine 
which is a central nervous system stimulator; in addi-
tion to sugar, taurine, vitamins and herbal extracts. Sev-
eral adverse effects have been reported for the exces-
sive consumption of caffeine and sugar. Aim: This work 
aimed at providing a comparison between the effect 
of chronic consumption of both drinks on metabolism 
biochemically as well as at the histopathological level. 
Methods: Adult albino rats were randomly divided into 
three groups and treated for 4 weeks. Animals received 
water (control, group 1), 12.5 ml/kg/day of either Pepsi® 
(SD, group 2) or Power Horse® (ED, group 3). All animals 
had free access to water and standard animal chow. Re-
sults: ED and SD groups showed a significant weight 
gain compared to control. ED animals showed a signifi-
cant increase in serum urea, hyperlipidemia and hyper-
glycemia in comparison to control and SD groups. Serum 
uric acid significantly increased in ED and SD groups. 
ED group showed congestion and inflammation in their 
renal tissues in addition to splenomegaly and increased 
phagocyte infiltration. Conclusion: The high caffeine-
sugar content in ED exerts a more significant influence 
on the metabolic pathways than SDs. Both increase the 
incidence of cardiovascular diseases and tissue inflam-
mation due to their effect on lipid profile and blood 
glucose. The other ingredients in EDs may play a role in 
the observed metabolic disturbances. Chronic use of EDs 
should be especially discouraged to avoid these nega-
tive effects.
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INTRODUCTION

The consumption of caffeinated Energy Drinks (EDs) 
is rapidly growing and widely spreading. In response 
to consumer needs, many energy drinks companies ap-
peared first in both Europe and Asia in 1960 (Reissig 
et al., 2009). Several surveys were conducted to meas-
ure the consumption of energy drinks in Saudi Arabia. 
About 33.4% of students at Taibah University declared 

regular consumption of energy drinks in 2018, whereas 
52.2% of the students in a female secondary school had 
consumed EDs in 2011 (Katib et al., 2018; Aluqmany 
et al., 2013). An additional study in three universities in 
Saudi Arabia showed that about 70% of students regu-
larly consumed EDs (Aljaloud, 2016).  As for the ingre-
dients, it must be mentioned that the main components 
of EDs are caffeine and carbohydrates; the content of 
caffeine is high and varies among the products of the 
different companies. They also contain other ingredients 
such as guarana, taurine, and B vitamins. 

The advertisement of EDs claims that drinking an ED 
can provide energy for the body and the mind as well. 
Consumers use energy drinks for several reasons like 
enjoying with friends or improving their activity such as 
in studying, staying awake for a longer time, driving or 
for athletic performance (Ibrahim et al., 2014). Despite 
the wide spread of EDs consumption among students 
for the previously mentioned reasons, a study found that 
there is a negative correlation between increased con-
sumption of EDs and the grade point average (GPA) 
(Champlin et al., 2016). In addition, the prolonged and 
chronic consumption of these drinks was recently linked 
to variable health concerns.

It was found that EDs induce several adverse effects 
but the most common is cardiovascular, neurological, 
and liver impairment, with no positive effect on the 
memory process (Ali et al., 2015; Nieradko-Iwanicka & 
Pośnik, 2016). Theses side effects were mainly related to 
the high content of caffeine in addition to the effect of 
the other ingredients included in these drinks (Gheith, 
2017). 

Regarding soft drinks (SDs), their primary component 
is the monosaccharide fructose. There are many reports 
emphasizing that consumption of high-sugar beverages 
increases the risk of type-two diabetes (Imamura et al., 
2015).  It was reported that fructose consumption in-
creases hepatic lipogenesis and induces ATP depletion, 
and thereby increases hepatic uric acid (UA) production. 
Altered lipid metabolism and diabetes are both known 
risk factors for the development and progression of 
non-alcoholic fatty liver disease. Some studies showed a 
20% relative increase in UA in subjects receiving sugar-
sweetened soft drinks compared to semi-skimmed milk 
or water (Imamura et al., 2015).

In this study, we aimed at evaluating and comparing 
the metabolic disorders induced by consumption of soft 
and energy drinks in rats.
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MATERIALS AND METHODS

Animals and experiment design. Twenty-four adult 
male albino rats of 200 ± 30 g average body weight were 
utilized to study the effect of soft and energy drinks on 
the metabolic parameters. Rats were housed in stand-
ard laboratory conditions (23–25°C, 50–55% humidity, 
12/12 h light/dark cycle) and were randomized into 
three groups, eight animals each. 

Group I: control group animals received standard 
chow and water ad libitum.

Group II: soft drink group received orally 12.5 ml SD 
(Pepsi®)/kg/day along with free access to standard chow 
and water.

Group III: energy drinks group received orally 
12.5 ml ED (Power Horse®)/kg/day along with free ac-
cess to standard chow and water. 

All animals were housed in plastic cages at controlled 
temperature, relative humidity and air flow conditions 
with fixed 12 hours light-dark cycles. Animals were han-
dled according to the national laws on the care and use 
of laboratory animals and the Guide for the Care and 
Use of Laboratory Animals (1996, published by National 
Academy Press, 2101 Constitution Ave. NW, Washing-
ton, DC 20055, USA) and the protocol was approved by 
the institutional review board. 

The ingredients of both ED and SD are listed in Ta-
ble 1. Rats were weighed on Mondays on a weekly basis 
for the whole period of the experiment (4 weeks). 

Tail-flick test. Animals from the different groups 
were restrained and their tails were exposed to an IR-
heat source that was restricted to the middle part of the 
tail using Ugo® basile thermal stimulation unit (Ugo® 
basile SRL, Gemonio, Italy) according to the manufac-
turer’s instructions. The device records the latency time 
before the animal’s sense of pain causes it to moves its 
tail away from the IR source. 

Blood and tissue samples collection. By the end 
of the fourth week, the experiment was brought to an 
end by sacrificing animals after an overnight fasting pe-
riod (water was provided ad libitum). Blood samples were 
collected by cardiac puncture and allowed to clot before 
separating serum at 3 000 rpm for 25 minutes at 4°C and 
collected serum samples were stored at –70°C till use. 

Tissue samples (kidney, liver, spleen, and heart) were 
collected, briefly rinsed in normal saline and weighed 
before being fixed in 4% paraformaldehyde solution for 
histological examination.

Biochemical analysis. For biochemical analysis 
blood glucose, UA, triglycerides, urea, creatinine and 
cholesterol were estimated using commercially available 
kits according to manufacturers’ instructions.

Histopathology. Tissues to be histologically investi-
gated were dehydrated in a series of increasing alcohol 
concentrations then cleared in xylene before embedding 
in paraffin. Sections of 5 µm thickness were cut from 
the corresponding tissue blocks, deparaffinized, hydrated 
and cleared to be stained with hematoxylin/eosin for 
histopathological investigation.

RESULTS

Weight change and relative organ weight

A normal diet with water along with the administra-
tion of the different drinks resulted in an increase in 
animals’ weight over the period of the experiment in SD 
and ED groups.

The percentage of weight gain was higher in the ED 
group (36%) when compared to control and SD groups 
as presented in Table 2. Weight increase was calculated 
by subtracting the initial weight from the final weight 
and dividing the difference by the initial weight and mul-
tiplying the result by 100.

Regarding the isolated organs a change in the relative 
weight of some organs was observed among the three 
test groups. As shown in Table 3 no significant differ-
ence was observed in kidney as well as heart weight by 
the end of the experiment between the three groups. In-
terestingly, a significant increase in spleen relative weight 
was observed in ED as well as SD group animals after 4 
weeks. This represented an increase in spleen weight by 
almost 46% and 42% over the healthy control weight in 
ED and SD group respectively. In addition, a significant 
reduction in liver weight was also observed in SD ani-
mals (by about 26%). The relative weight of the organs 
was obtained by dividing the wet weight of the organ by 
the total weight of the animal directly before the sacri-
fice. Values are presented as mean relative weight, n=8, 
*p<0.01 compared to the control.

Effect of the different drinks on pain threshold

The pain threshold of the animals from the differ-
ent groups was tested by exposing them to a painful 

Table 1. Nutritional information for the used energy drink and soft drink

Nutritional information per 100 ml ED (Power horse®) SD (Pepsi®)

Energy (Kcal) 45 kcal 42kcal

Fat (g) 0 0

Carbohydrates (g) 10.7 11

Saturated fat (g) 0 0

Fiber (g) 0 0

Protein (g) 0 0

Caffeine (mg) 32 10

Taurine (g) 0.4 0

Riboflavin 0.06 g 0

Niacin 8.00 mg 0

Vitamin B6 2.00 mg 0

Pantothenic acid 2.00 mg 0
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IR stimulus using tail-flick latency device. Interestingly, 
animals treated with ED and SD showed a very statisti-
cally significant increase in pain tolerance compared to 
controls (p<0.005 and p<0.01, respectively) observed as 
an increase in the time elapsed before the animal moved 
its tail away from the heat source (Fig. 1). Although the 
use of ED induced a stronger pain tolerance effect com-
pared to SD, the difference between both groups was 
statistically non-significant (p>0.02). 

Effect of the different treatments on fasting blood 
glucose and serum lipid profile

Fasting blood glucose was another parameter that was 
assessed at the end of the experiment. A significant in-

crease in fasting blood glucose was detectable in the ED 
group after 4 weeks of continuous administration when 
compared to the control group. Interestingly, animals 
treated with SD for the same period of time showed 
fasting blood glucose values that were comparable to 
healthy controls (p>0.06; Fig. 2A).

Serum triglycerides and serum total cholesterol showed 
a highly significant increase in ED group after 4 weeks 
when compared to healthy control and SD group animals 
(p<0.005; Figs 2B and 2C). However, SD animals showed 
a significant increase in their serum cholesterol (p<0.005) 
but no significant change in their serum triglycerides levels 
compared to healthy control animals (Figs 2B and 2C).

Effect of the different drinks on serum urea, creatinine 
and uric acid levels

Assessment of serum levels of urea and uric acid re-
vealed a significant increase in the ED group in samples 
collected at the end of the experiment. On the other 
hand, a significant increase in serum uric acid was ob-
served only in SD-treated animals but no significant 
changes in serum urea levels could be detected in this 
test group when compared to healthy control (Figs 3A 
and 3B). A non-significant increase in serum creatinine 
was observed in the ED group as well as in the SD 
group when compared to the control group (Fig. 3C).

Histopathological investigation

Examination of H&E-stained sections from the spleen 
of the different groups revealed pathological changes in 
ED and SD group, in the form of congested and di-
lated lymphatic sinuses and increased phagocyte counts 
(Fig. 4A, B and C, Table 4). Whereas the architecture 
of spleen and the splenic capsule were preserved in all 

Table 2. Effect of the different treatments on live body weight

Initial weight Week 2 Weight increase in % Week 4 Weight increase in %

Control 214 g±4.3 234 g±7.4 9.3 255.3 g±10.5 19.2

SD 204 g±8.5 251.8 g±7.1 23.4 260.4 g±6.3 27.6

ED 194.8 g±8.4 228.3 g±9.5 17.2 265.6 g±4.7 36.3

Values are presented as mean ±S.E.M., n=8. 

Table 3. Relative average organ weight obtained from the dif-
ferent groups

Ctrl SD ED

Heart 0.0034±2.2x10–4 0.0038±3.2x10–4 0.0035±2.4x10–4

Liver 0.0335±7x10–4 0.0284*±15x10–4 0.0324±2x10–4

Kidney 0.0032±36x10–5 0.0033±28x10–5 0.0035±25x10–5

Spleen 0.0024±25x10–5 0.0034*±27x10–5 0.0035*±23x10–5

Values are presented as mean ±S.D., n=8. *p<0.05

Table 4. Histopathological evaluation of the splenic tissue in the different groups

Group Architecture Splenic capsule Lymphoid follicles Red pulp

Control Preserved Normal Slightly expanded follicles
Reactive pale germinal centers

Normal lymphatic sinuses
Few phagocytic cells

SD Preserved Normal Slightly expanded follicles
Reactive pale germinal centers

Dilated lymphatic sinuses
Mildly increased number of phagocytic 
cells

ED Preserved Normal
Nodular appearance
Significantly expanded follicles
Reactive pale germinal centers

Dilated lymphatic sinuses
Increased number of phagocytic cells

Figure 1. Effect of the different treatments on pain threshold of 
the animals. 
Values are presented as mean ±S.E.M., n=8. ***p<0.001, compared 
to control.

Figure 2. Effect of the different treatments on fasting blood glu-
cose and serum lipid profile. 
Values are presented as mean ±S.E.M., n=8 per group. 
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groups, lymphoid follicles and red pulp showed patho-
logical differences as shown in Table 4.

Upon investigating kidney tissue samples from the dif-
ferent groups, no signs of necrosis or hemorrhage were 
observed in the different groups. Also, inflammation was 
not detectable in neither control nor SD animals, whereas 
ED animals showed a mild inflammatory response. Ani-
mals receiving ED or SD showed various degrees of hy-
percellular glomeruli (arrows, Figs 4D and E), which were 
not detected in control animals (Fig. 4F). Interestingly, only 

ED-treated animals showed signs of congestion within the 
capillary tufts. All groups showed normal tubule structure 
and differentiated cortex and medulla (Figs 4D–4F).

No pathological manifestations were observed in the 
heart (Figs 5A–5C) or liver sections (Figs 5D–5F) ob-
tained from the different groups. 

DISCUSSION

The energy as well as carbonated soft drinks have 
become a part of the youth culture and have been in-
creasingly consumed among adults and young adults on 
different occasions all over the world (Malinauskas et al., 
2007; Dwaidy et al., 2018). However, several research ar-
ticles showed multiple negative effects of the consump-
tion of energy and soft drinks. The consumers claim that 
these drinks, especially energy drinks, provide them with 
the energy required for stressful situations, or for staying 
awake for a longer time (Nowak & Jasionowski, 2015). 

The stimulative effect of these drinks is attributed to 
their content of vitamins, taurine, guarana and other ingre-
dients, but first comes their high content of caffeine, the 
most widely consumed CNS stimulant in the world. Caf-
feine is an adenosine antagonist inducing neurotransmitter 
release, and phosphodiesterase inhibitor, modifying intra-
cellular cAMP levels and stimulating glucose metabolism 
and lipolysis (Harpaz et al., 2017; Horrigan et al., 2004). 

Moreover, each can of such sugar-sweetened drink 
provides about 30 grams of sugar; an amount that by 
far exceeds the recent recommendations of the WHO. 
This high sugar content elicits a deleterious effect on 
various metabolic processes related to glucose, lipids, 
ketone bodies and proteins (Boulton et al., 2016). The 
consumption of drinks containing both sugar and caf-
feine was strongly linked to a higher incidence of several 
disorders related to glucose metabolism such as obesity, 
type-2 diabetes and cardiovascular diseases (Narain et al., 
2016; Greenwood et al., 2014). 

The epidemic of energy drinks consumption is also wide-
ly spread in the Saudi community, as Saudi Arabia is classi-
fied among the top ten countries when it comes to energy 
drinks consumption (Rahamathulla, 2017). In this study, we 
aimed at investigating and comparing the hazardous effects 
of chronic consumption of energy and soft drinks on the 
biochemical and histological level in rat animal model.

In our study, a significant increase was observed in 
fasting blood glucose in ED-treated rats compared to 
the control or SD group. These findings are in agree-
ment with previously reported results that revealed a 
significant alteration in blood glucose after ED admin-
istration (Nowak et al., 2018). Interestingly, SD adminis-
tration did not result in a significant increase in fasting 
blood glucose compared to the controls. 

In fact, the high carbohydrate content in the tested 
drinks caused an increase in blood glucose, which conse-
quently elicits a condition of hyperinsulinemia, which neg-
atively affects the whole metabolic process (Macdonald, 
2016). Although both tested drinks have nearly the same 
carbohydrate content, the hyperglycemia was observed 
only in ED animals. This can be explained by the caffeine 
content, which was reported to augment hyperinsulinemia 
via multiple mechanisms that include increasing the cir-
culating epinephrine and cortisol levels, decreasing tissue 
sensitivity and inhibiting glucose utilization, and conse-
quently maintaining high levels of blood glucose (Keijzers 
et al., 2002). The high caffeine content in ED in addition 
to its carbohydrate content represents a glucose-caffeine 
combination that effectively modifies the metabolic re-

Figure 3. Effect of the different treatments on serum urea, uric 
acid and creatinine. Values are presented as mean ±S.E.M., n=8.

Figure 4. Histopathological examination of the spleen (A–C) and 
kidney (D–F) sections from the different groups stained with 
H&E. 
Black arrowheads point at lymphatic sinuses in spleen sections (A, 
B and C), and arrows point at glomeruli (enclosed by dotted cir-
cles) in kidney tissue sections (D, E and F). 

Figure 5. Histopathological examination of the heart (A–C) and 
liver (D–F) sections from the different groups stained with H&E. 
No pathological changes can be observed in both tissues in the 
different test groups.
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sponse towards the increase in circulating glucose, and ex-
plains the intense hyperglycemic effect that was detected 
in ED animals but not in SD animals. It is also possible 
that the niacin present in the EDs augments their hyper-
glycemic effect compared to the niacin-free SD as report-
ed by some studies that connected niacin in the diet to 
hyperglycemic outbreaks (Zhou et al., 2010). 

This persistent hyperglycemia is thought to provoke a 
condition of oxidative stress that results from the pro-
duction of glycation end products and denaturation of 
various macromolecules resulting in cellular damage in 
various organs (Nagai et al., 2014).  

In addition to its effect on blood glucose, ED admin-
istration caused animals to show a significant increase in 
their serum triglyceride and cholesterol levels compared 
to control animals. This agrees with the findings of oth-
er groups that reported alteration in lipid profile of such 
animals (Sadowska, 2012). The augmented hyperglycemic 
and, consequently, the hyperinsulinemic state that results 
from sugar-caffeine combination modulates lipid metabo-
lism upon consumption of ED, favoring the glycolytic 
pathways and blocking lipolysis via the inhibitory effect of 
insulin on hormone-sensitive lipase (Schaefer et al., 2009). 

It is worth to note that SD animals did not show a 
significant change in their serum triglycerides when com-
pared to control animals, which coincides with their 
blood glucose levels that were also non-significantly dif-
ferent from controls. This finding introduces an addi-
tional proof for the role played by caffeine in augment-
ing glucose effect on the metabolism, as an ED contains 
at least three times more caffeine as a regular caffeinated 
SD (Ugwuja, 2014; Gonzalez-Dominguez et al., 2017).

Chronic consumption of ED or SD along with the regu-
lar diet caused the animals to experience a significant weight 
gain when compared to the control animals. In this aspect, 
a strong association was established between the consump-
tion of sugar-sweetened beverages (SSBs) and the incidence 
of obesity and obesity-related disorders such as type-2 dia-
betes and cardiovascular diseases as reported earlier (Mat-
tioli et al., 2018; Hu, 2013). Interestingly, weight gain had a 
similar tendency to that observed in fasting blood glucose, 
as ED animals gained the most weight and control animals 
gained the least weight by the end of the experiment. 

The significant improvement in the pain threshold is 
one positive effect that was observed in animals consum-
ing either SD or ED compared to the control ones, which 
can be ascribed to their caffeine content. However, the 
other observed effects including hyperglycemia, hyperlipi-
demia and obesity, in addition to the previously reported 
effects of these drinks on blood pressure and heart rate, 
excitation and palpitation suggest the regular consumption 
of ED, especially over a long period of time, as a possible 
risk factor for CVS (Ugwuja, 2014; Nowak et al., 2018).

Both serum urea and uric acid were also significantly el-
evated in animals consuming ED. Urea, creatinine and uric 
acid are byproducts of protein and amino acid catabolism 
that are normally excreted via the kidney filtration, howev-
er, renal damage can affect their excretion resulting in their 
increased level in the circulation (Ebuehi et al., 2011). 

The increase in urea and uric acid level here can be at-
tributed to caffeine via its inhibitory effect on A2A adeno-
sine receptors (Tofovic et al., 2007). Another possible ex-
planation for the alteration in these parameters is the urea-
induced activation of xanthine oxidase, which accelerates 
the rate of uric acid biosynthesis from xanthine (Obochi 
et al., 2010). In contrast to previous studies that reported 
a significant increase in serum creatinine levels, no signifi-
cant changes were detected in the current study which can 
be explained by the shorter experimentation period in this 

study compared to the previous reports (Mansy et al., 2017). 
Peroxide free radicals are excessively produced as a result of 
the oxidative stress induced by the persistent hyperglycemia, 
eliciting renal oxidative damage in the form of interstitial 
inflammation, increased proteinuria and histopathological 
changes of the renal tissue (Gheith, 2017). Despite the ab-
sence of significant differences in the relative kidney weight 
among the different groups, these pathological changes 
were histologically detectable in kidney tissues derived from 
the ED-group which showed various signs of congestion 
and inflammation when compared to SD or control ani-
mals. Congestion in this context can be explained by the 
vasodilator effects of caffeine that can induce changes in 
the microcirculation and hence congestion (Khayyat, 2014). 

Several research groups had reported various histo-
pathological changes in different organs upon ED admin-
istration including liver, stomach, pancreas and subman-
dibular glands but not the spleen (Khayyat et al., 2012.; 
Ayuob & ElBeshbeishy, 2016; Kassab & Tawfik, 2018). 

In the current study, careful examination of the splenic 
tissue revealed cytological changes in response to caffein-
ated ED, where dilated lymphatic sinuses and increased 
number of phagocytes along with prominently expanded 
follicles were observed. Similar but less distinct changes 
were observed in SD animals. Follicular hyperplasia in 
these animals could be explained by B-cells prolifera-
tion that takes place in response to various factors. As 
mentioned previously, prolonged hyperglycemia causes 
oxidative stress that consequently induces a condition of 
chronic inflammation, and hence, modulates splenic func-
tion and structure. Splenomegaly, altered spleen morphol-
ogy and upregulation of inflammatory cytokines were 
reported in animals fed a high-fat/high-sugar diet which 
also induced prolonged hyperglycemia in the tested ani-
mals (Altunkaynak et al., 2007). Another research group 
investigated the effect of ED administration for 4 weeks 
on the blood cell count and detected a reduction in eryth-
rocyte counts in these animals (Khayyat et al., 2014). The 
splenomegaly observed in our study can be ascribed to 
the increase in the content of phagocytic cells, which are 
responsible for the phagocytosis of erythrocytes (Unruh 
et al., 2015). Connecting these findings together, one can 
assume that the low erythrocytes counts upon ED con-
sumption may result from the shortening of their lifespan. 
This, in turn, introduces an excessive load on the spleen 
to remove these erythrocytes and induces the increase in 
the number of phagocytes within the spleen and conse-
quently splenomegaly. It is to be noted that both heart 
and liver tissues did not show pathological changes de-
spite the biochemical changes observed in the animals’ li-
pid profile. This can possibly be assigned to the relatively 
short duration of the current experiment in comparison to 
the other studies that showed changes in the liver tissue 
after 12 weeks of ED administration (Mansy et al., 2017).

In conclusion, EDs and SDs are both hazardous and 
represent risk factors for cardiovascular disorders as well 
as kidneys and spleen diseases. Their effects are mainly 
mediated by their hyperglycemic effect which induces 
oxidative stress and hence tissue and organ damage.  
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