JRMC Vol. 28 (Issue 3) Journal of Rawalpindi Medical College

https://doi.org/10.37939/jrmc.v28i3.2702

Implications Of Ingesting Soft Drink And Energy Drink On Hepatic

Microcirculation Of Albino Rat
Saira Munawar?, Faiza Irshad?, G.P. William?, Muhammad Suhail®, Ayesha Yousaf’, Ahmad Haris Suhail®

Abstract

Objective: To compare the diameter of the centrilobular vein as well as its congestion along with that of sinusoids and portal
vein of the rat liver after ingestion of caffeinated soft drinks and energy drinks which were given caffeinated soft drinks and
energy drinks.

Method: 11ml/kg body weight each, of distilled water to the control group, caffeinated soft drink to the SD group and
caffeinated energy drink to the ED group was given respectively for 8 weeks. Later, the rats were sacrificed, the liver dissected
out, slides prepared and stained with H & E for microscopic observation.

Result: Morphometric analysis showed an increase in the diameters of centrilobular veins of both experimental groups
receiving caffeinated SD and ED compared to control group p-values <0.001. The SD group was affected more (p-value 0.024)
Conclusion: Caffeine-containing ED and SD are held responsible for congestion and dilatation of centrilobular veins, portal
veins and sinusoids of albino rats, the augmented effect seen with SD could be because the high taurine content of ED would
have interfered with the metabolism of the caffeine.
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) of taurine are added to ED, as they are also held
1. Introduction responsible for enhancing the physical performance of

Both energy drinks (ED) and soft drinks (SD) are the consumer by increasing the blood flow to various
subcategories  of  nonsteroidal, non-alcoholic viscera but at the same time, its adverse effects on the

caffeinated beverages that are equally popular among cardlovasscular system,l kldney and hV,e roare als.o
teenagers as well as adults, owing to various energy- repor'ted. Caffeinated soft drlnks, which contain
boosting ingredients like taurine and caffeine which caffemg only and not another stlrnulant,- were .held
help them with their focus, concentration, alertness r.esp0n51b!e for mcreésed plgsma tr1g1yc§r1des,
and physical performance. Coca-Cola is a widely used hpog'enes1s, and fatty liver. Daily consumption of
caffeinated soft drink, having 34mg of caffeine / 350 caffelqated soft dI‘l.IlkS for lpnger durathn may elevate
ml on the other hand, Red Bull is the preferred choice '_[he risk ,Of weight gain, meta‘t?ohc syndrome{,’
of energy drinks with more than double the amount of inflammation and altered hepatic architecture.

caffeine and contains many legal stimulants other than Besides .:affectmg the ggstromtestmal tract,o and
taurine.! Their consumption is consistently on the rise, consumption of energy drinks, more than 50% of

affecting both the developed as well as the adverse effects, are on the cardiovascular system
underdeveloped countries across the globe.? Although mcludmg. hypertension, rr:yocardlal infarctions,
energy drinks are expensive, and higher in their arrhythmia and sudden death.

caffeine content than soft drinks, both drinks are in Due jco thel'r skyrocketu'lg cqn§umpt10n, lacl; of
trend due to 360° marketing strategies and sufficient evidence of their toxicity, and occasional

accessibility. FDA considers soft drinks and energy acute adverse health effects, the safety of these drinks
drinks as conventional /functional food thereby poorly is dubious.

regulating them. Even then Energy drinks (ED) faced The liver is crucial for metabolizing most constituents

a few inconsistent bans, due to their potential toxicity of soft drinks as well as cnergy drinks into easily
in various European countries.? excreted metabolites and is therefore vulnerable to

The adverse effects of the caffeine content of ED toxicity, which is influenced by the daily intake of

s ) . .

drinks have also been reported on digestive, renal, these drinks.d Ele hepalnc l.obufle hls lt_he clas§1gal

neurological and reproductive health.* High quantities structural and functional unit of the liver and its
microcirculation. The hepatic microcirculation begins

awalpindi Medical University under the
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with the portal venule that drains to the hepatic
sinusoid and then to the centrilobular veins. Under the
light microscope, the hepatic lobules are hexagonal
with terminal hepatic venule, also known as the
centrilobular vein in the center, and portal venule
within the portal triad, at each corner of the hexagon.
The sinusoids radiate from the portal venule to the
central vein, whereas the plates of hepatocytes are
separated from each other by sinusoids.® The function
of endothelial cells lining vasculature declines with
the caffeine and sugar content of these drinks.’
Therefore, most adverse effects are expected in the
liver as well as the vascular system.

Most literature cites the adverse effects of energy
drinks or soft drinks individually on animals or
humans, a few studies showed that the results of
human and animal experimental studies overlap in this
regard.* Scarce to no data is available comparing the
effects of caffeinated soft drinks and energy drinks on
hepatic vasculature, so this study was designed to
evaluate the dilatation and congestion of the
centrilobular vein by measuring the diameter of the
centrilobular vein and state of congestion of hepatic
sinusoids and portal triads, comparing the effects of
caffeinated soft drinks and energy drinks on liver
microcirculation.

2. Materials & Methods

The experimental study was conducted on 45 albino rats
at the Federal Postgraduate Medical Institute (FPGMI),
Lahore, after ethical clearance from the university. The
experiment was conducted according to the guidelines
for the care of laboratory animals, food and water were
freely available to the rats, while the room temperature
and 12-hour dark/ light cycle were also maintained in the
room of the animal house throughout the experiment.
Once acclimatized, 15 albino rats were randomly
distributed to each of the three groups namely Control,
SD (soft drink) and ED (energy drink). Control Group,
SD group (experimental group) and ED group
(experimental group) were given a dose of 1 1ml/kg body
weight/day of distilled water, soft drink (Coca-Cola) and
energy drink (Red Bull) respectively for 8 weeks. The
dose calculated was equivalent to the ingestion of 750
ml of these drinks by a 70 kg man.'® At the end of the
experiment the rats were euthanized, and dissection was
done to isolate the livers, which were washed with
normal saline and then fixed with formalin. Sections
measuring 0.2 cm x 0.2 cm were taken from each lobe
of the livers along with any additional area of visible
abnormality.!! By using the automated tissue processor,
the sections were dehydrated (graded solutions of
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alcohol), cleared with xylene, infiltrated and embedded
by paraffin and tissue blocks were formed. Later, Sum
thin tissue ribbons were cut by using a rotary microtome
and a slide was prepared and stained with hematoxylin
and eosin.

The control group was compared with experimental
groups for the presence of congestion in hepatic
sinusoids, portal venules and centrilobular veins. The
micrometre of the objective as well as the eyepiece was
superimposed, for measuring the diameter of the
centrilobular vein. For calculating the diameter of the
centrilobular vein both the transverse and vertical
diameters were measured and then their average was
calculated. (Figure 1)

o &

Figure 1: Control group at 10 x, centrilobular vein represented
by CV, portal vein by PV & hepatic sinusoids by black arrow.
Measurement of the diameter of a centrilobular vein (CV) from
one edge to the other

Five different fields were observed to calculate the
diameter of the centrilobular vein, and then the mean
was calculated. Chi-square and one-way ANOVA were
applied to analyze the data using the statistical package
for social sciences (SPSS 22.0). One-way ANOVA was
followed by Tukey’s test for comparison among various
groups.

3. Results

1. Congestion of Centrilobular Vein

Dilated centrilobular veins having red blood cells (RBC)
are known as congested centrilobular veins. Significant
congestion (Figure 2) was found in the centrilobular
veins SD group (87%) and ED (80%) group in
comparison to a control group with a p-value <0.001.
Results are tabulated in the table. 1. However, both the
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experimental groups were similarly congested with no
statistical significance p- value 0.624. (Figure 3)

2. Congested Portal Triads:

Portal triads are said to be congested when the tributaries
of the veins in portal triad are dilated and filled with
RBC. (Figure 2) Portal triads of 80% of the livers of rats
of the SD group and 73% of the ED group are congested
as compared to a control group with a p-value of <0.001
which is significant. But the congestion in both
experimental groups was statistically insignificant with
a p-value of 0.666. (Figure 3)

3. Congestion in Hepatic Sinusoids:

The presence of red blood cells (RBC) in hepatic
sinusoids is labelled as vascular congestion (Figure 2)
and was observed in (60% of) the livers of in SD group
and (53% of) the livers of the in the ED group in contrast
to the control group (p-value 0.001), which was
statistically significant, but the SD and ED groups were
not significantly different from each other p-value 0.713
(Figure 3)

Figure 2A: SD group at 10 x, Congested (RBC’s)centrilobular
vein represented by CV, congested (RBC’s) portal vein by PV &
congested (RBC’s)hepatic sinusoids by black arrow. 2B ED
group at 10 x, Congested centrilobular vein represented by CV
& congested hepatic sinusoids by black arrow

Table 1: Showing the results of various parameters in the SD as
well as ED group in comparison to the Control

Control SD ED

Group Group
Histological Parameters
Congestion in Centrilobular 0% 87% 80%
Veins
Congestion in Hepatic 0% 60% 83%
Sinusoids
Inflammation in Portal 0% 87% 80%
Triads
Congestion in Portal Triads 0% 80% 73%

4. Diameter Of Centrilobular Vein:
The mean diameters of the centrilobular vein for; the
control group were 51.9 = 5.5 um, the SD group was

141.6+ 37.7 pm, and the ED group was 113 £ 31.5 pm,
which means the diameter of the SD and ED groups were
significantly more than the control group (p value
0.001). Also, the diameter of the SD group is
substantially greater than ED group (p-value 0.024).

‘Control to SD', 'Control to ED',

'ED to SD'

by 'P value'
0.003 0.75 A
0.002 8-25 a
0.001 I 06 o
‘"mE mm ml oo

Congestion inCongestion inCongestion in
Centrilobular Portal Triad Hepatic
Vein Sinusoids

mmmm Control to SD == Control to ED ED to SD

Figure 3: Showing the comparison of control with SD and ED as
well as SD to ED for Congestion in centrilobular vein, hepatic
sinusoids & portal vein, blue represents control to SD, p-value
which is <0.001 in cases of congestion centrilobular vein, portal
triad and hepatic sinusoid and is statistically significant, whereas
maroon represents control to ED, p-value which is <0.001 in cases
of congestion centrilobular vein, portal triad and hepatic
sinusoid and is also statistically significant. The green line
represents a comparison of the p-value of SD and ED, which in
the case of congestion of the centrilobular vein is 0.624, the portal
triad is 0.666, and the hepatic sinusoid is 0.713 which is
statistically insignificant.

4. Discussion

This study demonstrates that oral consumption of SD
and ED for 8 weeks by albino rats has adversely affected
the liver causing congestion and dilatation in the hepatic
microcirculation. Globally, the younger population is
consuming various soft drinks and energy drinks at an
alarming rate and frequency, adding to the disease
burden of both developed and developing countries
across the world.?

These drinks are not only responsible for increasing the
risk of obesity, hyperlipidemia, metabolic syndrome,
liver and kidney damage but also acute cardiovascular
events and sudden deaths.*

Most energy drinks have 80-150mg of caffeine in 350
ml and half of this quantity is present in soft drinks." It
does enhance physical and mental performance but
increases the risk of psychosis and seizures but during
physical exercise, it blocks the adenosine receptors
thereby causing sluggish blood flow to the heart and
reducing the diameter of coronary vessels.'? On the other
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hand taurine, 2-aminoethane-sulfonic acid, is present in
human tissues and can be synthesized endogenously by
the liver using cysteine. It is therapeutically used for
reducing inflammation, cardiac events, and seizures. It
is known for its antioxidant, antitumor and antifibrotic
properties but is also implicated in weight reduction and
dehydration. ' Taurine exerts its hepatoprotective role by
inhibiting the production of reactive oxygen species.'

In the present study, both the experimental groups SD
and ED had congested centrilobular veins, portal veins,
and hepatic sinusoids, which implies that SD and ED
have equally affected the liver's microcirculation.
Several studies support the findings of our study, but
those studies focus on the effects of SD or ED and do not
compare the effects of SD and ED on the liver, which
was the aim of this study.

Samia Ali al-askalany et al. reported congested
centrilobular veins in the livers of the rats which were
given cola drink for 8 weeks.!* Alkhedaide et al. gave
coca-cola to Wistar rats for 12 weeks, which resulted in
congested blood vessels in their liver and kidney.'> Our
findings coincide with another study in which
congestion of blood vessels in the livers of rats treated
with different kinds of energy drinks was observed by
Khayyat et al.'® A study done by Bukhar et al. also
reported dilation and congestion of sinusoids as well as
portal vessels in rats.!” Salih et al. reported congested
hepatic sinusoids of the rabbit after receiving Red Bull
energy drink for 4 weeks, which is consistent with our
findings.!'®

In this study, the centrilobular veins of both the ISD &
ED groups were dilated and had greater diameter than
the control group. Moreover, the SD group had larger
centrilobular veins not only in comparison to the control
but also ED group. Nahla E. Ibrahem also reported
dilated centrilobular veins of the albino rats when given
a Red Bull energy drink for 4 weeks.’ Salih et al. also
observed dilated centrilobular veins in rabbit liver with
Red Bull energy drink.'®

SD and ED contain caffeine which has increased the
diameter of the centrilobular vein. This effect may have
been a bit reduced in the ED group because of the
concomitant presence of taurine (hepatoprotective)
along with caffeine (hepatotoxic) instead of just caffeine
in the SD group. Rabab Mubarak also reported dilated
blood vessels in an experiment on the submandibular
glands of rats receiving Red Bull.!® This is supported by
the work of Bukhar et al., who showed dilated hepatic
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and portal blood vessels in rats receiving energy
drinks."”

This dilatation and congestion of the centrilobular vein,
portal vein and hepatic sinusoids can be because of the
main ingredient, “caffeine” present both in SD and ED.
Caffeine can cause vascular dilatation by two pathways,
either directly by increasing the cAMP in smooth
muscles of the blood vessels, by competitively inhibiting
the phosphodiesterase, or indirectly by raising
intracellular calcium, which results in the release of
nitric oxide synthase in endothelial cells, releasing nitric
oxide and dilation of the vessels. Removal of stimulus
for smooth muscle contraction along with amplification
in relaxation of smooth muscles of vessels leads to
vasodilation. Another mechanism of action of caffeine is
that it acts directly on the endothelial cell, stimulates the
production of nitric oxide and hence vasodilation.*
Numerous studies suggest the decreased endothelial
function of the blood vessels especially coronary vessels
with the consumption of energy drinks. It may be due to
caffeine, or other stimulants like taurine and
glucuronolactone or their combined effect. Endothelial
dysfunction due to ED may be associated with a raised
risk of myocardial infarction implicating the decreased
endothelial cell function.” Caffeine has been held
responsible for amplifying oxidative stress in vessels
through the enhanced quantity of angiotensin II, by
preventing the influence of adenosine on the renin-
angiotensin system.?’ Caffeine ingestion can affect the
cardiovascular response to exercise.!?

Hence, caffeinated energy drinks (ED) and soft drinks
(SD) caused congestion and dilation in the centrilobular
veins, portal veins, and sinusoids of albino rats, with a
more pronounced effect from soft drinks. Although
taurine is considered hepatoprotective, its presence even
in large quantities along with caffeine in the energy drink
could not prevent congestion in the hepatic
microcirculation of the present study. This may be
because taurine behaves differently in the presence of
caffeine. '

Given the higher morbidity and mortality rates
associated with the consumption of caffeinated energy
and soft drinks in younger populations, there is a critical
need for increased public awareness. Additionally,
restrictions on the availability and marketing of these
beverages should be considered, with regulations aiming
to reduce their potential negative impact on human
health.
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More research is suggested on several types of
commercially available, regular as well as diet,
caffeinated soft and energy drinks and their possible
histological effects on various organs. Also to evaluate,
if consumption of these drinks is discontinued then, the
effects will be reversed or not?

5. Conclusion

Therefore, caffeine-containing ED and SD are held
responsible for congestion and dilatation of centrilobular
veins, portal veins and sinusoids of albino rats, the
augmented effect seen with SD could be because the
high taurine content of ED would have interfered with
the metabolism of the caffeine. Owing to the potential
risk emphasized by our study, it is prudent to be cautious
regarding the consumption of these drinks.
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