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Summary
Background: The dangerous health risks associated with obesity makes it a very
serious public health issue. Numerous studies verified a correlation between the
increase in obesity and the parallel increase in soft drink consumption among world
populations. The effects of one main component in soft drinks namely the carbon
dioxide gas has not been studied thoroughly in any previous research.
Methods: Male rats were subjected to different categories of drinks and evaluated
for over a year. Stomach ex vivo experiments were undertaken to evaluate the
amount of ghrelin upon different beverage treatments. Moreover, 20 male students
were tested for their ghrelin levels after ingestion of different beverages.
Results: Here, we show that rats consuming gaseous beverages over a period of
around 1 year gain weight at a faster rate than controls on regular degassed carbon-

ated beverage or tap water. This is due to elevated levels of the hunger hormone
ghrelin and thus greater food intake in rats drinking carbonated drinks compared to
control rats. Moreover, an increase in liver lipid accumulation of rats treated with
gaseous drinks is shown opposed to control rats treated with degassed beverage or
Please cite this article in press as: Eweis DS, et al. Carbon dioxide in carbonated beverages induces ghrelin release
and increased food consumption in male rats: Implications on the onset of obesity. Obes Res Clin Pract (2017),
http://dx.doi.org/10.1016/j.orcp.2017.02.001

tap water. In a parallel study, the levels of ghrelin hormone were increased in 20
healthy human males upon drinking carbonated beverages compared to controls.

Abbreviations: CBs, carbonated beverages; CW, carbonated water; RCB, regular carbonated beverage; DCB, diet carbonated
everage; DgCB, degassed regular carbonated beverage; PBS, phosphate buffered saline; DMEM, Dulbecco’s Modified Eagle Medium;
CK, cholecystokinin.
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Conclusions: These results implicate a major role for carbon dioxide gas in soft drinks
in inducing weight gain and the onset of obesity via ghrelin release and stimulation
of the hunger response in male mammals.
© 2017 Asia Oceania Association for the Study of Obesity. Published by Elsevier Ltd.

i
t
s
w
a
a
c
d
k
k
t
r

i
l
a
o
m
r
C

M

M

S
a
m
s
g
t
d
t

M
c

A
1
e
(
C
of one DCB can be around 180mg/330ml. Degassing of
regular CB was performed by continuous stirring of the
drink for a period of over 2 h. The weight of each rat
All rights reserved.

Introduction

A substantial deviation in the balance between energy
intake and expenditure eventually leads to weight prob-
lems and one major example is obesity. Obesity is a great
public health concern due to the numerous comorbidities
associated with it such as type 2 diabetes, cardiovascular
diseases and hypertension. A study at a global scale has
shown that the percentage of overweight or obese adults
has grown from 23% to 34% between 1980 and 2008 [1].
The worldwide problem of obesity also affects all age
groups making it a serious issue [2].

Obesity causes are multifaceted; they include social,
environmental and hereditary factors [3]. The major fac-
tor that eventually leads to obesity is excessive food
consumption. Regulation of food intake and utilization
is complex and requires a variety of hormones and
enzymes. Ghrelin is a 28-amino acid peptide hormone
that is released mainly from the stomach as a response to
hunger. Ghrelin production in the body was mainly found
to be in the stomach of rodents but it has also been iden-
tified in other tissues such as the gastrointestinal tract,
pancreas, ovary and adrenal cortex. The secretion of this
hormone depends greatly on the nutritional state of the
body [4—9].

Another main factor shown to be correlated with the
increase in obesity is the increased rate of consumption
of carbonated beverages (CBs). CBs were first introduced
in Europe in the 17th century in attempts of therapeutic
use. Additional components were then introduced into
the beverages allowing them to enter the commercial
market [10]. CBs have also been upsised and extensively
advertised, especially targeting children [11]. Since most
CBs contain sugar as a key component, companies provide
alternatives to sugary drink by replacing the sugar with
artificial sweeteners. In this attempt to create diet CBs
(DCB), the caloric content of the drinks is significantly
reduced or even abolished.

Sugar substitutes from herbs, sugars and other nat-
urally occurring substances are used to make artificial
sweeteners. These substitutes give a more intense sweet-
ness to the beverage compared to natural sugars.
Aspartame (L-aspartyl-L-phenylalanine methyl ester) is a
widely used artificial sweetener which is water soluble.
Once ingested it binds to T1R2 receptor on the tongue
in order to give the sweet taste [12]. Several short-term
animal studies have shown aspartame consumption to be
relatively safe although a few other studies have sug-
gested an increased risk of cancer and diabetes type 2
Please cite this article in press as: Eweis DS, et al. Carbon d
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with artificial sweetener intake [13].
Nutritional studies indeed focused on the sweetener in

the beverages, whether sugar or sugar substitute. There
is, nonetheless, another dimension to the CBs complex-
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ty; the carbon dioxide gas. Whereas diet CBs contain
he aforesaid artificial sweeteners, regular sodas contain
ucrose. Both drinks, however, contain carbon dioxide
hich is introduced into the drink under pressure to add
cidity and to sharpen the flavour of the drinks. The
mount of carbonic acid produced in the CBs from the
arbon dioxide depends on the pressure used to intro-
uce the gas in the drinks. The gas also acts a preserver
eeping the drink for a longer period of time. To our
nowledge, the effect of the added carbon dioxide gas in
he drinks has not been studied thoroughly in any previous
esearch.
Here, the effects of carbon dioxide in CBs were studied

n male rats, as well as on human subjects. Hunger stimu-
ation as evident by elevated blood ghrelin concentration
s a response to CBs was shown in rats and humans. Rats
n CBs supplemented diet increased in size and consumed
ore food than control rats. This research is the first
eport to date to discuss the role of carbon dioxide in
Bs as an inducer of hunger in mammals.

aterials and methods

aterials

prague Dawley white laboratory rats were bred in the
nimal unit facility at Birzeit University. Sixteen litter-
ate rats (from two litters born on the same day) of
imilar size were assigned randomly into four different
roups after weaning (23 days old). Upon the comple-
ion of the study, the animals were sacrificed by cervical
islocation and decapitation in accordance to animal
reatment regulations at the institution.

easurements of weight and food
onsumption

ll rats were provided with standard diet Teklad Global
8% protein (2018SC from Harlan Laboratories). Rats of
ach group were supplemented with different beverages:
i) tap water, (ii) regular degassed CB (DgCB), (iii) regular
B (RCB) and (iv) diet CB (DCB); the aspartame content
ioxide in carbonated beverages induces ghrelin release
on the onset of obesity. Obes Res Clin Pract (2017),

as measured and recorded on a daily basis. Additionally,
he amount of food ingested for each group was recorded
very day to assess food consumption.

dx.doi.org/10.1016/j.orcp.2017.02.001
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ARTICLE
arbon dioxide induces ghrelin release and obesity

lood glucose and cholesterol
etermination

ix months after the experiment started, tail-blood sam-
les were obtained from the rats and analysed for blood
iochemistry at the University Clinic.

x vivo analysis of ghrelin secretion

tomachs from well-fed 5-month old rats on a standard
iet were excised post-euthanasia and food residues were
isposed of and thoroughly washed off with ice-cold phos-
hate buffered saline (PBS). The washed stomach pieces
ere cut into four identical pieces per stomach then ran-
omly separated into eight sterile Petri dishes. PBS was
spirated out and 1ml of Dulbecco Minimal Eagle Medium
DMEM) was added to each stomach piece. To each Petri
ish containing a stomach piece, 1ml of the following
everage was added (tap water, RCB, DCB and DgCB).
he dishes were incubated at 37◦ C for 10min. Following
he incubation, the solution from each Petri dish was col-
ected and stored at  −80◦ C until analysis for ghrelin. The
ame procedure was repeated using the other stomach
ncubating the dishes in 1ml of beverages for 30min.

hrelin hormone determination by ELISA kit

lood samples (or ex vivo solution samples) obtained
rom rats undergoing the same tests were analysed for
he ghrelin hormone content by using Rat/Mouse Ghrelin
ssay kit (EMD Millipore) according to manufacturer’s
nstructions.

issection and determination of liver lipid
ccumulation

t the termination of the experiment (after 1 year), rats
ere euthanised and dissected and pictured. Livers were
arvested from each rat. The livers were weighed and
.5 g of each liver were boiled in 15ml of saturated KOH
nd 15ml of 95% ethanol for 3 h. The pH of each solution
as adjusted using 6N HCl (with 1 drop of bromocresol
reen as a pH indicator). In order to dissolve the lipids,
0ml of chloroform was added to each solution, vor-
exed vigorously for 5min then allowed to sit until the
hloroform layer cleared. Different 10ml aliquots of the
hloroform layer were quantitatively removed and placed
n a previously weighed flask. After evaporation of chlo-
oform in a 65 ◦C degree oven, the weight of lipids was
easured and multiplied by 5 to account for the total

ipids.

hrelin concentration from human blood
amples

group of 20 male volunteers at Birzeit University was
andomly selected. The students were all of Palestinian
rab origins and their age ranged between 18 and 23
ears. The group was healthy and normal in height and
Please cite this article in press as: Eweis DS, et al. Carbon d
and increased food consumption in male rats: Implications
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eight (body weight average was 78  ± 5 kg and height
verage was 171  ± 8 cm). The group was asked to abstain
rom eating anything after 10 p.m. the night before the
est. On the day of the test, at 9 a.m., all students
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ere given the same breakfast consisting of a 300 g piece
f cheese-filled baked bread. One hour after this light
reakfast, the students were given 330ml of water to
rink. After 5min, blood was collected and stored at
80 ◦C until ghrelin measurement. On different days, the
ame group of people repeated the experiment, using
30ml of RCB, DCB, DgCB, or carbonated water (CW) fol-
owing the light breakfast, followed by blood collection.
ll samples were then analysed for ghrelin using ghrelin
LISA kit per manufacturer’s instructions.

tatistical analysis

ur results are presented as mean  ± standard deviation
f at least 3 experiments. Differences between groups
ere assessed using one-way ANOVA. Statistical signifi-
ance was indicated with p < 0.05.

esults

ats on CBs accumulate more weight than
ontrols

n order to study the effects of CBs consumption on
ats, male albino Sprague Dawley rats were allowed free
ccess to standard rodent diet and beverages accord-
ng to treatment group. The rats were measured daily
nd their food consumption recorded. The daily weights
f rats in each of the treatment groups are shown over
period of 100 days (Fig. 1A). The average weight for
ach treatment at day 110 indicates that rats on tap
ater or regular DgCB (control groups) weighed signifi-
antly less than rats on RCB or DCB (Fig. 1B). There is
significant difference between food intake of rats on
CB and DCB compared to rats drinking water and DgCB.
nitial weight gain rate for the first two months of the
tudy indicates that water-treated rats grew the slow-
st (2.6  ± 0.4 g/day) compared to the other treatments.
nterestingly, both RCB and DCB-treated animals amassed
eights at a significantly higher rate (Fig. 1C).

ats on CBs consume more food than
ontrols because of increased ghrelin
elease

he cause of weight increase was probed. Rats, which
ere given access to RCB or DCB, significantly consumed
ore food daily, compared to rats which drank water or
gCB (Fig. 2A). This increased food consumption was due
o a significant increase in ghrelin levels in the sera of
ats on CBs (Fig. 2B). On the other hand, the levels of the
atiety hormone, cholecystokinin (CCK), were assessed in
hese rats as well and the results showed no significant
ifference among different groups (data not shown).

solated rat stomach explants secrete
hrelin in response to CBs
ioxide in carbonated beverages induces ghrelin release
on the onset of obesity. Obes Res Clin Pract (2017),

n order to validate the previous findings, stomachs from
ormally fed rats were assessed for their ghrelin release
fter various drink treatments ex vivo. Ghrelin release

dx.doi.org/10.1016/j.orcp.2017.02.001
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Figure 1 The rate of weight gain in male rats in each group is shown over a period of 100 days. (A) The average weight
of rats in a group per day is monitored for 100 days. (B) Rats on different drinks showed significant differences in their
average weights on day 110. (C) The rate of weight gain per day was determined by measuring the slope of the weight
increase per unit time. RCB: regular carbonated beverage; DCB: diet carbonated beverage; DgCB: degassed regular
carbonated beverage. All results are the average and standard deviation of biological triplicates (*p < 0.05). Solid lines
show statistical significance between CBs and tap water, whereas dashed lines indicate the differences between CBs
and DgCB.

Figure 2 Rats on CBs consume more food daily due to a higher secretion of ghrelin. (A) The average food consumed
per cage was monitored for all drinking groups. (B) Tail vein blood was collected from each rat to measure the levels
of ghrelin hormone in the morning after the rats have been allowed to feed ad labitum (*p < 0.05; ***p < 0.005). Solid
lines show statistical significance between CBs and tap water, whereas dashed lines indicate the differences between
CBs and DgCB. RCB: regular carbonated beverage; DCB: diet carbonated beverage; DgCB: degassed regular carbonated
beverage.

dx.doi.org/10.1016/j.orcp.2017.02.001
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Table 1 Blood glucose and cholesterol levels in rats
consuming different drinks.

Group Glucose (mg/dl) Cholesterol (mg/dl)

Water 157  ± 22 127  ± 3
RCB 187  ± 0.4 135  ± 3
DCB 172  ± 21 135  ± 5
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Figure 3 Stomachs secrete ghrelin in response to CBs
ex vivo. Stomachs from control rats were extracted
after cervical dislocation and excised into identical cuts
and washed with PBS then incubated in DMEM medium.
The stomachs were treated with different beverages for
10 (open bars) or 30min (closed bars). Ghrelin level
in the solution was measured afterwards. RCB: regular
carbonated beverage; DCB: diet carbonated beverage;
DgCB: degassed regular carbonated beverage. Results
are the average and standard deviation of 3 repli-
cates (**p < 0.01). Solid lines show statistical significance
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DgCB 192  ± 5 138  ± 3

as significantly higher even at 10min post exposure to
Bs, compared to water and regular DgCB (Fig. 3, open
ars). After 30min, ghrelin release increased as expected
n all treatments (Fig. 3, closed bars).

besity is induced in rats at a faster rate
hen consuming CBs

ix months into the study, blood biochemistry of all rats
as performed to check early markers of obesity. In all
ats, there appeared to be no significant changes in blood
otal cholesterol or fasting blood sugar (Fig. 4A). Nev-
rtheless, in all samples, there was a small but steady
Please cite this article in press as: Eweis DS, et al. Carbon dioxide in carbonated beverages induces ghrelin release
and increased food consumption in male rats: Implications on the onset of obesity. Obes Res Clin Pract (2017),
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ncrease in both cholesterol and glucose in all rats not
rinking water, summarised in Table 1. At the end of the
tudy, liver lipids were assessed for all rats, with rats
n CBs amassing significantly more lipids than controls

between CBs and tap water, whereas dashed lines indi-
cate the differences between CBs and DgCB.

igure 4 Late-onset, as opposed to early-onset, of obesity in rats was observed. (A) Blood was collected from rats
fter 6 months to measure obesity markers such as fasting blood sugar (grey bars) and total cholesterol (black bars). (B)
t the conclusion of the study, accumulation of lipids in the livers of rats was measured as a marker of obesity. Livers
ere homogenised and total lipids extracted and weighed from all rats (*p < 0.05; **p < 0.01). (C) All rats, post-sacrifice
ere dissected to locate adipose depositions. Representative pictures from each group are presented here. The arrows
ndicate areas of lipid deposition. RCB: regular carbonated beverage; DCB: diet carbonated beverage; DgCB: degassed
egular carbonated beverage. Solid lines show statistical significance between CBs and tap water, whereas dashed lines
ndicate the differences between CBs and DgCB.

dx.doi.org/10.1016/j.orcp.2017.02.001
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Figure 5 Ghrelin is released in human subjects upon
ingestion of CBs. Twenty healthy students between the
ages of 18 and 23 fasted overnight then broke their fast
eating the same meal. One hour after breakfast, the stu-
dents were given 330ml of water (or other beverages) to
drink and their blood was collected for ghrelin analysis.
RCB: regular carbonated beverage; DCB: diet carbonated
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beverage; DgCB: degassed regular carbonated beverage;
CW: carbonated water. Results are the average and stan-
dard deviation of 18—20 samples (**p < 0.01).

(Fig. 4B). Overall, all rats were checked for adipose tissue
after dissection. Dissected representative rats from each
group show lipid deposits around vital organs. Indeed,
all rats that were not on water showed increased lipid
deposits compared to water-treated controls, indicating
an induction of obesity (Fig. 4C).

Carbon dioxide in CBs induces ghrelin
release in human males
To extrapolate the study on humans, ghrelin levels were
measured in male subjects after drinking any of the
aforementioned beverages, in addition to CW (no caloric
content, no sugar). Twenty students, over a period of 1
month, performed this experiment and the same indi-
viduals performed all tests. Individuals drinking CBs
(including CW) an hour after meals had significantly
higher circulating ghrelin levels compared to the same
individuals on non-CB (water or DgCB). About 6-fold
increase in ghrelin concentration was observed in the
blood of subjects after consumption of CB, compared
to water (Fig. 5). Moreover, compared to DgCB, a 3-fold
increase in ghrelin was achieved when RCB, DCB or CW
were used.

Discussion

Extensive research elucidates that weight gain and obe-
sity are a leading cause of health risks worldwide [14].
A correlation between the consumption of soft drinks
and increased weight gain and obesity has been shown in
numerous studies [15—19]. Since the hazards of the obe-
sity epidemic are increasingly concerning issues, many
studies are carried out to help dissect and reduce this
problem. Schulze et al. demonstrated an association
between higher consumption of sugar-sweetened bever-
Please cite this article in press as: Eweis DS, et al. Carbon d
and increased food consumption in male rats: Implications
http://dx.doi.org/10.1016/j.orcp.2017.02.001

ages and increased weight gain as well as heightened risk
of type 2 diabetes development in women [19]. Similarly,
overconsumption of high-fructose corn syrup in calori-
cally sweetened beverages, including CBs, was shown to
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e a cause for the rise in the obesity epidemic [20]. Thus,
Bs have been presented as a health hazard by alarming
he public over the sugar content of these beverages.
t is widely accepted that the sugar content of CBs and
ncreased weight gain are tightly associated as research
ndings displaying such association are confirmed and
ate back to around 1983 [21]. In order to reduce the
revalence of obesity, Bray et al. proposed substitut-
ng caloric sweeteners with non-caloric alternatives [16].
hereas some intervention studies show that consump-
ion of CBs containing artificial, non-caloric sweeteners
s substitutes for the sugar content have little associa-
ion with obesity induction [22,23], there is accumulating
vidence that the effect of consuming these drinks leads
o reverse causation where drinking beverages that con-
ain artificial sweeteners is correlated with higher food
ntake and weight gain [24,25] even though diet drinks
ere introduced to reduce weight gain. Additionally, the
esults of our study clearly demonstrate that the lack of
ugar or calories in CBs still leads to increased food con-
umption and weight gain. Therefore, in this study, we
emonstrate the previously unknown effect of the added
arbon dioxide gas in CBs in inducing weight gain and
besity in mammals.
Confirming earlier literature, rats on either RCB or

gCB gain weight faster than water-treated rats due to
he increased sugar content in the drink, even though
he increase in DgCB group was not significant in com-
arison with water-drinking rats. While this finding is
ritical for the long-understood effect of CBs on increased
eight gain, it was intriguing to find that drinking the
alorie-free alternative (DCB) had even more pronounced
ffects. Since both RCB and DCB have similar effects, we
onclude that the difference compared to water is not
ue to the sugar content but due to another key ingre-
ient. Moreover, a significantly higher food intake was
orrelated with rats drinking CBs as opposed to rats on
on-CBs (water and DgCB). This indicates that the rapid
eight gain in rats drinking CBs was a consequence of
igher food consumption. To our knowledge, the effects
f the gas in CBs in relation to obesity had not been pre-
iously investigated although the majority of scientific
tudies investigating soft drink consumption primarily
ocus on the sugar ingested from these drinks and its asso-
iation with weight gain [26—30]. In our study, we were
ble to assess the effects of the gas in soft CBs because
f our experimental setup. Among all groups, the differ-
nce in the contents of the drinks, apart from tap water,
re minimal. For instance, RCB differs from DgCB in hav-
ng more carbon dioxide, whereas RCB has sugar instead
f aspartame in DCB. The rest of the contents are the
ame since we used the same brand of drinks in this study.
ence, we were able to clearly differentiate between the
ffects of drinking CBs compared to non-CBs in terms of
ood consumption and weight gain.
To elucidate the role of carbon dioxide in CBs in

eight gain, the mechanism of increased food consump-
ion was then probed. Earlier studies implicated changes
n the production and secretion of appetite-controlling
ormones as probable mechanisms for increased weight
ain from the caloric overconsumption from soft drinks
17,31]. In this study, the concentrations of the satiety
ormone cholecystokinin (CCK) and the hunger hormone
ioxide in carbonated beverages induces ghrelin release
on the onset of obesity. Obes Res Clin Pract (2017),

hrelin were measured in blood samples collected from
he rats to determine whether larger food consump-
ion was due to the release of hunger hormones or the
nhibition of release of satiety hormones. Endogenous

dx.doi.org/10.1016/j.orcp.2017.02.001
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Figure 6 Putative mechanism of the effects of CO2 in
CBs on the induction of weight gain inmalemammals. The
ingestion of CBs will lead to an accumulation of pressured
carbon dioxide gas in the stomach which may (dashed line
and question mark) result in a mechanosensitive signal
that results in the release of ghrelin from stomach cells.
Once released, ghrelin can reach the brain and stimulate
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holecystokinin (CCK), which is one of the various sati-
ty hormones, has been shown to induce satiety and
eduction of food intake [22,32—37]. CCK is secreted pre-
ominantly in the small intestine [38] and its release is
timulated more by the intake of lipids than ingestion of
arbohydrates [39—41]. Whether the physiological sati-
ting effect of CCK in humans is local or endocrinal is
nclear, however, studies in rodents have shown that sati-
ty is mediated by the vagus afferent nerve [42—44]. In
ur assessment, the concentration of CCK in blood sam-
les collected from rats under different drink conditions
as unchanged with respect to the type of drink admin-
stered. Ghrelin, which is considered a hunger hormone
nd is primarily secreted in the stomach, plays a key
ole in sensing nutritional status allowing for meal ini-
iation and regulation of appetite [45]. Ghrelin has been
hown to function in mediating energy balance via the
ypothalamus [46—48]. Here, blood ghrelin concentra-
ion in rats was probed at the same time in the morning
o avoid rhythmic changes of ghrelin levels [49]. Ghrelin
evels in rats drinking CBs were significantly greater than
ts concentration in control rats (on non-CBs). There was
lmost a 1.5- or 2.5-fold increase in ghrelin concentration
n rats drinking RCB or DCB, respectively, compared to
ats drinking water and DgCB. A noteworthy observation
s the significantly high ghrelin concentration (Fig. 2b;
< 0.005) in rats drinking DCB compared to rats drinking
ater or DgCB. This may be a consequence of the lack of
ugar in diet drinks which probably induces rats to crave
ood to balance the non-nutritive aspect of diet drinks
50]. Therefore, whereas CCK levels were unchanged,
hrelin levels were different in our study. Ghrelin and
CK are only two of the regulators of appetite in mam-
als. While the physiological effects of gastrointestinal
ormones on eating, food consumption and weight gain
re very complex, our study confirms that at least one
ormone is elevated upon consumption of CBs which is a
ovel finding.
In order to validate the in vivo data, ghrelin concen-

ration was assessed ex vivo from harvested stomachs.
eoane et al. developed an ex vivo experiment where
astric explants were shown to be suitable models for
esting ghrelin in vitro [51]. Upon treatment of iso-
ated stomach pieces with different beverages, ghrelin
as secreted with a 3 to 4-fold increase between stom-
chs treated with CBs compared to control drinks. This
esult represents direct evidence confirming that CBs
nduce ghrelin release upon interaction with stomach
ells, as early as 10min after incubation. Upon CB inges-
ion, pressurised carbon dioxide comes in contact with
tomach walls inducing the release of ghrelin possibly
hrough mechanosensation. Pressure on cellular mem-
ranes induces the release of key hormones such as
erotonin (5-hydroxytryptamine) from gastrointestinal
pithelial enterochromaffin cells [52,53] and parathyroid
ormone-related peptide from coronary endothelial cells
54]. Gut emptying and food movement create pressure
n multiple gastrointestinal sites that combine to pro-
uce a variety of feedback signals to terminate meals
55]. It was also recently shown that downstream effects
f ghrelin are modulated via its interaction with sero-
onin 2C receptor [56]. Hence it is possible that CO2 acts
s a mediator of a similar mechanosensitive mechanism
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hat ultimately leads to the release of ghrelin leading to
ncreased food consumption and weight gain (Fig. 6).

To assess inclination of test subjects to develop signs
f obesity, blood sugar and lipid levels were measured

[
a
i
d

he sensation of hunger leading to increased food craving
nd food consumption.

fter 6 months of treatments. Rats drinking CBs showed
lightly elevated levels of blood glucose in comparison
o water treated rats. Even though the results are not
tatistically significant, they show an inclination of these
ats to early onset of diabetes and obesity. It is notewor-
hy to mention that the results show that blood glucose
s elevated in rats regardless of the type of drink they
ngest (apart from water). This suggests that the pres-
nce of sugar and/or carbon dioxide in CBs leads to higher
lood glucose. Cholesterol and triglycerides did not show
ignificant differences in all rats suggesting that lipid
etabolism malfunctions occur late in the progression
f the disease.
Obesity is not the only condition caused by overcon-

umption of CBs, fatty liver disease is another concerning
ssue that may manifest due to increased sugar inges-
ion from CBs [31,57]. A correlation between obesity and
atty liver disease has been shown in a number of stud-
es [58,59]. Therefore, to study the late onset of obesity,
at deposits on the liver (early onset of fatty liver dis-
ase) and other organs were monitored post-mortem.
e found that there was a remarkable difference in the
mount of accumulated liver fat between rats drinking
Bs and rats drinking water and DgCB. Rats consuming
CB and DCB had more than 2-fold increase in liver lipid
mount compared to water-drinking rats. Furthermore,
ats on RCB or DCB accumulated liver lipids around 1.5-
imes more than rats on DgCB due to the presence of the
as in the aforementioned drinks. Moreover, DgCB rats
ccumulated lipids more than water controls due to the
ugar content of the beverage that is metabolised and
tored as fat droplets when the intake of food exceeds
he energy needs of the organism. Studies have shown
he dangerous effects of liver lipid accumulation on liver
unctionality and the risk of developing fatty liver disease
ioxide in carbonated beverages induces ghrelin release
on the onset of obesity. Obes Res Clin Pract (2017),

58—60]. Therefore, results from this study on liver lipid
ccumulation upon CB consumption add greater alarming
mportance to the effect of the gas ingested from these
rinks.
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The results of the rodent studies were then confirmed
in human subjects. Twenty male students volunteered
to undergo blood tests following ingestion of beverages.
In agreement with previous results obtained for ghrelin
concentration in rats, we found that the ghrelin concen-
tration in human males consuming CBs was significantly
greater than the ghrelin concentration in those drink-
ing non-CBs. This result is remarkable since the same
group of people was tested on different days after con-
sumption of different drinks 5min after ingestion of the
drinks. Endogenous clocks of the circadian system allow
for the alternation of certain metabolic, physiological
and behavioural functions [49]. Taking into consideration
that the secretion of ghrelin is governed by this clock, we
collected samples from all human subjects at 9 a.m. In
addition to the standard beverages we have been using
throughout our experiments we added CW as a further
control. Indeed, consumption of CBs induced a signifi-
cant ghrelin release in human volunteers compared to
the same group drinking non-CBs.

This is the first report that assigns new effects of car-
bon dioxide in CBs inducing ghrelin release and weight
gain in mammals. We therefore recommend the regula-
tion of CBs consumption by the general public to limit
their damaging effects on consumers.

Conclusion

While it has become a consensus that consumption of
soft drinks is directly linked with obesity due to their
sugar content [18,19,61—64], our novel research delin-
eates another aspect of consuming CBs. There has been
no research on the effects of the added carbon dioxide
in CBs on the onset of obesity. Hence, this study clearly
shows discernible effect of the carbon dioxide gas in CBs
on increased food ingestion and heightened risk of weight
gain, obesity and fatty liver disease by inducing ghrelin
release and increased food consumption in rodents and
humans. Thus, the increased risk of weight gain as well
as development of fatty liver disease seems to be ampli-
fied via the intertwined role of the carbon dioxide gas
and the sugar content of the CBs. There is, therefore,
another dimension in obesity induced by CBs that needs
to be taken into account in the future.
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