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Abstract

Background and Objectives

A controversy developed between the benefits of energy drinks (EDs) versus the possible
health threats since its revolution. Lack of information was a call to assess the effect of
chronic consumption of Power Horse (PH) as one of the EDs, on the structure of pancreas
and fundic mucosa of stomach in rats, and possible protective role of Omega-3.

Materials and Methods

Thirty two adult male albino rats were divided equally into 4 groups; control received group
which only received a standard diet, Omega-3 group, PH group which given PH and PH
plus Omega-3 group received both PH plus Omega-3 for 4 weeks. Biochemical assessment
of blood glucose, serum insulin, gastrin, tumor necrosis factor alpha (TNF-a) and inducible
nitric oxide synthetase (iNOS) was performed. The antioxidant activity and histopathological
examination of both pancreatic tissue and fundic mucosa of stomach were assessed.

Results

Administration of PH significantly increased serum insulin and glucose levels while it signifi-
cantly reduced serum gastrin level compared to control. PH also caused oxidants/antioxi-
dants imbalance in both pancreas and fundic mucosa. The latter revealed degenerative
changes and increased apoptosis which was evident by increased caspase-3 immunoex-
pression. Pancreas exhibited signs of -cells overstimulation. Fundic mucosa showed
reduced number of parietal cells, gastrin hormone expression compared to control group.
Omega-3 administration could alleviate, to some extent, these changes. It significantly
decreased TNF-qa, iINOS and reduced glutathione (GSH) as well as significantly increasing
superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities compared to the
group which received PH alone.
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Conclusion

Power Horse intake significantly injures islet cells, pancreatic acini as well as the glandular
cells of the fundic mucosa. Omega-3 decreases these detrimental effects mostly through its
antioxidant and anti-inflammatory action.

Introduction

The revolution of energy drinks (EDs) has pointed out both their popularity and controversy,
given on one hand their advertized benefits of increased alertness and energy, versus their pos-
sibly crucial health threats [1-5]. Energy drinks are a group of beverages that has gained their
fame since 1997 [6]. They are designed to provide the consumer by a combination of stimu-
lants and energy boosters that increases the physical endurance, concentration and sustenance;
improves cognitive as well as muscular performance and provide mood enhancement [7, 8].
Insufficient sleep (67%) and the desire to increase energy (65%) were the most common rea-
sons for their consumption [2].

Energy drinks mostly contain caffeine, other plant based stimulants (guarana, ephedrine,
yerba mate), sugars and their derivatives (glucose, fructose, sucrose, ribose and glucuronolac-
tone; which is a naturally occurring glucose metabolite), amino acids (taurine, carnitine, crea-
tine), other herbal extracts (ginseng, ginkgo biloba), maltodextrin, inositol, vitamin B complex
and other ingredients [6, 9]. Due to the vast array of ingredients forming EDs, their side effects
are expected to be much more than beverages that contain caffeine alone [10]. Caffeine, one of
the most commonly worldwide consumed alkaloids present in coffee, tea or soft drinks [11],
that causes gastrointestinal upset such as heart burn, increased esophageal reflux and gastric
secretion with susceptibility to ulceration, both in acute and chronic intoxication [9,12]. In
addition to other stimulants as taurine, a sulphur-containing amino acid found in most mam-
malian tissues that enhances the effects of caffeine [13, 14]. Also, the high sugar content that
forms 10-13% of the volume of EDs leads to obesity and diabetes [9, 13]. Young adults and
adolescents are particularly attracted to EDs, influenced by the marketing with lack of knowl-
edge of the potential risks [2, 15]. There is little published literature on the adverse effects of
ED and they were recently given unique reporting codes, so their toxicity can be tracked [16].
Germany has tracked EDs—related incidents since 2002 and many harmful outcomes have
been reported [17].

Omega-3 in Fish oil is one of the most important polyunsaturated fatty acids (PUFA) that
have an anti-inflammatory and an antioxidant activity [18, 19]. It is a blend of two essential
fatty acids: eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [20], that has essen-
tial role in maintaining good health and in decreasing chronic inflammatory diseases such as
inflammatory bowel disease and various inflammatory gastrointestinal diseases [21-24]. More-
over, as one of the essential fatty acids, Omega 3 contributes in the protection of the gastroduo-
denal mucosa [25]. On the other hand, Omega-3 PUFAs are prime candidates for
environmental modulators of type I diabetes [26]. Also, recent studies suggested that dietary
intake of Omega-3 could be useful in prevention of diabetes; as it reduced the activity of the
pro-inflammatory processes which stimulated the body to attack its own insulin-producing
cells [27, 28]; hence it was used in this study.

With EDs becoming a worldwide phenomenon, the short- and long-term effects of these
beverages must be evaluated more closely in order to fully comprehend their impact on differ-
ent body organs. Adding to that, the acute and chronic effects resulting from the prolonged
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intake of their additives are not well identified. Therefore, the aim of this study was to assess
the impact of Power Horse (PH), as one of the commonly used EDs, on the pancreas and fun-
dic mucosa of stomach in albino rats, elicit the possible mechanism and to determine the possi-
bility of a protective role for Omega-3.

Materials and Methods
Chemicals

Power Horse (PH); one of the commonly used EDs available in the Saudi Market, was used in
this study in a dose 10mg/kg according to Akande and Banjoko [29]. This dose for rats was
equivalent to the human dose according to Paget and Barnes [30] conversion tables. The (PH)
contains caffeine, taurine, glucuronolactone, sugars and sweeteners, color (caramel) flavoring,
vitamins, inositol, niacin, herbal supplements, and other ingredients [3, 31]. Omega-3 fish oil
capsules, purchased from Wassen international Ltd Company UK, were used in this study.
Each capsule includes 350 mg fish oil of which 100 mg omega-3 fatty acids, 49 mg elcosapen-
taenoic acid (EPA), 35 mg docosahexaenoic acid (DHA). These capsules were used to avoid
many variables that can arise from diet and feeding procedures, including impurities in the oils
used, food storage, and diet duration.

Animals

This experimental study was approved by the research ethics committee at King Fahd Medical
Research Center (KFMRC), King Abdulaziz University, Jeddah, Saudi Arabia. Thirty two adult
male Wistar albino rats, with a body weight ranged from 230 + 20 g supplied from KFMRC were
used in this study. All animals were housed in suitable plastic cages, at a controlled temperature
(24+1°C), 70% relative humidity and air flow conditions with fixed 12 hour light-dark cycles for
one week before the experiment for acclimatization on the laboratory conditions. Fresh water ad
libitum and standard rodent food pellets were always available. The animals were divided into 4
groups (n = 8 each). The control group (Gla) received 7.5 ml saline using a gastric tube once
daily for 4 weeks. The Omega-3 treated group (GIb) was used as positive control and was given
fish oil by a gastric tube, at a dose of 300 mg/kg (equivalent to 0.05-0.04 ml fish oil/rat once
daily for 4 weeks) [32]. The PH treated group (GIla) was administrated 10mg/kg PH equivalent
to 7.5 ml once daily for 4 weeks using a gastric tube [29]. The PH plus Omega-3 treated group
(GIIb) received similar daily doses of both PH and Omega-3 for 4 weeks.

All rats were weighed at the end of each week. During the last day of the experiment, animals
were deprived of food overnight then anaesthetized by mild ether inhalation and subsequently
sacrificed by cervical dislocation. Blood samples were taken directly from the heart for biochem-
ical assessment. The abdomen of the rats was opened, the pancreas was dissected out, the stom-
ach was perfused with cold saline, tied at the esophageal and duodenal junctions, cut at the two
ends and put intact in a deep petri-dish. The stomach was opened through the greater curvature,
rinsed in two changes of ice-cold normal saline, cut into longitudinal strips and fixed together
with the pancreas in 10% neutral buffered formalin overnight then processed to obtain paraffin
blocks. Parts of both organs were kept at -80°C for estimation of biochemical markers. Serial
paraffin sections, at 3-4 pum thickness, were obtained from the paraffin blocks and stained with
hematoxylin and eosin (H&E) for the histopathological examination [33].

Biochemical analysis

Blood samples were left undisturbed for 30 min then centrifuged at 4000 rpm for 15 min at
room temperature. Serum was collected and kept at —80°C until time for assay. Serum glucose
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was determined using the hexokinase method and insulin was determined by means of an
enzyme-linked immune-sorbent assay. Serum gastrin levels were determined using a competitive
immunoassay technique using a DRG rat gastrin kit (DRG International, Inc., New Jersey, USA).
Calculating the homeostasis model assessment of insulin resistance (HOMA-IR), was done
based on the formula; HOMA-IR = serum glucose (mg/dL) x plasma insulin (tU/mL)/405 [34].

The serum TNF-o and inducible nitric oxide synthetase (iNOS) levels were measured using
ELISA kits (R&D Systems) according to the manufacturer's instructions. Pancreatic tissue and
fundic mucosa homogenate was prepared for assessment of iNOS concentration, using assay
kits (Nanjing Jiancheng Bioengineering Institute) according to manufacturer’s instructions. In
addition, the levels of reduced glutathione (GSH), glutathione peroxidase enzyme activity
(GPx) and superoxide dismutase enzyme activity (SOD) were assessed in the tissue homoge-
nate using Biodiagnostic kits, Egypt according to the manufacturer's instructions.

Immunohistochemistry (IHC) assessment

Immunohistochemical studies were carried out using the peroxidase-labeled Streptavidin—
Biotin Technique according to Ramos-Vara et al. [35]. Paraffin sections were deparftinized and
rehydrated down to distilled water then they were treated in 3% Hydrogen peroxide (H,O,) for
5 min and rinsed with phosphate buffer solution (PBS) for 15 min. The sections were blocked
with 1.5% normal goat serum in PBS then incubated for 45 min at room temperature with the
primary antibody. Anti-caspase-3 mouse monoclonal antibody (Dako Company, Cairo, Egypt,
Catalog No. IMG-144A at a dilution 1/200) was used for detection of apoptosis (pro and
active). The anti-gastrin antibody (A 0568 Dako Cytomation Denmark) was used at a dilution
(1:800). The anti-insulin monoclonal mouse primary antibody (DAKO LSAB 2 Kit; Dako,
Denmark) at a dilution of 1:100 was also used. Sections were subsequently incubated with a
second-stage biotinylated antibody (biotin-conjugated goat anti-rabbit IgG, at a dilution of
1:200) for 1 h, at room temperature. After rinsing in PBS, the reaction products were visualized
by immersing the section into the chromogen diaminobenzidine. Finally, the sections were
counterstained with hematoxylin, dehydrated and covered. Slides stained with secondary anti-
body IgG only were used as negative controls.

Morphometric and statistical analysis

An Olympus Microscope BX-51 with a digital camera connected to a computer with an image
analyzer system software (Pro Plus image analysis software version 6.0) was used for photo-
graphing and morphometric study in the microscope center, KFMRC. In the pancreas, the
areas of 10 non-overlapping islets were measured in three serial H&E-stained sections at a
magnification x100 as described by [36]. In each group, the mean area percent (AP) and mean
intensity (MI) of insulin immunoexpression of at least 20 islets per animal were measured and
analyzed at a magnification x100 [37]. At the same magnification, the AP and MI of caspase-3
immunoexpression were assessed in 5 non-overlapping pancreatic sections examined for each
rat in each group and 10 readings were calculated [38].

Similarly, 10 readings from 5 non-overlapping H&E-stained sections, taken from each rat of
each group, were measured at a magnification of x200, to count the parietal cell number in the
fundic glands of the stomach. Using the same magnification, the gastric mucosal height (the
perpendicular distance between the gastric mucosal surface and the muscularis mucosa) was
measured in 5 fields observed for each rat; subsequently 20 measurements were calculated [39].
The AP and MI of caspase-3 and gastrin immunoexpression were assessed at same magnifica-
tion (x200) and 10 readings were recorded from 5 non-overlapping gastric sections examined
for each rat.
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Statistical analysis

Statistical analysis was performed using SPSS software, version 16.00 (Chicago, Illinois, USA)
(S1 File). All data were expressed as mean+SD. One-way analysis of variance (ANOVA) and
post-hoc with least significant difference were used for comparison between groups. Signifi-
cance was considered at p<0.05.

Results
Effect of PH on body weight

There was no significant change in the mean body weights of rats of all studied groups during
and at the end of the 4 weeks of PH administration (Fig 1).

Effect of PH on serum insulin, glucose and gastrin levels

A significant increase (p<<0.001) was observed in the serum insulin and blood glucose levels in
rats which were given PH compared to the control. On the other hands, both parameters were
significantly decreased (p = 0.03, p = 0.01) in rats which received PH plus Omega-3 compared
to those that were given pH alone. Rats which were given PH presented a significantly higher
(p<0.001) HOMA-IR index compared to their control rats. This increase was prevented in the
rats received PH plus Omega-3 (Table 1).

When it came to serum gastrin, there was a significant decrease (p<0.001) observed in the
rats which were administrated by PH compared to the control while it was significantly
increased (p = 0.02) in rats that were given PH plus Omega-3 compared to those received pH
alone (Table 1).

Effect of PH on serum iNOS and TNF-a level

Administration of PH resulted in significant increase in the levels of iNOS and TNF-o. level
compared to the control. On the other hand Omega-3 administration along with PH resulted
in significant reduction in their levels compared to the group received PH alone (Table 1).

Effect of PH on antioxidant activity in pancreas and fundic mucosa

A significant increase in GSH and iNOS levels as well as a significant decrease in SOD and
GPX in pancreatic tissue and fundic mucosa was observed following administration of PH for
4 weeks. Simultaneous administration of PH plus Omega-3 resulted in a significantly lower lev-
els of GSH and iNOS as well as significantly higher levels of SOD and GPX compared to those
which were given PH alone (Table 2).

Effect of PH on the histologic structure of the pancreas

Omega-3 administration has no effect on the histological structure of the pancreas compared
to that of the control (Fig 2).

Pancreatic islets of Langerhans of rats which were given PH showed marked necrotic
changes and vacuoles. Karyolysis, which means disappearance of nucleus, was observed. A sig-
nificant increase in the area of islets was recorded in this group compared to the control (Fig
1). The dilatation and congestion of blood vessels with perivascular inflammatory cell infiltrate
were obvious. The pancreatic acini appeared small with dark nuclei, vacuolated cells, lost apical
acidophilia which mostly resulted from decreased zymogen granules (Fig 2). A strong positive
caspase-3 immuno-expression was observed in the cytoplasm of some ductal, acinar and islets
cells of this group together with a significant increase in both MI and AP of caspase-3
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Fig 1. A. Mean body weights of the studied groups during the experiment. B. Mean area of islets of
Langerhans. Note: There is a significant increase in Glla compared to Gla and a significant decrease in Gllb
compared to Gla. (Gla; control, Glb; receive Omega-3, Glla; received PH and Gllb; received PH plus Omega-
3).

doi:10.1371/journal.pone.0149191.g001

expression, compared to the control one (Fig 3). A strongly positive insulin immuno-expres-
sion was observed in this group whereas it was moderately positive in the control group. A sta-
tistically significant increase was recorded in both MI and AP of insulin expression in this
group compared to the control (Fig 3). Similar changes but to a less extent were also detected
in the pancreatic tissue of rats received PH plus Omega-3 (Figs 2 and 3).

Effect of PH on the histologic structure of the fundic mucosa

No histological changes were detected in the fundic mucosa of the Omega-3 treated group
compared to the control group (Fig 4). Minute gastric ulcers with desquamation of the lining
epithelium were observed in fundic mucosa of rats that received PH. The upper part of the
glands exhibited inflammatory cell infiltrate while the middle and basal parts showed vacuo-
lated parietal cells with lost nuclei as well as some dark chief cells with dark pyknotic nuclei.
The lamina propria presented engorged blood capillaries and few atrophied glands. Both
mucosal thickness and number of parietal cells were significantly decreased compared to the
control rats (Fig 5). The fundic glands of the PH-treated group revealed positive caspase-3
immuno-expression in many glandular cells, which was more obvious in the upper and middle
parts of the glands. The MI and AP of caspase-3 expression were significantly increased all
over the fundic glands (both upper and lower parts) in the PH-treated group compared to the

Table 1. Serum insulin, gastrin, blood glucose, iINOS, TNF-a and levels of the studied groups at the end of the experiment.

Parameters Control group (Gla) Omyga-3 group(Glb) PH group (Glla) PH plus Omyga-3 group (Glib)
Insulin (pIU/ml) 5.07+0.5 4.91+0.12 17.741.15° 15.47+0.99°
Glucose (mg/dl) 113.8116.34 112.3+1.94 167.19+10.43° 152.8+11.6°
HOMA-IR* 1.42+0.15 1.36+0.04 7.22+0.75° 5.84+0.62°
Gastrin (Pg/ml) 97.643 99.7+4.3 63.1+2.5° 69.816.6°
iNOS (pg/ml) 1.240.27 1.11£0.13 4.5+.8° 2.4+0.7°
TNF-a (pg/ml) 309.5+11.5 285.1142.6 430+61.1° 330.9+60.7°

Results were expressed in the form of Mean+SD

b significant change in Glla compared to Gla.

¢, significant change in Gllb group compared to Glla.
Significance considered at (p<0.05)

iNOS: inducible nitric oxide synthetase.

TNF-a: Tumor necrosis factor alpha

PH: Power Horse

* HOMA-IR = Glucose (mg/dl) x Insulin/405.

doi:10.1371/journal.pone.0149191.t1001
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Table 2. Reduced glutathione (GSH), superoxide dismutase (SOD), glutathione peroxidase (GPX) and induced nitric oxide synthetase (iNOS) lev-

els in pancreas and fundic mucosa.

Parameters Controlgroup (Gla) Omyga-3group (Glb) PH group (Glla) PH plusOmyga-3group (Gllb)

Pancreatic GSH (U/g tissue) 0.46+0.15 0.39+0.08 0.63+0.11° 0.48+0.14°

Pancreatic SOD (U/mg tissue) 84.6+10.7 91.4+£19.5 52.2+16.1° 77.8+11.1°

Pancreatic GPX (U/g tissue) 0.49+0.15 0.54+0.15 0.33+0.07 © 0.44+0.11.3°

Pancreatic iNos (U/mg tissue) 0.53+0.16 0.49+0.14 1.22+0.28° 0.75+0.12°

Fundic mucosa GSH (U/g tissue) 24.8+9 23.118.6 49.1+13.6° 31.9+7.3°

Fundic mucosa SOD (U/mg tissue) 93.8+20.1 102.6+18.9 62.3+20.5° 89.3+14.1°

Fundic mucosa GPX (U/g tissue) 0.19+0.07 0.21+0.06 0.08+ 0.05° 0.12+0.04°

Fundic mucosa iNos (U/mg tissue) 0.42+0.13 0.36x0.11 1.32+0.23° 0.87+0.12°

Results were expressed in the form of MeantSD
b significant change in Glla compared to Gla.

¢, significant change in Gllb group compared to Glla.

Significance considered at (p<0.05)
PH: Power Horse

doi:10.1371/journal.pone.0149191.t002

control (Fig 6). The degree of gastrin immuno-expression was weak to moderate in most of the
cells in the basal parts of the fundic glands of PH-treated group, while the control showed
strong positive expression in these cells (Fig 6). Both MI and AP of gastrin expression were sig-
nificantly decreased in the fundic glands of the PH group compared to the control one (Fig 6).
The same changes were observed in the fundic glands of rats which received PH plus Omega-3
but with less extent (Figs 5 and 6).

Discussion

Consumption of energetic drinks, which are rich in caffeine, is increasing among young indi-
viduals. At a high concentration of caffeine (500mM) a pro-oxidant environment in Sertoli
cells was induced and was accompanied by an increase in proteins oxidation [40]. In this study
the effect of the ED was selectively studied on the pancreas and gastric mucosa of the rat. We
hypothesized that ED, due to its high content of caffeine, induces a pro-oxidant environment.

Fig 2. Pancreas of control (A, B) and Omega-3 (C, D) groups show intact histologic structure. Pancreas of
the group which received PH (E, F, G) reveals dilated blood vessels (star) with perivascular inflammatory cell
infiltrate. The islets of Langerhans exhibit empty spaces (asterisk) and some cells with lost or karyolitic nuclei
(thin arrow). Some pancreatic acini appear small and atrophied (thick arrow) with dark nuclei whereas others
show vacuolation (curved arrow). The islets of group received PH plus Omega-3 (H, |, J) display some
vacuoles (asterisk), vacuolated cells (curved arrow) and cells with karyolitic nuclei (thin arrow) (H&E A,C,E,H
X200,B,D,F, G,l,d X1000). (Gla; control, Glb; receive Omega-3, Glla; received PH and Gllb; received PH
plus Omega-3).

doi:10.1371/journal.pone.0149191.g002
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Fig 3. Pancreas of control (A) and Omega-3-treated (B) groups show very few caspase-3 immuno-positive
reaction in both acinar and islet cells whereas that of PH group (C) reveals a strong cytoplasmic caspase-3
reaction (arrows) in some ductal, acinar and islet cells. Fewer number of caspase-3 positive cells (arrow) are
noticed in islets and acini of group received PH plus Omega-3 (D). The insert displays caspase-3 reaction in
the acini (Caspase-3 immunoreactivity X 1000). Islets of Langerhans of control (E) and Omega-3-treated (F)
groups show moderate insulin immune-expression in 3 cells while those of PH group which received PH
alone (G) or plus Omega-3 (H) exhibit a strong positive reaction (Insulinimmunoreactivity x 1000).
Histograms present mean intensity () and area percent (J) of caspase-3 reaction in the pancreas as well as
mean intensity (K) and area percent (L) of insulin expression in the islets of Langerhans. (Gla; control, Glb;
receive Omega-3, Glla; received PH and Gllb; received PH plus Omega-3).

doi:10.1371/journal.pone.0149191.g003

Fig 4. Fundus of the stomach of control (A, B) and Omega-3-treated (F-J) groups showing regularly arranged
fundic glands with gastric pits (arrow head), isthmus (is), neck (n), and body (b). The upper part of the glands
(C) reveals surface mucous cells (bifid arrow), the middle part (D) has many parietal cells (arrow head) and
the basal part (E) shows multiple chief cells (thick arrow) and fibroblasts (thin arrow) (H&E A,B,F,G x400,

C-E, H-d x1000, insert x200).

doi:10.1371/journal.pone.0149191.g004
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Fig 5. Upper part of fundic glands of the group received PH (A) exhibits minute gastric ulcer (arrow head)
with desquamation of the lining epithelium into the lumen and many vacuolated glandular cells (arrow). The
basal part (B) of the glands shows engorged blood capillaries (asterisk) in the lamina propria at the base of
atrophied fundic gland (thick arrow). Higher magnification of the upper (C), middle (D) and basal (E) parts of
the glands reveals inflammatory cell infiltrate (arrow head) between the glands, vacuolated parietal cells with
lost nuclei (arrow) and dark chief cell pycknotic nuclei (thick arrow). Similar changes are observed in fundic
glands of PH plus Omega-3 group but with less intensity (F-J) (H&E A,B,F,G x400, C-E, H-J x 1000, insert
x200). Histograms present fundic mucosal thickness (I) and mean number of parietal cells (J) in the studied
groups.

doi:10.1371/journal.pone.0149191.g005

The fish oil Omega-3 was selected to study its ability to protect against this effect as it was
proved to be beneficial for preventing oxidative stress-induced apoptosis of gastric epithelial
cells [41] and pancreatic acinar cells [42] specifically.

In the present work, the effect of PH, one of the EDs, on the histological structure of the exo-
crine part of pancreas, f3 cells of islets of Langerhans and fundic mucosa of stomach in adult
male albino rats was assessed. The study revealed that, PH significantly increased serum insulin
and glucose levels and produced signs of degeneration of variable degrees in the islets' cells and
pancreatic acini as well as in the glandular cells of the fundic mucosa. It reduced the antioxi-
dant capacity in these two organs. Omega-3 succeeded, to some extent, to ameliorate these his-
topathologic and biochemical changes. This study reported no significant change in the body
weight of rats that received EDs for four weeks, similar to the observation of Ebuehi et al. [43]
in rabbits after oral administration of EDs, including PH, for almost the same period of time.
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Fig 6. Fundic glands of control (A) and Omega-3-treated (B) groups display caspase-3 immune-positive
reaction (arrows) in some glandular cells mostly in upper part of the gland, while those of the groups which
received PH alone (C) or plus Omega-3 (D) show positive reaction (arrows) in many glandular cells in upper
and middle parts the glands. Higher magnifications of the same groups reveal strong reaction (arrows) in
many glandular cells in the upper part (G,H) and a moderate reaction in the middle parts (l,J) of the glands
(arrow head) (Caspase-3 immunoexpression A-D x400, G-J x1000). Histograms present mean intensity (1)
and area percent (J) of caspase-3 reaction in the fundic glands. Fundic glands of control (L) and Omega-
3-treated (M) groups exhibit strong positive gastrin expression (arrows) in the cytoplasm of many cells in the
lower part of the gland, while those of the PH group (N) reveal showing few cells with moderate to weak
expression. Some glandular cells of the group which received PH plus Omega-3 (O) show moderate gastrin
expression (gastrin immunoreaction x1000, insert x 200). Histograms reveal mean intensity (1) and area
percent (J) of gastrin expression. (Gla; control, Glb; receive Omega-3, Glla; received PH and Gllb; received
PH plus Omega-3).

doi:10.1371/journal.pone.0149191.9g006

In the present study, serum insulin and glucose levels were significantly increased in the rats
that received PH. Similarly, Sadowska [44] and Crisan et al. [45] reported hyperglycemia in
rats which ingested EDs for 2 and 6 weeks respectively. Acting synergistically, the essential
ingredients of EDs; sugar and caffeine increased the postprandial hyperglycemia [46]. It was
reported that oral administration of EDs as PH and red bull to rabbits might alter cholinergic
neurotransmission and neural functions mediated by acetylcholine thus increasing glucose
concentration [43]. In addition, the combination of high sugar content or carbohydrate rich
diets with niacin as in EDs might affect carbohydrates metabolism and lead to diabetes out-
break [47].

Interestingly, in the current work, the glucose level was increased inspite of elevated insulin
level that was verified biochemically, morphometrically and immunohistochemically. Regula-
tion of islet cell proliferation in vivo was influenced by the relationship between insulin and
glucose [47]. It seems that over stimulation of insulin-secreting cells in response to chronic ED
administration was followed by increased insulin resistance, that was confirmed by the signifi-
cant increase in HOMA-IR- calculated in this study, and cell exhaustion which might result in
diabetes mellitus later on. This hypothesis was endorsed by Sadowska [44] who suggested that
the hyperglycemia together with lower fat content in rat muscles after 6 week of ED ingestion
was characteristically due to metabolic changes which enhanced lipolysis and development of
insulin resistance. Insulin resistance could be triggered by intake of caffeine [48], niacin [49],
both are ingredients of EDs. The action of caffeine could be through several mechanisms
included; reduction of tissues’ sensitivity to insulin, impairment of glucose metabolism and
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stimulation of the secretion of stress hormones, as adrenaline and cortisol; that increase blood
glucose level, lipolysis, glucogenesis, along with reduction of peripheral glucose consumption
by inhibiting the activity of key glycolytic enzymes [44]. Under hyperglycemic conditions, gly-
cation of phospholipids in the cell membrane or the organelles occur which causes oxidative
stress (lipid peroxidation) in organs [50]. This oxidative stress condition was documented, in
this study, as an increased production of GSH and iNOS and reduced production of GPX and
SOD in both pancreas and fundic mucosa.

In the present work, PH intake produced signs of degeneration of variable degrees in islets'
cells and many pancreatic acini as well as in the glandular cells of the fundic mucosa. Among
these degenerative changes were the intracytoplasmic vacuoles that were also described in the
hepatocytes [51] and peripheral blood cells of adult rats [52], following 2 and 4 weeks of PH
ingestion. These intracellular vacuolization were also reported in the rat submandibular sali-
vary glands [53], as well as in the papilla of rat kidney [54] following oral intake of ED. Similar
to our findings in the pancreas and fundic mucosa, leucocytic infiltration and congestion of
blood sinusoids were observed by Khayyat et al. [52] in the liver of rats consuming EDs includ-
ing PH for 4 weeks. They referred them to the interaction that might occur between diverse
constituents of EDs.

The gastric mucosal desquamation, shedding, minute ulcers, atrophic glands and congestion
of blood vessels observed in the ED treated group of the current work might clarify the harmful
effect of the PH on the gastric surface epithelium which forms a physical barrier between the
lumen and underlying mucosa. Although no previous studies were found to investigate the
structural effect of EDs or its constituents on the gastric mucosa, it is worth mentioning that in
a five year period between February 2005 to December 2009, the national New Zealand poison
center received 20 out of 82 calls (approximately a quarter) relating the consumption of EDs to
nausea, vomiting and abdominal pain [55]. Stomach upset and diarrhea are common forms of
gastrointestinal tract irritation resulting from caffeine ingestion [56]. The inhibitory effect of
caffeine on gastric mucosal mucus secretion may be one of the important factors of the gastric
mucosal injury, in addition to the known stimulating effect of caffeine on gastric acid secretion
[57], the increased acidity exerts a negative feedback mechanism which inhibits the gastrin
release [58]. This was amplified in this work as the gastrin hormone level was significantly
decreased biochemically and immunohistochemically in PH treated group. Despite the high
content of caffeine in EDs, which amounts approximately 3 times that in cola drinks per serv-
ings, EDs often contain additional amounts of caffeine through additives, including guarana,
kola nut, yerba mate, and cocoa. Manufacturers are not required to list the caffeine content
from these ingredients [59]. Thus, the actual caffeine dose in a single serving may exceed that
listed [2].

It was observed, in this study, that Omega-3 succeeded, to some extent, to protect the pan-
creas and fundic mucosa from the deteriolatinf effects of the PH-induced biochemical and his-
topathological changes. Omega-3 could specifically reduce the number (indicated by the area
percent) and intensity (indicated by the mean intensity) of caspase-3 immunoexpression
denoting apoptotic cellular rescue in both studied organs. These findings are in line with the
previous two studies which declared that Omega-3 fatty acids were beneficial for preventing
oxidative stress-induced apoptosis by inhibiting apoptotic gene expression and DNA fragmen-
tation of gastric epithelial cells [60] and pancreatic acinar cells [61]. The anti-inflammatory
activity of Omega-3, evident by significantly reduction in the pro-inflammatory mediators,
iNOS and TNF-o. was observed in this study. Suresh and Das reported that Omega-3 PUFA
may lower inflammation susceptibility and dampen the inflammatory response in the pancre-
atic tissue by suppressing cytokine production [42]. Adding to that the anti-inflammatory
effects of Omega-3 that were previously reported by Calder [21] and Wall et al. [62]. In

PLOS ONE | DOI:10.1371/journal.pone.0149191 February 19, 2016 11/15



@’PLOS ‘ ONE

Energy Drinks Injure Pancreas and Fundic Mucosa

addition, Omega-3 antioxidant activity, evident by significant reduction in GSH and iNOS lev-
els as well as significant increase in SOD and GPX levels in pancreatic tissue and fundic
mucosa, is postulated to be behind the protective effect induced by Omega-3 in this study.
These actions help stabilize the reactive radicals, preserve the cellular integrity, and restrain the
hazards of EDs on both pancreas and stomach. Moreover, Omega-3 treatment was found to
enhance systemic insulin sensitivity [63].

In summary, this study demonstrated that PH induced pancreatic and gastric mucosal
injury. Omega-3 can significantly attenuate these effects. Induction of oxidative stress in the
tissue is a possible mechanism of ED harmful effect, and the anti-inflammatory and antioxi-
dant activity of Omega-3 could be a possible protective mechanism. Further studies on a larger
series would be beneficial in order to better comprehend the mechanisms underlying these
phenomena.

Supporting Information

S1 File. SPSS file include the raw data of the study variables.
(SAV)

Acknowledgments

This work was funded by the Deanship of Scientific Research (DSR), King Abdulaziz Univer-
sity, Jeddah, under grant No. (140-006-D1434). The authors, therefore, acknowledge with
thanks DSR technical and financial support.

Author Contributions

Conceived and designed the experiments: NA REB. Performed the experiments: NA REB. Ana-
lyzed the data: NA. Contributed reagents/materials/analysis tools: NA REB. Wrote the paper:
NA REB.

References

1. Warburton DM, Bersellini E, Sweeney E. An evaluation of a caffeinated taurine drink on mood, memory
and information processing in healthy volunteers without caffeine abstinence. Psychopharmacology
(Berl). 2001; 158(3):322-8. doi: 10.1007/s002130100884

2. Malinauskas BM, Aeby VG, Overton RF, Carpenter-Aeby T, Barber-Heidal K. A survey of energy drink
consumption patterns among college students. Nutr J. 2007; 6:35. doi: 10.1186/1475-2891-6-35
PMID: 17974021

3. Reissig CJ, Strain EC, Griffiths RR. Caffeinated energy drinks—a growing problem. Drug Alcohol
Depend. 2009; 99(1-3):1-10. doi: 10.1016/j.drugalcdep.2008.08.001 PMID: 18809264

4. Bigard AX. Risks of energy drinks in youths. Arch Pediatr. 2010; 17(11):1625-31. PMID: 20926266
Usman A, Jawaid A. Hypertension in a young boy: an energy drink effect. BMC Res Notes. 2012;
5:591. doi: 10.1186/1756-0500-5-591 PMID: 23106965
Boyle M, Castillo VD. Monster on the loose. Fortune. 2006; 154:116-22.

7. Kim W. Debunking the effects of taurine in Red Bull Energy Drink. Nutrition Bytes. 2003; 9(1): article 6.
Available: http://www.escholarship.org/uc/item/65k8r3bd.

8. Oteri A, Salvo F, Caputi AP, Calapai G. Intake of energy drinks in association with alcoholic beverages
in a cohort of students of the School of Medicine of the University of Messina. Alcohol Clin Exp Res.
2007; 31(10);1677-80. PMID: 17651468

9. Seifert SM, Schaechter JL, Hershorin ER, Lipshultz SE. Health effects of energy drinks on children,
adolescents, and young adults. Pediatrics. 2011; 127(3):511-28. doi: 10.1542/peds.2009-3592 PMID:
21321035

10. Gunja N, Brown JA. Energy drinks: health risks and toxicity. Med J Aust. 2012; 196(1): 46—9. PMID:
22256934

PLOS ONE | DOI:10.1371/journal.pone.0149191 February 19, 2016 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0149191.s001
http://dx.doi.org/10.1007/s002130100884
http://dx.doi.org/10.1186/1475-2891-6-35
http://www.ncbi.nlm.nih.gov/pubmed/17974021
http://dx.doi.org/10.1016/j.drugalcdep.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/18809264
http://www.ncbi.nlm.nih.gov/pubmed/20926266
http://dx.doi.org/10.1186/1756-0500-5-591
http://www.ncbi.nlm.nih.gov/pubmed/23106965
http://www.escholarship.org/uc/item/65k8r3bd
http://www.ncbi.nlm.nih.gov/pubmed/17651468
http://dx.doi.org/10.1542/peds.2009-3592
http://www.ncbi.nlm.nih.gov/pubmed/21321035
http://www.ncbi.nlm.nih.gov/pubmed/22256934

@’PLOS ‘ ONE

Energy Drinks Injure Pancreas and Fundic Mucosa

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Fredholm BB, Battig K, Holmén J, Nehlig A, Zvartau EE. Actions of caffeine in the brain with special ref-
erence to factors that contribute to its widespread use. Pharmacol Rev. 1999; 51(1):83—-133. PMID:
10049999

Boekema PJ, Samson M, van Berge Henegouwen GP, Smout AJ. Coffee and gastrointestinal function:
facts and fiction. A review. Scand J of Gastroenterol Suppl. 1999; 230:35-9.

Chepkova AN, Doreulee N, Yanovsky Y, Mukhopadhyay D, Haas HL, Sergeeva OA. Long-lasting
enhancement of corticostriatal neurotransmission by taurine. Eur J Neurosci. 2002; 16(8):1523-30.
PMID: 12405966

Boucknooghe T, Remacle C, Reusens B. Is taurine a functional nutrient? Curr Opin Clin Nutr Metab
Care. 2006; 9(6):728-33. PMID: 17053427

Attila S, Cakir B. Energy-drink consumption in college students and associated factors. Nutrition. 2011;
27(3):316—22. doi: 10.1016/j.nut.2010.02.008 PMID: 20579846

Bronstein AC, Spyker DA, Cantilena LR Jr, Green JL, Rumack BH, Heard SE. American Association of
Poison Control Centers. 2007 Annual Report of the American Association of Poison Control Centers’
National Poison Data System (NPDS): 25th Annual Report. Clin Toxicol (Phila). 2008; 46(10):927—
1057.

Starling S. Energy drinks safety questioned by German agency. [Electronic article](2008). Available:
www.beveragedaily.com/content/view/print/166290. Accessed 2015 May 5.

Angerer P, Von Shacky C. N-3 polyunsaturated fatty acids and the cardiovascular system. Curr Opin
Lipidol. 2000; 11:57-63. PMID: 10750695

Belluzzi A. N-3 fatty acids for the treatment of inflammatory bowel diseases. Proc Nutr Soc. 2002; 61
():391-5. PMID: 12296296

Ward OP, Singh A. Omega-3/6 fatty acids: Alternative sources of production. Process Biochem. 2005;
40:3627-52.

Calder PC. Polyunsaturated fatty acids and inflammatory processes: New twists in an old tale. Biochi-
mie. 2009; 91(6):791-5. doi: 10.1016/j.biochi.2009.01.008 PMID: 19455748

Fetterman JW Jr, Zdanowicz MM. Therapeutic potential of n-3 polyunsaturated fatty acids in disease.
Am J Health Syst Pharm. 2009; 66(13):1169-79. doi: 10.2146/ajhp080411 PMID: 19535655

Spite M. Deciphering the role of n-3 polyunsaturated fatty acid-derived lipid mediators in health and dis-
ease. Proc Nutr Soc. 2013; 72(4):441-50. doi: 10.1017/S0029665113003030 PMID: 23991833

Kangwan N, Park JM, Hahm KB. Development of Gl-safe NSAID; progression from the bark of willow
tree to modern pharmacology. Curr Opin in Pharmacol. 2014; 19:17-23. doi: 10.1016/j.coph.2014.06.
003

Hollander D, Tarnawski A. Is there a role for dietary essential fatty acids in gastroduodenal mucosal
protection? J Clin Gastroenterol. 1991; 13 Suppl 1: S72—-4. PMID: 1940200

Knip M, Veijola R, Virtanen SM, Hyéty H, Vaarala O, Akerblom HK. Environmental triggers and determi-
nants of type 1 diabetes. Diabetes. 2005; 54 Suppl 2:5125-36. PMID: 16306330

Linn T, Noke M, Woehrle M, Kloer HU, Hammes HP, Litzlbauer D, et al. Fish oil-enriched diet and
reduction of low-dose streptozocin-induced hyperglycemia. Inhibition of macrophage activation. Diabe-
tes. 1989; 38(11):1402-11. PMID: 2533572

Delarue J, LeFoll C, Corporeau C, Lucas D. N-3 long chain polyunsaturated fatty acids: a nutritional
tool to prevent insulin resistance associated to type 2 diabetes and obesity? Reprod Nutr Dev. 2004;
44(3):289-99. PMID: 15460168

Akande IS, Banjoko OA. Assessment of biochemical effect of Power Horse energy drink on hepatic,
renal and histological functions in Sprague Dawely rats. Annu Rev Res Biol. 2011; 1: 45-56.

Paget GE, Barnes JM. Toxicity tests. In: Laurence DR, Bacharach AL, editors. Evaluation of drug activi-
ties. Pharmacometrics. London and New York: Academic Press; 1964. pp. 134-66.

Clauson KA, Shields KM, McQueen CE, Persad N. Safety issues associated with commercially avail-
able energy drinks. J Am Pharm Assoc (2003). 2008; 48(3):e55—63; quiz e64—7. doi: 10.1331/JAPhA.
2008.07055

Soliman NBE, Kalleny NK, Abd El Samad AA. Effect of omega-3 versus omega-6 fatty acids on induced
ulcerative colitis in male albino rat. light and electron microscopic study. Egyptian Journal of Histology.
2010; 33:620-34.

Bancroft JD, Gamble M. Theory and practice of histological techniques. 6th ed. Philadelphia, PA:
Churchill Livingstone; 2008.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia. 1985; 28:412—-19. PMID: 3899825

PLOS ONE | DOI:10.1371/journal.pone.0149191

February 19,2016 13/15


http://www.ncbi.nlm.nih.gov/pubmed/10049999
http://www.ncbi.nlm.nih.gov/pubmed/12405966
http://www.ncbi.nlm.nih.gov/pubmed/17053427
http://dx.doi.org/10.1016/j.nut.2010.02.008
http://www.ncbi.nlm.nih.gov/pubmed/20579846
http://www.beveragedaily.com/content/view/print/166290
http://www.ncbi.nlm.nih.gov/pubmed/10750695
http://www.ncbi.nlm.nih.gov/pubmed/12296296
http://dx.doi.org/10.1016/j.biochi.2009.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19455748
http://dx.doi.org/10.2146/ajhp080411
http://www.ncbi.nlm.nih.gov/pubmed/19535655
http://dx.doi.org/10.1017/S0029665113003030
http://www.ncbi.nlm.nih.gov/pubmed/23991833
http://dx.doi.org/10.1016/j.coph.2014.06.003
http://dx.doi.org/10.1016/j.coph.2014.06.003
http://www.ncbi.nlm.nih.gov/pubmed/1940200
http://www.ncbi.nlm.nih.gov/pubmed/16306330
http://www.ncbi.nlm.nih.gov/pubmed/2533572
http://www.ncbi.nlm.nih.gov/pubmed/15460168
http://dx.doi.org/10.1331/JAPhA.2008.07055
http://dx.doi.org/10.1331/JAPhA.2008.07055
http://www.ncbi.nlm.nih.gov/pubmed/3899825

@’PLOS ‘ ONE

Energy Drinks Injure Pancreas and Fundic Mucosa

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ramos-Vara JA, Kiupel M, Baszier T, Bliven L, Brodersen B, Chelack B, et al. American Association of
Veterinary Laboratory Diagnosticians Subcommittee on Standardization of Immunohistochemistry.
Suggested guidelines for immunohistochemical techniques in veterinary diagnostic laboratories. J Vet
Diagn Invest 2008; 20(4):393—-413. PMID: 18599844

Sayed SS, Abd El Aziz DH. The effect of mesenchymal stem cell therapy on ischemia—reperfusion-
induced injury of the rat pancreas: a histological and immunohistochemical study. Egyptian Journal of
Histology. 2013; 36(1):253-64.

Afifi NM. Effect of mesenchymal stem cell therapy on recovery of streptozotocin-induced diabetes melli-
tus in adult male albino rats: a histological and immunohistochemical study. Egyptian Journal of Histol-
ogy. 2012; 35(3):458-69.

El-Haleem MRA, Soliman HM, El Motteleb DMA. Effect of experimentally induced portal hypertension
on the fundic mucosa of adult male albino rats and the possible protective role of quercetin supplemen-
tation: histological, immunohistochemical, and biochemical study. Egyptian Journal of Histology. 2013;
36(1):60-77.

Amer MG, Mohamed DA, Karamb RA. Protective role of curcumin against 2,3,7,8-tetrachlorodibenzo-
dioxin-induced histological and biochemical changes in fundic mucosa of the adult rat stomach. Egyp-
tian Journal of Histology. 2013; 36:13-27.

Dias TR, Alves MG, Bernardino RL, Martins AD, Moreira AC, Silva J, et al. Dose-dependent effects of
caffeine in human Sertoli cells metabolism and oxidative profile: relevance for male fertility. Toxicology.
2015 Feb 3; 328:12-20. doi: 10.1016/j.tox.2014.12.003 PMID: 25486098

Yu JH, Kang SG, Jung UY, Jun CH, Kim H. Effects of omega-3 fatty acids on apoptosis of human gas-
tric epithelial cells exposed to silica-immobilized glucose oxidase. Ann N'Y Acad Sci. 2009; 1171:359—
64. doi: 10.1111/1.1749-6632.2009.04703.x PMID: 19723076

Suresh Y, Das UN. Long-chain polyunsaturated fatty acids and chemically induced diabetes mellitus.
Effect of omega-3 fatty acids. Nutrition. 2003; 19(3): 213-28. PMID: 12620523

Ebuehi OA, Ajayl OE, Onyeulor AL, Awelimobor D. Effects of oral administration of energy drinks on
blood chemistry, tissue histology and brain acetylcholine in rabbits. Nig Q J Hosp Med. 2011; 21
(1):29-34. PMID: 21913538

Sadowska J. Evaluation of the effect of consuming an energy drink on the concentration of glucose and
triacylglycerols and on fatty tissue deposition. A model study. Acta Sci Pol Technol Aliment. 2012; 11
(3): 311-8. PMID: 22744952

Crisan M, Munteanu C, Rosioru C, Lang C. Red bull induces biochemical changes in Wistar rat liver.
Annals of RSCB. 2013; Vol. XVIII, Issue 2: 118-22.

Kolnes AJ, Ingvaldsen A, Bolling A, Stuenaes JT, Kreft M, Zorec R, et al. Caffeine and theophylline
block insulin-stimulated glucose uptake and PKB phosphorylation in rat skeletal muscles. Acta Physiol
(Oxf). 2010; 200(1):65—74. doi: 10.1111/j.1748-1716.2010.02103.x

Zhou SS, Li D, Zhou YM, Sun WP, Liu QG. B-vitamin consumption and the prevalence of diabetes and
obesity among the US adults: population based ecological study. BMC Public Health. 2010; 10: 746.
doi: 10.1186/1471-2458-10-746 PMID: 21126339

Koiter TR, Wijkstra S, van Der Schaaf-Verdonk CJ, Moes H, Schuiling GA. Pancreatic beta-cell function
and islet proliferation: effect of hyperinsulinaemia. Physiol Behav. 1995; 57(4):717-21. PMID:
7777609

Dworzanski W, Opielak G, Burdan F. Side effects of caffeine. Pol Merkur Lekarski. 2009; 27(161):357—
61 PMID: 19999796

Chang AM, Smith MJ, Galecki AT, Bloem CJ, Halter JB. Impaired beta-cell function in human aging:
response to nicotinic acid-induced insulin resistance. J Clin Endocrinol Metab. 2006; 91(9): 3303-9.
PMID: 16757523

Yonei Y, Miyazaki R, Takahashi Y, Takahashi H, Nomoto K, Yagi M, et al. Anti-glycation effect of mixed
herbal extract in individuals with pre-diabetes mellitus a double-blind, placebo-controlled, parallel group
study. Anti-Aging Medicine. 2010; 7:26-35.

Khayyat L, Sorour J, Al Rawi M, Essawy A. Histological, ultrastructural and physiological studies on the
effect of different kinds of energy drinks on the liver of Wistar albino rat. J Am Sci. 2012; 8(8):688-97.

Khayyat LI, Essawy AE, Al Rawy MM, Sorour JM. Comparative study on the effect of energy drinks on
haematopoietic system in Wistar albino rats. J Environ Biol. 2014; 35(5):883-91. PMID: 25204063

Mubarak M. Effect of red bull energy drink on rats submandibular salivary glands (light and electron
microscopic study). J Am Sci. 2012; 8(1): 366—72.

WIL. A 13-week oral (gavage) toxicity study of D-glucuronolactone in rats. Final report, December 21,
2001, WIL-423001. WIL Research Laboratories Inc., Ohio, USA. Submitted to the European Commis-
sion by Red Bull GmbH, Brunn 115, A-5330 Fuschl am See, Austria, 31 December 2001.

PLOS ONE | DOI:10.1371/journal.pone.0149191

February 19,2016 14/15


http://www.ncbi.nlm.nih.gov/pubmed/18599844
http://dx.doi.org/10.1016/j.tox.2014.12.003
http://www.ncbi.nlm.nih.gov/pubmed/25486098
http://dx.doi.org/10.1111/j.1749-6632.2009.04703.x
http://www.ncbi.nlm.nih.gov/pubmed/19723076
http://www.ncbi.nlm.nih.gov/pubmed/12620523
http://www.ncbi.nlm.nih.gov/pubmed/21913538
http://www.ncbi.nlm.nih.gov/pubmed/22744952
http://dx.doi.org/10.1111/j.1748-1716.2010.02103.x
http://dx.doi.org/10.1186/1471-2458-10-746
http://www.ncbi.nlm.nih.gov/pubmed/21126339
http://www.ncbi.nlm.nih.gov/pubmed/7777609
http://www.ncbi.nlm.nih.gov/pubmed/19999796
http://www.ncbi.nlm.nih.gov/pubmed/16757523
http://www.ncbi.nlm.nih.gov/pubmed/25204063

@’PLOS ‘ ONE

Energy Drinks Injure Pancreas and Fundic Mucosa

56.

57.

58.

59.

60.

61.

62.

63.

Thomson B, Schiess S. Risk profile: Caffeine in energy drinks and energy shots. Christchurch, New
Zealand: Institute of Environmental Science and Research Limited. 2010. Available: http://www.
foodsafety.govt.nz/elibrary/industry/Risk_Profile_Caffeine-Science_Research.pdf.

Nawrot P, Jordan S, Eastwood J, Rotstein J, Hugenholtz A, Feeley M. Effects of caffeine on human
health. Food Addit Contam. 2003; 20(1):1-30. PMID: 12519715

Hamada E, Nakajima T, Hata Y, Hazama H, lwasawa K, Takahashi M, et al. Effect of caffeine on
mucus secretion and agonist-dependent Ca2+ mobilization in human gastric mucus secreting cells.
Biochim Biophys Acta. 1997; 1356(2):198-206. PMID: 9150277

Milon H, Guidoux R, Antonioli JA. Physiological effects of coffee and its components. In Clarke RJ,
Macrae R. Coffee: Physiology Berlin: Springer. 1988:81-122.

Schubert ML. Gastric exocrine and endocrine secretion. Curr Opin Gastroenterol. 2009; 25(6): 529—
36. doi: 10.1097/MOG.0b013e328331b62a PMID: 19726980

Heneman K, Zidenberg-Cherr S. Nutrition and health info sheets: Energy drinks. ANR publication 8265.
Available: http://anrcatalog.ucdavis.edu/pdf/8265.pdf. Accessed 2015 May 6.

Wall R, Ross RP, Fitzgerald GF, Stanton C. Fatty acids from fish: the anti-inflammatory potential of
long-chain omega-3 fatty acids. Nutr Rev. 2010; 68(5):280-9. doi: 10.1111/j.1753-4887.2010.00287.x
PMID: 20500789

Oh DY, Talukdar S, Bae EJ, Imamura T, Morinaga H, Fan W, et al. GPR120 is an omega-3 fatty acid
receptor mediating potent anti-inflammatory and insulin-sensitizing effects. Cell. 2010; 142(5):687-98.
doi: 10.1016/j.cell.2010.07.041 PMID: 20813258

PLOS ONE | DOI:10.1371/journal.pone.0149191

February 19,2016 15/15


http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Caffeine-Science_Research.pdf
http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Caffeine-Science_Research.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12519715
http://www.ncbi.nlm.nih.gov/pubmed/9150277
http://dx.doi.org/10.1097/MOG.0b013e328331b62a
http://www.ncbi.nlm.nih.gov/pubmed/19726980
http://anrcatalog.ucdavis.edu/pdf/8265.pdf
http://dx.doi.org/10.1111/j.1753-4887.2010.00287.x
http://www.ncbi.nlm.nih.gov/pubmed/20500789
http://dx.doi.org/10.1016/j.cell.2010.07.041
http://www.ncbi.nlm.nih.gov/pubmed/20813258

