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Energy drinks and oral non-keratinocytes
(Histological & Immunohistochemical rat study)

Fatma Adel Saad', Dina Mohamed Hassouna’®

Aim: To study the effect of the chronic consumption of Red-bull energy drink and its withdraw on oral non-keratinocytes in middle-
aged adult albino rats.

Materials and Methods: 24 adult male albino rats were divided into 3 groups (6 rats each). Group I (control) divided into Ia, Ib
subgroups received 1.5ml/100g/day distilled water for 4 and 8 weeks respectively, group II (Red-bull group) received 1.5ml/100g/day
RB orally for 4 weeks. Group III (withdrawal) received the above dose of RB for 4 weeks and was left for 4 weeks without any
treatment. Paraffin sections of buccal mucosa were processed for H&E and immuno-histochemical examination of Melanocytes
(HMB-45), Langerhans cells (CD1a) and Merkel cells (CK20).

Results: Compared to control and withdrawal groups, H&E sections of Red-bull group displayed apparent increase of inflammatory
and degenerative changes. H&E and immunohistochemical sections of group II revealed a significant increase in Langerhans cells,
Merkel cells and melanocytes compared to group III and group I respectively. In group III, a significant decrease in Melanocytes,
Langerhans cells and Merkel cells respectively was detected compared to group II. A significant increase in Langerhans’s cells was
observed in all groups followed by Merkel cell then melanocytes.

Conclusion: There was a significant increase in oral non-keratinocytes after chronic consumption of Red-bull drink while a
significant decrease was revealed the withdrawal group despite the histopathological changes of the oral epithelium were not entirely
restored to normal. Oral non-keratinocytes have a substantial role in immune and inflammatory reactions besides the renovation of
oral epithelium.
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Introduction

Energy drinks (EDs) consumption
and abuse has been increasing worldwide in
recent years. Red Bull (RB) is considered as
the most popular energy drink. These drinks
are commonly used to improve physical and
cognitive performance.! EDs are lightly
carbonated, non-alcoholic beverages with a
number of energy-enhancing ingredients.’
The stimulant effects of EDs are often due to
the high concentration of caffeine and other
gradients as sucrose, taurine,
glucuronolactone, and B-vitamins. It is
essential to highlight the potential adverse
effects of energy drinks. Serious adverse
effects of energy drinks have been reported
like seizures, cardiac abnormalities, diabetes,
or behavioral disorder.**

Non keratinocytes are a group of cells
that exhibit unique structural features,
perform different functions and do not
participate in the epithelial maturation in the
oral mucosa. They include Melanocytes
(ML), Merkel cells (MKs), Langerhans cells
(LCs) plus Lymphocytes and they constitute
10 % of the oral epithelial cells.®

MLs are a heterogeneous group of
cells derived from neural crest cells produce
melanin and aid in physiologic pigmentation.
MLs are classified into cutaneous, follicular
and extra-cutaneous MLs. The latter type
executes various extra-pigmentary functions.
Furthermore, melanocytes secrete signaling
molecules that regulate epithelial
homeostasis. &’

MKs are acknowledged by Merkel in
1875 as “Tastzellen” (touch cells) and are
endocrine cells associated with nerve fibers
in the basal epithelial layers of animal and
human oral mucosa as well as epidermis.
Several reports have studied the distribution
of MKs in normal and pathological
conditions in skin and oral mucosa. 8

LCs, the dendritic, antigen-
presenting cells reside suprabasally in the
stratified squamous epithelium of skin and
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oral mucosa. The dynamic LCs arise from
bone marrow, constitute 2-8% of the oral
epithelium and form a reticuloepithelial trap
for antigens. They are initially able to
stimulate naive T-cells conditional on their
subset and the type of stimulus received, and
can also drive a secondary immune response
by stimulating memory T cells. *!°

To our knowledge, no published
research examined the direct effect of EDs on
the occurrence of non-keratinocytes in the
oral epithelium. Therefore, the aim of this
study was to investigate the direct effects of
RB consumption on the occurrence of oral
non-keratinocytes in the oral epithelium of
rats especially stratified squamous epithelium
of the buccal mucosa.

Materials and methods
Ethical clearance

This study was performed according to
the regulations of the Research Ethics
Committee (FDASU-REC 2304) of the
Faculty of Dentistry, Ain Shams University,

Egypt.

Animals

18 middle-aged adult male albino rats
(230-250 gm body weight aged 7-8 months)
were housed under controlled temperature,
humidity and dark-light cycle. This was done
under supervision of specialized veterinarian
since their housing till getting rid of
sacrificed bodies in Medical Waste of the
Animal House, Faculty of Medicine, Cairo
University. The rats were kept under good
ventilation and adequate stable diet
consisting of fresh vegetables, dried bread
and tap water throughout the experimental
period.

Materials

Red Bull Cans were purchased from
Egyptian markets. Each 100 ml of Red Bull
comprises of caffeine CSH10N402 (32mg),
sucrose and glucose (11.3 g), taurine (400
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mg), gluconolactone (240 mg), BI12
(0.4mcg), B6 (0.8 mg), B2 (0.64 mg), niacin
(7.2 mg), panthenol (2.4 mg), inositol (20
mg), Carbonated water and artificial
flavoring (Kassab and Tawfik, 2018).!!

Tissue preparation for light microscopic
examination

Specimens for light microscope (LM)
examination were fixed in 10 % neutral
buffered formalin for 48 hours. Each
specimen was rinsed in a water beaker and
then placed in capsules carrying certain codes
for each rat to be dehydrated in ascending
concentrations of ethanol, infiltrated then
embedded in paraffin wax and processed.
Next, 5 um thick sections were executed for

Sample size calculation

The sample size was calculated using
Minitab computer program for three groups.
The calculation was based on the data of
reference to Hulail et al., 2020. '?Analysis of

Variance with max difference of means 2.58
and 0.16 estimated standard deviation. Two
cases per group is required to achieve a power
of 80% and an alpha error 0.05. Four cases
were added to each group to make a total of 6
cases per group.

routine histological examination using
hematoxylin and eosin (H & E) stain.'?

Immuno-histochemical examination
Immune-histochemical examination
for immunoreactivity of Langerhans cells

(LCs) to CD1a °, HMB-45 for melanocytes
(MLs) '¢ and CK20 for Merkel cells (MKs) ’.
4-5 pm thick paraffin sections were obtained
from each group and mounted on positively
charged slides. The immuno-stained sections
were examined under the light microscope,
where the positive reaction appeared as
brown membranous, cytoplasmic, and/or
nuclear staining.!7-!®

Experimental design

The animals were kept in
acclimatization period for one week then
were randomly divided into three groups (six
rats each) as follows:
Group I (Control): consisted of 6 adult male
albino rats and received 1.5 ml/100g distilled
water by oral gavage. 11314
Group la: consisted of 3 animals and were
sacrificed after 4 weeks.
Group Ib: consisted of 3 animals and were
sacrificed after 8 weeks.
Group II (Red Bull group): consisted of 6
adult male albino rats and received Red Bull
by oral gavage with a daily, dose of
1.5ml/100g. Animals were sacrificed after 4
weeks, 111314
Group III (withdraw group): consisted of 6
adult male albino rats and received the
aforementioned dose of Red Bull by oral
gavage for the same period. Then, rats were
left for another 4 weeks without any
treatment. Animals were sacrificed after 8
weeks, 11:12,13,14
Getting rid of sacrificed rats’ bodies was done
according to ethical committee rules in the
incinerator of Cairo University Hospital.

Histomorphometric analysis

H & E and immuno-stained sections
were examined by digital light microscope
(Carl Zeiss Microscopy Gmbh, Primostar 3 ,
FULL-K, bi, cam, Fov22, 5 pos, Axiocam
208 color camera, LED 3W white light,
5600k -, made in Germany). At x400
magnification, the density of immunoreactive
cells in the oral epithelium was assessed by
analyzing the surface area of positive cells
per mm? of epithelial sheet. The images
analysis was implemented by Image]J v
1.54j (2024) using processing tools that
segment pixels in a digital image based on
color or density. Blinding was done during
histomorphometric  analysis to ensure
unbiased results.
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Statistical Analysis

All data were calculated, tabulated,
and statistically analyzed using one way
ANOVA (Analysis of variance) to compare
between the groups under study. Bonferroni
post hoc test was performed for pair wise
comparisons among the groups. P value <
0.05 is considered statistically significant.
Statistical analysis was performed using the
computer program SPSS software for
windows version 26.0 (Statistical Package for
Social Science, Armonk, NY: IBM Corp) at
significant levels<(0.05 (P- Value).

Results

Histopathological results

Group I (Control): Results of subgroups la
and Ib were almost identical. In rats, the
keratinized oral mucosa of the control group
(middle aged) showed oral epithelium with
few basal and suprabasal oval or round clear
cells and small hyperchromatic nuclei. The
clear halo was mostly caused by cytoplasmic
shrinkage occurred during processing.
Likewise, few degenerative signs included
nuclear pyknosis and karyrrhexis were seen
in basal, spinous and granular keratinocytes.
Subepithelial  degenerative areas, few
congested blood vessels, along with
inflammatory cells were also observed in the
lamina propria (Fig.1a).

Group II (Redbull group): Inflammatory
and degenerative signs were -observed in
some areas of this group. Apparent increase
of clear cells was noticed in basal and
suprabasal cell layers. Most specimens
presented basilar epithelial hyperplasia,
binucleated cells, cloudy swelling and
apparent pale eosinophilic cytoplasm in some
keratinocytes in different epithelial layers.
Apparent increase of apoptotic changes such
as nuclear pyknosis, karyorrhexis and cell
vacuolation were also perceived. Moreover,
apparent increase in the epithelial and keratin
thickness was displayed in some areas.
Underlying lamina propria  presented
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apparent increase of  subepithelial
degeneration and inflammatory cells along
with congested blood vessels (Fig. 1b).
Group I (Withdrawal group):
Restoration of inflammatory changes to some
extent was distinguished in this group. Most
of the examined H&E sections revealed
apparent decrease of clear cells in oral
epithelium and reduced degenerative signs.
Congested and lengthened blood vessels
were demonstrated in some areas (Fig.1c¢).

Immunohistochemical Results
Immunohistochemical Results of subgroups
Ia and Ib were almost alike.

Immunohistochemical results for CDla
immunoreactivity

Group I (control): Langerhans cells (LCs)
were examined in the rat oral mucosa using
CDla+ immunomarker. The oral epithelium
of this group showed almost negative
reactivity to CD1a+ (Fig.2a).

Group II (Redbull group): Comparing to
control group, most specimens displayed a
significant increase in CDla positive LCs
with strong expression in the basal and
suprabasal layers of the oral epithelium
(membranous & cytoplasmic expression).
Sub-epithelial immunoreacted cells in
underlying lamina propria were also
revealed. This immunoreaction  was
demonstrated as numerous large brown
dendritic LCs that were variable in length and
number of dendrites. In addition, some
positive non-dendritic oval or round LCs in
basal and suprabasal layers were also
detected (Figs.2b).

Group III (Withdraw group): Oral
epithelia of this group compared to Redbull
group showed a significant decrease in the
positively reacted LCs but a significant
increase still identified in this group
comparing to control group. LCs appeared
with reduced dendrites (Fig.2c).
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Figure 1: Photomicrographs of rat oral mucosa showing (a) control group with few basal and suprabasal clear
cells , few apoptotic keratinocytes and some degenerative areas in the lamina propria, inflammatory cells with
few congested blood vessels, (b) Redbull specimens presented apparent increase in clear cells, basilar
hyperplasia, binucleated cells (red arrow), cloudy swelling of keratinocytes, apoptotic keratinocytes with cell
vacuolation, pyknosis &Kkaryorrhexis, in addition to subepithelial degeneration and some inflammatory cells,
(c) Withdrawal sections with apparent decrease in clear cells and degenerative signs & congested lengthened
blood vessels, Original magnification (H&E, X400). Clear cells (yellow arrows), apoptotic keratinocytes (green
arrows), inflammatory cells (black arrows), congested blood vessels (blue arrows). (Original magnification
x400).

Fig. 2: Photomicrographs of rat oral mucosa showing the immunohistochemical reaction to CD1a (a) Control
group (I) presenting the negative reaction of the oral epithelium, (b) Redbull group (II) displaying a significant
immunoexpression of dendritic (yellow arrows) and non-dendritic (red arrow) LCs in basal & suprabasal
epithelial layers as well as in lamina propria, (c) Withdraw group (III) showing a significant decrease in CD1a
positive cells. (Original magnification x400)
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Immunohistochemical results for CK20 Group III (Withdraw group): Oral
immunoreactivity epithelium of this group compared to the
Group I (control): Merkel cells (MKs) were Redbull group displayed a significant
examined in the rat oral mucosa using CK20 decrease in the positively reacted MLs.
immunomarker. Normal oral epithelium However, the significant increase in positive
exhibited negative immunoreactivity in some MLs still revealed when compared to the
oral mucosal areas while some areas control group. Active/stimulated MLs
presented single oval or round CK20 showed a mild to moderate (focal/diffuse)
immunoexpressed MKs in the basal cell layer cytoplasmic expression in the basal epithelial
(Fig.3a). layer (Fig.4c).
Group II (Redbull group): Compared to the
control group, the oral epithelium of this Statistical Results
group exhibited a significant increase in The density of the immunoreaction in
immunoreactive MKs. Most MKs were oval the oral epithelium (CDla for Langerhans
or spherical in shape while some cells cells, CK20 for Merkel’s cells and HMB-45
appeared  polygonal  dendritic  with for Melanocytes) was measured by analysing
cytoplasmic processes of various lengths and the surface area of positive cells per mm? of
number. Few ectopic MKs resided in prickle the epithelial sheet in all studied groups. A
cell layer. MKs presented with focal &/or significant increase (P value<0.001) in the
diffuse cytoplasmic expression (Fig.3b). expression of CDla, CK20 and HMB-45 in
Group III (Withdraw group): Oral group II (Redbull) was noticed when
epithelium of this group compared to the compared to group I (control) and group III
Redbull group displayed a significantly (withdrawal). The highest significant mean
decreased CK20- positive MKs in the basal value in the Redpull group was perceived in
epithelial layer. However, the significant CDla (LCs) followed by CK20 (MKs) and
increase in the immunoexpressed MKs then HMB-45 (MLs) respectively. Group III
compared to the control group was also (withdrawal) presented a significant decrease
elucidated (Fig.3c). (P value <0.001) in the reactivity of CDla,
CK20 and HMB-45 compared to group II
Immunohistochemical results for HMB-45 (Redbull). But a significant increase (P
immunoreactivity value<0.001) in group III (withdrawal) was
Group I (control): Oral active/stimulated still noted in contrast to the control group.
melanocytes (MLs) were examined in the rat The least significant mean value in the
oral mucosa using HMB-45 immunomarker. withdrawal group was observed in HMB-45
The oral epithelium displayed very few (MLs) followed by CDla (LCs) and then
immunoreacted MLs to HMB-45 in the basal CK20 (MKs) respectively. Comparing the
cell layer (Fig.4a). results of CDla, CK20 and HMB-45
Group II (Redbull group): In comparison to immunoexpression in all studied groups,
the control group, the oral epithelium of this statistically non-significant differences (P
group displayed a significant increase of value = 0.158) were detected in the control
immunoreacted active/stimulated group while significant differences were
melanocytes. This expression was manifested shown in the Redpull group (P value=0.001)
as a strong , focal cytoplasmic reaction in as well as the withdrawal group (P value
some areas, while it appeared as a moderate <0.001) (Tablel and fig.5).

and diffuse reaction in other areas (Fig.4b).
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Figure 3: Photomicrographs of rat oral mucosa showing immunohistochemical reaction to CK20 (a) Control
group (I) showed negative expression in some areas of the oral epithelium, single immunoreacted MK cell
(black arrow) in the basal cell layer in other areas (inset; x400), (b) Redbull group (II) displayed a significant
increase of round or oval MKs (yellow arrows) as well as polygonal dendritic MKs (black arrows), ectopic MKs
in prickle cell layer (red arrows), (¢) Withdraw group (III) exhibited a significant decrease of CK20 positive
MKs (yellow arrows) in the basal cell layer. (Original magnification x400)
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Figure 4: Photomicrographs of rat oral mucosa showing the immunohistochemical reaction to HMB-45 (a)
Control group (I) with a positively stained melanocyte (black arrow) in the basal cell layer, (b) Redbull group
(II) displayed a significant increase of melanocytes with focal (black arrow) as well as diffuse immunoreaction,
(c) Withdraw group(III) exhibited a significant decrease of HMB-45 positive melanocytes (black arrow).
(Original magnification x400).
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Table 1: Showing surface area/mm? mean values and standard deviations (SD) of immunoexpression
for markers of Langerhans cells (CD1a), Merkel’s cells (CK20) and Melanocytes (HMB-45) in all
studied groups

CDla CK20 HMB-45
Mean SD Mean SD Mean SD F test P value
Control 11.06¢® 2.23 12.82¢4 3.32 10.27<¢ 1.22 2.045 0.158
Red bull 163.8924 13.81 144.45°8 14.62 129.182¢ 11.93 17.90 0.001**
withdraw =~ 115.53b5 535  123.83bA 7.48 40.66° € 938  255.491 <0.001**
F test 571.05 1185.241 345.61
P value <0.001** <0.001** <0.001**

**means significant difference at P<0.05
Small superscript letters at the same column means significant difference between groups.
Capital superscript letters at the same row means significant difference between markers.

Chart Title
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CD1la CK20 HMB-45

® Control ™ Red bull ™ withdraw

Figure 5: Bar chart showing CD1a, CK20 and HMB-45 immunoreaction (surface area of positive cells per
mm?2 of the epithelial sheet) in all studied groups.
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Discussion

EDs are mostly consumed on a daily
basis to increase alertness and boost athletic
performances. The active ingredients of
Redbull ED are; caffeine, taurine, glucose
and different groups of vitamin B.!” Non-
Keratinocytes (clear cells) present in the oral
epithelium are  Melanocytes  (MLs),
Langerhans cells (LCs), Merkel cells (MKs)
and inflammatory cells.

The present study aimed to histologically
and immunohistochemically assess the effect
of chronic consumption of Redbull ED on the
occurrence of non-keratinocytes (MLs, MKs
and LCs) in the keratinized oral mucosa of
male albino rats. It should be mentioned that
the current study to our knowledge is the first
study on the effect of Redbull ED on oral
non-keratinocytes.

Non-keratinocytes were labelled
immunohistochemically in the current study
using antibodies that target intracellular
glycoproteins; CDla (cluster of
differentiationla), CK20 (cytokeratin 20) and
HMB-45 (homatropine methyl bromide-45)
to evaluate the density of non-keratinocytes
in the study groups. CDla marker has been
used to detect LCs that play an important role
in inflammatory conditions and regulation of
immune responses. ° CK20 marker has been
employed to identify MKs in squamous
epithelium which are considered as slowly
adapting mechanoreceptors type 1.2° It was
reported that HMB-45 marker selected in this
study is the most sensitive marker for
melanocytes.?!

In the present study, H & E and
immunohistochemical results of subgroups Ia
and Ib were almost identical.The H & E
results of untreated middle-aged adult rats
(control group) were paralleled to those of
Ali et al ** investigation. The authors
accredited the few deteriorative changes
explored in the intestinal mucosa of middle
aged rats (8 months) to the “aging free radical
theory,” of the aging process.
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The Red-bull group of this study
revealed an apparent increase of clear cells
(non-keratinocytes) compared to group III
(withdrawal) and group I (untreated control
adult rats). This increase was associated with
the increase of the degenerative changes
included apparent increase of apoptotic signs
such as nuclear pyknosis, karyorrhexis and
cell vacuolation in oral keratinocytes along
with increased inflammatory cells in the
underlying lamina propria. These results
were consistent with Abdelwahab et al 2* and
Brizuela and Winters ° findings. Graneri et al
24 declared that chronic use of energy drinks
leads to an inflammatory response and cell
apoptosis. Shaikh and Rajeh 2 attributed
these deleterious inflammatory effects of the
increased EDs consumption to the increase of
the reactive oxygen species and oxidative
stresses together with the significant decrease
in the antioxidant enzymes in epithelial cells.
Thus, the resulting disturbance in cell
membrane  permeability, volume and
homeostasis could be related to the increase
of artificial sweeteners and sucrose in EDs,
high insulin availability and finally the
increased the catabolic rate. Moreover, Al
Sammak et al ¢ supported the results of the
existing study as taurine in Red-bull plays a
role in lipid digestion of the cell membrane
which leads to marked cellular degeneration
and apoptosis.

The distinguished cell binucleation as
well as the increased epithelial thickness in
the Red-bull group can be explained by the
fact that with chronic consumption of EDs,
endomitosis for DNA duplication in oral
keratinocytes together with increased mitotic
figures represents an adaptive response and
an attempt at cellular repair. !!

The H & E stain results of group II (Red-
bull) in the existing study were supported by
the significant increase of the immune-
positive reaction and area % of CDla, CK20
and HMB-45 expression by LCs, MKs and
MLs respectively compared to group III
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(withdrawal) and group I (control). LCs
showed the highest mean values in all study
groups compared to MKs and MLs reflecting
its role in the regulation of immune
reactions.’

In accordance to LCs results of the
untreated group of adult middle-aged rats in
the current study, Mathew et al ?’ declared
that keratinized epithelium involves less LCs
than non-keratinized epithelium. Non-
dendritic LC is the typical form if explored in
normal mucosa than the dendritic ones. Wang
et al ?® stated that LCs reside within the basal
and suprabasal forming a link between the
oral mucosa and the immune system.

The significant increase of CDla+ LCs
in the Red-bull group in the present study
could be ascribed to the inductive effect of
inflammatory cytokines (like tumour necrosis
factor) released by oral keratinocytes as an
inflammatory ~ response  to  excessive
consumption of EDs. Oral CDla+ LCs have
a pivotal role in oral pathologic and
inflammatory conditions. LCs mobilize and
mature in response to inflammatory
cytokines that can affect the immunological
activity of LCs. 3% Notably, Attia and Nasr?!
reported that EDs increase inflammatory
response with increased lymphocytic motility
and cytotoxicity. In addition, excessive
intake of carbonated drinks especially those
with high caffeine (Dominguez et al)
increases cortisol level due to the increase of
stress hormones resulting in inflammation. >3
Additionally, citric acid, magnesium and so
cadmium bicarbonate in Red-bull can
increase the density of macrophages to
reduce inflammation. 3% 353

In agreement with the apparent
prominence of dendritic LCs in the Red-bull
group of the ongoing study, Ferrisse et al’
reported the increase of dendritic CDla +
LCs for the surveillance of a wide epithelial
area reflects their biological trap function for
antigens. LCs transform the antigen proteins
into antigenic  peptides, which are
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consequently presented to CD8+ T-cells
including T helper-17 cells that produce high
levels of interleukin-17. Thus, oral LCs
exhibit a high stimulatory capacity.

In parallel to the findings of CK20+ MKs
of this study, Tachibana et al >’ and Righi et
al 7 informed that the incidence of MKs was
relatively low in normal mucosa. MKs have
been explored as a single basally located cell
within oral keratinocytes in areas frequently
subjected to masticatory trauma. In rodents
and human, the polymorphic oval/ round and
dendritic MKs have been detected in the oral
mucosa as well as non-innervated and
innervated MKs denoting the functional
heterogeneity of the cells. Furthermore, MKs
act as  mechanoreceptors, changing
mechanical stimuli to action potential in the
afferent nerve fibers. Previous reports stated
that this specialization as a neural receptor in
oral MKs is not as high as that of cutaneous
MKs. %

Concerning the results of Red-bull group
in the current study, the significant increase
of CK20 immunoexpressed MKs could be
accredited to the chronic inflammation
caused by the excessive consumption of EDs.
In concurrence with this result, Tachibana et
al *” and Righi et al 7 disclosed the increase of
MKs within the inflamed oral mucosa in
human and rodents with a higher incidence of
oval/ round and non-innervated MKs
alongside the occurrence of ectopic MKs.
Through the neuroendocrine function, the
neuropeptides (growth factors) produced by
MKs have a modulatory effect on
immunocytes, promote cell proliferation and
differentiation of keratinocytes, endothelial
cells besides fibroblasts and can also induce
pluripotent stem cells.?’ These indicate the
cell role in the regeneration and reparative
processes via its  endocrine-paracrine
function.’®> Moreover, the inflamed oral
mucosa exhibited greatly reduced innervation
and innervated MKs indicating peripheral
neural damage. This is clarified by Yarim et
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al 4 and Bano et al *' who found that caffeine

present in EDs caused neuronal cell death by
inhibiting adenosine receptors leading to
interstitial inflammation, and ROS
generation. However, it was stated by Yarim
et al *° that the taurine amino acid in the Red-
bull act as a neurotransmitter which regulate
nerve cell activity and maintain their calcium
levels and their development.

Regarding the negatively HMB-45
immunoreacted MLs in the control adult rats
in the present study, Thomas and Erickson*?
reported that MLs are dendritic melanin-
producing cells located in the basal layer of
the oral epithelium. Aiiltors et al*® testified
that oral mucosa in rats normally displayed
no melanocytes. Yet, it was stated that
melanocyte release signaling molecules that
act as regulators maintaining epithelial
homeostasis.

In harmony with the significant increase of
HMB-45 immunopositive MLs in the Red-
bull group of the existing study, Feller et al**
and Xiao et al* postulated that oxidative
stresses and inflammatory conditions induced
by EDs could trigger melanogenic activity
via increasing number of oral MLs and oral
epithelial melanin that act as a defense barrier
scavenging the free radicals. “#’ In chronic
inflamed mucosa, increased expression of
HMB-45 by metabolically active MLs may
relate to the generation of stimulatory
cytokines and mitogenic factors for MLs such
as melanocyte-stimulating hormone released
by infiltrating neutrophils. Consecutively,
oral MLs function as neuroendocrinal cells
producing neurotransmitters, neuropeptides
besides hormones. Additionally, acting as
stress-sensors they react and generate
immunomodulatory cytokines as well as
growth factors in inflammatory conditions.
Phagocytic and antigen presenting function
of MLs in inflammation was also elucidated.
4448 Furthermore, Zhou et al *° declared that
citric acid in Red-bull increases melanin
content in mice and decrease melanin content
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in human. In addition, Brescoll and
Daveluy®® and Katsuyama et al ! reported
that vitamin B6 and B12 boost melanin
production.

Regarding withdrawal group (III), the
current study revealed a statistically
significant decrease of MLs, LCs and MKs
respectively with the markedly renovated
histological architecture of oral keratinocytes
compared to Red-bull group (II). This finding
could result from the above-mentioned
attempts at repair and regeneration such as
increased mitotic figure. These attempts
began with chronic intake of EDs and
continued after elimination of EDs for 4
weeks, resulting in attenuation of oxidative
stresses. This ensued in ceasing the
disturbances in the synthesis of proteins that
regulate the cell cycle, lower the stress
hormone level and preserve the  cell
membrane phospholipids from apoptosis. '
23.26.52 Fyrthermore, (Akande and Banjoko)?
believed that the deteriorating changes
caused by excessive intake of caffeinated
energy drinks could be reversed. However,
the withdrawal group in the ongoing study
still elucidated a significant increase in non-
keratinocytes as well as an apparent increase
in inflammatory changes compared to the
untreated control group.

Conclusion

There was a significant increase in oral
non-keratinocytes - after the  chronic
consumption of the Red-bull energy drink as
proved in the current study. However, Red-
bull withdrawal exhibited a significant
decrease in oral non-keratinocytes but the
histopathological changes detected in the oral
epithelium were not entirely restored to
normal. Oral non-keratinocytes play a
substantial role in immune and inflammatory
reactions as well as in the regeneration of
surrounding keratinocytes. Accordingly, we
have concerns about the safety of using
energy drinks. So, it is recommended to
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eliminate the use of the energy drinks and
replace them with fresh, natural drinks.
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