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Abstract: Background: Energy drink consumption has continued to gain wide popularity. These drinks are mar-
keted for young people as natural alternatives that improve physical and mental performance such as concentration, 
attention, and alertness.  Aim: The purpose of this study was to determine the histological and ultra structural 
changes in rat submandibular salivary glands induced by Red Bull energy drink. Material and Methods: Twenty 
male albino rats (170 ±10 g) were divided equally into group I (control) and group II (Red Bull). The rats of group II 
received a daily single dose (3.57 ml/kg b.wt.) of Red Bull energy drink using an oro-pharyngeal metallic curved 
tube for 8 weeks. At the end of the experimental period, all rats were sacrificed. The submandibular salivary glands 
were dissected out and prepared for light and transmission electron microscopic examinations. Results: Histological 
examination of submandibular glands of Red Bull group revealed swelling of the secretory portions with numerous 
intracytoplasmic vacuoles. The connective tissue capsule and septa showed extensive fibrosis and congested blood 
vessels. Nuclear atypism, pleomorphism, hyperchromatism as well as numerous mitotic figures were detected. The 
excretory ducts appeared dilated with retained secretion. The granular convoluted ducts appeared dilated with re-
duced granular eosinophilic content. Electron microscopic examination revealed abnormal divided nuclei and large 
coalescing electron lucent secretory granules in the secretory cells. Numerous vacuoles and electron lucent granules 
were detected also in the granular convoluted ducts. There were numerous dilated blood vessels with electron dense 
erythrocytes.  
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1. Introduction: 

 

Energy drinks are non-alcoholic, lightly carbo-
nated beverages that are designed to give the con-
sumer a dose of energy. Energy drinks are more pop-
ular than ever and it seems to be getting bigger every 
year. Energy drinks are used frequently with teenag-
ers, young adults, athletes and physically active sub-
populations. These drinks are marketed as natural 
alternatives that increase fun and improve physical 
and cognitive performance such as concentration, 
attention, and alertness (1). 

There are different types of energy drinks, with 
names like Boom Boom, Power horse, Burn, Mon-
ster, Red Bull and AMP Energy. Energy drinks have 
sugar-containing and sugar-free versions. Red Bull is 
the most popular energy drink consumed in Egypt. 
The company’s claim that Red Bul ‘‘gives you 
wings’’ suggests that consumption of their product 
will provide the consumer with more energy and en-
hanced performance, both mentally and physically (2). 
The company also labeled their product with the 
statement ‘‘it vitalize body and mind’’. Carbonated 
energy drinks such as Red Bull, contain ingredients 
intended to induce alertness, concentration, and focus 

(3). The main active ingredient in energy drinks is 
caffeine, although other substances such as taurine, 
carbohydrates riboflavin, pyridoxine, nicotinamide, 
B-complex vitamins, and various herbal derivatives 
such as ginseng are also present (4 & 5). Ethanol may 
be also added in certain types of energy drinks (6). 

There are few studies on the effects of the ener-
gy drinks.  Some studies reported enhancement of the 
mood state, as well as physical and psychomotor per-
formance (time of motor reaction, concentration, 
work memory and subjective sensation of alertness 
and vigor) after the ingestion of Red Bull (7 & 8). In 
contrast to these potential beneficial effects, energy 
drink consumption has been linked to different symp-
toms of cardiovascular disease. Administration of 
Red Bull like beverage (with caffeine and taurine) 
significantly increased the contractility of the left 
atrium that accounts for the higher left end-diastolic 
volume leading to an increase in stroke volume (9). 
Red Bull consumption was also associated with a 
decrease in heart rate and an increase in the systolic 
blood pressure and pain tolerance (2). The combined 
use of energy drinks and alcohol is increasing sharp-
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ly, resulting in an increase of the rate of alcohol ab-
sorption and dominating the alcohol related injury 
(10).Several studies suggest that energy drinks may 
serve as a gateway to other forms of drug dependence 
(11). 

As the popularity of energy drinks continues to 
rise, it is important to consider their potential adverse 
effects. Therefore, the aim of the present study was to 
determine the histological effects of ingestion of Red 
Bull energy drink on the submandibular salivary 
glands of male albino rats.  
 
2. Material and Methods: 

Twenty healthy adult male albino rats 
weighing 170 ±10 grams were used in this study. The 
animals were divided into two main groups (10 rats 
each) as follows: 
 
Group І (Control group):  

 The rats were kept on normal diet and water for 
8 weeks.   
Group ΙΙ (Red Bull group): 

The rats were kept on normal diet and water 
and received a daily single dose (3.57 ml/kg b.wt.) (5) 
of Red Bull solution using an oro pharyngeal metallic 
curved tube for 8 weeks. This dose is equivalent to 
the minimal human dose [1can (250 ml) /day] and 
related to the animal’s body weight. The drug used 
was Red Bull energy drink [Red Bull GmbH, 5330 
Fuschl am See, Austria]. Each 100 ml containing: a 
mixture of water, sucrose, glucose, sodium citrate, 
carbon dioxide, taurine (0.4%), caffeine (0.03%), 
gluconolactone (0.24%), inositol, niacin (8 mg), pan-
tothenic acid (2 mg), vitamin B6 (2 mg), B12 (0.002 
mg),  caramel, riboflavin, natural and artificial flavor-
ing and coloring agents (these are the labeled ingre-
dients of the product company on the cans).    

At the end of the experimental period, the rats 
were sacrificed by cervical dislocation. The subman-
dibular salivary glands were dissected free and 
cleaned rapidly of any adherent connective tissue, 
then: 
Ι- The submandibular salivary glands of one side 
were fixed immediately in 10% calcium formol for 
12 hours, washed by tap water, dehydrated in ascend-
ing grades of ethyl alcohol, cleared in xylol and em-
bedded in  paraffin wax. Sections of 6-7M were ob-
tained and mounted on clean glass slides and stained 
with Haematoxylin and Eosin stain for light micro-
scopic examination.   

ΙΙ- The submandibular glands of the other side were 
cut into small fragments of about 1×1 mm3 using a 
very sharp blade then fixed in a solution prepared by 
mixing equal volumes of 3% glutaraldehyde and 0.1 
phosphate buffer  (pH= 7.4) at 4oC for 3-5 hours. 

Specimens were rinsed in 0.1% phosphate buffer, 
post fixed with 1% osmium tetroxide and 0.1 phos-
phate buffer then rinsed with distilled water. Then the 
specimens were dehydrated in ascending grades of 
ethanol, infiltrated with resin and embedded into 
araldite resin capsules.  Semithin sections 0.5 um 
thick were cut then fixed on glass slides and stained 
by Toulidine Blue for light microscopic examination 
to select the best areas to be examined by the electron 
microscope (12). Ultra thin sections 60–100 Ao thick 
were cut and stained with Uranyl acetate and Lead 
citrate then, examined by (Joel 100 S transmission 
electron microscope) at different magnifications and 
photographed using C.C.D camera in the electron 
microscopic unit at the National Institute of Cancer 
(Cairo university). 
 
3. Results  
Light microscopic results: 
Group І (Control group):  

The Light microscopic examination of the rat 
submandibular glands of control group showed 
mixed acini, striated ducts and granular convoluted 
tubules in between. The mixed acini were lined by 
secretory cells having uniform rounded basophilic 
nuclei. The granular convoluted tubules were lined 
by columnar cells having central rounded nuclei and 
characterized by presence of numerous eosinophilic 
granules. The striated ducts were lined by columnar 
cells having oval nuclei and characteristic basal stria-
tions (Fig. 1).  
 
Group ΙΙ (Red Bull group): 

Histological examination of the submandibular 
glands of Red Bull group revealed thickening of the 
connective tissue capsule that contained numerous 
congested blood vessels. The secretory portions ap-
peared swollen with numerous intracellular vacuoles 
and some of the granular convoluted ducts were de-
generated (Fig. 2). There were numerous extravas-
sated red blood cells in between the acini and ducts. 
The secretory cells showed hyperchromatic nuclei 
with different size and shape (atypism & pleomor-
phism) and numerous mitotic figures (Fig. 3). There 
were numerous dilated blood vessels engorged with 
red blood cells.  Some of the granular convoluted 
ducts appeared dilated with decreased granular eosi-
nophilic content (Fig. 4).The excretory ducts ap-
peared dilated with degenerated epithelial lining and 
retained secretion. Thickening and fibrosis of the 
connective tissue septa were detected. (Fig. 5 & 6). 
Numerous thick wall blood vessels engorged with red 
blood cells were also detected in the connective tis-
sue (Fig. 7).    
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Electron microscopic results: 
Group І (Control group):  

Electron microscopic examination of the rat 
submandibular glands of control group revealed the 
ultrastructure of the secretory portions (acini) and 
duct system. Each acinus was formed of group of 
secretory cells. Each secretory cell had central 
rounded nucleus, numerous cisternae of rough endop-
lasmic reticulum packed in the vicinity of the nucleus 
and numerous mitochondria. There was large number 
of electron lucent secretory granules (Fig. 8). The 
lining cells of the granular convoluted tubules 
showed rounded basal nuclei and numerous mem-
brane bounded electron dense secretory granules 
(Fig. 9).      
 
Group ΙΙ (Red Bull group): 

Electron microscopic examination of the rat 
submandibular glands of Red Bull group revealed 
that, the secretory cells had abnormal divided nuc-
leus,  parallel cisternae of rough endoplasmic reticu-
lum and large electron lucent secretory granules (Fig. 
10). The lining cells of the granular convoluted tu-
bules showed disfigured basal nucleui, electron dense 
secretory granules and numerous vacuolization.  
Some large electron lucent secretory granules were 
detected (Fig. 11). There were numerous dilated 
blood vessels engorged with electron dense erythro-
cytes (Fig. 12).  

 

 
 
Fig. (1): A photomicrograph of submandibular glands of con-
trol group showing mixed secretory portions (S), striated ducts 
(St) and granular convoluted ducts (G) in between. (H & E 
Orig.mag. X 200) 
  

 
Fig. (2): A photomicrograph of submandibular glands of Red 
Bull group showing thickening of the connective tissue capsule 
(CT) with congested blood vessels, swollen secretory portions 
(s), intracellular vacuoles (arrows), hyperchromatic nuclei with 
different size and shape (n)  and degenerated granular convo-
luted ducts (G). (H & E Orig.mag. X 200). 

 
 
Fig. (3): A photomicrograph of submandibular glands of Red 
Bull group showing numerous extravassated red blood cells 
(astrix) , intracytoplasmic vacuoles (black arrows), hyper-
chromatic nuclei with different shape and size (n)  and numer-
ous mitotic figures (yellow arrows) (H & E Orig.mag. X 400). 

 
Fig. (4): A photomicrograph of submandibular glands of Red 
Bull group showing numerous dilated blood vessels engorged 
with red blood cells (BV) and dilated convoluted ducts with 
decreased eosinophilic granular content (G). (H & E Orig.mag. 
X 200). 
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Fig. (5): A photomicrograph of submandibular glands of Red Bull 
group showing fibrosis (F), numerous dilated excretory ducts (EX) 
with retained secretion (R) and congested blood vessels (BV) (H & E 
Orig.mag. X 200). 

 
Fig. (6): A photomicrograph of submandibular glands of Red 
Bull group showing extensive fibrosis (F) and dilated excretory 
duct (EX) with degenerated epithelial lining and  retained 
secretion (R). (H & E Orig.mag. X 400) 

 

 
Fig. (7): A photomicrograph of submandibular glands of Red 
Bull group showing extensive fibrosis (F) and thick wall blood 
vessels engorged with red blood cells (BV) (H & E Orig.mag. X 
200). 
 

 
Fig. (8): Electron micrograph of the submandibular glands 
of control group showing: The ultrastructure of the secre-
tory cells having basal rounded nucleus (N), numerous 
cisternae of rough endoplasmic reticulum (rER), well 
formed mitochondria (M) and numerous electron lucent 
secretory granules (LSG).             (Uranyl acetate & Lead 
citrate x 3000). 

 
Fig. (9): Electron micrograph of the submandibular glands 
of control group showing: The ultrastructure of the lining 
cells of the granular convoluted ducts having basal 
rounded nucleus (N) and numerous electron dense secreto-
ry granules (SG). (Uranyl acetate & Lead citrate x 3000). 

 
Fig. (10): Electron micrograph of the submandibular glands 
of Red Bull group showing: The ultrastructure of the secre-
tory cells having abnormal divided nucleus (N), parallel 
cisternae of rough endoplasmic reticulum (rER) and large 
electron lucent secretory granules (LSG). (Uranyl acetate & 
Lead citrate x 3000). 
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Fig. (11): Electron micrograph of the submandibular glands of 
Red Bull group showing the ultrastructure of the lining cells of 
the granular convoluted ducts having disfigured basal nucleus 
(N), electron dense secretory granules (SG), numerous vacuoles 
(V) and electronlucent secretory granules (LSG).                
(Uranyl acetate & Lead citrate x 3000) 

 
Fig. (12): Electron micrograph of the submandibular glands of 
Red Bull group showing dilated blood vessel (BV) engorged 
with electron dense erythrocytes (E)                             (Uranyl 
acetate & Lead citrate x 2000). 
 
4. Discussion: 

Energy drink consumption has continued to gain 
popularity all over the world. These drinks are mar-
keted for young people as natural alternatives that 
increase fun and improve physical and cognitive per-
formance such as concentration, attention, and alert-
ness (1).    Adolescents are consuming these types of 
drinks at an alarming amount and rate. Energy drinks 
were designed to give the consumer an instant dose 
of energy provided by combination of  different legal 
stimulants including caffeine, herbal extracts such as 
guarana, ginseng,  B vitamins, amino acids such as 
taurine, amino acid derivatives such as carnitine,  
carbohydrates and sugar derivatives, including glucu-
ronalactone and ribose (13).  

In the present study, ingestion of Red Bull ener-
gy drink had adversely affected the histological struc-
ture of the rats, submandibular salivary glands. Light 
microscopic examination revealed swelling of the 
secretory portions with numerous intracellular vacuo-
lization. This finding might be attributed to degenera-
tive changes within the secretory portions that mostly 
of fatty nature (fatty degeneration) and aggregation of 
the degenerative products within the secretory cells 
leading to their swelling.   However, in the routinely 
processed hematoxylin and eosin sections the lipid 
droplets were dissolved during fixation and 
processing of the tissues leaving empty vacuoles.  

The nuclei of the secretory cells showed nuc-
lear atypism, pleomorphism and hyperchromatism. 
Numerous mitotic figures were also detected. All 
these findings were considered as signs of prema-
lignancy.  These premalignant changes might be 
due to the preservatives added to the energy drinks 
as sodium Benzoate. Sodium benzoate is a type of 
salt that may occur naturally in some foods but is 
chemically produced and added as a preservative to 
energy drinks. There were health concerns about 
the combination of sodium benzoate and ascorbic 
acid, another common ingredient in energy drinks. 
When these two substances were mixed, they could 
form the chemical benzene, which is carcinogenic. 
Sodium benzoate on its own was not considered a 
carcinogen, and it would be consumed at a huge 
amount in order to have toxic levels in the body 
(14). The premalignant changes might be also attri-
buted to the toxic action of the caffeine content of 
Red Bull energy drink.  Epidemiological studies of 
caffeine toxicity reported that exposure of women 
to caffeine during pregnancy is related to the oc-
currence of congenital malformations, fetal growth 
retardation, small-for-date babies, miscarriages 
(spontaneous abortions) and maternal fertility prob-
lems. In addition, there were different malforma-
tions described in the animal studies at very high 
doses of caffeine and classified as vascular disrup-
tive types of malformations (15).  

Energy drink ingestion adversely affected the 
duct system of the submandibular salivary glands. 
The granular convoluted ducts appeared dilated and 
their apical granular eosinophilic content was re-
duced. This finding was detected previously in the 
submandibular glands of advancing aged mice. It was 
consistent with functional decline (16). The excretory 
ducts showed dilatation with retaining of secretion in 
their lumen. This finding might be attributed to ac-
cumulation of the salivary secretion and failure of 
exocytosis due glandular injury and dysfunction.  

Thickening of the connective tissue capsule and 
extensive fibrosis of the connective tissue septa were 
detected. Excessive fibrosis might be due to toxic 
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effect of caffeine as the effect of caffeine on wound 
healing of rat gingiva revealed increased depositions 
of fibrin on the underlying connective tissue (17).  In 
addition, investigation of the effect of caffeine on the 
growth of mandible and long bone revealed that, 
caffeine consumption had increased collagen synthe-
sis of the mandible (18). Generally, fatty degeneration 
of the secretory portions and fibrosis of the connec-
tive tissue stroma were considered as characteristic 
findings of aging (19).  Light and electron microscopic 
results revealed numerous thick wall blood vessels 
engorged with red blood cells. In addition, extravas-
sated red blood cells were detected in between the 
acini and ducts as the thick wall vessels were fragile 
and easy to produce hemorrhage within the glands. 
The dilatation and congestion of the blood vessels 
might be also attributed to microcirculatory distur-
bances that developed due to the caffeine content of 
the energy drinks that play an important role in glan-
dular degeneration. Energy drink consumption had 
been linked to cardiovascular disease (9). 

Taurine is one of the active ingredients of ener-
gy drinks. Taurine (2-aminoethanesulfonic acid) is a 
non protein amino acid containing a sulfonic acid 
group. It is found in many tissues of man and ani-
mals. Taurine conjugates with bile acids, and aids 
digestion of lipids. Besides this well-known function, 
taurine has several important regulatory actions. 
These include detoxification, membrane stabilization, 
osmoregulation and modulation of cellular calcium 
levels (20). Taurine has protective properties when 
administered therapeutically. For example, supple-
mentation studies have documented antioxidative (21), 
hepatoprotective (22), antihypertensive (23) and antidia-
betic (24) properties of taurine. In addition, antioxidant 
medications including taurine have been reported to 
possess antifibrotic efficacy in experimental liver 
fibrosis (25). In spite of the reported benefits of tau-
rine, Red Bull energy drinks produced degeneration, 
fibrosis, thickening and congestion of blood vessels 
and premalignant changes in the secretory cells of the 
submandibular salivary glands. This might be due to 
different reaction of taurine associated with other 
active ingredients of the energy drinks as caffeine. 
An otherwise healthy 28-year-old man had a cardiac 
arrest after a day of motocross racing. He had con-
sumed excessive amounts of a caffeinated "energy 
drink" throughout the day. It was postulate that a 
combination of excessive ingestion of caffeine- and 
taurine-containing energy drinks and strenuous phys-
ical activity can produce myocardial ischaemia by 
inducing coronary vasospasm (26). 

It was reported that, the amounts of guarana, 
taurine, and ginseng found in popular energy drinks 
were far below the amounts expected to deliver either 
therapeutic benefits or adverse events. However, 

caffeine and sugar are present in amounts known to 
cause a variety of adverse health effects (27). 

In conclusion, Red Bull ingestion has revealed 
different histological changes in the rat submandibu-
lar salivary glands. It produced fibrosis, degeneration 
and dysfunction of the salivary glands. Premalignant 
changes in some secretory cells and abnormal thick-
ening of the blood vessels were detected. Granular 
convoluted tubules as well as excretory ducts were 
adversely affected. As Red Bull energy drink pro-
duced all these unexpected histological changes in 
the salivary glands and ingestion of energy drinks 
continued to gain popularity, we recommended more 
researches on different types of energy drinks and 
their possible adverse histological effects on different 
tissues.  
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