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INTRODUCTION                                           

               Energy drinks (ED) are now well known and excessively utilized all over the 

world, especially by young adults as they improve mental and physical performance 

(Vercammen et al., 2019). Various energy drink varieties, such as Power Horse, Tiger 

and Red Bull are available in Egyptian markets, all of them contain caffeine, sucrose, B 

vitamins, ginseng, carbohydrates, taurine, minerals and water other herbal extracts 

(Higgins et al., 2010).   

         Although the components of (ED) have desired effects such as increasing energy, 

rise in physical and mental activity, and mood elevation at the same time these 

components can produce undesired effects and have a bad impact on health (Geith, 2017), 

such as nephrotoxicity (Khayyat et al., 2014), hematological abnormalities (Olaleru and 

Odeigah, 2015), inflammation in the liver and pancreas (Uwaifo, 2019). Furthermore, a 

marked increase in body weight and type II diabetes may result from its high sugar content 

(Adjene et al., 2014). Most of the body organs and systems are affected by the 

consumption of energy drinks such as the brain, cardiovascular system, and skeletal 

system (Curran and Marczinski, 2017). There were studies supporting that; consumption 

of energy drinks is related to immune disorders and allergic reactions (Wee et al., 2020).  
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Introduction: Energy drinks (ED) are utilized all over the world. The 

components of (ED) have desired effects such as increasing energy but they 

produce undesired effects on health. Aim of the work: to assess the effects 

of consumption of Red Bull during pregnancy on the structure of the heart 

and lungs. Methodology:  this study was conducted on 30 grown-up female 

rats divided into three groups (10 in each group). Control group, Low dose 

treated group (received Red Bull 2.5 ml/kg body weight by oral gavage from 

the first day of pregnancy till the 21st day after birth, and High dose treated 

group (got Red Bull 5 ml/kg body weight orally via oral gavage from the 

beginning of pregnancy till the 21st day after birth). The hearts and lungs of 

newborn and 21st-day-old offspring were extracted and processed. Results: 

Red Bull consumption induced destructive changes in the heart and lungs as 

loss of regular arrangement of myofibrils, dilation of congested blood vessels 

and infiltration of peri-vascular cells and areas of degeneration and lysis. In 

the lung, there was distortion in lung architecture, an increase in the thickness 

of inter-alveolar septum, and abnormality in pneumocytes type 1 and 2. 

Conclusion: The consumption of Red Bull in the peri-natal period, especially 

in high doses, has marked destructive effects on the heart and lungs. 
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         The utilization of Energy drinks 

has markedly increased all over the world 

during the past few years. Public health 

problems appeared despite claims of being 

safe and beneficial (Kaur et al., 2022). 

               Lipid peroxidation increased 

significantly in newborns exposed to the 

ED and Numerous organs, including the 

brain, kidney, and liver, showed a decline 

in antioxidant activity of the newborns, 21 

and 35-day-old offspring. ED induced 

multiple alterations in the histological 

structure of hepatocytes, kidney, cerebral 

cortex, and cerebellum. Moreover, the 

loco-motor system was affected, ED 

augmented the locomotion and induced 

behavioral changes such as anxiety in mice 

newborns. pre-natal ED exposure causes 

oxidative stress, tissue damage, and altered 

behavior in the mice offspring (Al-Basher 

et al., 2018). 

          Energy drinks consumption is 

related to bad cardiovascular effects.  

Energy drinks when taken in excess, are 

linked to several cardiac issues, such as 

palpitations, arrhythmia (ventricular and 

supra-ventricular ectopy) and atrial 

fibrillation. Coffee sharply increases blood 

pressure and stresses the cardiovascular 

system (Grasser et al., 2015). Red Bull 

consumption induces alteration of 

pulmonary blood flow (Treml et al., 2020). 

          As the consumption of energy 

drinks gained popularity all over the globe 

and because of their hazards to our health, 

there is a strong desire to perform trial 

research to assess and comprehend their 

impact on different body systems. There 

isn't much information at hand regarding 

the impact of peri-natal use of EDs on the 

cardiovascular system and lungs of 

offspring. The goal of the current study is 

to assess the effects of consumption of 

varying dosages (high and low) of Red 

Bull during pregnancy on the heart and 

lungs of newborn and 21-day-old offspring 

albino rats. 

MATERIALS AND METHODS 

Chemicals:  

              The Red Bull has 400 mg of 

taurine, 32 mg of caffeine, 240 mg of 

gluconolactone, 20 mg of inositol, 8 mg of 

niacin, 11.3 g of sucrose and glucose, 2.4 

mg of pantothenic acid, vitamins 

B2/B6/B12, citric acid, and flavourings, 

colours per 100 millilitres, is what we 

used. It was obtained from the local 

Egyptian market. The product is offered in 

250 ml cans.  

Animals:  

             The study was conducted on 30 

adult female albino rats aged three months, 

weighed (180-200) gm each and obtained 

from Animal House, Faculty of Medicine, 

Assiut University. The rats were kept in a 

clean ventilated cage with a 12/12-hour 

cycle of light and dark and optimal 

temperature of 23±2ºC, humidity 

(60±10%), Water and food were added 

continuously. Prior to the experiment's 

start the animals were kept for two weeks 

in the animal house for acclimatization.  

Experimental Design: 

         The thirty adult female rats were 

kept with adult male rats (three females for 

one male) in an amazing cage for twelve 

hours, then, a vaginal plug was observed, 

and the day it appeared was regarded as the 

start of the pregnancy. From the first day 

of pregnancy, the female rats were split up 

at random into three groups (10 female rats 

in each group).  

Group I: (Control group) rats in this 

group obtained purified water daily from 

the first day of pregnancy to the 21st day 

following delivery (end of the experiment) 

by oral gavage. Then the newborn and the 

21-day-old offspring were sacrificed and 

their hearts and lungs were extracted, 

processed, and examined to measure the 

basic parameters.  

Group II: (Low dose Red Bull treated 

group) Female rats in this group received 

Red Bull in a dose of 2.5 ml/kg body 

weight was administered by oral gavage 

from the first day of pregnancy to the 21st 

day after delivery (end of the experiment). 

Group III: (High dose Red Bull treated 

group) Female rats in this group were 

given Red Bull in a dose of 5 ml/kg body 

weight was administered by oral gavage 

from the first day of pregnancy to the 21st 

day after delivery. These doses (high and 
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low) of Red Bull were chosen in 

accordance with (Al-Basher et al., 2018). 

        The offsprings (newborn and 21st-

day offsprings) of female rats from all 

groups were sacrificed after anaesthesia by 

pentobarbital (50 mg/kg), their chest walls 

were opened, and immediate perfusion 

was done by intra-cardiac neutralized 

buffered formalin was injected into the left 

ventricle until output from the right atrium 

appeared clear. After that, the hearts and 

lungs were extracted and prepared for 

morphometric, ultra-structural, 

immunohistochemical, and light 

microscopic investigations.  

Light Microscopic Study: 

            The specimens of heart and lung 

were extracted from the offspring thoracic 

cavity, divided into smaller parts, and 

fixed for 24 to 48 hours in 10% formalin 

based on how big the samples were. 

Dehydration of specimens was performed 

after fixation by immersing them in 

ascending grades of ethyl alcohol. After 

that, the specimens were cleared, poured in 

paraffin wax, and cut into serial sagittal 

sections 5-7-micron thickness and 

Hematoxylin and Eosin staining used to 

illustrate the overall histological structure 

(Bancroft and Layton, 2019). 

Electron Microscopic Study: 

       The specimens of the ultra-

structural study were cut into small 

particles of about 1x1 ml and immediately 

fixed in cold 2.5% glutaraldehyde for 24 

hours. After fixation, the samples were 

cleaned in phosphate buffer (pH 7.4) in 

four washes (each wash takes 20 minutes), 

exposed to 1% osmium tetra-oxide for one 

hour, and another four washes were 

performed in phosphate buffer (each wash 

takes 20 minutes), embedded in a mixture 

of epon araldite and dehydrated in 

ascending grades of ethyl alcohol.  The 

specimens for semithin sections were cut 

in 0.5-micron thickness by (Deerfield, IL, 

USA), ultra-microtome and stained by 

toluidine blue, those for ultra-thin sections 

cut in 0.1-micron thickness, stained by 

uranyl acetate and lead acetate, and 

mounted on copper grids and 

photographed with a transmission electron 

microscope (TEM, Joel- JEM- 100 CXII; 

Joel, Tokyo, Japan) in Assiut University, 

electron microscopic unit (Woods and 

Stirling, 2019). 

Immunohistochemical Study: 

           For the immune histochemical 

technique, the specimens were cut at 4 µm 

thickness and placed on positive-charged 

slides. Deparaffinization is performed by 

putting the sections in xylene. Then 

rehydration of sections is done through an 

ethanol series followed by phosphate-

buffered saline (PBS) washing. 

Deactivation of the endogenous peroxide 

is done by using 10% hydrogen peroxide 

for ten minutes in phosphate-buffered 

saline. Then the incubation of sections 

with an anti-INOS polyclonal antibody 

(rabbit anti-rats INOS, M-19/Sc 650, Santa 

Cruz Biotechnology, Santa Cruz, CA, 

USA) diluted 1:100 was performed. 

Another three washes with phosphate-

buffered saline (five minutes for each 

slide) after which the sections were 

incubated for 30 minutes with a 

biotinylated secondary antibody and 

followed by the streptavidin-peroxidase 

complex for 10 minutes at room 

temperature. Then the solution of 

diaminobenzidine (DAB) at 0.05% was 

added for visualization antigen-antibody 

reaction. Mayer's Hematoxylin was used 

to counterstain the sections. Then all 

sections were dehydrated and mounted, 

examined, and photographed at the 

Anatomy Department, Faculty of 

Medicine, Assiut University (Al Drees et 

al., 2017). 

Morphometric and Statistical Studies: 

        The inter-alveolar septum's 

thickness was measured at ten different 

non-overlapping fields from ten different 

specimens in each group at x 400 

magnification using a computerized image 

analyzer system (Leica Q 500 MCO; 

Leica, Wetzlar, Germany) connected to a 

camera connected to a Leica universal 

microscope in Anatomy Department, 

Faculty of Medicine, Assiut University. 

Statistical Analysis: 

The SPSS software, version 26, was 

used to conduct the statistical analysis 

(SPSS Inc., Chicago, IL, USA). ANOVA, 

or one-way analysis of variance, was 
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utilized to elucidate the differences 

between the three groups. The data was 

shown as mean +/- standard deviation 

(SD), and statistical significance was 

defined as P-values of 0.05 or less 

(Connelly, 2021). 

RESULTS 

1. Histological Results: 

A. Newborn Rats:   

1. Heart: 

1.1. Histopathological Alterations: 

         Light microscopic examination of 

control group sections stained with 

hematoxylin and eosin of cardiac muscle 

revealed the myofibers regularly arranged 

with their characteristic branching pattern, 

oval vesicular nuclei in the centre, and 

acidophilic sarcoplasm. In connective 

tissue spaces flattened fibroblast and blood 

vessels were noticed as illustrated in (Fig. 

1a). However, in the low dose group the 

myofibers disorganized, some nuclei 

appeared degenerated, other nuclei 

became small and pyknotic, and the 

sarcoplasm showed many vacuoles. 

Moreover, the blood vessels appeared 

dilated, congested, and ruptured in some 

regions with extravasation of red blood 

cells between the cardiomyocytes as 

demonstrated in (Fig. 1b & 1c). Regarding 

the group receiving a high dose, there was 

a complete loss of regular pattern 

arrangement of myofibers, marked 

vacuolization of sarcoplasm, and all nuclei 

deformed and degenerated. The 

connective tissue spaces are markedly 

wider as compared to the control group 

and blood vessels dilated and congested as 

illustrated in (Fig. 1d, e& 1f). 

       In semithin sections stained with 

toluidine blue, the control group exhibited 

normal parrel myofibers, central oval 

vesicular nuclei, and normal blood vessels 

in thin connective tissue space among the 

cardiomyocytes (Fig. 2a), while in low 

dose group, some of the nuclei lost its 

normal oval pattern and deformed, the 

sarcoplasm appeared vacuolated in some 

regions and some blood vessels appeared 

dilated and congested (Fig. 2b). Regarding 

the high dose group, the myofibers 

appeared thinner, most of nuclei lost its 

oval pattern and deformed, massive 

vacuolization of sarcoplasm was noticed 

as compared to control group. Moreover, 

the blood vessels exhibited marked 

dilation and congestion (Fig. 2c). 

1.2. Ultra-Structural Changes: 

        Examination of electron 

micrographs of the control group exhibited 

cardiomyocytes with oval euchromatic 

nuclei and numerous intact mitochondria 

in the perinuclear region. The myofibers 

appeared intact with preserved striation as 

illustrated in (Fig 3a). In the low-dose 

group, the myofibers appeared intact with 

preserved striations, and nuclei looked 

euchromatic, slightly indented with 

prominent nucleolus but vacuolization of 

sarcoplasm was noticed (Fig. 3 b, c). 

       On the other hand, examination of 

the high dose group showed major 

destructive changes in the form of thinning 

and atrophy of myofibers, degeneration 

and lysis of other myofibers, nuclei 

markedly indented, the sarcoplasm rarified 

and vacuolated, the mitochondria 

destructed and red blood cell extravasation 

was noticed (Fig.3 d, 3e). 

2. Lung:  

2.1. Histopathological Alterations: 

       Light microscopic examination of 

sections stained with eosin and 

hematoxylin of the control lung 

demonstrated the typical lung architecture; 

alveoli, alveolar sac, alveolar duct, and 

bronchiole lined with normal stratified 

epithelium. The thin inter-alveolar septum 

is lined with type I flattened pneumocytes, 

type II cuboidal pneumocytes as well as 

blood vessels (Fig. 4a, 4b). In low dose 

group, the lung architecture was disturbed 

to some extent as some of the alveoli 

collapsed, the bronchiolar epithelium 

degenerated, the inter-alveolar septum 

showed apparent increase in thickness, and 

the blood vessels exhibited congestion 

(Fig. 4c). Regarding the high dose group, 

there was complete disorganization of lung 

architecture; some alveoli was collapsed, 

marked increase in thickness of inter-

alveolar septum with monocellular 

infiltration, there was a clear, noticeable 

increase in blood vessel congealing and 

red blood cell extravasation (Fig. 4d). 
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       Upon examining the newborn lung 

of the control group's semithin sections 

stained with toluidine blue revealed the 

normal alveolar lumen lined by type 1 

flattened pneumocytes with a narrow 

cytoplasmic rim and type 2 pneumocytes 

with a large, rounded nucleus and 

cytoplasm that is vacuolated. Alveolar 

macrophage with its characteristic kidney-

shaped nucleus and relatively thin inter-

alveolar septum were apparent (Fig. 5a). In 

the low dose group, there was an apparent 

increase in thickness of inter-alveolar 

septum and increase in macrophage 

relative to the control group (Fig. 5b). 

Regarding the high dose group there was 

massive distortion of lung architecture, 

collapsed alveoli, extrusion of some cells 

in alveolar lumen, apparent increase in 

type 2 pneumocytes and macrophages. 

The inter-alveolar septum showed a 

marked obvious increase in thickness. 

There were widespread congested dilated 

blood capillaries (Fig. 5c& 5d). 

2.2. Ultra-Structural Changes: 

         Examination of electron 

micrographs of the lung in the control 

group showed the alveoli lined by type 

1&2 pneumocytes. Type 1 showed 

characteristics of flattened euchromatic 

nuclei and thin cytoplasmic rim. Type 2 

exhibited big euchromatic nuclei, unique 

lamellar bodies, numerous intact 

mitochondria, characteristic alveolar 

border, and rough endoplasmic reticulum 

(Fig. 6a, 6b). On examination of the low-

dose group, type 1 pneumocytes appeared 

normal while type 2 showed 

heterochromatic nuclei with clumps of 

chromatin, swollen mitochondria, and 

vacuolated lamellar bodies (Fig. 6c, 6d). 

Regarding the high dose group, there was 

marked disturbance in type 1&2 

pneumocytes as type 1 pneumocytes 

exhibited shrunken heterochromatic 

nucleus while type 2 pneumocytes showed 

indented nucleus, vacuolated cytoplasm, 

and numerous lipid droplets (Fig. 6e). 

B. 21 Days Old Rats:   

1.Heart  

 1.1. Histopathological Alterations: 

         Examination of Hematoxylin and 

eosin-stained portions of the control 

group's heart showed normal branching, 

anastomosing cardiomyocytes with large 

oval central vesicular nuclei and 

acidophilic cytoplasm. Narrow connective 

tissue space between the cardiomyocytes, 

fibroblast, and blood capillaries was 

shown (Fig. 7a). In the low-dose group, 

examination of the heart revealed 

apoptotic and inflammatory changes in 

cardiomyocytes as some nuclei appeared 

small, deeply stained, vacuolated 

cytoplasm and the blood vessels seemed to 

be dilated, congested. Additionally, red 

blood cell extravasation between the 

cardiomyocytes and peri-vascular cellular 

infiltration was detected (Fig.7b & 7c). 

Examination of the high dose group 

revealed marked destructive changes in the 

heart as the cardiomyocytes showed 

complete disorganization and loss of the 

branching anastomosing pattern with areas 

of degeneration and lysis, nuclei appeared 

small, rounded, deeply stained and the 

cytoplasm appeared highly acidophilic in 

addition, the blood capillaries showed 

marked dilatation, congestion, peri-

vascular cellular infiltration, and red blood 

cell extravasation between the 

cardiomyocytes. Finally, wide connective 

tissue space and an apparent increase in 

fibroblast were noticed (Fig. 7d, 7e&7 f). 

         Semithin sections of the control 

group’s heart stained with toluidine blue 

revealed the cardiomyocytes with their 

normal characteristic striations. The 

intercalated disc was well demarcated 

(Fig. 8a). In the low-dose group, some 

nuclei lost their normal oval appearance 

(deformed), the cytoplasm vacuolated, and 

the blood capillaries showed marked 

dilatation and congestion. Moreover, the 

striation and the intercalated disc are not 

well demarcated (Fig. 8b&8 c). Regarding 

the high dose group, marked destructive 

changes were detected as there was a 

complete loss of branching anastomosing 

pattern of cardiomyocytes, myofibers 

showed marked thinning and atrophy, and 

sarcoplasm showed extensive 

vacuolization. Moreover, the blood 

capillaries exhibited marked obvious 

congestion and dilation (Fig. 8d& 8e). 

1.2. Ultra-Structural Changes: 
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          Examination of electron 

micrographs of the heart in the control 

group revealed regularly arranged 

myofibers with their characteristic 

striation and numerous intact 

mitochondria between the myofibers (Fig. 

9a& 9b). In the group receiving a low dose, 

obvious changes were noticed but the 

general parrel appearance of myofibers 

was preserved apart from thinning 

observed in some myofibers. nucleus 

appeared abnormally shaped 

heterochromatic, sarcoplasm vacuolated 

and the mitochondria destructed (Fig. 9c& 

9d). Regarding the high dose group, 

massive destructive changes as the 

myofibers exhibited complete loss of its 

regular parrel appearance, and loss of 

demarcation of light and dark bands with 

areas of degeneration and lysis. Nuclei 

indented, sarcoplasm showed massive 

vacuolization and the mitochondria 

exhibited extensive destruction (Fig. 9e& 

f). 

1.3. Immunohistochemical Reaction:  

Examination of INOS 

immunohistochemically stained sections 

of the control group's heart exhibited 

minimal light brown positive 

immunostaining of cytoplasm (Fig. 10a). 

In low dose group, moderate positive 

immunostaining of cytoplasm was 

apparent (Fig. 10b). Regarding the high 

dose group, strong positive 

immunostaining of cytoplasm was noticed 

(Fig. 10c).   

2.Lung: 

2.1. Histopathological Alterations: 

         On examination of sections 

stained with hematoxylin and eosin, the 

control group's lung displayed patent 

alveoli, thin inter-alveolar septum lined by 

flattened type 1 pneumocytes and cuboidal 

type 2 pneumocytes. The bronchioles lined 

by normal stratified epithelium and the 

blood vessels were apparent (Fig. 11a). In 

low dose group, some changes were 

detected as compared to the control; there 

were collapsed alveoli, apparent 

thickening of the inter-alveolar septum, 

disorganized bronchiolar epithelium, 

dilated, clogged blood vessels and peri-

vascular cellular infiltration with 

deposition of eosinophilic material in 

blood vessels (Fig. 11b). Examination of 

the high dose group revealed, complete 

loss of normal lung architecture; several 

alveoli appeared collapsed, an apparent 

marked increase in thickness of inter-

alveolar septum, massive extensive red 

blood cell extravasation, marked cellular 

infiltration and destroyed bronchiolar 

epithelium (Fig. 11c). 

          An examination of toluidine blue 

stained semithin sections of 21 days lung 

control group, showed that type 1 

pneumocyte-lined patent alveoli with their 

characteristic flattened nuclei enclosed by 

a narrow cytoplasmic rim and type 2 

pneumocytes with a large, rounded 

nucleus and vacuolated cytoplasm. The 

alveolar macrophages with their 

characteristic kidney-shaped nucleus were 

also noticed (Fig. 12a). In the low dose 

group, some alveoli appeared collapsed 

with extrusion of pneumocytes into the 

alveolar lumen and dilated congested 

blood capillaries was obviously detected, 

in addition, there was apparent increase in 

number of pneumocytes type 2 (Fig. 

12b&12 c). Regarding the high dose 

group, there was complete distortion and 

destruction of normal lung architecture, 

several alveoli collapsed with extrusion of 

cells into the alveolar lumen, dilated 

congested blood capillaries were spread all 

over the sections with extravasation of red 

blood cells, markedly thickened abnormal 

inter-alveolar septum was noticed and an 

apparent increase in pneumocytes type 2 

also noticed (Fig. 12d). 

2.2. Ultrastructural Changes: 

        The control group's lung electron 

micrographs revealed the alveolar space 

lined by type 1 flattened pneumocytes with 

a thin cytoplasmic rim and type 2 

pneumocytes with its characteristic large 

round euchromatic nucleus. Alveolar 

macrophage with its characteristic kidney-

shaped nucleus and blood vessels was 

apparent (Fig. 13a&13 b). In the low-dose 

group, the alveoli were lined by flattened 

type 1 pneumocytes and large type 2 

pneumocytes which showed indented 

nucleus, vacuolated lamellar bodies and 

ballooned mitochondria (Fig. 13c&13d). 
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Regarding the high-dose group, type 1 

pneumocyte were abnormally shaped with 

a heterochromatic shrunken nucleus, and 

type 2 pneumocytes showed indented 

nucleus, vacuolated lamellar bodies, and 

ballooned mitochondria. The 

characteristic micro alveolar border was 

apparent (Fig. 13e). 

2.3. Immunohistochemical Reaction: 

        Examination of INOS sections 

stained with immunohistochemistry of the 

control group's lung revealed minimal 

light brown positive immunostaining (Fig. 

14a). In low dose group, moderate positive 

immunostaining was detected (Fig. 14b). 

Regarding the high dose group, strong 

extensive positive immunostaining was 

noticed (Fig. 14c).  
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Fig.1 photomicrographs  of longitudinal sections in the ventricular wall of newborn   

heart of  control(1a) ,low dose (1b &1c) and high dose (1d, 1e & 1f) groups.[1a]:The 

cardiomyocytes showing normal branching pattern with  large  oval vesicular  nuclei 

(N), acidophilic cytoplasm(arrow)and narrow connective tissue space in between the 

cardiomyocytes (S)containing  flat nuclei of fibroblast (F) and blood 

capillaries(BV).[1b]:exhibiting vacuolated cytoplasm (arrow),some nuclei appeared 

degenerated (N)and marked widening of connective tissue space (S)with dilated 

congested blood capillaries(BV).[1c]:The cardiomyocytes showing loss of normal 

branching appearance with deformed small pyknotic nuclei(N) in some cells and marked  

widening of the space between the cardiac cells (S) with dilated ruptured blood 

capillaries and extravasation of red blood cells in between the cardiomyocytes (Arrow 

head).[1D]:showing complete loss of normal branching pattern with excessive marked 

vacuolization of cytoplasm(arrow) and deformed degenerated nuclei(N) in nearly all 

cells.[1E ]: marked widening of space in between the cardiac cells(S), dilated congested 

blood capillaries(BV),vacuolated cytoplasm(arrow),small darkly stained nuclei(N)are 

observed.[1F]: massive  dilatation and congestion  in blood capillaries (BV),vacuolated 

cytoplasm(arrow)and small darkly stained nuclei(N).(H&E × 400, Scale bar = 20 μm) 
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Fig.2 photomicrographs of semithin sections in newborn cardiomyocytes of control(2a), 

low dose(2b) and high dose(2c) groups. [2a]: showing the normal anastomosing parrell 

appearance of myofibrils(F), oval vesicular nuclei(N)and blood vessels (BV) in between 

the cardiac cells. [2b]: showing some deformed nuclei(N), multiple vacuoles(arrow) and 

dilated congested blood capillaries (BV). [2c]:  showing loss of oval appearance in most 

of nuclei(N), extensive wide vacuolization in a major part of the section(arrow) and 

marked dilatation and congestion in blood capillaries (BV). (Toluidine blue × 1000, 

Scale bar = 10 μm) 
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Fig.3 Electron micrographs  of longitudinal sections in cardiomyocytes of new born rat  

in control(3a),low dose(3b,c) and high dose(3d,3e) groups.[3a]:showing  normal oval 

euchromatic nuclei (N),large number of intact mitochondria in juxtanuclear region 

(M)and the myofibers appeared intact  (F) with preserved striations 

(arrow).[3b,3C]:showing, oval euchromatic nuclei(N) with indentation in nuclear 

membrane (wavy arrow),prominent nucleolus (arrow head) ,intact  myofibers (F) with 

preserved striation(Arrow) and many vacuoles are observed in 

sarcoplasm(V).[3d,3e]:showing deep indentation(wavy arrow) of nucleus (N), rarified 

vacuolated sarcoplasm(v) ,thinning and atrophy of myofibers with loss of striations 

(F).other myofibers showing areas of degeneration and lysis (curved arrow), 

extravasation of red blood cells (BV) and degenerated mitochondria(M) was noticed. 

(TEM × 4800 In a, b, e TEM X 7200 in c, d Scale bar = 2 μm) 
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Fig.4  photomicrographs of  longitudinal sections in  new born  lung from control (a& 

b),low dose (c) and high dose (d) groups.[4a,b]:showing the normal lung  architecture 

including alveoli(A) ,alveolar sac (S),alveolar duct (D), bronchiole (B) with normal 

bronchiolar epithelium (arrow head) and blood vessels (BV).The  thin interalveolar 

septum (arrow ) with flattened pneumocyte type 1(P1) and cuboidal pneumocyte type 2 

(P2) is noticed.[4c]: showing collapsed alveoli (A),apparent increase in thickness of 

interalveolar septum(arrow),bronchi (B) with degenerated bronchiolar epithelium(arrow 

head), and congested blood vessels (BV).[4d]:showing  collapsed alveoli(A), obvious 

increased thickness of interalveolar septum(arrow) with cellular infiltration (I),massive 

congestion in blood vessels (BV)and extravasation of red blood cells(curved arrow).  

(H&E × 100,4a) (H&E × 400, 4b,4c,4d Scale bar = 20 μm) 
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Fig.5 photomicrographs of  semithin sections of new born lung of control(a),low dose(b) 

and high dose (c& d) groups.[5a]showing: the alveolar lumen(A),type 1 flattened 

pneumocytes (P1),type 2 pneumocytes (P2)with  large round nucleus, alveolar 

macrophage(M) and relatively thin interalveolar septum(arrow) .[5b]showing: alveolar 

lumen (A),type 1 flattened pneumocytes (P1),  type 2 pneumocytes (P2)with  large round 

nucleus, alveolar macrophage(M) and relatively thick  interalveolar septum 

(arrow).[5c&d]showing: distorted lung architecture, collapsed alveoli(A),extrusion of 

some cells into alveolar lumen (curved arrow),obvious increase in type 2 

pneumocytes(p2) and alveolar macrophage (M),marked increase in thickness of 

interalveolar septum (arrow), wide spread dilated congested blood capillaries(BV) and  

type 1 pneumocytes (P1)is also observed. 

(Toluidine blue × 1000, Scale bar = 10 μm) 
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Fig.6: Electron micrographs of newborn lung from control (a, b), low dose (c, d) and high 

dose (e) groups. [6a] showing: the alveoli (A) and  type 1 pneumocytes (P1) with its 

characteristic flattened  euchromatic nucleus (N)  and thin rim of cytoplasm.[6b] showing: 

type 2 pneumocytes (P2) with large round euchromatic nucleus(N) ,lamellar bodies (L) 

and mitochondria  (M),Rough endoplasmic reticulum (R )and characteristic alveolar 

border (arrow head) are noticed.[6c]showing: alveoli (A),type 1  pneumocyte (P1) ,type 

2 pneumocyte  (P2)with round hyperchromatic nucleus (N),lamellar bodies 

(L),mitochondria (M),lipid droplets(D) and characteristic micro alveolar border (arrow 

head).[6d] showing :type 2 pneumocyte  (P2) has heterochromatic nucleus(N) with  

clumped chromatin, and characteristic alveolar border(arrow head).extravasation of 

RBCS (curved arrow) is also noticed [6e] showing : type I pneumocyte (P1) exhibits 

shrunken nucleus (N) and type 2 pneumocyte (P2) exhibits indentation in nucleus 

(arrow),vacuoles in cytoplasm (V) ,multiple lipid droplets  (L). 

(TEM × 4800 In c, e TEM X 7200 in a, b, d Scale bar = 2 μm) 
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Fig.7 photomicrographs of longitudinal sections in ventricular wall of 21-day old albino 

rats of control(7a), low dose (7b, 7c) and high dose (7d, 7e, 7f) groups. [7a] showing: the 

typical branching and anastomosing cardiomyocytes with large oval central vesicular 

nucleus (N) and acidophilic sarcoplasm (arrow). In between the cardiomyocytes in 

connective tissue space the flattened fibroblast (F) and the blood capillaries (BV) are 

noticed. [7b,7c]showing: Dilated congested blood capillaries (BV),extravasation of blood 

cells between the cardiomyocytes(curved arrow) ,perivascular cellular 

infiltration(I),some nuclei appeared rounded and deeply stained (N),vacuoles in 

sarcoplasm (V) are also noticed.[7d,7e,7f]showing: the cardiomyocytes appeared 

disorganized with highly acidophilic  sarcoplasm(arrow) ,some nuclei appeared rounded, 

deeply stained(N), area of lysis and degeneration  (arrow head) are noticed. Dilated 

congested blood vessels (BV)and perivascular cellular infiltration (I), apparent increase 

in fibroblast (F) and wide space between the cardiomyocytes (S) are detected. 

(H&E × 400, Scale bar = 20 μm) 
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Fig.8 photomicrographs of semithin sections in 21day old albino rat of control[8a], low 

dose[8b ,8c] and high dose[8d, 8e] groups.[8a] showing: the characteristic  striations of 

cardiomyocytes (S),central oval vesicular nucleus (N) ,normal sarcoplasm (arrow) and  

intercalated disc (D).blood vessels(BV) in connective tissue space are also 

detected.[8b,8c]: showing, most of nuclei lost their normal oval shape(N) ,vacuolated 

sarcoplasm (V) and dilated congested blood vessels (BV).More ever, The striations and 

intercalated disc not well demarcated.[8d,8e]:showing, marked thinning and degeneration  

of myofibers(F) ,most of nuclei appeared rounded and small(N)  ,vacuolated 

cytoplasm(V) and markedly dilated congested blood capillaries(BV). 

(Toluidine blue × 1000, Scale bar = 10 μm) 
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Fig.9 Electron micrographs of longitudinal sections in left ventricle of 21-day old albino 

rat of control (9a &9b), low dose (9c, 9d) high dose (9e& 9f) groups. [9a&9b]: showing, 

cardiomyocytes with their large oval euchromatic nucleus (N) and juxtanuclear abundant 

intact mitochondria(M). The myofibrils (F) with its characteristics striations (arrow) were 

regularly parrel arranged, intact intercalated disc (arrowhead) and abundant intact 

mitochondria(M) in between the myofibrils were also noticed. [9C&D] showing: 

preserved regularly arranged myofibrils(F) but thinning of some myofibrils is  

observed(arrow),abnormal shaped heterochromatic nucleus (N),destructed 

mitochondria(M) and degenerated area (curved arrow) in some myofibrils are also 

noticed.[9 e&f]:showing, complete loss of regular pattern of myofibril with area of 

degeneration and lysis (curved arrow),abnormally indented nucleus (N),massive 

destruction of mitochondria (M)and extensive vacuolization of cytoplasm(V). 

(TEM × 4800 In a,b, TEM X 7200 in  c, d,e and f Scale bar = 2 μm) 
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Fig.10 photomicrographs of INOS immunostaining of cardiac muscle in 21-day old rat 

of control(10a), low dose(10b) and high dose (10c) groups. [10a] showing minimal light 

brown positive INOS immunostaining of cytoplasm (arrow). [10b] showing moderate 

positive INOS immunostaining of cytoplasm(arrow). [10c] showing strong positive INOS 

immunostaining of cytoplasm (arrow).   

(INOS immunohistochemical staining × 400, Scale bar = 20 μm) 
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Fig.11 photomicrographs of longitudinal sections of lung 21-day old rat of control(11a), 

low dose(11b), and high dose(11c) groups. [11a]: showing, patent alveoli(A), thin 

interalveolar septum(arrow) lined by flattened type 1 pneumocytes(p1) and cuboidal type 

2 pneumocytes (p2), bronchiole(B) lined by stratified bronchiolar epithelium (arrowhead) 

and blood vessels (BV) are observed. [11b]: showing, collapsed alveoli(A), apparent 

increase in thickness of interalveolar septum (arrow), cellular infiltrations(I), destroyed 

bronchial epithelium (Arrowhead) and congested blood vessels (BV)with deposition of 

hyaline material(H) in it. [11c] showing severe massive destruction of lung architecture, 

several alveoli are collapsed(A), massive cellular infiltration (I) and marked apparent 

thickening of interalveolar septum(arrow). Distorted bronchial epithelium (Arrowhead) 

and extensive extravasation of red blood cells (curved arrow) are apparent. (H&E × 400, 

Scale bar = 20 μm). 
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Fig.12 photomicrographs of semithin sections  of lung in 21 days old albino rats from 

control (12a),low dose (12b&12 c) and high dose(12d) groups.[12a]: showing the  patent 

alveolar lumen (A) lined with type 1 pneumocyte (P1 ) with its characteristic flattened 

appearance ,few number of type 2 pneumocytes (P2) with large rounded nucleus  and 

macrophage (M) with its characteristic kidney shaped nucleus was 

noticed.[12b&c]:showing,  collapsed alveoli (A) with extrusion of pneumocytes into the 

alveolar  lumen ,dilated congested blood capillaries (BV)and apparent increase in number 

of type 2 pneumocytes (P2).[12d]:showing complete loss and distortion of normal lung 

architecture with extrusion of cells into the alveolar lumen (arrow head ),several collapsed 

alveoli (A),dilated congested blood capillaries all over the lung (BV) and extravasation 

of red blood cells(curved arrow).   

(Toluidine blue × 1000, Scale bar = 10 μm) 
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Fig.13 Electron micrographs of longitudinal sections of lung in 21 day old rat of 

control(13a &13b),low dose (13c&13 d),and high dose(13e ) groups.[13 a, b]showing: 

alveoli (A), type 1 pneumocyte (P1) with flattened euchromatic nucleus(n), type 2 

pneumocyte(P2) with large round euchromatic nucleus(N), alveolar macrophage(MC) 

with kidney shaped nucleus, and blood vessels(BV) are noticed. [13c,d]: showing, alveoli 

(A) with type 1 pneumocytes (p1),type 2 pneumocyte (p2) with heterochromatic(N) 

indented  nucleus(arrow) and vacuolated lamellar bodies(L) ,ballooned 

mitochondria(M).[13e]:showing, alveoli (A),bronchiole(B), abnormal shrunken type 1 

pneumocyte (p1)  ,type 2 pneumocytes (p2) with shrunken heterochromatic indented 

nucleus(N) ,multiple vacuolated lamellar bodies(V), micro alveolar border(arrow) and 

ballooned swollen mitochondria (M). 

(TEM × 4800 In a, c TEM X b, d, e7200 in Scale bar = 2 μm) 



Perinatal Exposure to Red Bull and Its Effects on Heart and Lung 47 

 

 
Fig.14 photomicrographs of INOS immunostaining of longitudinal sections of lung of 21-

day old rat of control(14a), low dose(14b), and high dose(14c) groups. [14a]: showing, 

minimal positive immunoreaction(arrow). [14b]: showing moderate positive immune 

reaction (arrow). [14c]: showing strong positive immune reaction (arrow). 

(INOS immunohistochemical staining × 400, Scale bar = 20 μm 
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2.4. Statistical and Morphometric 

Examination:  

          The statistical and 

morphometric analysis showed that the 

low-dose and high-dose treated groups 

revealed a noteworthy rise in the 

thickness of inter-alveolar septum as 

compared to the control group in 

newborns as well as 21 days old rats as 

illustrated in (Table 1) and (Fig. 15& 16).  

 

Table 1:  Mean thickness of inter-alveolar septum in newborn and in age 21 days in 

the all groups. 

 
• Data presented as mean±SD, test used multivariate ONEWAY ANOVA. 

• P-value is significant P<0.05 

 

 
 

Fig. 15: thickness of inter-alveolar septum in the newborn of all the groups.  

Data    presented as mean±SD 
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Fig. 16: thickness of inter-alveolar septum in the 21 days old of all groups. Data 

presented as mean±SD 

 

DISCUSSION 

        In recent years, energy drinks, or 

ED, have gained significant attention as 

a health concern. Despite their purported 

safety and benefits, ED has been linked 

to fatal consequences (Kaur et al., 2022). 

High energy drink consumption is linked 

to a rapid disturbance in the 

hemodynamic state as elevated glucose 

and nor-epinephrine levels, along with 

elevated heart rate, even in young healthy 

adults without any cardiovascular risk 

factors, elevated arterial blood pressure 

and palpitations exacerbate 

cardiovascular issues (Sanchis et al., 

2016). In addition to the dangerous 

cardiovascular complications reported 

above, consumption of ED negatively 

affects many systems of the human body: 

the nervous system; headache, 

discomfort, irritability, excitability, 

nervousness, insomnia, and GIT; 

malaise, dehydration, nausea, vomiting, 

abdominal pain, and xerostomia (Nowak 

et al., 2018). Because albino rats and 

humans are similar in structure and 

function, albino rats were the preferred 

animals for this work. Moreover, the 

results of several studies conducted on 

albino rats were frequently comparable 

to those conducted on humans 

(Sengupta, 2013). 

          In the course of this 

experimental work, consumption of Red 

Bull in the peri-natal period with low 

dose and high dose revealed marked 

histological, immunohistochemical and 

morphometric changes in the heart and 

lung of newborn and twenty-one days old 

albino rats’ offsprings. These changes 

were more obvious and more dangerous 

in the high-dose group. In hematoxylin 

and eosin-stained sections of the heart, 

there were disturbances of regular pattern 

arrangement of myofibrils, nuclei 

appeared degenerated, small and 

pyknotic, the sarcoplasm showed many 

vacuoles, became highly acidophilic and 

blood vessels appeared dilated and 

congested with perivascular cellular 
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infiltration moreover, the blood vessels 

ruptured in some areas with 

extravasation of red blood cells. In 

toluidine, blue-stained semithin sections 

marked thinning of myofibrils with loss 

of characteristic striation and intercalated 

disc not well demarcated with loss of 

oval shape in most of the nuclei. This 

came in accordance with Kaur et al., 

2022 who stated that the use of ED has 

been connected to potentially deadly 

circulatory system side effects such as 

cardiomyopathy, myocardial infarctions, 

atrial and ventricular arrhythmias, and 

sudden cardiac arrest. Large amounts of 

taurine, sugars, B vitamins, and caffeine 

are responsible for these effects, which 

also lengthen the QTc and raise blood 

pressure, heart rate, and cardiac 

contractility (Kaur et al., 2022). 

         The most serious adverse effects 

of energy drinks on the heart are 

attributed to their caffeine content as 

Caffeine acts as an antagonist of 

adenosine as it acts on adenosine 

receptors   A1, A2A, and A2B (Sawynok, 

2011). Adenosine performs its action on 

the vascular receptors, leading to 

dilatation of the vascular beds. Caffeine 

inhibits the vasodilatory effect of 

adenosine by acting as an antagonist. 

Additionally, caffeine raises the plasma 

concentration of adenosine by blocking 

adenosine receptors. Catecholamine 

levels, peripheral vascular resistance, 

sympathetic tone, and renin secretion all 

rise as a result. This could clarify the 

process by which ED causes a sudden 

elevation in blood pressure and heart rate 

(Echeverri et al., 2010). 

         Another explanation for how 

energy drinks can affect the heart is that 

vitamin B12 and folic acid (components 

of energy drinks) can decrease the level 

of homocysteine. The enzyme 

methionine synthase catalyzes the 

remethylation of homocysteine to 

methionine, which requires folate and 

vitamin B12 (Fratoni and Brandi, 2015). 

Therefore, homocysteine levels, a risk 

factor for cardiovascular diseases, are 

lowered by folate and vitamin B12 (Ma 

et al., 2017). 

         Sugar in the form of high-

fructose corn syrup, sucrose, or glucose 

is one of the ED ingredients (Bedi et al., 

2014). Consumption of sucrose and 

glucose together raised cardiac output 

and lowered peripheral resistance. 

Moreover, the heart rate is elevated by 

glucose, fructose, and sucrose (Grasser et 

al., 2014). Research on rats indicates that 

sucrose elicits the sympathetic nervous 

system, resulting in an increase in renin 

secretion, heart rate, renal sodium 

retention, and vascular resistance, all of 

which contribute to hypertension 

(DiNicolantonio and Lucan, 2014). In the 

same manner, glucose increases cardiac 

output through two different 

mechanisms: vasodilation linked to 

insulin secretion and an increase in 

sympathetic activity first (Synowski et 

al., 2013). 

        Our results also came in line with 

Demirel et al., 2023 who stated that rats 

in the Red Bull group showed numerous 

inflammatory cellular infiltrations, 

damage to their cardiomyocytes and in 

certain areas of the heart walls, 

abnormalities in the vascular 

endothelium were found (Demirel et al., 

2023). 

         In this study, ultra-structural 

changes were detected in the heart after 

consumption of Red Bull, thinning and 

degeneration of myofibrils in some 

regions, vacuolated rarified cytoplasm, 

destructed mitochondria, and abnormal 

indentation in nuclei. This came in 

accordance with   Munteanu et al., 2018 

who performed an experiment on alcohol 

and ED. In the hearts of rats given 

alcohol, they noticed symptoms of 

alcoholic cardiomyopathy, such as 

enlarged, damaged mitochondria with 

dilated crystals and an abnormal 

arrangement of myofibrils. Additionally, 

they observed abnormally large spaces 

between myofibrils and dilated crystals, 

and ballooned large mitochondria, in the 

rats that had ED, which was brought on 

by oxidative damage (Munteanu et al., 

2018). 

        These results also came in line 

with Mansy et al., 2018, who compared 
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three groups of rats given three different 

doses of ED with the control group. They 

found that serum levels of antioxidant 

enzymes were lowered markedly in rats 

with medium and high ED doses (Mansy 

et al., 2018). 

       In this study, peri-natal 

consumption of Red Bull in high and low 

doses revealed major changes in the 

lungs of newborn and twenty-one-day-

old rats’ offspring. In the hematoxylin 

and eosin-stained sections and in 

semithin sections there were disturbed 

lung architecture, collapsed alveoli, 

degenerated bronchiolar epithelium, 

marked increase in thickness of inter-

alveolar septum, congested blood vessels 

and cellular infiltration in some regions 

and this came in accordance with Treml 

et al., 2020 who stated that the effects of 

caffeinated energy drinks on the 

distribution of pulmonary ventilation and 

perfusion are poorly understood. He 

postulated that consuming Red Bull 

would modify the flow of blood through 

the lungs (Treml et al., 2020). 

       A study was performed to find out 

if Red Bull has an impact on pulmonary 

blood flow or hypoxic pulmonary 

vasoconstriction (HPV). They observed 

after red pull consumption there was an 

increased shunt fraction during acute 

exposure to short-term hypoxia. In 

addition, they noticed elevated pvCO2 

levels in hypoxia soon after consuming 

Red Bull. The possibility of a shunt-

related decrease in pulmonary CO2 

removal can be ruled out because arterial 

gas exchange seemed to be unaffected 

(Treml et al., 2020). 

       ED consumption augments 

physiologic responses to hypoxia and 

cardiovascular adverse effects in high 

altitudes. Reduced inspired PaO2 at high 

altitudes causes hypoxia-mediated 

contraction of the pulmonary smooth 

muscle blood vessels without a decrease 

in gas exchange, and hypoxic pulmonary 

vasoconstriction, or HPV, takes place. 

Caffeinated energy drinks have the 

potential to worsen hypoxemia if they 

disrupt ventilation or perfusion. 

Furthermore, consuming Red Bull may 

significantly increase the risk of hypoxia-

induced tachycardia (Smirmaul et al., 

2016) & (Stadheim et al., 2015).  

        Numerous human case reports 

and studies about patients who used ED 

and other high-sugar, high-caffeine 

beverages and ended up in hospitals with 

lung issues like asthma attacks and 

bronchospasm can be found in the 

literature. Varraso et al., 2009 showed 

that a diet heavy in carbohydrates caused 

an asthma attack (Varraso et al., 2009). 

Wood et al., 2011 reported that the quick 

switch to a diet high in carbohydrates had 

a negative impact on airway 

inflammation (Wood et al., 2011). 

       In this experiment, several ultra-

structural changes were noticed after 

consumption of Red Bull in low and 

high-dose groups as, indentation of 

nuclei, vacuolated lamellar bodies and 

ballooned mitochondria, 

heterochromatic shrunken nuclei and 

dilated rough endoplasmic reticulum and 

this came in agreement with Demirel et 

al., 2023 who stated that, analysis of 

animal’s blood gas, The difference 

between ED and the other groups was 

statistically significant (P=0.05). While 

the study groups' median PaCO2 and 

PaO2 were comparable, the ED group's 

values were lower (Demirel et al., 2023).  

Conclusion 

       In conclusion consumption of 

Red Bull during the peri-natal period 

induced marked histological, ultra-

structural, immunohistochemical and 

morphological damage in the heart and 

lungs of the offspring, especially high 

dose consumption. So, it is not preferred 

to have Red Bull during pregnancy and 

lactation and Further studies are needed 

regarding biochemical aspects.  
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ARABIC SUMMARY 

 

 يؤدي إلى تلف القلب والرئة في نسل ( السحب الأحمر)هل التعرض في الفترة المحيطة بالولادة لمشروب الطاقه 

 كيميائية  مناعيهو التركيب دقيقه و دراسة نسيجية: لجرزانا

 

 هاله محمد حسانين محمد و سالي سيد انور

 مصر  -جامعه اسيوط -كليه الطب    -التشريح الادمي وعلم الاجنه  قسم 

 

   في جميع أنحاء العالم. إن مكونات مشروبات الطاقه : يتم استخدام مشروبات الطاقةمقدمة

 لها تأثيرات مرغوبة مثل زيادة الطاقة ولكنها تنتج تأثيرات غير مرغوب فيها على الصحة. 

 تقييم آثار استهلاك الريد بول أثناء الحمل على بنية القلب والرئة. الهدف من الدراسه:

كل مجموعة(.   في  10فأراً أنثى بالغة حامل مقسمة إلى ثلاث مجموعات )  30أجريت هذه الدراسة على  المنهجية:  

مل/كجم من وزن الجسم    2.5المجموعة الضابطة، المجموعة المعالجة بجرعة منخفضة من ريد بول )تلقت ريد بول  

عن طريق الفم من اليوم الأول للحمل حتى اليوم الحادي والعشرين بعد الولادة، والمجموعة المعالجة بجرعة عالية  

لجسم عن طريق الفم عن طريق الفم( من بداية الحمل حتى اليوم مل/كجم من وزن ا 5من ريد بول )تلقت ريد بول 

 .الحادي والعشرين بعد الولادة(. يتم استخراج القلب والرئة عند حديث الولاده  وعمر اليوم الواحد والعشرين

أدى استهلاك الريد بول إلى حدوث تغيرات مدمرة في القلب  مثل فقدان الترتيب المنتظم للليفات العضلية  النتائج:  

وتمدد الأوعية الدموية المحتقنة وارتشاح الخلايا المحيطة بالأوعية الدموية ومناطق التنكس والتحلل. في الرئة، كان  

 .2و  1لسنخية، وشذوذ في الخلايا الرئوية من النوع هناك تشوه في بنية الرئة، وزيادة في سمك الحاجز بين ا

 إن تناول الريد بول في فترة ما حول الولادة، وخاصة بجرعات عالية، له آثار مدمرة على القلب والرئتين. الخلاصة:  
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