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Abstract 
The consumption of beverages and processed foods, mainly soft drinks, has 
been incorporated into the usual diet of children, adolescents and adults fre-
quently in recent years. The present study aimed to study the effects of carbo-
nated drinks on Wistar rats, based on the macroscopic and histological mor-
phology of the esophagus. Fifteen Wistar rats were divided into three groups: 
control group; group fed with ration and cola-type refrigerant ad libitum and 
group fed with ration and gas industrialized water ad libitum, for a trial pe-
riod of 90 days. For histopathology and morphology, the esophagus was re-
moved, prepared in slides and stained with hematoxylin-eosin. Images of the 
sections were captured for analysis and classification of the inflammatory in-
filtrate. For morphometry, ten grid fields of 100 points were evaluated in the 
40x eyepiece, totaling 3000 points per animal. The results demonstrate that 
the refrigerant treatment induced the following structural changes in the rats: 
significant reduction of weight in relation to the control group; inflammatory 
infiltrate predominantly diffuse mild to moderate and tissue edema. The rats 
treated with carbonated water had similar results to the control, besides signs 
of healing and tissue repair. 
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1. Introduction 

The incorporation of industrialized beverage and foods into the eating habits of 
children, adolescents and adults has been a customary practice in the last years. 
Among the most consumed industrialized products, the refrigerant stands out 
[1]. According the Brazilian Association of Soft Drinks and Non Alcoholic Be-
verages (ABIR), the soft drink consists of an industrialized carbonated drink, 
non-alcoholic, with aromas and high refreshing power [2].  

Produced from sugar, the refrigerant is a drink without nutritional value, con- 
tributing thus with the excessive consumption of empty calories. Besides, his 
consumption can replace healthy foods with adequate nutritional values, which 
contribute to the human growth and development, such as natural juices, fruits 
and milk [3] [4]. 

Despite its popularity, the increase in consumption of sugared beverages fre-
quently is associated to the increase of energetic ingestion, weight gain, obesity 
and diabetes [5]. In a recent study, Eweis, et al., (2017) [6] evaluated the effect on 
rodents and humans of the carbon dioxide contained in carbonated beverages, 
concluding that carbon dioxide induces the release of ghrelin and increases the 
consumption of foods, thus increasing the risks of weight gain, obesity and he-
patic steatosis.  

The consumption of carbonated drinks has shown to be prejudicial to health 
in diverse researches [7] [8] [9] [10]. El-Terras, et al., (2016) [7], for example, 
evaluated the effects of the consumption of three carbonated soft drinks on the 
brain of Wistar rats and on the genetic expression of monoamine oxidase and 
D2 dopamine receptors. The results demonstrated that carbonated beverages 
induced oxidative stress and change of the expression of certain genes associated 
with brain activity. Alkhedaide in his study also associated the consumption of 
soft drinks in rodents with the increase of oxidative stress biomarkers, and be-
sides that with a disruption in the expression of certain genes associated with 
liver and kidney functions [8] [9].   

Others organic effects related to chronic ingestion of refrigerants are descry- 
bed on literature, such as the capacity to increase insulin sensitivity and promote 
changes in functional renal parameters, which was described by Celec, et al., 
(2010) [10] after three months treating Wistar rats with refrigerant. Histological 
alterations of rodents’ cerebellums were related by Eluwa, et al., (2013) [11], who 
investigated the effect of aspartame contained in refrigerants. Lastly, alterations 
in lipid profiles were related by Botezelli, et al., (2010) [12], who compared lipid 
content of Wistar rats treated with fructose-rich refrigerant with those who were 
treated with low-fructose refrigerant. 

According Prado (2001) [13], the consumption of certain foods, including 
carbonated beverages, promoted incompetence of the lower esophageal sphinc-
ter, delay in gastric emptying, abnormalities in the esophageal mucosa, among 
others, predisposing to gastroesophageal reflux. 

Conforming to Kapicioglu, et al., (1999) [14], who studded the relation be-
tween cola beverages consumption and esophageal mucosa damage, the cola has 
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proliferative and regenerative effects on the esophageal mucosa, possibly caused 
by its irritating effect. 

In fact, persistent oral regurgitation may lead to esophageal epithelial altera-
tions or to the development of gastroesophageal reflux disease due tissue injury 
by the gastric acid [15]. Thus, there is no doubt that the chemical composition of 
an acidic beverage is important in the esophagitis physiopathology [14]. Besides, 
the carbon dioxide dissolved in drinks is able to influence the activity of taste 
receptors in the mouth, and results in neuromotor responses that may compro-
mise swallowing [16]. Therefore, it is important to investigate the effects of car-
bonated drinks in the esophagus, in order to estimate the risk and ensure the 
safety to the consumer population. 

Thus, the mainly purpose of this research was to study the effects of carbo-
nated beverages in Wistar rats, during a period of ninety days of experimenta-
tion, based on the macroscopic and histological morphology of the esophagus. 
Besides that, it aimed to continue the study of Santos, et al., (2016) [17], who in-
vestigated the effects of carbonated beverages in the digestive system organs of 
Wistar rats. 

2. Material and Methods 
2.1. Study Design and Histopathological Analysis 

1) Rats and the experimental design 
In the present study 15 Wistar rats were used, from the vivarium of the Feder-

al University of Viçosa (UFV), with approximately 260 g each. The animals were 
divided into three groups, with five members per group, according to the model 
proposed by Eluwa, et al., (2013) [11]. In group 1, the animals were ration with 
feed and industrialized water without gas ad libitum. Group 2 was submitted to a 
with ration and hydration with cola-type refrigerant ad libitum and group 3 in-
cluded rats submitted to the with feed with ration and water of the industrialized 
type with gas ad libitum and offered in the 24 hours of each treatment day in a 
period Experimental period of 90 days, according the model developed by 
El-Terras, et al., (2016) [7]. The weight of each rat was measured and registered 
on a daily basis. The drinks of all thirty rats were changed once daily in the amo- 
unt of 150 ml daily. 

The carbonated beverage cola-type was chosen as an exogenous physiologic 
acid because millions of people consume it every day, besides being a strongly 
acidic (pH 2.5) (Kapicioglu, et al., 1999) [4]. 

2) Sampling of esophagus 
The 12-hour light/dark cycles were respected. For the histopathology and 

morphometry, the esophagus was removed, the fragments of which were fixed in 
4% paraformaldehyde in 0.1 M phosphate buffer at pH 7.2 - 7.4 at room temper-
ature for 24 hours. After dehydration in increasing solutions of ethyl alcohol, the 
fragments were diafiltered in xylol and included in histological paraffin. Sections 
of 5 and 7 μm were obtained using a microtome (Ek Micro, Eikonal do Brasil). 
The material was then processed for hematoxylin-eosin staining and the Ente-
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lan-mounted blades. Four cuts were placed per slide, in a total of fifteen slides. 
Two slides were randomly chosen per animal, and section images were cap-

tured directly from the light microscope (Ken-a-vision 2103) through a digital 
video camera (1.3 Mp-DinoEye model Dinolite brand with image analysis soft-
ware). In this way, ten photos were obtained in the randomly chosen cuatros, 
totalizing ten photos/animal. These images were evaluated using Image Pro Plus 
4.0 (Media Cybermetcs) image analysis software on a microcomputer. 

3) Slide preparation for histopathological study 
For histopathological analysis, five photos/animals obtained with 20x eyepiec-

es were used, totaling twenty five photos per group. The presence of inflamma-
tory infiltrate in the organ parenchyma was considered for this analysis, classi-
fied as intense, moderate or mild, in addition to the classification of diffuse or 
focal infiltrate. 

4) Slide for morphometry study 
For the morphometry, ten grid fields of 100 points in the 40x eyepiece were 

evaluated, totaling 3000 points per animal. The parameters related to possible 
structural alterations as inflammatory infiltrate and the evolution of healing and 
repair were considered. 

2.2. Systematization and Data Analysis 

For the statistical analysis, the software Sigmastat Statistical Analysis System, 
version 1.0 (Jandel Scientific) was used. Analysis of variance was applied; the t- 
student test was used for comparison between two groups and multiple compar-
ison by the Student Newmann Keuls method, with significance at p < 0.05. 
Measurements were presented as mean ± standard deviation. 

2.3 Ethical Considerations 

This work was forwarded and approved by the Ethics Committee on the Use of 
Animals of the University Center of Caratinga-MG (CEUA-UNEC). 

3. Results 

In order to evaluate the possible harmful effect of the refrigerant and the car-
bonated drink in the esophagus of the animals, parameters such as animal 
weight, morphometry and histopathology of the esophagus were analyzed. 

Regarding the weight at the end of the experiment, significant differences 
were observed between the experimental groups as recorded in Figure 1. The 
analysis of Figure 1 shows that the animals that consumed refrigerant (413.7 
± 28.1) presented significant weight Lower than controls (457.6 ± 36.3). 
Those who ingested carbonated water (423.1 ± 54.2) did not present signifi-
cant differences in weight at the end of the experiment when compared to 
controls (457.6 ± 36.3) and to the group that treated with refrigerant (413.7 ± 
28.1). 

● Significant difference between lymphocytes of Control group x Refrigerant 

group (Analysis of significant variant (Q = 64.4 and p < 0.01)); 
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Figure 1. Average of the final weight of the control animals (n = 5) and of the groups 
treated with refrigerant (n = 5) and carbonated water (n = 5) during ninety days.○ P = 
0.0105 for Control x Refrigerant. 
 

ⱷSignificant difference between monocytes/macrophages of Control group x 
Refrigerant group (Analysis of significant variance (Q = 70.2 and p < 0.01)); 

○ Significant difference between plasmocytes of Control group x Refrigerant 

group (Analysis of significant variance (Q = 2.8 and p < 0.01)); 
◙Significant difference between fibrocytes/fibroblasts of Control group x Re-

frigerant group (Analysis of significant variance (Q = 120.8 and p < 0.05)); 
□ Significant difference between lymphocytes of Refrigerant group x Carbo-

nated water group (Analysis of significant variance (Q = 63.4 and p < 0.01)); 
⌂Significant difference between monocytes/macrophages of Refrigerant group 

x Carbonated water group (Analysis of significant variance (Q = 70.8 and p < 
0.01)); 

◊ Significant difference between plasmocytes of Refrigerant group x Carbo-
nated water group (Analysis of significant variance (Q = 3.0 and p < 0.01)). 

● Significant difference between AGS of Control group x Refrigerant group 

(Analysis of significant variance (Q = 262.4 and p < 0.01)); 
○ Significant difference between collagen fibers of Control group x Refrige-

rant group (Analysis of significant variance (Q = 120.8 and p < 0.05)); 
◊ Significant difference between reepithelialization area of Control group x 

Carbonated water group (Analysis of significant variance (Q = 71.0 and p < 
0.05)); 

□ Significant difference between AGS of Refrigerant group x Carbonated wa-
ter group (Analysis of significant variance (Q = 306.6 and p < 0.01)). 

Regarding morphometry, the data obtained are available in Figure 2 and Fig-
ure 3. Figure 2 shows that there was a significant difference when comparing 
the control group (lymphocytes (11 ± 1.30), monocytes/macrophages (32 ± 
1.87), Plasma cells (0 ± 0.45), fibrocytes/fibroblasts (375 ± 79.18)) with the refri-
gerant group (lymphocytes (76 ± 2.30), monocytes/macrophages (102 ± 1.64),  
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Figure 2. Average of inflammatory infiltrate cells (15.000 points/group) in control ani- 
mals (n = 5) and groups treated with refrigerant (n = 5) and carbonated water (n = 5) 
during ninety days. ANOVA, Tukey’s test.  
 

 
Figure 3. Average of marking structures of healing and repair evolution (15.000 points/ 
group) in control animals (n = 5) and the groups treated with refrigerant (n = 5) and 
carbonated water (n = 5) during ninety days. Amorphous Ground Substance (AGS). 
ANOVA, Tukey’s test. 
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plasma cells 3 ± 1.58), fibrocytes/fibroblasts (254 ± 58.57)), i.e., an increase in 
inflammatory cells and the reduction of fibrocytes and fibroblasts were observed 
in the refrigerant treated group. It was also possible to identify a significant dif-
ference when comparing the lymphocytes, monocytes/macrophages and plasma 
cells of the group that consumed refrigerant to the group treated with carbo-
nated water (lymphocytes (12 ± 1.30), monocytes/macrophages (31 ± 1.14) and 
plasma cells (0 ± 0)). The comparison of the other data of this figure did not 
present significant results. 

Figure 3 shows that there was a significant difference when buying the control 
group (amorphous fundamental substance (SFA) (185 ± 42.81) and collagen fi-
bers (1203 ± 18.42)) with the refrigerant treated group (448 ± 61.24), collagen 
fibers (947 ± 62.65), that is, an increase in SFA and reduction of collagen was 
observed, suggesting tissue edema. It was also possible to identify a significant 
difference when comparing the re-epithelialization area of the control group (28 
± 11.15) with the group receiving aerated water (99 ± 61.43), suggesting a tissue 
repair mechanism in the group treated with water Gaseified In addition, the 
comparison between the SFA of the group that consumed refrigerant with the 
group treated with carbonated water (141 ± 31.58) presented a significant dif-
ference, reinforcing the idea of edema in the esophagus of the group that con-
sumed refrigerant. 

The results of the histopathological analysis are recorded in Figure 4 and al-
low observing the main changes installed by the ingestion of refrigerant and 
carbonated water in the groups used in this experiment. 

In the esophagus of the animals that ingested the refrigerant (Figure 4), it was 
possible to identify a diffuse inflammatory infiltrate in 87% of the cuts and focal 
inflammation in 13% of the analyzed cuts. Chronic inflammation installed could 
be classified as mild or moderate in 80% of the cuts and in 20% that inflamma-
tion was intense. In the underlying muscle tissue, a mild inflammatory infiltrate 
was also observed in 7.5% of the samples. In all fifteen analyzed fields in this 
group they showed inflammation. 

In the group of animals fed with carbonated water (Figure 4), diffuse mild in-
flammation was also observed in 13% of the sample. In 87% of the analyzed 
fields, inflammation was not observed. In both groups treated with refrigerant or 
carbonated water it was possible to observe areas of injury. 

During the analysis of the control group (Figure 4), the esophageal tissue with 
normal characteristics was observed, evidencing the non-keratinized stratified 
squamous epithelium, with its own thin lamina and muscular layer of the mu-
cosa without inflammatory infiltrate. Blood vessels could be visualized by irri-
gating the underlying connective tissue. 

4. Discussion 

Soda is often indicated as an important risk factor for weight gain because of its 
low satiety power and high sugar concentration [18] [19]. An American study in 
Texas evaluated 15,283 adolescents (7573 boys and 7748 girls), showing that the 
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daily consumption of only one can of soda can lead to a weight gain of 15 kg in a 
year [20]. 

In this study, the relationship between soda intake and weight gain was not 
established. The weight loss observed in the group that consumed soda may be 
related to the harmful effect of the beverage on its intestinal physiology. Since 
the animals that consumed soda, presented from the third week, a picture of di-
arrhea, with liquid and foul-smelling stools that persisted throughout the expe- 

 

 
Figure 4. Sections of esophagus stained by HE. (A) Control animal. Presence of blood 
vessel (V), connective tissue where fibrocytes/fibroblasts (arrows), integral epithelium (1) 
and smooth muscle tissue (2), 20x. (B) Animal subjected to treatment with refrigerant. It 
is observed the presence of intense and diffuse inflammatory infiltrate (arrows), 20x. (C) 
Animal subjected to treatment with carbonated water. Absence of inflammatory infiltrate 
and presence of thin and scaly epithelium (1), 20x. (D) Animal subjected to treatment 
with refrigerant. It is observed presence of intense focal inflammation (arrows) in the 
connective and muscular tissue. 20x. (E) Animal subjected to treatment with refrigerant. 
Presence of epithelial degeneration/necrosis (1) and edema in connective and muscular 
tissue (arrows), 20x. (F) Animal subjected to treatment with refrigerant. Presence of 
intense and diffuse inflammation (arrows), 40x. 
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rimental period. This finding is consistent with Mackenzie et al., (1992) [21], 
who, when treating rats with Caramel IV, a component of soft drinks, noticed 
this same intestinal effect. 

The weight comparison between the control group and the group that con-
sumed aerated water showed no significant difference. However, other studies 
report that animals submitted to treatment with carbonated water had a greater 
weight gain than the control group [22]. 

Another parameter investigated in this study is the characterization of the in-
flammatory infiltrate installed in the esophageal tissue. After the ninety-day ex-
perimental period, the animals in the refrigerant-treated group showed incr- 
eased mononuclear inflammatory cells (lymphocytes, plasma cells, monocytes 
and macrophages) characterizing a chronic inflammatory infiltrate. This finding 
is consistent with the study by Hamaguchi et al., (2003) [23] that studied the ex-
pression of cytokines and molecules in rats with chronic esophagitis, observing 
an inflammatory esophageal infiltrate consisting mainly of macrophage, twenty- 
one days after induction of reflux Chronic acid. It is important to emphasize that 
the esophageal mucosa responds to aggression in different ways, and the ma-
croscopic appearance of esophagitis varies with the duration and severity of the 
disease [24]. 

Chronic inflammation is triggered by the presence of the damaging agent and 
the concomitant occurrence of destruction and tissue repair. The characteristic 
infiltrate of this process consists of mononuclear cells (monocytes, macrophages 
and lymphocytes), signs of angiogenesis and fibrosis. Several stimuli may induce 
chronification of the inflammatory process, such as intracellular bacteria, chem-
icals and even physical agents [25]. 

In addition, it was identified the increase of SFA in the esophagus of animals 
that consumed soft drinks, suggesting edema. The fundamental substance is an 
amorphous material that binds tissues and fluids allowing the diffusion of gases 
and metabolic compounds. The increase of the tissue fluids within the amorph-
ous matrix of the fundamental substance occurs in areas of injury and inflam-
mation [26]. 

Despite the known growth factors that stimulate fibroblast proliferation, ma-
trix secretion, collagen and leukocyte recruitment, this study evidenced the rela-
tive reduction of fibroblasts and collagen fibers in the groups treated with refri-
gerant [27]. This can be justified by the expressive increase of SFA in relative 
values, thus not excluding an absolute increase of fibroblasts and collagen in this 
group. 

As for the effect of aerated water in relation to the morphometric analysis, re-
sults similar to the control could be observed, no inflammatory infiltrate or har- 
mful effects were observed. However, recent studies have shown that carbonated 
and citrus-flavored water have dental erosive potential that can be verified with a 
scanning electron microscope [28]. 

It was also possible to notice the increase in the area of re-epithelialization in 
the animals that consumed gaseified water in relation to the control, raising the 
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hypothesis of possible previous tissue injury. According to Enwemeka (2004) 
[29], tissue healing is suggested by the reduction of the inflammatory process 
and edema, increase of phagocytosis and collagen synthesis and reepithelializa-
tion. Reepithelialization of the esophageal mucosa takes on average 30 days, but 
if there is destruction of the submucosa, 120 or more days may be necessary for 
its recovery [30] [31]. 

As for the histopathological analysis performed in the present study, the eso-
phagus of the animals that ingested refrigerant had a diffuse inflammatory infil-
trate in 87% of the cuts and focal in 13% of the cuts. Chronic inflammation was 
classified as mild or moderate in 80% of the cuts and as intense in 20%. These 
findings are consistent with Santos et al., (2016) [17] who studied the effect of 
the coolant on the liver of rats, identifying in the parenchyma of this gland the 
presence of diffuse inflammatory infiltrate characterized as mild in 64% of the 
fields, moderate in 32% And intense in 8% of the samples. 

5. Conclusion 

The results demonstrate that treatment with refrigerant induced the following 
structural changes in the rats: significant reduction of weight in relation to the 
control group; inflammatory infiltrate predominantly diffuse mild to moderate 
and tissue edema. However, the rats treated with carbonated water had similar 
results to the control, besides signs of the mechanism of healing and repair. The 
lack of articles that evaluate the effects of refrigerant and carbonated water 
mainly considering the morphological alterations in the esophagus made it dif-
ficult to discuss the results. In view of the findings reported here, it is suggested 
that new studies be undertaken to understand the systemic effects of carbonated 
drinks in the human body. 
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