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Abstract  According to histochemical studies, from infancy to old age, the number of goblet cells in the intestine did not 

change, but at all age periods their number was higher in the distal part than in the proximal. This is due to the large number 

of bacteria in the distal region compared to the proximal one. A decrease in the number of acidic highly resistant age-related 

choledochomas and cins to bacterial glycosides is associated with an increase in the number of cases of inflammatory bowel 

diseases in elderly people and during puberty.  
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1. Introduction 

In Europe, energy drinks are considered biologically 

active supplements and are allowed to be sold only in 

pharmacies. Since 2013, Germany has had national legal 

limits for energy drinks containing caffeine, taurine, inositol 

and glucuronolactone [1,4,7,9,11,15]. Chronic consumption 

of energy drinks causes damage to the gastrointestinal tract 

in humans. According to scientists, those who are chronically 

addicted to energy drinks will develop diseases in their 

internal organs [3,5,6,8,10,12]. In this regard, the production 

of treatment, preventive measures, and correction methods 

for diseases of internal organs remains one of the urgent 

problems of modern medicine, therefore, there is a need to 

conduct scientific research on the study of the effects of these 

drinks on the living organism all over the world [2,13,14,16]. 

The purpose of the study: Study and comparative 

evaluation of the morphological state of energy drinks in the 

duodenum and under conditions of biological detoxification. 

2. Material and Methods 

Under experimental conditions, rats were decapitated 3 

days after receiving 8.0 ml/kg of energy drinks per os for 3 

months. Histopreparations were prepared by special standard 

methods by  taking a sample  from the  duodenum  and  
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analyzing the obtained data [11,14,15,16]. 

Based on the data obtained during our experiment, we can 

say that in immunohistochemical studies of the structures  

of the mucous membrane of the 12 digits of the rats that 

consumed energy drinks in a chronic state for 3 months, 

when we initially examined Ki 67, CDX-2, CD 163 and 

CK-20 markers, in some cases negative and low positive 

expression in 2 cases. 

All tissues are divided into 3 groups depending on the 

level of division, labile - rapidly dividing cells, the G 2 phase 

lasts for a very short period of time, stable cells reproduce  

for 1-6 months, the G 2 phase lasts for a long time, and 

permanent cells last a lifetime. it is divided into cells that are 

deprived of the possibility of a niche and are in the G 0 phase. 

This is mainly characterized by the presence of labile cells in 

the mucous membranes, continuous mitosis, and rapid G2 

phase in immunohistochemical tests, resulting in a positive 

expression of the Ki 67 marker at a lower than normal level. 

As a result, staining is observed in cell nuclei, perinuclear 

areas, and perinuclear cytoplasm and is stained pale. 

In the course of our study, the morphological conditions  

of the 12-intestinal wall tissue and blood vessel structures of 

rats that chronically consumed energy drinks for 9 months 

were analyzed. 

According to the obtained results, the mucosa was 

atrophied, the number of villi and crypts decreased compared 

to the control group. In the mucous layer, there are many  

foci of desquamation in the epithelial layer, microerosions. 
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Degenerative changes are detected in epithelial cells. Pyknosis 

and lysis processes were observed in the nuclei of epithelial 

cells. Processes of infiltration with mononuclear cells were 

observed in the muscular plate of the mucous membrane. 

These morphological changes were also confirmed by the 

lower values of all parameters compared to the control group 

animals in the morphometric examinations. In a small size, 

there are very few glands in the villi of the mucous membrane 

of the duodenum, most of them are stored in the submucosa. 

The serous-muscular layer is thickened. In the mucous 

membrane of the duodenum, there are very few almost goblet 

glands in the villi, most of them are stored in the submucosal 

layer, the thickness of the serous-muscular layer is thicker 

than that of the control group. 

Decreased secretory goblet cells and other types of 

enterocytes were found. In particular, there is a sharp 

decrease in goblet enterocytes that retain and produce   

sour mucopolysaccharides SHIFF, microerosion foci and 

necrobiosis cells in the epithelial cells covering the intestinal 

villi, lymphocyte infiltration processes were preserved in the 

villi stroma. 

In Brunner's glands, the secretory cells are sharply reduced, 

most of the secretory cells are swollen and necrobiosis occurs, 

interstitial swellings are preserved in the stroma, and an 

increase in the interstitial sparse fibrous connective tissue is 

detected. 

In Brunner's glands, the secretory cells are sharply reduced, 

most of the secretory cells are dying and necrobiosis, 

interstitial swellings are preserved in the stroma, and an 

increase in sparse fibrous connective tissue is detected. 

SHIFF-positive structures are reduced in the secretory 

cells of the submucosa layer, there are fibrinoid swellings 

and interstitial swellings, foci of lymphocytic infiltration at 

the border of the muscle layer. In the submucosa layer, the 

secretory cells show a significant decrease in size and shape 

of the cells containing the positive structures of SHIK, 

atrophy. At the border between the submucosa and muscle 

layers, there is an irregular and uneven thickening of sparse 

fibrous connective tissue. 

Table 1.  Morphometric indicators of duodenal wall layers of rats in 
research groups, M±m 

Morphological indicators Intact rats 
Rats chronically fed 

EI for 9 months 

Mucous layer thickness, µm 6 58,8 ± 5,13 560.5±5.02* 

The height of the villi, µm 5 10,2 ± 5,71 418.2±8.04* 

Depth of crypts, μm 2 6 5±3.09 254±4.22** 

The number of epithelial 

cells on one side of the villi 
108.3 ±0.61 77.99±0.83* 

The number of mitoses  

(per 1000 cells) 
17.6±0.5 12.59±0.46* 

Number of goblet cells  

(per 100 cells) 
22.33±0.44 11.0 6 ±0.1 9 * 

The thickness of the 

serous-muscular layer 
180.7±6.36 16 2,73±6,31 

Explanation: with * - relative to intact rats (*** - R<0.05; ** - P < 0.01;  

* - P < 0.001) reliability difference of mean arithmetic values is marked. 

It was observed that in the secretory and covering epithelial 

cells of the submucosa layer, the positive structures of SHIK 

were sharply reduced and reduced in size, sparse and coarse 

fibrous connective tissue was preserved between the glands, 

and interstitial swellings were preserved in the stroma of the 

submucosa layer. 

Table 1 shows the morphometric parameters of duodenal 

tissue structures of experimental rats that consumed ED 

chronically for 9 months. 

In the internal micro blood vessels of the small intestine, 

processes such as local spasmodic narrowing of the arterial 

joint blood vessels, and uneven expansion of the venous joint 

blood vessels were noted. Table 2 shows the morphometric 

indicators of duodenal mucosa microvessels in conditions of 

chronic ED demand. 

Table 2.  Morphometric indicators of duodenal mucosa microvessels in 
conditions of chronic ED demand, M±m 

Morphological indicators Intact rats 
Rats chronically fed 

ED for 9 months 

Arteriolar cavity diameter, µm 22.8±0.34 20.6±0.19* 

Capillary space diameter, µm 7.2±0.24 6.2±0.16** 

Diameter of the postcapillary 

cavity, μm 
15.7±0.19 16.2±0.17 

Venule space diameter, μm 25.7±0.29 27.7±0.29* 

Explanation: with * - relative to intact rats (*** - R<0.05; ** - P < 0.01;  

* - P < 0.001) reliability difference of mean arithmetic values is marked. 

In immunohistochemical studies, rats that consumed energy 

drinks chronically for 9 months had very moderate positive 

expression of Ki 67 marker, low positive expression of CD 

163 marker, focal migrated branches on the surface of mucosa, 

moderate positive expression of CDX-2 and CK-20 markers 

in the duodenum of rats. was determined (Figures 1-4). 

 

Figure 1.  Duodenum of rats receiving chronic energy drinks for 9 months. 

Very moderate positive expression of the Ki 67 marker. Paint Dab chromogenic. 

Size 4x10 

 

Figure 2.  Duodenum of rats receiving chronic energy drinks for 9 months. 

Low positive expression of CD 163 marker. On the surface of the mucous 

membrane there are localized areas with a focus. Paint Dab chromogenic. 

Size 10 x10 
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Figure 3.  Duodenum of rats receiving chronic energy drinks for 9 months. 

Medium positive expression of CDX-2 marker. Paint Dab chromogenic. 

The size is 10x10 

 

Figure 4.  Duodenum of rats receiving chronic energy drinks for 9 months. 

Medium positive expression of CK-20 marker. Paint Dab chromogenic. The 

size is 10x10 

In addition, our research showed that chronic consumption 

of energy drinks had a negative effect on the morphological 

and morphometric indicators of the tissue and blood vessels 

of the small intestine, duodenum: infiltration with mononuclear 

cells in all layers of the intestinal wall, the number of glands 

in the villi of the mucous membrane decreases, serous- 

muscle layers thicken. In Brunner's glands, secretory cells 

are sharply reduced, most of the secretory cells are swollen 

and necrobiosis occurs, interstitial swellings in the stroma, 

and an increase in sparse fibrous connective tissue are 

observed. Infiltration processes with mononuclear cells were 

observed in the submucosal layer. The mucous membrane 

atrophied, the number of villi and crypts decreased compared 

to the control group. In the mucous layer, there are many of 

desquamation in the epithelial layer, microerosions. Degenerative 

changes in epithelial cells, processes of karyopyknosis   

and karyolysis were observed in the nuclei of epithelial  

cells. Processes of infiltration with mononuclear cells were 

observed in the muscular plate of the mucous membrane. 

These morphological changes were also confirmed by the 

lower values of all parameters compared to the control group 

animals in the morphometric examinations. A decrease in 

secretory goblet cells and other types of enterocytes, a sharp 

decrease in the number of goblet enterocytes, microerosions 

in the intestinal villi and necrobiosis of cells and infiltration 

processes in the stroma were revealed. In the secretory  

cells of the submucous layer, there was a clear reduction   

in size and shape of cells containing positive structures of  

the SHIK, the development of atrophic processes in them, 

processes such as irregular and uneven thickening of the 

sparse fibrous connective tissue at the border between    

the muscle layers. The increase of immunopositive cells in 

the immunohistochemical tests showed a strong increase in 

immune reactivity. 
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