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ABSTRACT 

 
Obesity is currently one of the most common chronic diseases in the world. It should be 

noted that nutrition accounts for 97% of all forms of obesity. This is largely due to changes in 

daily nutrition and lifestyle. The relevance of this problem is due to the fact that obesity is the 

main factor and is associated with metabolic diseases. It significantly increases the risk of 

developing many diseases and pathological processes 

To develop prevention of gastric diseases and increase the possibility of reducing disease 

complications by comparative morphometric analysis of the structure of the mucous, 

submucosal, muscular and serous membranes of the gastric wall of rats fed palm oil, 

comparative analysis of the density of mucous glands, and evaluation and comparison of their 

morpho-functional changes under experimental conditions. 

Key words: Rats, NanoZoomer, stomach, Palm oil, muscle, morphometry, postnatal 

ontogenesis, micrograph. 

INTRODUCTION 

 

In our country, comprehensive measures are being implemented to develop 

the medical field, in particular, to reduce the incidence of diseases of the functional 

and organic activity of the digestive organs and their complications, as well as to 

improve and prevent the treatment of diseases, and certain results are being 

achieved. 

Based on our scientific research, comparative morphometric analysis of the 

structure of the mucous, submucosal, muscular and serous layers of the stomach 
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wall layers of rats fed palm oil, comparative analysis of the density of the mucous 

glands, and their morphological and functional changes in experimental conditions 

using laboratory tests and comparisons allow us to develop statistical analysis 

indicators of the stomach wall layers [2,3,4,6,8,9,10,11,14,17,18]. 

Research objective. Determination of the layers of the stomach wall and 

study of morphometric parameters of white male rats exposed to palm oil during 

experimental postnatal ontogenesis. 

Materials and methodology. The study material was the stomachs of 150 

white male laboratory rats of different ages: 21, 60, 90, 120, 150, 180 days old, 

with a body weight of 48 grams to 220 grams, divided into 2 groups (control and 

experimental). The experimental animals were kept under normal laboratory diet 

conditions. Their control group continued to be fed a daily constant diet. The 

second experimental group of white rats was additionally fed 1.7 g/kg of Palm oil 

(Premium Carotino) [1,5,7,12,13,15,16] during daytime feeding, in addition to the 

special diet given to the rats in the laboratory, by oral gavage. 

The morphometric examination of the mucous, submucosal, muscular and 

outer serous layers of the stomach wall of the studied white male laboratory rats 

was carried out using the G.G. Avtandilov method and the NanoZoomer (REF 

C13140- 21.S/N000198/HAMAMATSU PHOTONICS /431-3196 JAPAN) 

Hamamatsu (QuPath-0.4.0, NanoZoomer Digital Pathology Image) morphometric 

computer program. The obtained data were calculated in the statistical section of 

Microsoft Excel 2010 as the arithmetic mean M, the average error of the relative 

sizes m and the coefficient of precision t. Micrographs of histological preparations 

were taken using a microscope with an OD400 camera on the CX40 model. 

Results and discussion. The stomach (ventricle) of rats is located in the left 

part of the abdominal cavity, opposite the last thoracic and first lumbar vertebrae. 

The stomach of rats is a crescent-shaped sac, weighing from 3.9 grams to 9.5 

grams. The stomach tissue of rats is approximately 1.8% of the total body weight. 

In this work, we will focus on the morphometry of the stomach walls of white male 

laboratory rats studied. 

In the experimental part of our work, the following data were obtained when 

21-day-old control group rats were studied. The weight of 21-day-old control 

group rats is 48-55 grams, an average of 51.5±0.14 g. 

The gastric wall thickness of 21-day-old male white rats in the control group 

was 270.81±23.5 μm, the submucosa thickness was 135.65±23.4 μm, the 

muscularis and serosa layers were 202.0±15.5 μm, and the total gastric wall 

thickness was 0.61±0.06 mm. The average distribution of the density of the 

mucous glands was 6.20±0.36 mm2 (Table 1). 
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The weight of 60-day-old male white rats in the control group ranged from 70 

g to 82 g, with an average of 75.6±2.08 g. The thickness of the gastric wall mucosa 

of 60-day-old rats in the control group was 542.30 ± 50.2 μm, the thickness of the 

submucosa was 280.64 ± 50.0 μm, the average thickness of the muscular and 

serous layers was 275.0 ± 28.0 μm, and the total thickness of the gastric wall was 

1.10 ± 0.13 mm. The average distribution of the density of the mucous glands was 

10.0 ± 0.60 mm2 (Table 1). 

The weight of 90-day-old male white rats in the control group ranged from 

100 g to 120 g, with an average of 110.2 ± 3.08 g. The thickness of the gastric 

mucosa of the 90-day-old rats in the control group was 701.81 ± 15.0 μm, the 

thickness of the submucosa was 416.71 ± 43.5 μm, the average thickness of the 

muscular and serous layers was 280.2 ± 12.1 μm, and the total thickness of the 

gastric wall was 1.40 ± 0.07 mm. The average distribution of the density of the 

mucous glands was 13.8 ± 0.32 mm2 (Table 1). 

The weight of the 120-day-old male white rats in the control group ranged 

from 130 g to 150 g, with an average of 141.6 ± 2.23 g. The thickness of the 

gastric mucosa of the 120-day-old rats in the control group was 782.22 ± 23.1 μm, 

the thickness of the submucosa was 440.66 ± 50.0 μm, the thickness of the 

muscular and serous layers was 306.5 ± 30.0 μm, and the total thickness of the 

gastric wall was 1.53 ± 0.10 mm. The average distribution of the density of the 

mucous glands was 15.4 ± 0.21 mm2 (Table 1). 

The weight of the 150-day-old male white rats in the control group ranged 

from 165 g to 186 g, with an average of 175.5 ± 4.34 g. The thickness of the 

gastric mucosa of the 150-day-old rats in the control group was 810.41 ± 64.0 μm, 

the thickness of the submucosa was 461.20 ± 35.2 μm, the average thickness of the 

muscular and serous layers was 328.3 ± 61.0 μm, and the total thickness of the 

gastric wall was 1.60 ± 0.16 mm. The average distribution of the density of the 

mucous glands was 16.5 ± 0.15 mm2 (Table 1). 

The weight of the 180-day-old male white rats in the control group ranged 

from 200 g to 220 g, with an average of 211.6 ± 3.54 g. The thickness of the 

gastric mucosa of the 180-day-old rats in the control group was 835.72 ± 75.0 μm, 

the thickness of the submucosa was 478.20 ± 24.1 μm, the thickness of the 

muscularis and serosa layers was 344.1 ± 80.3 μm, and the total thickness of the 

gastric wall was 1.66 ± 0.18 mm on average. The average distribution of the 

density of the mucous glands was 17.1 ± 0.12 mm2 (Table 1). 
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Table-1 

Morphometric parameters of the stomach wall layers of control group rats 

of different ages (M±m); 

Rats age Mucosal 

layer 

  (μm) 

Submucosa 

(μm) 

Muscular 

and serous 

layers  

(μm) 

Total 

stomach wall 

thickness 

(mm) 

Gland    

density 

mm2 

21 days 
270,81±23,5 135,65±23,4 202,0±15,5 0,61 ± 0,06 6,20 ± 0,36 

60 days 
542,30 ±50,2 280,64±50,0 275,0±28,0 1,10 ± 0,13 10,0 ± 0,60 

90 days 
701,81 ±15,0 416,71±43,5 280,2±12,1 1,40 ± 0,07 13,8 ± 0,32 

120 days 782,22 ±23,1 440,66±50,0 306,5±30,0 1,53 ± 0,10 15,4 ± 0,21 

150 days 810,41 ±64,0 461,20±35,2 328,3±61,0 1,60 ± 0,16 16,5 ± 0,15 

180 days 
835,72 ±75,0 478,20±24,1* 344,1±80,3 1,66 ± 0,18* 17,1 ± 0,12 

  

The following data were obtained when the 21-day experimental group of 

male white rats was studied. The weight of 21-day rats after 30 days of palm oil 

consumption was 73-80 g, an average of 76.5 ± 1.2 g. The thickness of the gastric 

mucosa of the 21-day rats in the experimental group was 300.90 ± 26.1 μm, the 

thickness of the submucosa was 159.60 ± 27.5 μm, the average thickness of the 

muscular and serous layers was 246.3 ± 19.0 μm, and the total thickness of the 

gastric wall was 0.71 ± 0.07 mm. The density of the mucous glands was 7.30 ± 

0.42 mm2 on average, and the gastric mucosa of the control group rats changed by 

21% from the density of the glands (Table 2). 

The morphometric parameters of the stomach wall of 60-day-old male white 

rats were as follows: the weight of 60-day-old rats after 30 days of palm oil 

consumption was 100-112 g, with an average of 107±2.5 g. The thickness of the 

gastric mucosa of the 60-day-old rats in the experimental group was 616.25 ±57.0 

μm, the thickness of the submucosa was 342.24±60.9 μm, the average thickness of 

the muscular and serous layers was 343.7±35.0 μm, and the total thickness of the 

gastric wall was 1.30 ± 0.15 mm. The density of the mucous glands was 12.8 ± 

0.77 mm2 on average, and the gastric mucosa of the control group rats changed by 

21% from the gland density (Table 2). 

When the 90-day experimental group of male white rats was studied, the 

following data were obtained from the morphometric indicators of the stomach 

wall.  

After 30 days of palm oil consumption, the weight of 90-day rats was 135-

155 g, on average 146±1.7 g. The thickness of the gastric mucosa of the 90-day 
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rats in the experimental group was 825.66 ±17.6 μm, the thickness of the 

submucosal layer was 520.88±54.4 μm, the average thickness of the muscular and 

serous layers was 318.4±14.7 μm, and the total thickness of the gastric wall was 

1.40 ± 0.08 mm. The density of the mucous glands was on average 17.3 ± 0.40 

mm2, and the gastric mucosa of the control group rats changed by 21% from the 

gland density (Table 2). 

When the 120-day-old male white rats were studied, the following data were 

obtained from the morphometric parameters of the stomach wall. 

After 30 days of palm oil consumption, the weight of the 120-day-old rats 

was 168-188 g, with an average of 178 ± 1.4 g. The thickness of the gastric wall 

mucosa of 120-day-old rats in the experimental group was 920.26 ± 27.2 μm, the 

thickness of the submucosa was 579.81 ± 65.8 μm, the average thickness of the 

muscular and serous layers was 383.1 ± 37.5 μm, and the total thickness of the 

gastric wall was 1.53 ± 0.12 mm. The density of the mucous glands was 19.7 ± 

0.27 mm2 on average, and the gastric mucosa of the control group rats changed by 

21% from the gland density (Table 2). 

When the obtained 150-day-old male white rats were studied, the following 

data were obtained from the morphometric parameters of the gastric wall. 

After 30 days of palm oil consumption, the weight of 150-day-old rats was 

205-226 g, with an average of 215.5 ± 1.1 g. The thickness of the gastric mucosa 

of the 150-day-old rats in the experimental group was 920.92 ± 72.7 μm, the 

thickness of the submucosa was 576.50 ± 44.0 μm, the average thickness of the 

muscular and serous layers was 400.4 ± 74.4 μm, and the total thickness of the 

gastric wall was 1.60 ± 0.19 mm. The density of the mucous glands was 20.6 ± 

0.19 mm2 on average, and the gastric mucosa of the control group rats changed by 

20% from the density of the glands (Table 2). 

The following data were obtained from the morphometric parameters of the 

stomach wall of the 180-day experimental group of male white rats. 

The weight of 180-day rats after 30 days of palm oil consumption was 244-

264 g, an average of 255±1.6 g. The thickness of the gastric wall of the 180-day 

rats in the experimental group was 960.60 ±86.2 μm, the thickness of the 

submucosal layer was 562.59±28.3 μm, the average thickness of the muscular and 

serous layers was 409.6±95.6 μm, and the total thickness of the gastric wall was 

1.66 ± 0.21 mm. The density of the mucous glands averaged 21.6 ± 0.15 mm2, and 

the gastric mucosa of the control group rats changed by 21% from the gland 

density (Table 2).          
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Table-2 

Morphometric parameters of the stomach wall layers of experimental 

groups of rats of different ages (M±m); 

Rats age Mucosal 

layer 

  (μm) 

Submucosa 

(μm) 

Muscular 

and serous 

layers  

(μm) 

Total stomach 

wall thickness 

(mm) 

Gland    

density 

mm2 

21 days 300,90±26,1 159,60±27,5 246,3±19,0 0,71 ± 0,07 7,30 ± 0,42 

60 days 616,25 ±57,0 342,24±60,9 343,7±35,0 1,30 ± 0,15 12,8 ± 0,77 

90 days 825,66 ±17,6 520,88±54,4 318,4±14,7 1,40 ± 0,08 17,3 ± 0,40 

120 days 920,26 ±27,2 579,81±65,8 383,1±37,5 1,53 ± 0,12 19,7 ± 0,27 

150 days 920,92 ±72,7 576,50±44,0 400,4±74,4 1,60 ± 0,19 20,6 ± 0,19 

180 days 960,60 ±86,2* 562,59±28,3 409,6±95,6* 1,66 ± 0,21 21,6 ± 0,15 

Note:* - P<0.05 is significant compared to the control group. 

 

When comparing the morphometric parameters of the stomach wall layers in 

the experimental group at 21, 60, 90, 120, 150, and 180 days of age with the 

stomach wall layers of the control group rats, the differences were as follows: 

 

 

Figure 1. Percentage (%) increase in morphometric parameters of the 

stomach wall layers of the experimental group of rats compared to the control 

group of different ages. 
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In the 21-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 14% compared to the 21-day-old 

control group. In this case, the mucosa thickened by 10%, the submucosa by 15%, 

the muscular and serous layers by 18%, and the greatest increase was observed in 

the submucosa and the muscular-serous layers. The density of the mucous glands 

increased by 15% (Figure 1). 

In the 60-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 15% compared to the 60-day-old 

control group. In this case, the mucosa thickened by 12%, the submucosa by 18%, 

the muscular and serous layers by 20%, and the greatest increase was observed in 

the muscular-serous layers. The density of the mucous glands increased by 22% 

(Figure 1). 

In the 90-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 16% compared to the 90-day-old 

control group. In this case, the mucosa thickened by 15%, the submucosa by 20%, 

the muscular and serous layers by 18%, and the greatest increase was observed in 

the submucosa. The density of the mucous glands increased by 20% (Figure 1). 

In the 120-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 18% compared to the 120-day-old 

control group. In this case, the mucosa thickened by 15%, the submucosa by 24%, 

the muscular and serous layers by 20%, and the greatest increase was observed in 

the submucosa. The density of the mucous glands increased by 22% (Figure 1). 

In the 150-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 15% compared to the 150-day-old 

control group. In this case, the mucosa thickened by 12%, the submucosa by 20%, 

the muscular and serous layers by 18%, and the greatest increase was observed in 

the submucosa. The density of the mucous glands increased by 20% (Figure 1). 

In the 180-day-old experimental animals studied, it was found that the total 

thickness of the stomach wall increased by 14% compared to the 180-day-old 

control group. In this case, the mucosa thickened by 13%, the submucosa by 15%, 

the muscular and serous layers by 16%, and the greatest increase was observed in 

the muscular-serous layer. The density of the mucous glands increased by 21% 

(Figure 1). 

Conclusion. In the experimental postnatal ontogenesis we are studying, the 

following data were obtained based on the morphometric parameters of the 

stomach wall layers of white male rats exposed to palm oil. 

Morphometric changes in the stomach wall layers of rats in the control group 

at 21, 60, 90, 120, 150, 180 days were studied. It was found that the total thickness 
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of the stomach wall of the experimental group rats changed by 14% compared to 

the control group at 21 days, the total thickness of the stomach wall of the rats at 

60 days was 15%, the total thickness of the stomach wall of the rats at 90 days was 

16%, the total thickness of the stomach wall of the rats at 120 days was 18%, the 

total thickness of the stomach wall of the rats at 150 days was 15%, and the total 

thickness of the stomach wall of the rats at 180 days was 14%. 
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