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ABSTRACT 

In an experimental study, the morphofunctional features of the spleen of 6-month-old white rats 

were studied in normal conditions and in chronic radiation sickness.  The study found that in 

response to the action of a chronic radiation factor in the spleen of white rats, there is a decrease in 

structural parameters.  This is reflected in the morphological parameters of the organ.  As a result, 

the functional activity of the spleen’s lymphoid tissue decreases. 
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INTRODUCTION 

A living organism cannot be imagined without 

a protective immune system.  One of the most 

dynamic systems of the body is the immune 

system of humans and animals, which quickly 

reacts to the effects of external adverse 

factors.  The immune organs create protection 

against various pathogenic influences [1,3,8].                                                                                                    

Among the peripheral organs of the immune 

system, the largest and most complex organ is 
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the spleen, which performs filtration, 

cleansing, immune, hematopoietic and 

depositing functions [6,9,11].                                                                                                            

At the present time, a disease associated with 

damage to the immune system is increasing in 

the world.  According to researchers from 

different countries, an increase in the number 

of such morbidity is associated with 

environmental pollution, leading to a violation 

of the protective and adaptive processes of 

the body [7,12].                                                                                                                                                      

Radiation occupies a special place among 

external unfavorable factors.  Radiation has 

the most destructive effect on the human 

body and causes profound changes in all 

organs and systems [2,4,5,10].                                                                                                      

Today, an urgent and important problem in 

science and health is the study of the state of 

health of a person exposed to radiation from 

various sources of ionizing radiation.  

Considering the above, we have set the task 

of studying the morphological parameters of 

the spleen of white rats in normal conditions 

and in chronic radiation sickness. 

PURPOSE OF THE STUDY  

To study the morphofunctional features of the 

lymphoid structures of the spleen in 6-month-

old white rats under normal conditions and 

with chronic radiation sickness. 

MATERIAL AND METHODS OF RESEARCH 

The study was carried out in 22 outbred white 

male rats weighing from 90 to 130 g, which 

were kept under standard vivarium 

conditions. The rats were divided into 2 

groups: control group (n = 10), experimental 

group (n = 12). Irradiation of rats was carried 

out using the AGAT P1 apparatus (Baltiets 

plant Narva, Estonia, 1991 release, operation 

since 1994, recharge in 2007) with a capacity 

of 25.006 sGr / min for 20 days at a dose of 0.2 

Gr. The total radiation dose for rats up to 90 

days of age was 4.0 Gr.  All experimental 

studies on animals were carried out in 

accordance with the “Rules for work using 

experimental animals.” 

The animals were weighed and removed from 

the experiment at 90 days of age by instant 

decapitation under ether anesthesia. 

The spleen was removed from the abdominal 

cavity. To carry out the morphological and 

morphometric study of the study, spleen 

fragments were fixed in a 10% formalin 

solution, passed through a battery of alcohols, 

and embedded in paraffin blocks according to 

standard techniques. Paraffin sections 5-8 µm 

thick were stained with hematoxylin-eosin and 

according to Van Gieson.  Sections were 

examined morphometrically, using an 

eyepiece micrometer DN-107T / Model NLCD-

307B (Novel, China), the diameter of the 

periarterial lymphatic muffs, lymph nodules 

and their germinal centers, the width of the 

mantle, marginal and periarterial zones, the 

relative area of the white pulp and connective 

tissue elements were measured.  Spleen to 

the total cut area. Measurements were 

performed in five fields of view of each 

histological section.  The fields of view were 

chosen at random. 

 In order to study the cytoarchitectonics of the 

lymphoid structures of the spleen, the cells 

were counted using a NOVEL Model NLCD-307 

microscope, at a magnification of 10x90, 

under oil immersion.  Cell counting was carried 

out using a morphometric grid mounted in the 

eyepiece of the microscope. 
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The total number of lymphocytes, the number 

of large, medium and small lymphocytes per 

unit section area in PALM, in lymphoid 

nodules without a proliferation center were 

counted. 

With the help directly from the general data 

matrix “Excel 7.0” on a personal computer 

Pentium-IV carried out mathematical 

processing, determined the indices of the 

standard deviation and the error of 

representativeness. 

THE RESULTS OF THE STUDY AND THEIR 

DISCUSSION 

 When studying the spleen of 6-month-old 

intact rats, it was found that the weight of the 

animals is in the range from 190 g to 240 g, on 

average 220.2 ± 5.4 g. The absolute weight of 

the organ is 0.6-0.9 g, in  average – 0.79 ± 

0.032 g. Mass index ranges from 0.315% to 

0.405%, on average 0.358 ± 0.01%.  The weight 

of the animals in comparison with 3-month-old 

rats increased by 1.93 times, and the absolute 

weight of the organ increased by 1.52 times. 

The length of the spleen ranges from 26.4mm 

to 35.7mm, with an average of 31.76 ± 1.0mm.  

The growth rate is 18.6%.  The width of the 

spleen is in the range of 4.9-7.7 mm, on 

average – 6.34 ± 0.03 mm.  The growth rate is 

6.73%.  The spleen thickness varied from 2.4 

mm to 4.2 mm, on average – 3.12 ± 0.19 mm.  

The growth rate is equal to 6.85%. 

In 6 month old rats of the control group, the 

relative area of the white pulp of the spleen 

ranges from 18.2 to 24.6%, on average -20.54 ± 

0.69%.  (fig. 1).  The relative area of the white 

pulp decreased by 8.1% compared to 3-month-

old rats.  The relative area of connective tissue 

elements varied from 5.6% to 6.7%, on average 

– 6.21 ± 0.12% (to the total area of the spleen 

section). 

 

 

Fig. 1. Spleen of a 6-month-old rat of the control group. Coloring by Van Gizon. ok. 10 x vol. 20. 1- 
white pulp, 2–trabecula, 3–capsule  Spleen. 
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The PALM diameter ranges from 128.2 microns 

to 141.6 microns, on average 136.22 ± 1.55 

microns.  The growth rate is 3.1%.  The 

diameter of the lymph nodules ranges from 

380.8 microns to 477.05 microns, on average 

420.96 ± 10.44 microns.  The percentage of 

primary and secondary LUs is 34% and 66%, 

respectively.  The diameter of the germinal 

centers ranges from 122.4 μm to 147.7 μm, on 

average 135.08 ± 2.73 μm.  The diameter of the 

LN and germinal centers decreased by 10.7% 

and 9.42%, respectively, compared to three 

month old rats.  The white pulp LU has a 

round, oval and elongated shape. 

All LN zones can be visually distinguished in 

microslides. The width of the mantle zone is 

from 40.5 microns to 50.4 microns, on average 

46.56 ± 1.06 microns.  The width of the 

marginal zone ranges from 74.5 µm to 86.2 

µm, on average 80.72 ± 1.26 µm.  The width of 

the periarterial zone ranges from 84.9 µm to 

94.7 µm, on average 89.42 ± 1.06 µm.  (fig. 2).  

The width of the mantle, marginal and 

periarterial zones increased by 2.74%, 4.64%, 

and 5.15%, respectively, in comparison with 3-

month-old rats. 

 

 

Fig. 2. Spleen of a 6-month-old rat of the control group. Coloration Hematoxylin – eosin.  
ok.  10 x vol.  20. 1- lymph node, 2-periarterial zone, 3-germinal center, 4-mantle zone, 5-

marginal zone. 
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It was found that the total number of 
lymphocytes in LN without proliferation 
centers is 52-61, on average, 57.2 ± 0.97 cells.  
The total number of lymphocytes in LN 
without proliferation centers increased by 
21.0% in comparison with 3-month-old rats. 

Lymphoid nodules without reproduction 
centers contain (per unit area) small 
lymphocytes – 37-43, on average – 41.0 ± 0.65 
cells, medium lymphocytes – 12-14, on average 
– 13.0 ± 0.22 cells,  large lymphocytes – 3-4, on 
average – 3.2 ± 0.11 cells. 

The total number of lymphocytes in the 
periarterial lymphoid muffs of the white pulp 
of the spleen is 53-61, on average 58.4 ± 0.86 
cells.  The total number of lymphocytes in the 
periarterial lymphoid muffs of the white pulp 
of the spleen increased by 23.7% compared 
with 3-month-old rats. 

Periarterial lymphoid clutches contain (per 
unit area) small lymphocytes -38-43, on 
average – 41.0 ± 0.54 cells, medium 
lymphocytes – 11-13, on average – 12.0 ± 0.22 
cells and large lymphocytes  -5-6, on average – 
5.4 ± 0.11 cells.                                                                                                                                                                         
The mass of 6-month-old laboratory animals 
with chronic radiation sickness is in the range 
from 170 to 250 g, on average 217.8 ± 7.36 g. 
The absolute mass of the organ is 0.54 to 0.86 
g, on average – 0.73  ± 0.03 g. The mass index 
ranges from 0.277% to 0.392%, on average 
0.335 ± 0.01%.  The weight of the animals in 
comparison with 3-month-old irradiated rats 
increased by 2.02 times, and the absolute 
weight of the organ increased by 1.7 times.                                                                                                                                                

The length of the spleen ranges from 27.4 mm 
to 35.8 mm, with an average of 31.3 ± 0.77 
mm.  The growth rate is 25.2%.  The width of 
the spleen is in the range of 5.0-7.4 mm, on 
average – 6.16 ± 0.22 mm.  The growth rate is -
9.8%.  The spleen thickness varied from 2.0 
mm to 3.8 mm, on average 3.02 ± 0.16 mm.  
The growth rate is 12.0%.                                                                                                                                 

According to our data, in 6-month-old 
irradiated rats, the relative area of the white 
pulp of the spleen ranges from 13.2% to 20.4%, 
on average -16.97 ± 0.66% (Fig. 3).  The growth 
rate is 16.23%.  The relative area of connective 
tissue elements varied from 5.8% to 7.0%, on 
average – 6.53 ± 0.11% (to the total area of the 
spleen section). 
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Fig. 3. The spleen of a 6-month-old rat with chronic radiation sickness. Staining by Van 
Gizon.  ok.  10 x vol.  20. 1 – white pulp, 2 – trabecula, 3 – spleen capsule. 

 

 

The PALM diameter ranges from 120.6 μm to 

128.8 μm, on average 123.83 ± 0.75 μm.  The 

growth rate is equal to 24.64%.  The diameter 

of the lymph nodules ranges from 370.3 μm to 

436.7 μm, with an average of 399.87 ± 6.1 μm.  

The growth rate is 104.2%.  LUs have HZs.  The 

percentage of primary and secondary LUs is 

46% and 54%, respectively.  The diameter of 

the germinal centers ranges from 96.3 μm to 

122.8 μm, on average 106.09 ± 2.44 μm.  

Lymphoid nodules are generally round – oval, 

elongated (91.8%) and less often irregular 

(8.2%). 

In most cases, the LN zones are clearly visible.  

The width of the mantle zone ranges from 

38.4 μm to 47.6 μm, on average 43.64 ± 0.84 

μm.  The width of the marginal zone ranges 

from 69.2 microns to 79.8 microns, on average 

74.81 ± 0.98 microns.  The width of the 

periarterial zone ranges from 78.2 microns to 

87.4 microns, on average 82.32 ± 0.84 

microns.  (fig. 4).  The rate of increase in the 

width of the mantle, marginal and periarterial 

zones is 19.43%, 24.14% and 37.47%, 

respectively, in comparison with the 3-month-

old rats of the irradiated group.



The USA Journals Volume 03 Issue 02-2021 152 

 

 

 

  
 

The American Journal of Medical Sciences and Pharmaceutical Research 
(ISSN – 2689-1026) 
Published: February 28, 2021 | Pages: 146-154 

Doi: https://doi.org/10.37547/TAJMSPR/Volume03Issue02-22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IMPACT FACTOR 

2021: 5. 64 

 

 

           OCLC - 1121105510 

 

 

Fig. 4. The spleen of a 6-month-old rat with chronic radiation sickness. Staining with 
hematoxylin – eosin. ok. 10 x vol.  20. 1- lymph node, 2-periarterial zone, 3-germinal center, 

4-mantle zone, 5- marginal zone. 

 

It was found that the total number of 

lymphocytes in LN without centers of 

reproduction is 48-57, on average, 53.4 ± 0.83 

cells.  The total number of lymphocytes in LN 

without multiplication centers increased by 

52.1% compared to 3-month-old irradiated rats. 

Lymphoid nodules without reproduction 

centers contain (per unit area) small 

lymphocytes – 35-41, on average – 38.7 ± 0.55 

cells, medium lymphocytes – 11-13, on average 

– 12.0 ± 0.18 cells and large  lymphocytes – 2-3, 

on average – 2.7 ± 0.1 cells. 

The total number of lymphocytes in the 

periarterial lymphoid muffs of the white pulp 

of the spleen is 50-60, on average, 54.2 ± 0.92  

 

cells.  The total number of lymphocytes in the 

periarterial lymphoid muffs of the white pulp 

of the spleen increased by 54.0% in 

comparison with 3-month-old irradiated rats. 

Periarterial lymphoid clutches contain (per 

unit area) small lymphocytes -36-43, on 

average – 38.4 ± 0.64 cells, medium 

lymphocytes – 10-12, on average – 11.2 ± 0.18 

cells and large lymphocytes  - 4-5, on average 

– 4.6 ± 0.1 cells. 
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CONCLUSIONS 

In the spleen and structural formations of the 

white pulp of white rats with chronic radiation 

sickness, quantitative changes are observed, 

which are expressed in the morphological and 

morphometric parameters of the spleen.  

Irregular shapes (8.2%) of lymphatic nodules 

are revealed, which are not detected in the 

spleen of healthy rats.  The width of the 

functional zones of the lymph nodules 

decreases, as well as the total number of 

lymphocytes in the lymph nodules without the 

center of proliferation and periarterial 

lymphatic muffs by 1.07 and 1.08 times, 

respectively.  This indicates a negative effect 

of radioactive radiation on the lymphoid 

structures of the spleen, causing the 

development and formation of 

immunodeficiency. 

REFERENCES 

1. Буклис Ю.В. Исследование иммунных 

структур селезенки в условиях 

хронического радиационного 

воздействия на организм // 

Морфология.–2010.– Том 137.-№ 4. – С. 42. 

2. Зайцева Е.М., Шигапова Н.В. Радиация, и 

влияние ее на организм человека. 

Актуальные проблемы инновационного 

педагогического образования. –2018.2(5). 

–С.23-26. 

3. Кирьянов Н.А. и др. Морфологическая 

характеристика органов иммунной и 

эндокринной систем при эндотоксикозе 

// Медицинский вестник Башкортостана. 

2013. Т. 8, № 6. С. 156–158.   

4. Тешаев Ш.Ж., Баймурадов Р.Р. 

Морфологические параметры 

семенников 90-дневных крыс в норме и 

при воздействии биостимулятора на 

фоне радиационного облучения // 

Оперативная хирургия и клиническая 

анатомия 2020,4 (2), С.22-26. 

5. Тешаев Ш.Ж., Турдиев М.Р., Сохибова 

З.Р. Морфометрические параметры 

гистологических структур селезёнки 

белых крыс в постнатальном онтогенезе 

// Проблемы биологии и медицины 2019, 

№4.2 (115). С. 187-189 

6. Хасанова ДА., Тешаев Ш.Ж. 

Макроанатомия лимфоидных структур 

брыжеечной части тонкой кишки крыс в 

норме и на фоне хронической лучевой 

болезни // Морфология 2019, 156 (4), С.51-

55.  

7. Чулкова С.В., Стилиди И.С., Глухов Е.В., 

Гривцова Л.Ю., Неред С.Н., Тупицын Н.Н. 

Селезенка - периферический орган 

иммунной системы. Влияние 

спленэктомии на иммунный статус //  

Вестник РОНЦ им.Н.Н.Блохина РАМН, 

т.25, №1-2, 2014.  

8. Karmaus W., Brooks K., Nebe T., Witten J., 

Obi-Osius N., Kruse H. Immune function 

biomarkers in children exposed to lead and 

organochlorine compounds: a cross-

sectional study. // Environ. Healh. – 2005. – 

Vol.14. – №1. – P.5. 

9. Kour K., Bani S. Augmentation of immune 

response by chicoric acid through the 

modulation of CD28|CNLA-4 and Th1 

pathway in chronically stressed mice // 

Neuropharmacology. –2010.- V.60, №6. – P. 

852-860. 

10. Mebius R.E., Kraal G. Structure and 

function of the spleen // Nature Reviews 

Immunology. 2005. Vol. 5. P. 606–616 

11. Teshaev Sh.J., Khasanova D.A / Topografic-

anatomical features of lymphoid structures 

of the small intestine of rats in norm and 

against the  background of chronic 

radiation diseases // European science 



The USA Journals Volume 03 Issue 02-2021 154 

 

 

 

  
 

The American Journal of Medical Sciences and Pharmaceutical Research 
(ISSN – 2689-1026) 
Published: February 28, 2021 | Pages: 146-154 

Doi: https://doi.org/10.37547/TAJMSPR/Volume03Issue02-22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IMPACT FACTOR 

2021: 5. 64 

 

 

           OCLC - 1121105510 

review Vienna, Austria  №9-10 2018, 

Volume 2. Medical science P.197-198 

12. Turdiyev M. R., Teshayev Sh. J. 

Morphometric Assessment of Functional 

Immunomorphology  of White Rat Spleen 

in the Age Aspect American Journal of 

Medicine and Medical Sciences 2019, 9(12): 

523-526 DOI: 10.5923/j.ajmms.20190912.16.   

13. Udoji F., Martin T., Etherton R., Whalen 

M.M. Immunosuppressive effects of 

triclosan, nonylphenol, and DDT on human 

natural killer cells in vitro. // J. 

Immunotoxicol.–2010. – Vol.7. - №3. – 

Р.205-212 

 


