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Changes in the structural components of the spleen
in experimental obesity and its correction
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Abstract. The paper presents and analyzes data from an experimental study conducted on white rats of reproductive age. The aim of the
study was to study the morphometric and histological changes of the rat spleen parenchyma in experimental obesity and its correction
with melatonin. Eight weeks later, a significant decrease in the relative area of white pulp in the spleen parenchyma of white rats of
males and females was observed, and an increase in the relative area of red pulp was observed. After two weeks of HCD, after which six
weeks of HCD + melatonin the relative area of white and red pulp almost corresponds to the indicators of intact animals.
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Introduction. Overweight in the modern world is a com-
mon phenomenon. An increasing percentage of people
suffer from obesity and this figure is steadily increasing.
However, most perceive the problem as aesthetic. Excess
body weight and obesity is a recognized risk factor for the
development of metabolic diseases, including insulin re-
sistance, type 2 diabetes, hypertension, non-alcoholic fatty
liver disease (NAFLD), polycystic ovarian disease and
some cancers [2, 3, 5-8].

Analysis of recent research. It is revealed that with in-
crease of the patient's body mass index (BMI) the systolic
blood pressure, diastolic blood pressure, heart rate, the
absolute value of the thickness of the left ventricular wall,
and the relative thickness of the walls increase[1]. The
effect of obesity on the structure of the kidneys in patients
with hypothyroidism is analyzed. A decrease in the glo-
merular filtration rate was detected [4].

Since the fact that obesity causes changes in the struc-
ture of organs, has already been described and proven by
many, the possibility of correcting them remains an urgent
question.

The aim of the study. To study morphometric and his-
tological changes of the rat spleen parenchyma in experi-
mental obesity and its correction with melatonin.

Materials and methods. We carried out the study on 66
white rats of reproductive age (2.5-6.5 months) weighing
120-280 g.

Microanatomy of the spleen structural components in
white rats under conditions of physiological norm was
studied on 10 intact animals. Experimental animals were
divided into 4 groups: the first group (10 animals), being
fed a high-calorie diet (HCD) for eight weeks; the second
group (10 animals), being fed a high-calorie diet (HCD) for
two weeks, whereupon by a two weeks fed a HCD with
melatonin; the third group (10 animals), being fed a high-
calorie diet for two weeks, whereupon by a four weeks fed
a HCD with melatonin; the fourth group (10 animals),
being fed a high-calorie diet for two weeks, whereupon by
a six weeks fed a HCD with melatonin. Each group includ-
ed 5 male and 5 female rats. High-calorie diet was achieved
due to the fact that glutamate sodium was added into food
in a dose of 0.07 g / kg of rat body weight, and fructose
solution was added into water. The dose of melatonin was
10 mg / kg rat body weight, administered orally daily in the
afternoon at the same time.
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Control was provided by 16 white rats, fed a standard
diet of vivarium instead of a high-calorie diet.

All experimental animals were kept under the vivarium
of the Danylo Halytskyi Lviv National Medical University.
The study was performed in accordance with the provisions
of the European Convention for the protection of vertebrate
animals used for experimental and other scientific purposes
(Strasbourg, 1986), Council of Europe Directives 86/609 /
EEC (1986), Law of Ukraine No. 3447-1V “On the Protec-
tion of Animals from Cruelty”, the general ethical princi-
ples of experiments on animals adopted by the First Na-
tional Congress of Ukraine on Bioethics (2001).

Morphometric studies were performed using a system of
visual analysis of histological preparations. Images from
the histological preparations of the spleen in the computer
monitor were displayed from the MICROmed SEO SCAN
microscope by means of the Vision CCD Camera.

Morphometric studies were performed using VideoTest-
5.0, CAAPA Image Base, Stepanizer, and Microsoft Exel
on a personal computer. The studies were performed at
certain times of the experiment in drugs stained with hema-
toxylin and eosin.

Results and its discussion. The spleen is a secondary
immune organ in which antigen-dependent proliferation
and differentiation of T and B lymphocytes occurs. The
histological structure of the spleen of intact animals corre-
sponds to the species norm. The fibrous membrane sur-
rounds the spleen from the outside, from which the spleen
lining trabecules inside the organ. The parenchyma is
formed by white and red pulp (Fig. 1). The white pulp
consists of periarteriolar lymphoid sheats and splenic lym-
phatic follicles. The red pulp is represented by clusters of
blood cells that are surrounded by reticular cells.

Eight weeks after HCD, there is a significant decrease in
the relative area of white pulp in the spleen parenchyma of
white rats of males and females to 21.6 + 1.22% and 21.78
+ 1.3%, which is 16.2% and 17.4% less parameters of
intact group of animals (Table. 1). Accordingly, the relative
area of the red pulp increases to 78.4 + 1.45% in male rats
and to 78.22 £ 1.54% in female rats. These parameters are
5.6% and 6.2% higher than the parameters of the intact
group of animals (Table 1).
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with hematoxylin and eosin. Magnif.: A. obj. x 20, ocul. x 10.
Designations: 1 — red pulp; 2 — white pulp; 3 — germinal center of
lymphatic follicle; 4 — mantle zone; 5 — marginal zone.
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After eight weeks of high-calorie diets, the number of
monocytes, macrophages and plasmocytes in both male
and female rats increased. Hemosiderin residues occur both
in the cytoplasm of macrophages and in intercellular spaces
(Fig. 2). The presence of iron-containing pigment is evi-
dence of erythrocyte death. The proportion of reticular
connective tissue in the splenic strands increases. The veins
of the red pulp are full-blooded. There is an immuno-
inducing effect with enhanced proliferation of activated
lymphocytes and their subsequent differentiation into
plasma cells. Around small vessels, eosinophilic aggrega-
tion and lipid accumulation in the enlarged sinuses are
found.

Table 1. Indices of the relative area of white and red pulp levels in white rats, % (M + m)

Group name White male rat White female rat
Swhite pulp,% Sred pulp% Swhite pulp,% Sred pulp,%
Intact animals 25.78+1.18 74.22+1.33 26.38+1.02 73.62+1.4
Group I — 8 weeks fed a HCD 21.6+1.22 78.4+1.45 21,78+1.3 78.22+1.54
Group Il — 2 weeks fed a HCD, 2 weeks HCD+melatonin 27.69+1.39 72.31£1.62 27.72+1.49 72.28+1.74
Group Il — 2 weeks fed a HCD, 4 weeks HCD+melatonin 26.7+1.22 73.3£1.78 27.26+1.08 72.74+1.48
Group IV — 2 weeks fed a HCD, 6 weeks HCD+melatonin 25.34+1.09 74.66+1.69 26.35+1.19 73.65+1.58

Fig. 2. Fragment of the spleen of a white female rat after 8 weeks
fed a HCD. Stained with hematoxylin and eosin. Magnif.: A. obj.
% 10, ocul. x 10. Designations: 1 — red pulp; 2 — white pulp, lym-
phatic follicle; 3 — fuzzy differentiation of lymphatic follicle
regions; 4 — central artery; 5 — accumulation of hemosiderin and
lipids in the venous sinuses of the red pulp.

Morphometric indices in the second group of animals
(two weeks of HCD, followed by two weeks of HCD +
melatonin) indicate that the relative area of white pulp in
the spleen parenchyma of white rats of males and females
increased by 7.4% and 5.1%, respectively, compared to the
intact group of animals, and is 27.69 + 1.39% and 27.72 +
1.49% (Table 1). Accordingly, the relative area of the red
pulp decreases to 72.31 + 1.62% in male rats and 72.28 +
1.74% in female rats. These figures are 2.6% and 1.8% less
than the parameters of the intact group of animals (Table
1).

Histological preparations have a moderate amount of
iron-containing pigment in the red pulp of the spleen, some
arteries with a thickened wall, their lumen tightly filled
with elements of blood. Many lympbhatic follicles contain a
germinal center.

Morphometric indices in the third group of animals (two
weeks of HCD, followed by four weeks of HCD + melato-
nin) indicate that the relative area of white pulp in the
spleen parenchyma of white rats in males and females

28

decreased by 3.6% and 1.7%, respectively. group of ani-
mals and is 26.7 £ 1.22% and 27.26 &+ 1.08%. These indica-
tors are 3.57% and 3.3% more than the parameters of the
intact group of animals (Table 1). Accordingly, the relative
area of the red pulp is increased by 1.4 and 0.6% compared
to the previous group of animals and is 73.3 + 1.78% in
male rats and 72.74 + 1.48% in female rats. These figures
are 1.2% less than the parameters of the intact group of
animals (Table 1).

Fig. 3. Fragment of the spleen of a white female rat after 2
weeks fed a HCD, after what 2 weeks HCD+melatonin. Stained
with hematoxylin and eosin. Magnif.: A. obj. x 10, ocul. x 10.
Designations: 1 —white pulp; 2 — red pulp; 3 — full-blooded artery
with thikness wall; 4 — accumulation of hemosiderin in the red
pulp; 5 — central artery; 6 - periarteriolar lymphoid sheats.

Morphometric indices in the fourth group of animals
(two weeks of HCD, followed by six weeks of HCD +
melatonin) indicate that the relative area of white pulp in
the spleen parenchyma of white rats of males and females
decreased by 5.1 and 3.3%, respectively. with the previous
group of animals and is 25.34 + 1.09% and 26.35 + 1.19%.
These figures are 1.7% and 0.1% less than the parameters
of the intact group of animals (Table 1). Accordingly, the
relative area of the red pulp increases by 1.9% and 1.3%
compared to the previous group of animals and is 74.66 +
1.69% in male rats and 73.65 + 1.58% in female rats .
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These figures by 0.6% and 0.04% exceed the parameters of
the intact group of animals (Table 1).

The number of lymphatic follicles containing the germi-
nal centers decreases, the boundaries between the follicles
are clear, the differentiation into zones is followed almost
everywhere (Fig. 4). Some veins are enlarged, full-blooded.
The amount of hemosiderin in the parenchyma of the
spleen is moderate.

Fig. 4. Fragment of the spleen of a white female rat after 2
weeks fed a HCD, after what 6 weeks HCD+melatonin. Stained
with hematoxylin and eosin. Magnif.: A. obj. x 20, ocul. x 10.
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Designations: 1 — white pulp, lymphatic follicle; 2 — marginal
zone; 3 — red pulp; 4 —hemosiderin in the red pulp.

Conclusions. As a result of a study in rats males and
females, we found:

1. After eight weeks of HCD, a significant decrease in
the relative area of white pulp in the spleen parenchyma of
white rats of males and females was observed by 16.2%
and 17.4%, respectively, and a corresponding increase in
the relative area of red pulp by 5.6% and 6.2%.

2. After two weeks of HCD, after which six weeks of
HCD + melatonin the relative area of white pulp in the
spleen parenchyma of white rats in males and females was
1.7% and 0.1% less than the parameters of the intact group.
Accordingly, the relative area of the red pulp by 0.6% and
0.04% exceeds the parameters of the intact group of ani-
mals.

3. Under the conditions of melatonin correction, it is
found that the boundaries between the follicles are clear,
differentiation into zones is followed almost everywhere,
some veins are enlarged, full-blooded, the amount of he-
mosiderin in the parenchyma of the spleen is moderate.
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