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The paper presents and analyzes data from an experimental study conducted on white
rats in females and males of reproductive age. Obesity is one of the leading causes of
premature death worldwide. The purpose of the research is to establish the morphometric
and histological changes of the rat spleen parenchyma in experimental obesity and after
the abolition of the high-calorie diet (HCD). We conducted a study on 70 white rats of
reproductive age (2.5-6.5 months) weighing 120-280 g. High-calorie diet was achieved
due to the fact that food was added sodium glutamate at a dose of 67 mg/kg of body weight
of the rat. Controls were 10 white rats that received a standard vivarium diet instead of a
high-calorie diet. Statistical processing of digital data was performed using Excel software
and STATISTICA 6.0 using the parametric methods. Eight weeks after HCD, there was a
significant decrease in the relative area of white pulp in the spleen parenchyma of white
rats in males and females by 16.2% and 17.4%, respectively, and an increase in the
relative area of red pulp by 5.6% and 6.2%, respectively. There is an immuno-inducing
effect with enhanced proliferation of activated lymphocytes and their subsequent
differentiation into plasma cells. Eight weeks after the abolition of HCD, the relative area
of white pulp in the spleen parenchyma of white rats in males and females was 16.8% and
16.9% less than the parameters of the intact group of animals. Accordingly, the relative
area of the red pulp by 5.8% and 6.1% exceeds the parameters of the intact group of
animals. The area ofthe lymph nodes and the size of their reproductive centers decrease.
The number of monocytes, macrophages and plasmocytes increases in the organ
parenchyma. Hemosiderin residues occur both in the cytoplasm of macrophages and in
intercellular spaces. Arteries with thickened wall, full-blooded, veins enlarged and full-
blooded. The venous sinuses of the red pulp are dilated to contain hemosiderin residues.
Thus, the depletion of lymphoid tissue with progression of mainly white pulp atrophy has
been established. In the conditions of the eight-week abrogation of the HCD, no reverse
changes in the structure of the parenchyma of the spleen were detected.
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Introduction

Obesity is one of the leading causes of premature death
worldwide [5]. This is due to the fact that obesity increases
the risk of cardiovascular disease (coronary heart disease,
congestive heart failure, hypertension) [1, 11, 21], type Il
diabetes [10, 17], obstructive sleep apnea syndrome,
neuropathy [6], osteoarthritis, dementia, splenomegaly [4,
8], fatty liver disease [19], and others [12, 16]. Obesity is
also associated with a wide range of cancers (colon, breast,
endometrium, kidney, esophagus, stomach, pancreas, and
gall bladder), and along with insulin resistance (IR) is a
risk factor for developing hepatocellular carcinoma [14, 17].
In chronic diseases, obesity as a concomitant pathology
complicates the course of the underlying disease [5, 16,
22, 23].

In the current scientific literature there is not enough
information about the effect of obesity on the immune
(lymphoid) organs, which provide protection of the body
against foreign antigens. Adipose tissue is a complex
endocrine organ whose effect on organs and tissues is
significant and diverse, increasing the likelihood of multiple
diseases [9, 15, 18, 20]. Investigations into the dynamics
of changes in the structural organization of organs and
tissues, as well as possible methods for their correction,
remain relevant and important for both theoretical and
practical medicine.

Aim of the study: to study the morphometric and
histological changes of the rat spleen parenchyma in
experimental obesity and after abolition of the high-calorie
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diet.

Materials and methods

This study is part of the complex theme "Structural
organization, angioarchitectonics and anthropometric
features of organs in the intra- and extracorporeal periods
of development, under the influence of exogenous and
endogenous factors" - state registration number
0115U000041.

The study was performed on 70 white rats of
reproductive age (2.5-6.5 months) weighing 120-280 g.

Microanatomy of the structural components of the white
rat's spleen under physiological norms was examined in
10 intact animals (first group). The experimental animals
were divided into 5 groups: a second group of animals (10
rats) fed a high-calorie diet (HCD) for 8 weeks; a third group
of animals (10 rats) fed HCD for 8 weeks, followed by 2
weeks of withdrawal (standard vivarium diet); a fourth group
of animals (10 rats) fed HCD for 8 weeks followed by 4
weeks of withdrawal; 5 group of animals (10 rats) fed HCD
for 8 weeks followed by 6 weeks of withdrawal; 6 group of
animals (10 rats) that were fed HCD for 8 weeks, followed
by 8 weeks of withdrawal. Each group had 5 male rats and
5 female rats. HCD was achieved due to the fact that
glutamate sodium was added to food at a dose of 67 mg/
kg of body weight of the rat. Controls were 10 white rats that
received a standard vivarium diet instead of a high-calorie
diet.

All experimental animals were kept in the vivarium of
Danylo Halytsky Lviv National Medical University. The
studies were conducted 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 Directive
86/609/EEC (1986), Law of Ukraine No. 3447-1V "On the
protection of animals against abuse", the general ethical
principles of animal experimentation, approved by the First
National Congress of Ukraine on Bioethics (2001).

Morphometric studies were performed using a system
of visual analysis of histological preparations. The studies
were performed at certain times of the experiment in
samples stained with hematoxylin and eosin. Images from
histological specimens of the spleen were taken to a
computer monitor using a MICROmed SEO SSCAN by
microscope and using a Vision CCD Camera.
Morphometric studies were performed using VideoTest-
5.0, KAAPA Image Base, Stepanizer and Microsoft Excel on
a personal computer.

Statistical processing of digital data was performed
using "Excel" and "STATISTICA 6.0" software using
parametric methods. The numerical values of the
parameters are represented by sample averages (M),
standard deviation (o), standard error of the mean (m),
Student's t test (t). The results of the calculations were
presented in graph form in histograms using Microsoft
Office, with confidence intervals.

Results

The spleen belongs to the secondary lymphoid organs,
in which there is antigen-dependent proliferation and
differentiation of T and B lymphocytes. The histological
structure of the spleen of intact animals corresponds to
the species norm. Outside, the organ is surrounded by a
capsule from which the lugs depart. The spleen is
consisting of red and white pulp. The red pulp contains
blood cells surrounded by reticular cells. The white pulp
consists of splenic lymph nodes and surrounding arteriolar
lymphoid vagina (Fig. 1).

After 8 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 to
21.59%1.22% and 21.78+1.31%, which is 16.2% and 17.4%
less than the parameters of the intact group of animals
(Table 1). Accordingly, the relative area of the red pulp
increases to 78.41+1.45% in male rats and to 78.22+1.54%
in female rats. These figures are 5.6% and 6.2% higher
than the parameters of the intact group of animals (see
Table 1).

After 8 weeks of high-calorie diet (second group of
animals) in both male and female rats, the number of
monocytes, macrophages and plasmocytes increased.
Hemosiderin residues occur both in the cytoplasm of
macrophages and in intercellular spaces (Fig. 2). The
presence of iron-containing pigment is evidence of
erythrocyte death. The proportion of reticular connective
tissue in Billroth cords is increasing. 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 aggregation and lipid
accumulation in the enlarged sinuses are found.

At 2 weeks after the abolition of HCD (third group of
animals), the relative area of white pulp in the spleen

200 jam

Fig. 1. A fragment of the spleen of an intact white male rat.
Hematoxylin-eosin. Objective lens x10, eyepiece x10. 1 - capsule;
2 - red pulp; 3 - white pulp; 4 - center of reproduction of the lymph
node; 5 - central artery.
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Table 1. Dynamics of changes of relative areas (%) of red and white pulp of spleen of white rats of control and experimental groups

(M£m).
Male rats Female rats
Group of animals
Swhite pulp Sred pulp Swhite pulp Sred pulp

Group 1 - intact animals 25.78+1.18 74.22+1.33 26.38+1.02 73.62+1.42
Group 2 - 8 weeks of HCD 21.59+1.22* 78.41+1.45* 21.78+1.31* 78.22+1.54*
Group 3 - 8 weeks of HCD, 2 weeks of discontinuation 21.65+1.43* 78.35+1.87* 21.53+1.21* 78.47+1.65*
Group 4 - 8 weeks of HCD, 4 weeks of discontinuation 21.51+1.09* 78.49+1.56* 21.19+0.69* 78.81+1.23*
Group 5 - 8 weeks of HCD, 6 weeks of discontinuation 21.53+1.03* 78.47+1.34* 21.88+0.98* 78.12+1.76*
Group 6 - 8 weeks of HCD, 8 weeks of discontinuation 21.46+1.05* 78.5411.54* 21.914£1.23* 78.09+1.43*

Note: * - values that are statistically significantly different from those of the intact animal group (p<0.05).

R O e
Fig. 2. Afragment of the white rat female spleen after eight weeks
of HCD. Hematoxylin-eosin. Objective lens x20, eyepiece x10. 1 -
red pulp; 2 - white pulp, secondary lymph node 3 - center of
reproduction of the lymph node; 4 - boundary zone; 5 - central
artery; 6 - accumulation of hemosiderin and lipids in the venous
sinuses of the red pulp.

Fig. 3. A fragment of the spleen of a white rat female after two
weeks of HCD cancellation. Hematoxylin-eosin. Objective lens x20,
eyepiece x10. 1 - central artery with a swollen wall and a narrowed
lumen; 2 - white pulp, unclear border of mantle zone, 3 - accumulation
of hemosiderin and lipids in venous sinuses of red pulp.

parenchyma of white rats in males and females was almost
unchanged from the previous group of animals and was
21.65+1.43% and 21.53+1.21%. These figures are 16.0%
and 18.4% lower the parameters of the intact group of
animals (see Table 1). Accordingly, the relative area of the
red pulp is 78.35+1.87% in male rats and up to
78.47+£1.65% in female rats. These figures are 5.6% and
6.6% higher than the parameters of the intact group of
animals (see Table 1).

Histological specimens show thickening of the central
artery wall and narrowing of the lumen, which may be
associated with edema (Fig. 3). Vascular edema is
observed. Venous sinuses of red pulp are enlarged,
containing hemosiderin and accumulation of lipids.
Macrophages are filled with drops of hemosiderin.

4 weeks after abolition of HCD (4 group of animals), the
relative area of white pulp in the spleen parenchyma of
white rats of males and females decreased by 0.7% and
1.6% compared with the previous group of animals and is
21.51£1.09% and 21.19+£0.69%. These figures are 16.6%
and 19.7% below the parameters of the intact group of
animals (see Table 1). Accordingly, the relative area of the
red pulp increases by 0.2% and 0.4% compared to the
previous group of animals and is 78.49+1.56% in male
rats and 78.81+1.23% in female rats. These figures are
5.8% and 7.0% higher than the parameters of the intact
group of animals (see Table 1).

Six weeks after discontinuation of HCD (5 group of
animals), the relative area of white pulp in the spleen
parenchyma of white rats of males and females increased
by 0.1% and 3.3% compared to the previous group of
animals and is 21.53+1.03% and 21.88+0.98%. These
figures are 16.5% and 17.1% less than the parameters of
the intact group of animals (see Table 1). Accordingly, the
relative area of the red pulp decreases by 0.04% and 0.9%
compared to the previous group of animals and is
78.47+1.34% in male rats and up to 78.12+1.76% in female
rats. These figures are 5.7% and 6.1% higher than the
parameters of the intact group of animals (see Table 1).

Eight weeks after abolition of HCD (6 group of animals),
the relative area of white pulp in the spleen parenchyma of
white rats in males and females is almost unchanged from

38

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Harapko T.V.

v s ',
! o] -y LY ——
Fig. 4. Afragment of the spleen of a white rat female four weeks
after abolition of HCD. Hematoxylin-eosin. Objective lens x100,
eyepiece x10. 1 - macrophages with drops of hemosiderin in the
cytoplasm; 2 - necrotic altered lymphocytes; 3 - drops of
hemosiderin in the intercellular space of the red pulp; 4 -
lymphocytes.

5 By

Fig. 5. Afragment of the red pulp of the white rat male spleen eight
weeks after abolition of HCD. Hematoxylin-eosin. Objective lens
x40, eyepiece x10. 1 - thickened and swollen Billroth cord; 2 -
adhesion of erythrocytes and platelets in the enlarged and full-
blooded venous sinuses; 3 - accumulation of hemosiderin and
lipids in the red pulp.
the previous group of animals and is 21.46+£1.05% and
21.91+1.23%. These figures are 16.8% and 16.9% less
than the parameters of the intact group of animals (see
Table 1). Accordingly, the relative area of red pulp is
78.54+1.54% in male rats and up to 78.09+1.43% in female
rats. These figures are 5.8% and 6.1% higher than the
parameters of the intact group of animals (see Table 1).
The depletion of lymphoid tissue with progression of
mainly white pulp atrophy has been established. The area
of the lymphoid nodules and the size of their centers of
reproduction decreases, the boundaries between the
nodules become not clear, differentiation into zones is not
followed everywhere (Fig. 3). Billroth cords of red pulp
thicken, become more tortuous. In the nuclei of cells, the

phenomena of karyorrhexis and apoptosis are observed.

Therefore, no changes in the structure of the
parenchyma of the spleen were detected in the 8-week
abrogation of HCD.

Discussion

Similar structural changes, namely the enlargement
and filling of the venous sinuses of the red pulp of the
spleen were found in the spleen of rats with 30-day
administration of Loratadine [7].

The authors describe that the administration to white
rats of SiO, nanoparticles, together with lead acetate, leads
to hypoplasia of the white pulp of the spleen with a decrease
in the T-lymphocytic zone, causes karyorrhexis and
apoptosis of red pulp cells. There was also a sharp
increase in the amount of iron-containing pigment, reflecting
the process of erythrocyte death. In addition, the formation
of diffuse small-focal lymphocyte clusters among the red
pulp along the course of the vessels was revealed [3].

Intraperitoneal administration of extracts of mountain
arnica and tormentil at a dose of 30 pl per 20 g of mouse
weight leads to a significant advantage of white pulp over
red, lymphoid follicles have lost a distinct structure. Among
the red pulp there are single megakaryocytes, and their
number in the field of view of the microscope is higher,
compared with the control samples [19].

The authors of studies showed that a high-nutrition diet
reduced the expression of CD20, a surface molecule
present on B-cells, which plays a large role in the immune
response and produces IL-10 mainly in the spleen [13].
Moreover, splenocyte proliferation stimulated by T-cell and
B-cell mitogens was significantly lower in obese
individuals; thus, the functions of both T-cells and B-cells
in the spleen can be impaired in obesity. The authors
suggest that obesity-induced decrease in IL-10 synthesis
in the spleen can lead to inflammatory reactions in the
kidneys and metabolic disorders [13].

The authors describe that obesity reduces the size of
inguinal lymph nodes, impairs lymphatic fluid transport and
migration of dendritic cells to peripheral lymph nodes, and
reduces the number of T-lymphocytes in lymph nodes. In
general, obesity impairs the integrity of the immune system
and leads to changes in the development of leukocytes,
their migration and diversity [2].

Decreasing the population of "naive" T-cells (helpers)
leads to a worsening of the immune system, which occurs
with the onset of age. In animal model studies, obesity
compromises the T-cell immune system due to increased
adipogenesis in primary lymphoid organs and systemic
inflammation. Due to the fact that obesity increases the
risk of multiple age-related diseases, impaired immune
competence is a possible mechanistic link between obesity
and disease development in the elderly [24].

The prospects for further development are related to
the further study of the morphometric and electron
microscopic changes of the structural components of the
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rat spleen through different terms of experimental obesity
and its correction.

Conclusions

1. After 8 weeks of HCD there is a significant decrease
in the relative area of white pulp in the parenchyma of the
spleen of white rats-males and females by 16.2% and
17.4%, respectively, and an increase in the relative area of
red pulp by 5.6% and 6.2%.

2. At 8 weeks after HCD withdrawal, the relative area of
white pulp in the spleen parenchyma of white male rats
and females was 16.8% and 16.9% less than that of the
intact animal group. Accordingly, the relative area of the red
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CTPYKTYPHI 3MIHMN CENE3IHKU NPU EKCMEPUMEHTAIIbHOMY OXWUPIHHI

lrapanko T.B.

B cmammi HasedeHi ma npoaHanizosaHi 0aHi ekxcriepuMeHmanbHoe0 O0CTiOXeHHSs, sike nMposodusiocs Ha binux wypax camkax ma
camuysix pernpodykmueHoz2o 8iKy. OXUPIHHSI € OOHIEID 3 20MT08HUX MPUYUH nepeddyacHoi cmepmi y ecbomy ceimi. Memoto AocnidxeHHs
Oyro susYeHHs MOPOMEMPUYHUX ma eiCmosiogiYHUX 3MiH napeHXiMu cenesiHKu wypie rpu ekcriepuMeHmarnbHOMY OXUPIHHI ma
nicnsi 8idmiHU 8ucokokarnopitHoi diemu (BKM). docnidxeHHs nposedeHo Ha 70 b6inux wypax pernpodykmueHozo e8iky (2,5-6,5 micsuie)
macoro 120-280 e. BucokokanopitiHa diema docseanacs 3as0sKu momy, wo 8 ixy dodaeanu anymamam Hampito 8 003i 67 ma/ke Macu
mina wypa. Konmponem crnyaysanu 10 6inux wlypis, siki 3amicmb 8UCOKOKasopiliHoi diemu ompumysanu cmaHOapmHul xap4yosul
paujoH eigapito. Cmamucmuy4Hy 06pobky yugposux OaHux rpoeodusiu 3a A0rNOMO20t0 fpoepamHoeo 3abesnevyeHHs "Excel” ma
"STATISTICA 6.0" 3 sukopucmaHHAM fapamempuyHuUx memodis. Yepes 8 muxHie BK criocmepieacmbcsi docmoegipHe 3MEeHWEHHS
8iOHOCHOI rowi 6irol nynbnu e napeHximi cenesiHku binux wlypie camuie ma camok Ha 16,2% ma 17,4%, ma 8i0rnogioHO 36inbWeHHS
8I0OHOCHOI nniowi Yep8oHoi nynbnu Ha 5,6% ma 6,2%. Crnocmepiecaembcsi iMyHOIHOYKYO4UU eghekm 3 MoCuneHor nposnigepauicto
akmueosgaHuXx nimghoyumie ma ix nodanbwum OughepeHUito8aHHAM y rnasMamuyHi KnimuHu. Yepes gicim muxHie nicns eiomiHu BK/L]
giOHocHa rnowa 6inoi nynbnu 8 napeHximi cenesiHku b6inux wypie camyie ma camok Ha 16,8% ma 16,9% meHwe napamempis
iHmakmHoi epynu meapuH. BidnosidHo eidHocHa rowa Yepe8oHoi nynbnu Ha 5,8% ma 6,1% nepesuwye napamempu iHmakmHoi epynu
meapuH. nowa nimgoidHUX 8y3/uUKie ma po3Mipu iX UeHmpie PO3IMHOXEHHS 3MEeHWYyombCs. B napeHximi op2aHy 3pocmae KinbKicmb
MOHoYumie, Makpoghazie ma nnasmoyumis. 3anuwku eeMocudepuHy mparnistombscs SK 8 yumonnadmi Makpoghaeie, mak i 8 MKKITIMUHHUX
rnpocmopax. Apmepii 3 MOMOBWEHO CMIHKOI, MOBHOKPOBHI, 8€HU PO3WUPEHI Ma MOB8HOKPOBHI. BEHO3HI na3yxu 4epeoHoi nynbnu
pO3WuUpeHi, Micmsame 3anuwku eemocudepuHy. Takum YUHOM, 8CMAaHOBIEHO BUCHaXXEHHS JTiMGDOIOHOI mKaHUHU 3 Mpoepecy8aHHsIM
ampodapii nepesaxHo 6inoi nynenu. B ymoeax 8-muxHeeoi giomiHu BK[ 360pomHuXx 3MiH y cmpyKmypi napeHxiMmu cesne3iHku He
8USIBJIEHO.

KnroyoBi cnoBa: oxupiHHS, wyp, cenesiHka, bina nynbna, YepeoHa rysbna.

CTPYKTYPHbIE UBMEHEHUA CENE3EHKU NPU 3KCNMEPUMEHTANIbHOM OXXUPEHUU

lrapanko T.B.

B cmambe npusedeHbl U npoaHanu3uposaHbl 0aHHbIe 3KCrIepuMeHmarnbHo20 ucciedosaHusi, Komopoe npoeoousnu Ha 6erbix Kpbicax
camkax u camuyax perpodykmueHo20o go3pacma. OxupeHue sierisiemcss 00HOU U3 2r1asHbIX MPUYUH rnpexoespeMeHHoU cMepmu 80
ecem mupe. Lenbio uccriedogaHus 6bu10 U3ydeHUe MOPGHOMEMPUYECKUX U 2UCMOo2u4ecKUX U3MEeHEeHUU rnapeHXUMbl Cere3eHKU
KpbIC rpuU 3KCrepuMeHmanbHOM OXUPeHUU U rocrie omMeHbl 8bICOKoKanoputiHot duemsi (BKA). ViccnedosaHue riposedeHo Ha 70
benbix Kpbicax pernpodykmusHoeo so3pacma (2,5-6,5 mecsayes) maccoli 120-280 2. BoicokokanoputiHasi Ouema docmuzanack 6rnazodaps
momy, ymo 8 nuwy dobaensnu anymamam Hampusi 8 0o3e 67 Me/ke Maccbl mena Kpbicbl. KoHmponem cryxunu 10 6enbix Kpbic,
Komopble 8Mecmo 8bICOKOKaopuliHoU duemsl nosyYanu cmaHOapmHbIl nuujesol payuoH susapusi. Cmamucmuyveckyro obpabomky
yughposbix OaHHbIX MPOBOOUAU C MOMOWbIO npoepamMHo20 obecnedeHuss "Excel” u "STATISTICA 6.0" ¢ ucronb3ogaHuem
napamempuyeckux memoodos. Yepes 8 Hedenb BK/[] Habnodaemcsi 0ocmogepHoe yMeHbleHUe omHocumerbHol nnowadu 6ernol
nynbribl 8 NapeHxume cene3eHKU berbiX KpbiCc camyoe u caMok Ha 16,2% u 17,4%, u, coomeemcmeeHHO, ygenuyeHue omHocumenbsHou
nnowadu kpacHol nynbnbl Ha 5,6% u 6,2%. Habnrodaemcs ummyHouHOyyupyowul aghgpekm ¢ ycuneHHou nponugepayuel
aKmueuposaHHbIX NUM@OoUUMos8 u ux nocnedyrouum dugpgepeHyuposaHueMm 8 nnasmamudeckue kinemku. Yepes 8 Hedesnb nocne
ommeHbl BK[] omHocumenbHas nnowads 6enol nynbnbl 8 napeHxume cene3eHKU berbix Kpbic camyos u camok Ha 16,8% u 16,9%
MeHbWe rnapamempos UHMaKmHoU apyrrbl xueomHbiX. CoomeemcmeeHHo, omHocumerbHas riowadb KpacHol rnynbnbl Ha 5,8% u
6,1% npesbiwaem napamempbi UHMaKMHOU 2py bl XUBOMHbIX. [Trnowjadb UMGOUOHBIX y3e/1K08 U pa3Mepbl UX UEHMPO8 PasMHOXEHUS
yMeHbwaromesi. B napeHxume opeaHa pacmem Komu4ecmeso MOHOUUmMos, Makpoghazos u rnasmouyumos. Ocmamku eeMocudepuHa
crnyyaromcsi Kak 8 yumornnasme Makpoghazos8, maK u 8 MEXKIEeMOYHbIX MpocmpaHcmeax. Apmepuu ¢ ymonuweHHolU cmeHKoU,
MOSTHOKPOBHbIE, 8€HbI PaclWupPeHbl U MOTHOKPOBHbIE. BeHO3Hble nadyxu KpacHoU nyrbbl pacWupeHbl, cooepxam ocmamku
eemocudepuHa. Takum obpa3om, ycrmaHo8eHo ucmouweHue TUM@oudHOU mKaHU ¢ pozpeccuposaHuem ampoguu npeumyu,ecmeeHHO
6enoli nynbnbl. B ycrnosusix 8-HedesnbHol ommeHbl BK obpamHbix udMeHeHUl 8 cmpyKkmype napeHxuMbl ceie3eHKU He 0bHapyXeHo.
KnioueBble cnoBa: oxupeHue, Kpbica, ceneseHka, benas nynbna, KpacHasi nynbna.
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