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ABSTRACT

Aim: To investigate morphofunctional changes in the endocardium, arteries' wall of different types, prostate and adrenal glands, taking into account age-related
characteristics on the 60th and 90th days of iodine deficiency combined with goitrogen consumption.

Materials and Methods: The experiment was conducted on 50 white outbred male rats (25 sexually immature, 3—5 months old, and 25 sexually mature, 6—8
months old). Eleven animals from both age groups formed the control group, and 14 animals from the second and third experimental groups were subjected
to simulated iodine deficiency combined with goitrogen consumption. Material collection was carried out on the 60th and 90th days of the experiment.
Morphological (light and electron microscopy), morphometric, biochemical studies, and statistical data analysis were performed.

Results: On the 60th day of the experiment, the cholesterol content was: in sexually immature rats, 1.66 + 0.19 mmol/L (p < 0.01); in sexually mature
rats was 1.44 + 0.15 mmol/L (p < 0.01). loduria in sexually immature animals of Group 2 was 1.42 + 0.16 pg/L, and in sexually mature animals it was 1.92
+0.21 pg/L (p < 0.01). On the 90th day of the experiment, edema changes in the endocardium progressed. In light microscopy studies, the endocardium
appeared as a veil-like strip covering the myocardium. In the light pink cytoplasm, flattened and weakly basophilic endothelial nuclei were visible. The content
of endothelin-1in the blood of sexually immature animals increased by 5.7% (p < 0.05), while in sexually mature animals, it rose by 2.4% (p < 0.05).
Conclusions: The level and degree of iodine deficiency is confirmed by ioduria indicators and thyroid profile. In all studied organs, edema changes develop in
all constituent structures already on the 60th day of simulated iodine deficiency, progressing to the 90th day of the experiment.
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INTRODUCTION

The level of environmental and degree and chemical
influences on the functions of the endocrine glands re-
mains an enigma due to an infinite number of potential
mechanisms [1, 2, 3, 4]. Processes inhibiting the natrium/
iodide symporter (NIS) and the thyroid peroxidase enzyme
by certain ions contaminating water bodies have been de-
scribed. These substances are known as goitrogens [5, 6].

The prostate gland can accumulate both iodide and
molecular iodine. The mechanisms of iodine uptake are
independent of the transporters used by the thyroid gland
(i.e., not via NIS) [7]. Chronic exposure to thiourea, which
blocks the conversion of thyroxine (T4) to trilodothyronine
(T3) in peripheral tissues, leads to morphological and
functional changes in the adrenal glands, particularly in
zona fasciculata [1]. Interrelationships between the thy-
roid and adrenal glands under conditions of alimentary
hypothyroidism are being studied [8].
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Studies on rats have shown that prolonged consump-
tion of peanut skin reduces T4 and T3 serum levels and
inhibits thyroid peroxidase and 5’-deiodinase activity [9].
Adequate synthesis of thyroid hormones is critically im-
portant for maintaining cardiovascular health, as protein
and enzyme synthesis required for endocardial function
depend on sufficient iodine intake. This emphasizes the
need for dietary adjustments in cases of iodine deficiency
[10,11,12]. Given the prevalence of iodine deficiency and
the consumption of goitrogens, along with fragmented
data on their impact on the endocardium, arteries of dif-
ferent types, adrenal, and prostate glands, comprehensive
research became necessary.

AIM

To investigate morphofunctional changes in the endo-
cardium, arteries’ wall of different types, prostate and
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adrenal glands, taking into account age-related charac-
teristics on the 60th and 90th days of iodine deficiency
combined with goitrogen consumption.

MATERIALS AND METHODS

Samples of the endocardium, fragments of the aorta, external
carotid, and renal arteries, prostate gland (ventral, dorsal lobes,
and coagulating gland) and adrenal gland, blood, and urine
were studied. lodine deficiency was simulated according to
the methodology described in [13]. lodine deficiency com-
bined with goitrogenic product consumption (soybeans, pea-
nuts) was modeled based on our patented methodology [14].

The experiment was conducted on 50 white outbred male
rats (25 sexually immature, 3-5 months old, and 25 sexually
mature, 6-8 months old). Eleven animals from both age
groups formed the control group, and 14 animals from the
second and third experimental groups were subjected to
simulated iodine deficiency combined with goitrogen con-
sumption. Material collection was carried out on the 60th
and 90th days of the experiment. Morphological (light and
electron microscopy), morphometric, biochemical studies,
and statistical data analysis were performed [15].

RESULTS AND DISCUSSION
The thyroid status of sexually immature animals in Group 1
was: TSH 0.10 £ 0.01 plU/mL (p < 0.01), T3 3.63 £ 0.12 nmol/L
(p<0.01),T47544 £4.01 nmol/L (p < 0.01); in sexually mature
animals: 0.08 £ 0.00 plU/mL (p < 0.01),2.79+0.15 nmol/L (p <
0.01),55.18 + 2.72 nmol/L (p < 0.01), respectively.
Cholesterol content under normal age conditions was:
in sexually immature rats, 1.60 + 0.05 mmol/L (p < 0.01); in
sexually mature rats: 1.40 £ 0.09 mmol/L (p < 0.01). loduria in
Group 1 sexuallyimmature animals was 97.13 + 540 ug/L,and
in sexually mature animals was 101.06 + 3.44 ug/L (p < 0.01).
The thyroid status of sexually immature animals in Group 2
was as follows: TSH0.18 £0.02 plU/mL (p <0.01),T33.44 £ 0.36
nmol/L (p <0.01),T474.40+7.10 nmol/L (p < 0.01); in sexually
mature animals: 0.14 £ 0.01 plU/mL (p < 0.01), 2.39 + 0.24
nmol/L (p < 0.01),63.60 = 7.46 nmol/L (p < 0.01), respectively.
On the 60th day of the experiment, the cholesterol content
was:in sexuallyimmature rats, 1.66 +0.19 mmol/L (p <0.01);in
sexually mature rats was 1.44 £0.15 mmol/L (p < 0.01). loduria
in sexually immature animals of Group 2 was 1.42 +£0.16 pg/L,
and in sexually mature animalsitwas 1.92+0.21 ug/L (p < 0.01).
In the light microscopic examination, the endocardium
appeared as an uneven strip lining the myocardium. The
nuclei of endothelial cells were not visible in all fields of view
and exhibited varying basophilicintensity. The cytoplasm was
weakly eosinophilicwith indistinct boundaries. In ultrastructur-
al studies, round membrane organelles were observed in the
cytoplasm of endothelial cells. The luminal surface formed a
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relief contour. The subendothelial layer had medium electron
density. Inthe muscle-elastic layer, loci of optical clearance were
noticeable (Fig. 1). The content of endothelin-1 in the blood of
sexually immature animals increased by 4.3% (p < 0.05), while
in sexually mature animals, it rose by 2.4% (p < 0.05).

In the wall of the different types of arteries, the tunics were
distinguishable (Figure 1). The internal elastic membrane ex-
hibited invaginations along the circumference of the lumen.
Nuclei of endothelial cells were visible at the apexes of these
invaginations. The nuclei of smooth muscle cells in the tunica
media were basophilic. The adventitia exhibited localized
separations. Morphometric analysis revealed that in sexually
immature animals, the thickness of the aorta wall, external
carotid artery, and renal artery increased by 0.9% (p < 0.05),
1.1% (p < 0.05), and 0.8% (p < 0.05), respectively. In sexually
mature animals, this parameter increased by 0.3% (p < 0.05),
0.9% (p < 0.05), and 1.4% (p < 0.05), respectively.

Submicroscopic studies showed endothelial cells resting
on a basal membrane, under which a subendothelial layer
of different electron density was observed (Figure 1). In the
clarified sarcoplasm of smooth muscle cells, mitochondria
and myofilaments were visualized. Membrane organelles in
fibroblasts were dilated, and connective tissue fibers were
surrounded by amorphous sunstance.

The lumen of the terminal secretory sections of the prostate
gland included homogeneous content. Epithelial cells had
basally located nuclei, forming a basophilic strip. The cytoplasm
was eosinophilic, with pronounced apical clearance. Blood
vessels were surrounded by swollen connective tissue fibers
and amorphous stromal substance (Figure 2). The height of
the epithelium in the terminal secretory sections of the ven-
tral, dorsal lobes, and coagulating gland increased by 0.5% (p
< 0.05), 0.9% (p < 0.05), and 1.1% (p < 0.05), respectively, in
sexually immature animals. In sexually mature animals, these
parameters increased by 0.3% (p < 0.05), 0.5% (p < 0.05), and
1.0% (p < 0.05), respectively.

Inultrastructural studies, euchromatin and heterochromatin
concentrated under the nucleolemma were observed in the
nuclei of epithelial cells. Canals and cisternae of the granular
endoplasmic reticulum, sacs, and vesicles of the endoplasmic
reticulum were dilated. Myelin-like bodies were noted. The
sarcoplasm of smooth muscle cells exhibited a fine-grained
structure, with round mitochondria containing light matrix.

The adrenal glands demonstrated stromal and vascular wall
edemain light microscopy studies. Similar edematous changes
were observedin zona glomerulosa, zonafasciculata, and zona
reticularis of the cortex, as well as in the medulla. Endocrine
cells had light pink cytoplasm and basophilic nuclei with indis-
tinct contours (Figure 2C). The thickness of the adrenal cortex
in sexually immature animals increased by 0.4% (p < 0.05). In
sexually mature animals, it rose by 1.6% (p < 0.05).

Ultrastructural studies showed light cytoplasmin endocrine
cells, with round mitochondria featuring disrupted cristae and
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Fig. 1. Structure of the endocardium and wallof the artery on the 60th day of iodine deficiency with using of thyroid gland function influenced
products. A. Endocardium of an immature animal. 1 — myocardium, 2 — endocardium, 3 — nuclei of endothelial cells. B. Endocardium of an adult
animal. 1 — endothelial cell, 2 — subendothelial layer, 3 — muscular-elastic layer. C. Wall of the renal artery of an immature animal. 1— endo-
thelial cell nuclei, 2 — internal elastic membrane, 3 — smooth muscle cells of the media, 4 — external elastic membrane, 5 — adventitia. D — wall
of the external carotid artery of a sexually mature animal. 1— endothelial cell, 2 — subendothelial layer, 3 — smooth muscle cells, 4 — connec-
tive tissue fibers. A, C — hematoxylin and eosin, magnification: A, C x400. B, D — electron micrograph, magnification: B x9600, D x8000.

Picture taken by the authors
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Fig. 2. Structure of the prostate and adrenal glands on the 60th day of iodine deficiency with the consumption of goiter-producing prod-
ucts. A. ventral lobe of the prostate gland of a sexually mature animal. 1 — terminal secretory parts, 2 — fibrous component of the stro-
ma, 3 — smooth muscle cells of the stroma, 4 — blood vessels. B. Coagulation gland of the prostate gland of an immature animal. 1

— nucleus, 2 — granular endoplasmic reticulum, 3 — Golgi apparatus, 4 — myelin-like bodies, 5 — smooth muscle cells. C. Adrenal gland
of an adult animal. 1 — capsule, 2 — zona glomerulosa, 3 — zona fasciculata, 4 — blood vessels. D — endocrine cells of the zona fascicula-
ta of the adrenal gland of a sexually mature animal. 1 - nucleus, 2 — mitochondria, 3 — endoplasmic reticulum, 4 — lipid inclusions. A,
(- hematoxylin and eosin staining, magnification: A x200, Cx400. B, D — electron micrograph, magnification: B x6400, D x4800.

Picture taken by the authors
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Fig. 3. Structure of the endocardium and wall of the artery on the 90th day of iodine deficiency with the consumption of goiter-producing
products. A. endocardium of a sexually mature animal. 1 — miocardium, 2 — nuclei of the endothelial cells of endocardium. B. Endocardi-
um of an immature animal. 1 — endothelial cells, 2 — subendothelial layer, 3 — muscular-elastic layer. C. Wall of the carotis externa artery.

1 —endothelial cell nuclei, 2 — connective tissue fibers of the media, 3 — smooth muscle cells of media, 5 — adventitia. D — wall of the renal
artery of a sexually inmature animal. 1 — endothelial cell, 2 — subendothelial layer, 3 — internal elastic membrane, 4 — smooth muscle cell,
5 —elastic fibers. A, C — hematoxylin and eosin, magnification: A, Cx400. B, D — electron micrograph, magnification: B x20000, D x6400.
Picture taken by the authors
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Fig. 4. Structure of the prostate and adrenal glands on the 90th day of iodine deficiency with the consumption of goiter-producing prod-
ucts. A. Coagulation gland of the prostate gland of an immature animal. 1 — terminal secretory sections, 2 — smooth muscle cells of the
stroma, 3 — blood vessels. B. Ventral lobe of the prostate gland of a sexually mature animal. 1 - nucleus, 2 - Golgi apparatus, 3 — mito-
chondria, 4 — vacuoles, 5 — erythrocyte, 6 — endothelial cell, 7 — smooth muscle cell. C. adrenal gland of an immature animal. 1 - zona
glomeruloza, 2 — zona fasciculata, 3 — blood vessels, 4 — capsule. D — endocrine cells of the zona fasciculata of the adrenal gland of a sex-
ually mature animal. 1 — mitochondria, 2 — lipid inclusions, 3 — disorganized endoplasmic reticulum, 4 — erythrocyte in the lumen of the
blood capillary. A, C— hematoxylin and eosin, magnification: A, Cx200, B, D — electron micrograph, magnification: B x6400, D x4000.
Picture taken by the authors
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light matrix. The endoplasmic reticulum and Golgi apparatus
were vacuolated, and secretory granules of varying optical
density were visible (Fig. 2D).

Thyroid status of immature animals of group 3: TSH 0.14 +
0.02 plU/ml (p <0.01),T33.36 £0.33 nmol/l (p <0.01), T4 50.14
+5.73nmol/l (p <0.01);in mature animals —0.26 + 0.02 plU/ml
(p <0.01),2.06 +0.18 nmol/l (p < 0.01), 50.88 + 5.69 nmol/I (p
< 0.01), respectively. The cholesterol content on the 90th day
of the experiment is: in immature rats 1.68 + 0.15 mmol/l (p
< 0.01, in mature rats - 1.49 + 0.14 mmol/l (p < 0.01). loduria
in immature animals of group 3 is 0.92+0.08 pg/l, in mature
animals - 1.54+0.14 pg/l (p<0.01).

On the 90th day of the experiment, edema changes in the
endocardium progressed. In light microscopy studies, the
endocardium appeared as a veil-like strip covering the myo-
cardium. In the light pink cytoplasm, flattened and weakly
basophilic endothelial nuclei were visible (Fig. 3). The content
of endothelin-1 in the blood of sexually immature animals
increased by 5.7% (p < 0.05), while in sexually mature animals,
it rose by 2.4% (p < 0.05).

Submicroscopically, the cytoplasm of endothelial cells
exhibited medium electron density, with dilated membrane
organelles and vacuoles present. The subendothelial layer
was swollen and homogenized. Sarcoplasmic vacuolization
of smooth muscle cells and edema of muscle-elastic fibers
were noticeable.

The wall of the arteries also revealed edematous changes.
Endothelial cells appeared flattened, and their nuclei were
not identifiable throughout. The collagen-elastic framework
of the media was deformed, and the coils of elastic fibers
were uneven. Smooth muscle cell nuclei appeared misaligned
and weakly basophilic. In certain fields of view, sarcoplasm
appeared very light.

The adventitia exhibited edematous changes (Fig. 3C).
Morphometric analysis showed an increase in wall thickness
in the aorta, external carotid artery, and renal artery by 1.1%
(p <0.05), 1.3% (p < 0.05), and 1.0% (p < 0.05), respectively, in
sexually immature animals. For sexually mature animals, the
parameter increased by 0.6% (p < 0.05), 1.4% (p < 0.05), and
1.8% (p < 0.05), respectively.

In ultrastructural studies, flattened endothelial cells were
observed on an indistinctly differentiated basal membrane,
with a swollen subendothelial layer beneath. Similar edema
changes were found in the fibers and smooth muscle cells of
the artery wall (Fig. 3D).

In the prostate lobes on the 90th day of the experiment,
edema changes were evident. Connective tissue fibers and
smooth muscle cells in the stroma were swollen, accompanied
by lymphocytic infiltration. The wall of the blood vessels was
thickened, with stasis phenomena in the lumens. The epithelial
cells of the terminal secretory sections showed signs of edema.
The basal poles of their cytoplasm appeared clarified, with
nuclei displaced. The apical light stained cytoplasm formed

a veil-like contour in the lumens of the terminal secretory
sections (Figure 4).

The height of the epithelium in the terminal secretory
sections of the ventral, dorsal lobes, and coagulating gland
increased by 3.7% (p < 0.05), 4.3% (p < 0.05), and 3.9% (p <
0.05), respectively, in sexually immature animals. For sexually
mature animals, the epithelial height increased by 1.2% (p <
0.05), 1.1% (p < 0.05), and 1.6% (p < 0.05), respectively.

During electron microscopy studies, in the epithelial cells
deformed nuclei were visible due to the invagination of their
nucleolemma. Membrane organelles were dilated and vacuo-
lated. Mitochondria had clarified matrix and deformed cristae.
Stasis phenomena were observed in the lumens of blood ves-
sels, with vacuolized endothelial cell cytoplasm. Perivascular
edema was prominent visualized. The sarcoplasm of smooth
muscle cells exhibited a homogenized granular appearance.

In the adrenal glands, light-microscopic examination re-
vealed edema changes in the capsule, cortex and medulla.
Perivascular edema surrounding the vascular network was
evident (Fig.4C). The thickness of the adrenal cortexin sexually
immature animals increased by 1.5% (p < 0.05). For sexually
mature animals, it rose by 2.5% (p < 0.05).

Submicroscopically, stasis of formed elements of blood
was observed. Cytoplasm of the endocrine cells contained
mitochondria of different sizes with deformed cristae and light
matrix. Membrane organelles of the synthetic apparatus were
dilated and vacuolated, while secretory inclusions exhibited
varying optical densities (Fig. 4D).

Edema changes were observed in all examined organs, pro-
gressing by the 90th day of the experiment. In both sexually
immature and mature animals, an increase in endothelin-1, a
vasoconstrictor exacerbating trophic disorders, was evident
[16,17,18]. Edematous processes in the walls of elastic, mixed,
and muscular-type arteries led to their thickening, confirmed
by morphometricanalysis[19, 20, 21]. Additionally, lipid profile
changes served as a specific marker of hypothyroid conditions
[22, 23, 24, 25, 26]. Edematous changes in the connective
tissue components of the prostate and adrenal glands also
compressed vascular structures, amplifying ischemic manifes-
tations [27, 28]. Consequently, we observed edema-dystrophic
changes in epithelial tissues.

Theadrenal glands'involvementin lipid peroxidation due to
their high content of unsaturated fatty acids in the plasmalem-
ma of endocrine cells was noted [2]. Impaired thyroid hormone
synthesis resulted in oxidative stress[10, 22, 29, 30], triggering
a cascade of inflammatory and hemodynamic disturbances
[31,19,32].The prostate gland, containing key components of
thyroid signaling, indicated potential direct action of thyroid
hormones on this target organ [33]. Moleculariodine exhibited
multi-factorial protective effects on the prostate, functioning
as both a thyroid microelement and an antioxidant, anti-in-
flammatory agent, apoptosis inducer in pathological cells,
and normalizer of prostate function in benign hyperplasia [7].
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CONCLUSSION organs, edema changes develop in all constituent struc-
The level and degree of iodine deficiency is confirmed  tures already on the 60th day of simulated iodine defi-
by ioduria indicators and thyroid profile. In all studied ciency, progressing to the 90th day of the experiment.
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