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ABSTRACT

Aim: To trace morphofunctional changes in the endocardium, arterial walls of various types, prostate gland, and adrenal gland during iodine deficiency in
postnatal ontogenesis.

Materials and Methods: The experiment involved 50 male Wistar rats (25 immature, aged 3-5 months, and 25 mature, aged 6-8 months). Group 1 (control)
included 11 animals of both age groups, while Groups 2 and 3 (with iodine deficiency) consisted of 14 animals each, with material sampling on days 60 and 90 of
the experiment, respectively. Morphological (light and electron microscopy), morphometric, biochemical studies, and statistical data processing were conducted.
Results: The frequency of cardiovascular system damage, lesions of the prostate and adrenal glands, and iodine deficiency are important to study because of
influence to the thyroid imbalance on these organs. The aim was to indicate the morphofunctional changes in the endocardium, wall of the arteries of various
types, prostate gland, and adrenal glands in the dynamics of iodine deficiency during postnatal ontogenesis. Key components of thyroid signaling were found in
the prostate gland, indicating a possible direct effect of thyroid hormones on this organ. Edematous changes in the epithelium of terminal secretory parts result
fromischemia caused by edema in vascular walls and connective tissue elements of the prostate. Structural changes found in endocrine cells of the glomerular,
fascicular, and reticular zones of the adrenal glands, along with the dynamicincrease in cortical thickness during the experiment, suggest trophic disturbances,
as edema was detected in vessel walls and stromal components. Thus, on both day 60 and day 90 of iodine deficiency, edematous changes occur in all organs
in connective tissue components, wall of blood vessels, and epithelial tissues. Altered thyroid status triggers systemic interrelated changes in the organism.
Conclusions: On both day 60 and day 90 of iodine deficiency, edematous changes occur in all organs in connective tissue components, wall of blood vessels,

and epithelial tissues. Altered thyroid status triggers systemic interrelated changes in the organism.
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INTRODUCTION

The basis of alimentary hypothyroidism lies in the bio-
geochemical features of specific regions where iodine
levels are reduced [1-5]. Thyroid hormones, which
include iodine, regulate energy homeostasis, and even
minor reductions in their levels increase the risk of
cardiovascular diseases [6-9]. Under iodine deficiency,
cardiovascular dysfunction develops asymptomatically
[10-13]. Thyroid hormones are essential for the devel-
opment of reproductive organs. Their deficiency during
critical growth periods alters the size and function of
the prostate gland in adulthood [14]. Hypothyroidism
is known to reduce adrenal gland weight and plasma
corticosterone concentration [15]. While a connection
between these organs and the thyroid gland is evi-
dent, there is no comprehensive study on the impact
of iodine deficiency on their morphofunctional state
considering age-specific features.
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AIM

To trace morphofunctional changes in the endocardi-
um, arterial walls of various types, prostate gland, and
adrenal gland during iodine deficiency in postnatal
ontogenesis.

MATERIALS AND METHODS

Samples from the endocardium, fragments of the aor-
ta, external carotid, and renal arteries, prostate gland
(ventral, dorsal lobes, and coagulating gland), adrenal
glands, blood, and urine were analyzed. lodine defi-
ciency was modeled using a specific methodology [2].
All procedures adhered strictly to humane treatment of
animals. The experiment involved 50 male Wistar rats
(25 immature, aged 3-5 months, and 25 mature, aged
6-8 months). Group 1 (control) included 11 animals of
both age groups, while Groups 2 and 3 (with iodine

1981


https://wiadlek.pl/10-2025/
https://www.doi.org/10.36740/WLek/213591

Liliia V. Sobol et al.

deficiency) consisted of 14 animals each, with material
sampling on days 60 and 90 of the experiment, respec-
tively. Morphological (light and electron microscopy),
morphometric, biochemical studies, and statistical data
processing were conducted [16].

FRAMEWORK

The study is carried out within the framework of the
initiative research work of the Department of Human
Anatomy at lvano-Frankivsk National Medical University
“Ontogenetic Peculiarities of the Morpho-functional
State of Organs and Tissues in lodine Deficiency and
Hypothyroidism” (0119U002847).

RESULTS

The thyroid status of immature animals in Group 1 was
as follows: TSH 0.10 £ 0.01 pulU/ml (p < 0.01), T3 3.63 +
0.12nmol/l (p <0.01),T4 75.44 £ 4.01 nmol/l (p < 0.01);
for mature animals, TSH was 0.08 + 0.00 plU/ml (p <
0.01), T3 2.79 £ 0.15 nmol/l (p < 0.01), T4 55.18 £ 2.72
nmol/l (p < 0.01). Cholesterol content under age norm
conditions was 1.60 = 0.05 mmol/l (p < 0.01) in imma-
ture rats and 1.40 + 0.09 mmol/l (p < 0.01) in mature
rats. loduria in immature animals of Group 1 was 97.13
+ 5.40 pg/l, and in mature animals - 101.06 + 3.44 ug/I
(p <0.01).

Thyroid status of immature animals in Group 2
showed TSH0.17 £ 0.02 plU/ml (p < 0.01),T33.46 £ 0.36
nmol/l (p < 0.01), T4 75.49 + 9.60 nmol/l (p < 0.01); in
mature animals, TSH was 0.12 + 0.01 plU/ml (p < 0.01),
T32.97 £0.37 nmol/l (p < 0.01), T4 67.49 + 8.25 nmol/I
(p < 0.01). Cholesterol on day 60 of the experiment
was 1.63 +0.17 mmol/l (p < 0.01) in immature rats and
1.39 £ 0.12 mmol/Il (p < 0.01) in mature rats. loduria in
immature animals of Group 2 was 2.73 £ 0.29 pg/l, and
in mature animals - 3.77 + 0.34 pg/I (p < 0.01).

On day 60 of iodine deficiency, the endocardium
appeared as a thin eosinophilic strip with well-defined
oval nuclei; in some loci, nuclei were round. Ultrastruc-
turally, the luminal plasmalemma of endothelial cells
formed numerous invaginations. Membrane organelles
were swollen. The subendothelial layer contained an
amorphous substance of medium electron density.
Mitochondria and endoplasmic reticulum were identi-
fied in the smooth muscle cells of the muscular-elastic
layer (Fig. 1). Endothelin-1 blood levels in immature
animals increased by 2.9% (p < 0.05), while no change
was observed in mature animals.

In the walls of elastic, muscular and muscular-elastic
arteries, all layers were identified, but the contour of
their lumen was chaned due to uneven twists of the
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connective tissue framework. The endothelial layer of
the intima was light, endothelial nuclei were not visible
in all fields of view. The nuclei of smooth muscle cells
were oriented in various directions with differing de-
grees of basophilia. The adventitia was blurred.

Ultrastructurally, endothelial cells showed organelle
swelling and multiple luminal plasmalemma invag-
inations. The internal elastic membrane had loci of
luminalization. Sarcoplasm of smooth muscle cells had
a granular-fibrillar structure.

Morphometric analysis showed that in immature
animals, the thickness of the aortic, external carotid,
and renal artery walls increased by 0.9% (p < 0.05),0.9%
(p < 0.05), and 0.6% (p < 0.05), respectively. In mature
animals, the thickness increased by 0.2% (p < 0.05), 0.7%
(p <0.05), and 1.1% (p < 0.05), respectively.

At this stage of the experiment, edema was observed
in the connective tissue elements of the stroma and wall
of blood vessels in all patrs of the prostate gland (ven-
tral, dorsal, and coagulating glands) (Fig. 2). Epithelial
cells of terminal secretory parts had apically light cyto-
plasm and basal basophilia of nuclear poles. Ultrastruc-
turally, nuclei contained euchromatin and a thin band
of heterochromatin. Granular endoplasmic reticulum
tubules were dilated, and Golgi apparatus cisternae
unevenly filled the cytoplasm. Mitochondrial matrix
was of low electron density; cristae were disorganized.
Secretory granules varied in shape and size. The height
of the epithelium in the terminal secretory parts of the
ventral, dorsal lobes, and coagulating glands increased
by 0.3% (p < 0.05), 0.7% (p < 0.05), and 0.9% (p < 0.05)
in immature animals, respectively. In mature animals,
epithelium height increased by 0.2% (p < 0.05), 0.4%
(p < 0.05), and 0.9% (p < 0.05), respectively.

In the adrenal glands, light microscopy showed
edema of the capsule (Fig. 2C). Zona glomerulosa was
represented by basophilic-stained endocrine cells; in
zona fasciculata, cells were weakly eosinophilic, with
more intense eosinophiliain zona reticularis. In all zones
of the cortex and in medulla, blood vessel lumens and
networks were visible. Submicroscopically, pericellu-
lar luminal loci were visible (Fig. 2D). Endocrinocytes
showed invagination of the nuclear envelope and
marginal chromatin localization. Membrane organelles
were swollen. Secretory granules had medium electron
density. Cortical thickness of adrenal glands in imma-
ture animals increased by 0.4% (p < 0.05), and in mature
animals by 1.5% (p < 0.05).

Thyroid status of immature animals in Group 3: TSH
0.16 + 0.02 plU/ml (p < 0.01), T3 3.47 + 0.39 nmol/I (p
< 0.01), T4 51.31 £ 6.53 nmol/l (p < 0.01); in mature
animals: TSH 0.23 + 0.03 plU/ml (p < 0.01), T3 243 +
0.29 nmol/l (p < 0.01),T454.91 = 7.05 nmol/l (p < 0.01).
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Fig. 1. Structure of the endocardium and arterial walls on day 60 of iodine deficiency.

A. Endocardium of a mature animal: 1— myocardium, 2 — endocardium, 3 — endothelial cell nuclei.

B. Endocardium of an immature animal: 1 — endothelial cells, 2 — subendothelial layer, 3 — muscular-elastic layer connective tissue

C. Wall of renal artery in immature animal: 1— endothelial cells, 2 — connective tissue fibers of media, 3 — smooth muscle cells of media, 4 — adventitia.
D. Wall of external carotid artery in mature animal: 1 — endothelial cell, 2 — internal elastic membrane, 3 — smooth muscle cell.

A, C—hematoxylin and eosin, magnification: A, C x400. B, D — electron micrograph, magnification: B <9600, D x16000

Picture taken by the authors

C

Fig. 2. Structure of the prostate and adrenal glands on day 60 of iodine deficiency

A. Dorsal lobe of prostate gland in mature animal: 1 —terminal secretory parts, 2 — epithelial nuclei, 3 — smooth musdle cells, 4 — connective tissue fibers, 5 — blood vessels
B. Ventral lobe of prostate gland in immature animal: 1 — nucleus, 2 — granular endoplasmic reticulum, 3 — Golgi apparatus, 4 — mitochondria, 5 — secretory granules

C. Adrenal gland of immature animal: 1— capsule, 2 — zona glomerulosa, 3 — zona fasciculata, 4 — zona reticularis, 5 — blood vessels

D. Endocrine cells of zona glomerulosa adrenal cortex in mature animal: 1— nucleus, 2 — mitochondria, 3 — endoplasmic reticulum, 4 — Golgi apparatus, 5 — granules
A, C—hematoxylin and eosin, magnification: A %200, C x100. B, D — electron micrograph, magnification: B, D <4800

Picture taken by the authors
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Fig. 3. Structure of the endocardium and wall of the arteries on day 90 of iodine deficiency

A. Endocardium of a mature animal: 1 — myocardium, 2 — endocardium, 3 — endothelial cell nuclei

B. Endocardium of an immature animal: 1 — endothelial cells, 2 — subendothelial layer, 3 — connective tissue fibers of the muscular-elastic layer,
4 — substance of the muscular-elastic layer

(. Wall of renal artery of mature animal: 1 — endothelial cell nuclei, 2 — connective tissue fibers of the media, 3 — smooth muscle cells of the media, 4 — adventitia
D. Wall of aorta of mature animal: 1 — endothelial cell, 2 — subendothelial layer, 3 — smooth muscle cell

A, C—hematoxylin and eosin, magpnification: A, C x400. B, D — electron micrograph, magnification: B <4800, D %9600

Picture taken by the authors

C
Fig. 4. Structure of prostate and adrenal glands on day 90 of iodine deficiency
A. Coagulating gland of immature animal prostate: 1 — epithelial cells, 2 — lumen of terminal secretory parts, 3 — smooth muscle cells, 4 — connective
tissue fibers, 5 — blood vessels
B. Dorsal lobe of mature animal prostate: 1 — nucleus, 2 — mitochondria, 3 — granular endoplasmic reticulum, 4 — vacuoles
(. Adrenal gland of mature animal: 1 — capsule, 2 —zona glomerulosa, 3 — zona fasciculata
D. Endocrine cells of zona fasciculata adrenal cortex in immature animal: T — nucleus, 2 — mitochondria, 3 — lipid inclusions, 4 — erythrocyte sludge
A, C— hematoxylin and eosin, magnification: A, C x400. B, D — electron micrograph, magnification: B x6400, D %3200
Picture taken by the authors
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Cholesterol content on day 90 of the experiment was
1.66 £ 0.20 mmol/l (p < 0.01) in immature rats, and
1.44 + 0.16 mmol/l (p < 0.01) in mature rats. loduria in
immature animals of Group 3 was 1.89 £ 0.24 pg/l, and
in mature animals 2.29 £ 0.21 pg/l (p < 0.01).

On day 90 of the experiment, the endocardium
appeared as an unevenly swollen strip with a cleared
subendothelial layer (Fig. 3). The endothelial cell nuclei
showed varying intensities of basophilia and were
located at different levels. The cytoplasm had a retic-
ular structure. Ultrastructurally, endothelial cells had
medium electron density with poorly differentiated
organelles. A swollen subendothelial layer was visible,
appearing as a homogeneously deformed strip. In the
muscular-elastic layer, swollen, differently oriented
collagen fibers were found, surrounded by a cleared
amorphous substance. Endothelin-1 levels in the blood
of immature animals increased by 4.3% (p < 0.05), and
in mature animals, it increased by 1.2% (p < 0.05).

When examining arterial walls, frequent adhesion of
formed elements obscuring endothelial cells was observed.
The collagen-elastic framework was deformed and swollen.
Smooth muscle cell nuclei in the media were oriented in
different directions. The adventitia consisted of layered
fibers in swollen amorphous material. Submicroscopically,
endothelial cells rested on a thin basal membrane. Their
luminal surface had a blurred contour along the vessel
perimeter. The cytoplasm was diffusely granular with al-
ternating optical lighting. The subendothelial layer had low
electron density. Elastic and collagen fibers of the arterial
wall were swollen and fragmented. Sarcoplasm of smooth
muscle cells was light. Morphometric analysis showed that
in immature animals, the thickness of the aorta, external
carotid, and renal artery walls increased by 1.0% (p < 0.05),
1.2% (p < 0.05), and 0.8% (p < 0.05), respectively. In mature
animals, these parametersincreased by 0.6% (p < 0.05), 1.3%
(p <0.05), and 1.7% (p < 0.05), respectively.

The epithelium of the terminal secretory parts of all pros-
tate lobes was swollen (Fig.4). Nuclei had blurred contours.
The cytoplasm was eosinophilic. Edematous connective
tissue fibers, amorphous substances, and smooth muscle
cells of the gland stroma were noted. Similar edematous
changes were present in the walls of blood vessels. Sub-
microscopically, cytoplasmic lighting of epithelial cells was
observed. Granular endoplasmic reticulum tubules were
dilated, and the Golgi apparatus consisted of deformed
cisternae and tubules. Mitochondria had disorganized
cristae and cleared matrix. The height of the epithelium in
the terminal secretory parts of the ventral, dorsal lobes,and
coagulating glandsincreased by 3.6% (p < 0.05) inimmature
animals. In mature animals, the height of the epithelium
increased by 1.1% (p < 0.05),0.9% (p < 0.05), and 1.4% (p <
0.05), respectively.

Inthe adrenal glands, edema was observedin the capsule
and parenchyma. Stromal components were layered and
deformed, surrounding the swollen walls of blood vessels,
whose lumens were changed (Fig. 4C). Prominent pericel-
lular luminalization ligthening was seen in all zones of the
adrenal cortex and in the medulla. Edematous processes
in adrenal endocrinocytes were confirmed by electron mi-
croscopy (Fig.4D). Mitochondrial matrix was dispersed and
of low electron density, with disorganized cristae. Secretory
granules were heterogeneous and sparse. Blood vessels
showed stasis phenomena. The thickness of the adrenal
cortical layer increased by 1.4% (p < 0.05) in immature ani-
mals and by 2.4% (p < 0.05) in mature animals.

DISCUSSION

Thyroid hormones influence cellular oxygen metab-
olism [6, 7, 17]. They maintain vascular homeostasis
through positive effects on endothelial cells and
smooth muscle cells of blood vessels [18]. According
to our data, endothelin-1 levels slightly increased by
day 60 of iodine deficiency with further rise by day
90. Endothelin-1 is a potent vasoconstrictor [19, 20].
The observed edematous changes in vascular walls
correlate with other authors’ findings on decreased
elasticity and increased vascular resistance [21-23].
Endothelial dysfunction worsens due to impaired lipid
metabolism under iodine deficiency [24, 25].
According to our data, cholesterol content changes
serve as a marker of this. It is known that structural
changes in the endocardium are associated with ele-
vated cholesterol levels, indicating the impact of iodine
deficiency on thyroid hormones and metabolism, thus
increasing the risk of cardiovascular diseases [12, 26].
Key components of thyroid signaling were found in
the prostate gland, indicating a possible direct effect of
thyroid hormones on this organ [14]. Edematous changes
in the epithelium of terminal secretory parts result from
ischemia caused by edema in vascular walls and connec-
tive tissue elements of the prostate [27, 28]. Structural
changes found in endocrine cells of the glomerular, fas-
cicular, and reticular zones of the adrenal glands, along
with the dynamic increase in cortical thickness during
the experiment, suggest trophic disturbances, as edema
was detected in vessel walls and stromal components.

CONCLUSIONS

Thus, on both day 60 and day 90 of iodine deficiency,
edematous changes occur in all organs in connective
tissue components, wall of blood vessels, and epithelial
tissues. Altered thyroid status triggers systemicinterre-
lated changes in the organism.
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