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Abstract. The article examines the results of a
multidisciplinary study of the thyroid follicular
cells’ synthetic activity of male albino rats
using the author’s methods for determining the
profiles of hormonopoietic cells” special
capacities and semi-quantitative analysis of
electronograms, a package of mathematical
methods using the principle of fuzzy logic, the
cluster approach to grouping data, the principle
of phase interval, correlation analysis using
Pearson’s formula and evaluating the results
according to the Chaddock scale, interpreting
the obtained results from the standpoint of
cytophysiology. A comparative study on the
effect of low, moderate, and high doses of
organic and inorganic iodine on changes in
correlations  between protein-synthesizing
organelles of follicular cells under conditions
of dietary iodine deficiency was carried out.
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Based on the data on the number, strength and
direction of correlations, a comparative study
on the effect of low, moderate, and high doses
of organic and inorganic iodine on the thyroid
follicular cells’ protein-synthesizing
organelles under conditions of dietary iodine
deficiency was carried out. The information on
the peculiarities of thyroid hormonopoiesis
under the action of iodine of different chemical
nature was deepened and the greater activating
effect of organic iodine was proved, which is
of scientific interest and has practical
significance  for the development of
personalized preventive measures for dietary
iodine deficiency.
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Introduction. Thyroid hormones are critical for the coordinated activity of all organs and
systems of the body [1-11]. In view of this, the growth of thyroid pathology is a serious medical and
social problem of our time [12,13], the solution of which requires a multidisciplinary and multi-vector
approach [14]. The most common thyroid pathology is hypothyroidism [15,16], caused by dietary
iodine deficiency. lodine deficiency is largely a hygienic and environmental problem [17]. The basic
method of prevention and correction of such hypothyroidism is the use of iodized products [18,19],
the use of iodine-containing supplements [20,21]. According to a number of scientists, inorganic
iodine compounds can no longer be recognized as the only and optimal way to prevent and overcome
hypothyroidism [22-25]. At the same time, despite information about the confirmed efficacy of taking
organic iodine with reduced functional activity of the thyroid gland, the specifics of its influence have
not been sufficiently studied. This actualizes the need to study various aspects of the processes that
occur in follicular cells of the thyroid gland in case of alimentary hypothyroidism. Since the in-depth
study of thyroid hormonopoiesis goes beyond the scope of any single branch of medicine, it should
involve the coordinated application of physiological, morphological, biochemical [26,27],
histochemical [28,29], clinical and other fields of scientific research at different levels of integration
of the thyroid gland into the body [30]. The need for an in-depth study of the thyroid gland's state, in
particular thyroid hormonopoiesis, has become especially important under conditions of the COVID-
19 pandemic, which is characterized by multiorgan damage [31,32]. In this case, the application of
mathematical methods to study the features of the thyroid gland’s activity [33-45], whose hormones
are important for the functioning of the body’s regulatory systems and are responsible for the
reproduction of tissues, is extremely appropriate.

The purpose of the study was multidisciplinary research using electron microscopy and a
package of mathematical methods (principle of fuzzy logic, cluster principle of data grouping,
principle of phase interval, and Pearson correlation analysis) to study the effect of different doses of
organic and inorganic iodine on the features of relationships between organelles of the thyroid
follicular cells’ synthetic direction of activity under the conditions of dietary iodine deficiency.
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Materials and methods. The study was carried out on non-linear male albino rats with an
initial body weight of 140-160 g, which were fed a standard starch-casein diet in the summer period
in a vivarium. All food ingredients and vitamins were given to rats in the amounts recommended for
animals of this species and age. To create a model of dietary iodine deficiency, potassium iodide was
removed from the recipe of the standard J.H. Jones & C.Foster salts’ mixture (the background iodine
content in such a diet was within 13-15 pg/kg of body weight). Dietary iodine deficiency was
corrected by taking organic and inorganic iodine in histologically determined minimally effective
dose, optimal dose (2.5 times greater than minimally effective) and excessive dose (2 times greater
than optimal one). These doses were designated by us as “low” (21 ug/kg of body weight for groups
1 and 4), “moderate” (50 pg/kg of body weight for groups 2 and 5) and “high” (100 pg/kg of body
weight for groups 3 and 6).

The source of organic iodine was an iodine-protein supplement [46] produced of iodine-
protein components [47] of the Black Sea red algae Phyllophora nervosa (Phyllophora crispa) at the
A.V. Bogatsky Physico-Chemical Institute of the National Academy of Sciences of Ukraine.
Inorganic iodine came with a potassium iodide (Darnitsa Pharmaceutical Company, Ukraine). Given
the high sensitivity of the thyroid gland to stress, which is possible when iodine-containing agents are
introduced into the stomach through an orogastric tube, they entered the body physiologically with
food.

The study was carried out on 60 rats, of which 6 groups of 10 animals each were formed by
random sampling. After the 30-day observation period, the rats were decapitated under ether
anesthesia, their thyroid glands were carefully separated from the connective tissue and prepared for
electron microscopy examination according to the standard technique. Experiments with the use of
laboratory animals were carried out in compliance with the Law of Ukraine “On Protection of
Animals from Cruel Treatment” (Kyiv, 2006), and the provisions of the “European Convention for
the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986). The Statistica 6.0 Microsoft Office software was used to calculate the digital
database.

Electron microscopy [48-52] and mathematical methods were used to study the characteristics
of changes in the ultrafine structure of the thyroid gland under the influence of organic and inorganic
iodine.

« Electron microscopy. After fixation in a 2% osmium tetroxide solution, the thyroid glands
were dehydrated in alcohols of ascending contraception and acetone, followed by polymerization in
epoxy resins according to standard methods. Ultrathin sections were made from the tissue blocks with
the LKB Bromma 8800 Ultrotome 111 (Sweden) appliance, which were additionally contrasted with
solutions of uranyl acetate and lead citrate salts. Electronograms were obtained using a PEM-100-01
transmission electron microscope (Selmi, Ukraine).

The study of the relationships features between the follicular cells’ protein-synthesizing
organelles was carried out using the author's morphological methods for determining the profiles of
the hormonopoietic cells’ special capacities [53] and semi-quantitative analysis of electronograms
[54], based on mathematical methods — the principle of fuzzy logic [55-57] for the objectification of
qualitative information, cluster approach to data grouping [58], phase interval principle [59,60] for
comparing the state of follicular cells’ structural elements, Pearson correlation analysis [61,62] to
establish relationships and interdependencies between structural elements of thyroid follicular cells.

» O.Ryabukha’s method for determining the profiles of hormonopoietic cells’ special
capacities. If each activity field of a hormonopoietic cell (synthesis, secretion, transportation of the
produced hormones by perifollicular capillaries, energy supply of these processes) is qualified as an
“capacity”, then the result will be the creation of appropriate clusters, the implementation of which is
provided by specialized cell components. We call such clusters “profiles of special capacities”. The
arrangement of the cluster/profile’s determined elements of the investigated capacity is achieved by
using special symbols that we use to denote ultrastructural cell components. The composition of cell
components of the profile of thyroid follicular cells’ synthetic capacity presented in Table 1.
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Table 1. Profile of follicular cells synthetic capacity [63].

Cell components Data Status Symbol
Cytoplasm electron density insignificant B1
moderate B2
significant B3
Rough endoplasmic reticulum form constricted J1
(rough ER) (structures’ width) moderate J2
expanded J3
number of decreased J4
fixed ribosomes moderate J5
increased J6
Free ribosomes number decreased K1
and polysomes moderate K2
increased K3
Golgi body form constricted L1
(structures’ width) moderate L2
expanded L3

« Semi-quantitative analysis of electronograms according to O.Ryabukha. Electronograms are
analyzed according to the defined algorithm [64]. According to it, the ultrastructural cell components
of the special capacity profile on electronograms of the rat thyroid glands in the study group are first
visually divided into the categories "few", "moderately”, and "many". After that, in electronograms,
they are compared to the same structural cell components of the glands in normal conditions and in
the studied pathology (uncorrected dietary iodine deficiency). When studying electronograms, non-
numerical results (qualitative or binary data) are transformed into numerical (quantitative) indices by
the method of their digital assessment according to a point scale developed by us in the range from 0
to 4 points (percentage scale with gradation from 0 to 100% is also possible). The absence of a feature
was assessed as 0 points, the low degree of feature severity — 1 point, moderate — 2 points, high — 3
points; the very high value corresponded to a score of 4 points (Table 2). It should be noted separately
the features of assessing the number of ribosomes. Under conditions of thyroid follicular cells” normal
synthetic activity, the highest score is 4 points. At the same time, when synthetic processes are
stimulated, the number of ribosomes (fixed and free) can significantly increase. In this case, with the
maximum degree of activation of hormonopoiesis by organic or inorganic iodine, an increase in the
index to 8 points (200%) is possible.

Table 2. Assessment scale of features severity in cell components’ semi-quantitative analysis of
electronograms.

. Symbol Numerical assessment
Feature severity degree -
(points) (percentage)
feature absent - 0 0
low + 1 25
moderate ++ 2 50
high +++ 3 75
very high ++++ 4 100

Further, the obtained digital parameters are averaged and used for correlation analysis when
determining the relationships and interdependencies between the ultrastructural components of the
studied fields of activity (cluster-profiles) of follicular cells.

» Pearson Correlation Analysis. The bivariate Pearson Correlation produces a sample
correlation coefficient, which measures the strength and direction of linear relationships between
pairs of continuous variables. To find out the presence of correlations between the components of the
profile of the synthetic capacities of follicular cells, the Pearson correlation coefficient r is calculated.
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When assessing the results, the number of correlations, their strength and direction are indicated. An
r value of positive one (+1) indicates a perfect [65] positive correlation, while an r value of negative
one (—1) indicates a perfect negative correlation. An r value of zero indicates no correlation. A
positive value of the Pearson’s r coefficient indicates an increase in both associated indices, a negative
value indicates that as one of the indices increases, the other index associated with it decreases. In the
structure of correlations between profile components, the most significant are very high and high
correlations, which according to the Chaddock scale [66] are, respectively, within the range of 1.00>
r>0.91 and 0.90> r > 0.71; in the absence of such correlations, we consider marked correlations
0.70> r > 0.51 and moderate correlations (0.50> r >0.31). The obtained data were interpreted from
the standpoint of cytophysiology [67].

The study is a fragment of research works of Lviv Medical Institute LLC on the topic of
“Improving the system of circulation of drugs during pharmacotherapy on the basis of evidentiary
and forensic pharmacy, organization, technology, biopharmacy and pharmaceutical law” (state
registration number 0120U105348, implementation period 2021-2026).

Results and discussion. Analysis of significant correlations showed that when rats of group
1 (Table 3) received a low dose of organic iodine, moderate (normal) of structures’ width of the rough
endoplasmic reticulum (rough ER) formed positive correlations of moderate strength (hereinafter
referred to as “moderate positive”) with moderate (normal) and with a decreased number of fixed
ribosomes (r = 0.535) and positive correlations of high strength (hereinafter referred to as “high
positive”) with moderate (normal) of structures’ width of the Golgi body (r = 0.791). This nature of
connections between protein-synthesizing cellular components indicates sufficient synthetic activity
of the thyroid follicular cells. However, at the same time, the separation of the processes of formation
and maturation of the thyroglobulin molecule was also observed, a sign of which is very high negative
correlations of expanded Golgi body structures with a moderate (normal) number of free ribosomes
(r =-1.000), as well as certain disorders of protein synthesis, a sign of which are very high negative
correlations of the rough endoplasmic reticulum’s expanded structures with a decreased number of
fixed ribosomes (r = —1.000).

Table 3. Correlations of the synthetic capacity profile of follicular cells in the correction of
alimentary iodine deficiency with a low dose of organic iodine.

Data of the cell components for correlation analysis Symbol_s of Pears_or_1’s r
correlations | coefficient

insignificant electron density of cytoplasm — expanded structures B1—J3 0.791
of the rough ER
insignificant electron density of cytoplasm — decreased number B1—J4 —-0.791
of fixed ribosomes
insignificant electron density of cytoplasm — moderate number B1—J5 0.791
of fixed ribosomes
insignificant electron density of cytoplasm — moderate (normal) B1—L2 0.500
structures’ width of the Golgi body
moderate electron density of cytoplasm — moderate (normal) B2—J2 —0.423
structures’ width of the rough ER
moderate electron density of cytoplasm — decreased number of free B2—K1 0.791
ribosomes and polysomes
moderate electron density of cytoplasm — moderate number of free B2—K2 0.791
ribosomes and polysomes
moderate electron density of cytoplasm — moderate (normal) B2—L2 0.500
structures’ width of the Golgi body
moderate electron density of cytoplasm — expanded structures of B2—L3 —-0.791
the Golgi body
moderate (normal) structures’ width of the rough ER — decreased J2—K1 —0.802
number of free ribosomes and polysomes
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structures of the Golgi body

expanded structures of the rough ER — decreased number of fixed J3—J4 —1.000
ribosomes

moderate number of fixed ribosomes — moderate (normal) J5—L2 0.791
structures’ width of the Golgi body

moderate number of free ribosomes and polysomes — moderate K2—L2 0.791
(normal) structures’ width of the Golgi body

moderate number of free ribosomes and polysomes — expanded K2—L3 —1.000
structures of the Golgi body

moderate (normal) structures’ width of the Golgi body — expanded L2—L3 -0.791

When rats of group 4 (Table 4) received a low dose of inorganic iodine, a decreased number
of fixed ribosomes formed high positive correlations with expanded structures of the rough ER and
Golgi body (r = 0.802), indicating the presence of functional stress. Under these conditions, the high
positive correlations between the moderate (normal) of structures’ width of the rough ER and the
expanded structures of the Golgi body (r =0.791) can logically be considered an adaptive mechanism
aimed at maintaining the synthetic activity of follicular cells in adverse conditions.

Table 4. Correlations of the synthetic capacity profile of follicular cells in the correction of

alimentary iodine deficiency with a low dose of inorganic iodine.

Data of the cell components for correlation analysis Symbol§ Jj Pears.or_l’s r
correlations | coefficient

insignificant electron density of cytoplasm — moderate electron B1—B2 —0.764
density of cytoplasm
insignificant electron density of cytoplasm — moderate (normal) B1—J2 0.408
structures’ width of the rough ER
insignificant electron density of cytoplasm — decreased number B1—J4 0.408
of fixed ribosomes
insignificant electron density of cytoplasm — moderate number B1—J5 —0.612
of fixed ribosomes
insignificant electron density of cytoplasm — decreased number B1—K1 —0.612
of free ribosomes and polysomes
insignificant electron density of cytoplasm — moderate number B1—K2 —0.612
of free ribosomes and polysomes
insignificant electron density of cytoplasm — moderate (normal) B1—L2 —0.612
structures’ width of the Golgi body
insignificant electron density of cytoplasm — expanded structures B1—L3 0.646
of the Golgi body
moderate electron density of cytoplasm — moderate (normal) B2—J2 —0.534
structures’ width of the rough ER
moderate electron density of cytoplasm — expanded structures of B2—J3 —0.429
the rough ER
moderate electron density of cytoplasm — decreased number of B2—J4 —0.534
fixed ribosomes
moderate electron density of cytoplasm — decreased number of free B2—K1 0.802
ribosomes and polysomes
moderate electron density of cytoplasm — moderate number of free B2—K2 0.802
ribosomes and polysomes
moderate electron density of cytoplasm — expanded structures of B2—L3 —0.422
the Golgi body
moderate (normal) structures’ width of the rough ER — expanded J2—J3 —0.534

structures of the rough ER
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structures of the Golgi body

moderate (normal) structures’ width of the rough ER — expanded J2—L3 0.791
structures of the Golgi body

expanded structures of the rough ER — decreased number of fixed J3—J4 0.802
ribosomes

expanded structures of the rough ER — decreased number of free J3—K1 —0.534
ribosomes and polysomes

expanded structures of the rough ER — moderate number of free J3—K2 —0.534
ribosomes and polysomes

expanded structures of the rough ER — expanded structures of the J3—L3 0.422
Golgi body

moderate number of fixed ribosomes — moderate (normal) J5—L2 1.000
structures’ width of the Golgi body

moderate number of fixed ribosomes — expanded structures of the J5—L3 —0.791
Golgi body

decreased number of free ribosomes and polysomes — moderate K1—K2 1.000
number of free ribosomes and polysomes

moderate (normal) structures’ width of the Golgi body — expanded L2—L3 —-0.791

Taking a moderate dose of organic iodine by rats of group 2 (Table 5) contributed to
normalization of protein synthesis [68]. This was indicated by a very high positive correlation
between the moderate (normal) of structures’ width of the rough ER and moderate (normal) of
structures’ width of the Golgi body (r = 1.000); free ribosomes, which formed two significant positive
correlations and four significant negative correlations with other elements of the cluster, played a
major role in maintaining sufficient functional activity of follicular cells.

Table 5. Correlations of the synthetic capacity profile of follicular cells in the correction of alimentary

iodine deficiency with a moderate dose of organic iodine.

Data of the cell components for correlation analysis Symbol_s of Pears_or_Vs r
correlations | coefficient

insignificant electron density of cytoplasm — moderate electron B1—B2 —0.802
density of cytoplasm
insignificant electron density of cytoplasm — moderate number B1—J5 0.791
of fixed ribosomes
insignificant electron density of cytoplasm — increased number B1—K3 —0.534
of free ribosomes and polysomes
moderate electron density of cytoplasm — moderate (normal) B2—J2 —0.534
structures’ width of the rough ER
moderate electron density of cytoplasm — moderate number of B2—J5 —0.845
fixed ribosomes
moderate electron density of cytoplasm — increased number of free B2—K3 0.786
ribosomes and polysomes
moderate electron density of cytoplasm — moderate (normal) B2—L2 —0.534
structures’ width of the Golgi body
moderate (normal) structures’ width of the rough ER — moderate J2—L2 1.000
(normal) structures’ width of the Golgi body
moderate number of fixed ribosomes — increased number of free J5—K3 —0.845
ribosomes and polysomes
increased number of fixed ribosomes — moderate number of free J6—K?2 —1.000
ribosomes and polysomes
increased number of fixed ribosomes — increased number of free J6—K3 0.534

ribosomes and polysomes
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moderate number of free ribosomes and polysomes — increased K2—K3 —0.534
number of free ribosomes and polysomes

The interdependence of the states of protein-synthesizing cellular components was also
observed when consuming a moderate dose of inorganic iodine by rats of group 5 (Table 6): moderate
(normal) of structures’ width of the rough ER and moderate (normal) of structures’ width of the Golgi
body had moderate positive correlations with a moderate (normal) number of free ribosomes (r =
0.408). However, although the interdependence of the rough endoplasmic reticulum’s morpho-
functional state and the Golgi body as the main protein-synthesizing organelles is logically considered
a prerequisite for the sufficient intensity of synthesis processes in follicular cells; marked positive
correlations between their expanded structures (r = 0.612) against the background of negative
correlations of the same strength between their normal structures (r = —0.645) are a sign of a certain
functional stress. The same is indicated by moderate positive correlations of expanded structures of
the rough ER with a moderate (normal) number of fixed ribosomes (r = 0.408) and a decreased
number of free ribosomes (r = 0.408).

Table 6. Correlations of the synthetic capacity profile of follicular cells in the correction of alimentary
iodine deficiency with a moderate dose of inorganic iodine.

Data of the cell components for correlation analysis Symbol§ Jj Pears_of"s r
correlations | coefficient

insignificant electron density of cytoplasm — expanded structures B1—J3 0.408
of the rough ER
insignificant electron density of cytoplasm — decreased number B1—J4 —0.612
of fixed ribosomes
insignificant electron density of cytoplasm — moderate number B1—K2 —0.612
of free ribosomes and polysomes
insignificant electron density of cytoplasm — moderate (normal) B1—L2 0.645
structures’ width of the Golgi body
moderate electron density of cytoplasm — moderate (normal) B2—J2 1.000
structures’ width of the rough ER
moderate electron density of cytoplasm — expanded structures of B2—J3 —0.612
the rough ER
moderate electron density of cytoplasm — decreased number of B2—J4 0.408
fixed ribosomes
moderate electron density of cytoplasm — moderate number of free B2—K2 0.408
ribosomes and polysomes
moderate electron density of cytoplasm — moderate (normal) B2—L2 —0.645
structures’ width of the Golgi body
moderate electron density of cytoplasm — expanded structures of B2—L3 1.000
the Golgi body
moderate (normal) structures’ width of the rough ER — expanded J2—J3 —0.612
structures of the rough ER
moderate (normal) structures’ width of the rough ER — decreased J2—J4 0.408
number of fixed ribosomes
moderate (normal) structures’” width of the rough ER — moderate J2—K?2 0.408
number of free ribosomes and polysomes
moderate (normal) structures’ width of the rough ER — moderate J2—L2 —0.645
(normal) structures’ width of the Golgi body
moderate (normal) structures’ width of the rough ER — expanded J2—L3 1.000
structures of the Golgi body
expanded structures of the rough ER — moderate number of fixed J3—J5 0.408
ribosomes
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expanded structures of the rough ER — decreased number of free J3—K1 0.408
ribosomes and polysomes

expanded structures of the rough ER — moderate (normal) J3—L2 0.791
structures’ width of the Golgi body

expanded structures of the rough ER — expanded structures of the J3—L3 —0.612
Golgi body

decreased number of fixed ribosomes — moderate number of fixed J4—J5 0.408
ribosomes

decreased number of fixed ribosomes — decreased number of free J4—K1 0.408
ribosomes and polysomes

decreased number of fixed ribosomes — moderate number of free J4—K2 1.000
ribosomes and polysomes

decreased number of fixed ribosomes — moderate (normal) J4—L2 —-0.791
structures’ width of the Golgi body

decreased number of fixed ribosomes — expanded structures of the J4—L3 0.408
Golgi body

moderate number of fixed ribosomes — decreased number of free J5—K1 1.000
ribosomes and polysomes

moderate number of fixed ribosomes — moderate number of free J5—K2 0.408
ribosomes and polysomes

decreased number of free ribosomes and polysomes — moderate K1—K2 0.408
number of free ribosomes and polysomes

moderate number of free ribosomes and polysomes — moderate K2—L2 -0.791
(normal) structures’ width of the Golgi body

moderate number of free ribosomes and polysomes — expanded K2—L3 0.408
structures of the Golgi body

moderate (normal) structures’ width of the Golgi body — expanded L2—L3 —0.645

structures of the Golgi body

When group 3 (Table 7) rats received a high dose of organic iodine, eight significant
correlations were observed between the fixed ribosomes and other profile elements, indicating their
importance for ensuring the synthetic activity of follicular cells. However, high, and very high
positive correlations of insignificant cytoplasm electron density with moderate (normal) number of
fixed ribosomes (r = 0.791), moderate (normal) number of free ribosomes (r = 1.000) and expanded
Golgi body structures (r = 1.000) is a sign of functional stress, which can be caused by intensive

stimulation of hormonal synthesis.

Table 7. Correlations of the synthetic capacity profile of follicular cells in the correction of alimentary

iodine deficiency with a high dose of organic iodine.

Data of the cell components for correlation analysis Symbol_s i Pears_or_1’s r
correlations | coefficient

insignificant electron density of cytoplasm — moderate electron B1—B2 0.612
density of cytoplasm
insignificant electron density of cytoplasm — moderate number B1—J5 0.791
of fixed ribosomes
insignificant electron density of cytoplasm — moderate number B1—K2 1.000
of free ribosomes and polysomes
insignificant electron density of cytoplasm — increased number B1—K3 —1.000
of free ribosomes and polysomes
insignificant electron density of cytoplasm — expanded structures B1—L3 1.000
of the Golgi body
moderate electron density of cytoplasm — moderate (normal) B2—J2 —0.612
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structures’ width of the rough ER

moderate electron density of cytoplasm — moderate number of B2—J5 —0.645
fixed ribosomes

moderate electron density of cytoplasm — increased number of B2—J6 —0.612
fixed ribosomes

moderate electron density of cytoplasm — moderate number of free B2—K2 0.612
ribosomes and polysomes

moderate electron density of cytoplasm — increased number of free B2—K3 —0.612
ribosomes and polysomes

moderate electron density of cytoplasm — moderate (normal) B2—L2 —0.645
structures’ width of the Golgi body

moderate electron density of cytoplasm — expanded structures of B2—L3 0.612
the Golgi body

moderate (normal) structures’ width of the rough ER — increased J2—J6 1.000
number of fixed ribosomes

moderate (normal) structures’ width of the rough ER — moderate J2—L2 0.791
(normal) structures’ width of the Golgi body

moderate number of fixed ribosomes — moderate number of free J5—K?2 —0.791
ribosomes and polysomes

moderate number of fixed ribosomes — increased number of free J5—K3 0.791
ribosomes and polysomes

moderate number of fixed ribosomes — expanded structures of the J5—L3 —-0.791
Golgi body

increased number of fixed ribosomes — moderate (normal) J6—L2 0.791
structures’ width of the Golgi body

moderate number of free ribosomes and polysomes — increased K2—K3 —1.000
number of free ribosomes and polysomes

moderate number of free ribosomes and polysomes — expanded K2—L3 1.000
structures of the Golgi body

increased number of free ribosomes and polysomes — expanded K3—L3 —1.000
structures of the Golgi body

In rats of group 6 (Table 8), which consumed a high dose of inorganic iodine, there is a very
high positive correlation between the moderate (normal) numbers of fixed and free ribosomes (r =
1.000) and marked positive correlations of moderate (normal) of structures’ width of the rough ER
with moderate (normal) numbers of ribosomes fixed on its membranes and free ribosomes in the
cytoplasm (r = 0.612) indicate a sufficient level of functional activity. At the same time, moderate
positive correlations between the expanded structures of the rough ER with moderate (normal)
numbers of fixed and free ribosomes (r = 0.408), as well as marked negative correlations between the
moderate (normal) of structures’ width of the Golgi body and moderate (normal) numbers of fixed
and free ribosomes (r = —0.667) may be signs of functional stress preservation [69]. Dissociations
(inconsistencies) in the morpho-functional states of protein-synthesizing organelles, between which
the following correlations were traced, can be considered signs of this: marked positive (r = 0.408)
between the expanded structures of the rough ER and a moderate (normal) number of fixed
ribosomes; marked positive (r = 0.408) between the expanded Golgi body structures and a moderate
(normal) number of free ribosomes; marked negative (r = —0.408) between the moderate (normal) of
structures’ width of the rough ER and moderate (normal) of structures’ width of the Golgi body [70].
However, these connections may also be a sign of adaptation of follicular cells to activity in
conditions of enhanced protein synthesis against the background of residual functional stress.

When studying electronograms, attention was drawn to the correlations of the thyroid
follicular cells cytoplasm’s electron density, as their nature indicated the peculiarities of the activating
synthetic process by different doses of iodine. When taking a low dose of organic iodine, high positive
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(r =0.791) correlations were observed between the cytoplasm of moderate (normal) electron density
and free ribosomes, which were in moderate (normal) quantity, and moderate (normal) of structures’
width of the Golgi body, at the same time, cytoplasm of insignificant electron density had high
positive (r = 0.791) and moderate positive (r = 0.500) correlations, respectively, with a moderate
(normal) number of fixed ribosomes and moderate (hormal) of structures’ width of the Golgi body.
Consumption by group 2 rats of a moderate dose of organic iodine contributed to the formation of
high positive (r = 0.786) correlations of moderate (normal) electron density cytoplasm with an
increased number of free ribosomes, while cytoplasm of insignificant electron density had high
positive (r = 0.791) correlations with a moderate (normal) number of fixed ribosomes. In rats of group
3, which received a high dose of organic iodine, marked positive (r = 0.612) correlations were
observed between the cytoplasm of moderate (normal) electron density and the moderate (normal)
number of free ribosomes, while the cytoplasm of insignificant electron density had high positive (r
=0.791) and very high positive (r = 1.000) correlations with moderate (normal) numbers of fixed and
free ribosomes, respectively. Thus, the study of the correlations of the cytoplasm electron density
showed that free ribosomes, fixed ribosomes, and the Golgi body are important participants in thyroid
hormonopoiesis when taking organic iodine.

Table 8. Correlations of the synthetic capacity profile of follicular cells in the correction of alimentary
iodine deficiency with a high dose of inorganic iodine.

Data of the cell components for correlation analysis Symbol§ Jj Pears.of‘ ST
correlations | coefficient

moderate electron density of cytoplasm — moderate (normal) B2—J2 —0.408
structures’ width of the rough ER
moderate electron density of cytoplasm — expanded structures of B2—J3 -0.612
the rough ER
moderate (normal) structures’ width of the rough ER — moderate J2—J5 0.612
number of fixed ribosomes
moderate (normal) structures’ width of the rough ER — moderate J2—K2 0.612
number of free ribosomes and polysomes
moderate (normal) structures’ width of the rough ER — moderate J2—L2 —0.408
(normal) structures’ width of the Golgi body
moderate (normal) structures’ width of the rough ER — expanded J2—L3 —0.612
structures of the Golgi body
expanded structures of the rough ER — moderate number of fixed J3—J5 0.408
ribosomes
expanded structures of the rough ER — moderate number of free J3—K2 0.408
ribosomes and polysomes
expanded structures of the rough ER — moderate (normal) J3—L2 —0.612
structures’ width of the Golgi body
expanded structures of the rough ER — expanded structures of the J3—L3 0.612
Golgi body
moderate number of fixed ribosomes — moderate number of free J5—K2 1.000
ribosomes and polysomes
moderate number of fixed ribosomes — moderate (normal) J5—L2 —0.667
structures’ width of the Golgi body
moderate number of free ribosomes and polysomes — moderate K2—L2 —0.667
(normal) structures’ width of the Golgi body

When taking inorganic iodine in a low dose, the follicular cells cytoplasm of moderate
(normal) electron density had high positive (r = 0.802) correlations with a moderate (normal) number
of free ribosomes, while the cytoplasm of insignificant electron density formed moderate positive (r
= 0.408) correlations with moderate (normal) of structures’ width of the rough ER. Consumption of

10



SSP Modern Pharmacy and Medicine (ISSN 2733-368X), Volume 3 Issue 3, Jul-Sep 2023

a moderate dose of inorganic iodine contributed to the formation of very high positive (r = 1.000)
correlations between the cytoplasm of moderate (normal) electron density and moderate (normal) of
structures’ width of the rough ER against the background of marked positive (r = 0.645) correlations
of insignificant electron density cytoplasm with moderate (normal) of structures’ width of the Golgi
body. At the same time, moderate and marked correlations of cytoplasm of moderate (normal)
electron density with moderate (normal) of structures’ width of the rough ER and moderate (normal)
of structures’ width of the Golgi body were negative: r = —0.408 and r = —0.612, respectively. In
general, when taking inorganic iodine, thyroid hormonopoiesis was largely determined by the rough
ER, the Golgi body, and free ribosomes. Therefore, the presented studies established that the degree
of electron density of the cytoplasm in the thyroid follicular cell can be considered a marker of the
majority of changes (marker of the significant changes), which occur in the cell during
etiopathogenetic correction of iodine deficiency [71].

Thus, our research has established that under conditions of dietary iodine deficiency, the
synthetic capacity of the thyroid follicular cells is determined by the intake of iodine, its chemical
nature and dose. Addition of organic and inorganic iodine to the diet activates hormone synthesis, as
indicated by the correlations traced between the structures of the rough ER and the Golgi body with
the same functional state, the same amounts of free and fixed ribosomes, and the correspondence of
the degree of follicular cells cytoplasm electron density to the status of protein-synthesizing cellular
organelles. Under the discussed conditions, ribosomes located on the membranes of the rough
endoplasmic reticulum (fixed ribosomes) play a leading role in ensuring the synthetic activity of
follicular cells. It was noticed that the change in the number of ribosomes correlates with the change
in the intensity of the synthesis process and is its morphological feature. An increase in the number
of ribosomes in the cytoplasm (free ribosomes) is the first sign (marker) of an increase in the intensity
of thyroid hormonopoiesis, while an increase in the number of fixed ribosomes indicates the
achievement of a sufficient level of hormonopoiesis intensity and can be considered as a marker of
the stability of the follicular cells’ synthetic activity.

The processes of hormonal synthesis are usually accompanied by the phenomena of functional
tension, which is indicated by correlations between protein-synthesizing organelles which are in
opposite functional states. The correlations between the structures of the rough endoplasmic reticulum
and the Golgi body in different functional states (different combinations of ultrastructural signs of
functional stress) are not constant and depend on the dose and chemical nature of consumed iodine.
The degree of electron density of follicular cells’ cytoplasm depends on the level of their synthetic
activity.

Conclusions. The study of the thyroid follicular cells activity by the author’s methods of
determining the profiles of hormonopoietic cells’ special capacities and semi-quantitative analysis of
electronograms for creation of digital databases and using Pearson correlation analysis permits to
research in-depth the peculiarities of thyroid hormonopoiesis under the influence of iodine of different
chemical nature, which is of undoubted scientific interest and has practical significance for the
development of personalized preventive measures for iodine deficiency.
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