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Significant consequences of hypothyroidism are impairments in all types of metabolism, including bone metabolism, pathological 
changes in the digestive tract and the development of deficiency of vitamins, macro-and micronutrients.The relevance of the study is due to 
the widespread occurrence of hypothyroidism and the feasibility of developing effective methods for the prevention of the pathology and its 
complications. The study was aimed at the condition of bone tissue and digestive tract in rats with hypothyroidism, as well as the effective-
ness of preventive addition of a complex of vitamins and minerals. The studies were performed on rats with hypothyroidism that was caused 
using thyrostatic mercazolyl for 50 days, administered orally. Prophylaxis was performed by adding a prophylactic complex of vitamins P, 
C, D and minerals Ca, Mg, Cu, Se, Mn to the daily diet. In the bone tissue of rats, the indicators of destruction (elastase and acid phosphatase 
activity) and mineralization (alkaline phosphatase activity, calcium content) as well as the antioxidant state (activities of catalase, glutathione 
reductase, malonic dialdehyde content) were studied. In the gums and mucous membranes of the digestive tract of rats, we determined 
indicators of antioxidant status (catalase activity, malonic dialdehydecontent), inflammation (activities of elastase, acid phosphatase) and 
dysbiosis (activities of urease activity, lysozyme). In the bone tissue of rats with hypothyroidism, activation of destruction processes, reduc-
tion of calcium levels, activation of lipid peroxidation and antioxidant enzymes were found. Hypothyroidism also led to pathological disord-
ers in the gums of rats and gastric mucosa, small and large intestine, namely – the development of inflammation, increased membrane per-
meability, activation of lipid peroxidation, increased contamination with opportunistic bacteria against the background of reduced 
antioxidant protection. In general, preventive use of the complex contributed to the normalization of the studied parameters in the gums, 
mucous membranes of the stomach, intestines, as well as remodeling processes and antioxidant-prooxidative state in the bone tissue of 
animals with hypothyroidism. In the conditions of hypothyroidism, the proposed complex of vitamins and minerals provided notable anti-
oxidant, anti-inflammatory and antidysbiotic effects in the tissues of the gastrointestinal tract, thus overcoming the calcium deficiency in the 
blood and stopping the destructive and oxidative processes in the bone tissue of animals with hypothyroidism.  

Keywords: thyroid gland; oxidative stress; antioxidant system; alveolar processes, digestive system.  

Introduction  
 

Thyroid disorders are quite common among the population, which 
leads to increased attention to this problem. The relevance of the issue 
increases due to the fact that the problems of thyropathology are exacer-
bated by the fact that against the background of thyroid disorders there are 
changes in the functioning not only of the humoral system, but also in the 
whole body (Vernyhorodskyi et al., 2011; Hyrla, 2014).  

It is known that thyroid dysfunction affects calcium-phosphorus me-
tabolism and bone metabolism. The processes of bone remodeling was 
confirmed to have decreased  in patients with hypothyroidism by 2–3 
times (Engler et al., 1999; Ametov & Doskina, 2004). Therefore, a com-
prehensive study of the state of mineral metabolism and antioxidant sys-
tem in the presence of thyroid dysfunction is relevant and important for the 
development of more effective measures of diagnosis and correction.  

In previous studies, we found that experimental hypothyroidism 
caused by mercazolyl leads to an increase in the organ index of the thyroid 
gland and changes in bone mineral density of the femur and lumbar verte-
brae by reducing the proportion of protein component and increasing its 
mineralization (Makarenko & Zaderei, 2020). Our results are confirmed 
by the researches of authors who determined 2–3-fold decrease in 
processes of bone remodeling in the patients with a hypothyroidism (Eng-
ler et al., 1999, Ametov & Doskina, 2004) and also thickening of the 
surface layer of an ileal bone, consolidation of an arch of the skull base 

spongy substance in patients with hypothyroidism (Nochevnaya, 2011). 
The analysis of scientific sources suggests that most patients with hypo-
thyroidism have deficiency in vitamins, macro-and micronutrients (Te-
reshchenko, 2000). The important role of these essential compounds as 
parts of the general homeostatic system in the regulation of all body sys-
tems is well known. In this regard, there is a need to substantiate and de-
velop the prevention of disorders of bone metabolism in hypothyroidism 
by using a complex of macro-and micronutrients. Due to the theoretical 
substantiation of such a prophylactic complex, we have chosen calcium, 
magnesium, quercetin (vitamin P), vitamins D, C, trace elements sele-
nium, copper, and manganese.  

First of all, the essential macronutrients that are directly involved in 
the regulation of bone metabolism include calcium and magnesium, 
which provide the body with the processes of bone formation, tooth ena-
mel, and are involved in more than 300 biological reactions. As known, 
magnesium deficiency leads to decrease in thyroid function (hypothyroid-
ism) due to the synergistic function of the parathyroid gland, which regu-
lates the absorption of magnesium. Magnesium stimulates the thyroid 
gland to produce thyroxine, and is directly involved in the conversion of 
thyroxine to triiodothyronine. Magnesium also plays an important role in 
iodine uptake by the thyroid gland (Jones et al., 1966; Yanko, 2018).  

Not only iodine deficiency but also selenium plays a significant role 
in the development of hypothyroidism. In the 1960s, it was found that 
selenium, as an antioxidant, is involved in the destruction of hydroperoxi-
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des and lipid peroxides, protecting the body from oxidative stress (Tute-
lyan et al., 2002). It is known that selenium is a component of iodothyro-
nidefodinase – an enzyme responsible for the peripheral conversion of 
thyroxine in the liver and kidneys, so its deficiency is accompanied by 
lack of enzyme and, consequently, incomplete iodine metabolism (Rus-
tembekova et al., 2008; Pankiv, 2014).  

As a component of many enzymes and cofactor, manganese plays an 
important role in a number of physiological processes in mammals. In the 
absence of manganese, ossification processes are disrupted throughout the 
skeleton, tubular bones thicken and shorten, joints become deformed. 
Manganese-containing enzyme superoxide dismutase (Mn-SOD) is the 
main antioxidant enzyme that neutralizes the toxic effects of reactive 
oxygen species (Soldin & Aschner, 2007). The role of SOD in the thyroid 
gland includes not only the protection of cells against radicals, but also 
participation in the production of H2O2 as a substrate for thyroid peroxi-
dase (Verma et al., 1991). There is a number of studies on changes in Mn-
SOD activity (Ono et al., 1991).  

Copper is an essential trace element of the body’s antioxidant de-
fenses. The physiological role of copper is associated with its participation 
in a number of enzymes: peroxide dismutase and tyrosinase, which are 
involved in the production of melanin; dopamine-beta-hydroxylase, on 
which the production of catecholamines depends. Its deficiency affects the 
endocrine system, including the thyroid gland. At the same time, there is a 
decrease in this element in the serum of patients with hypothyroidism, 
which can lead to disruption of redox processes in the body. Therefore, it 
is advisable to use this element as a component of the prophylactic com-
plex of patients with thyroid dysfunction.  

Vitamin D deficiency correlates with decreased thyroid function and 
the severity of hypothyroidism, determining the need for additional ad-
ministration of vitamin D by all patients with an autoimmune pathology. 
It was found that 25(OH)D has a significantly strong negative correlation 
with antibodies to thyroperoxidase and thyroid-stimulating hormone le-
vels, a medium positive correlation with thyroxine and triiodothyronine 
levels (Tamer et al., 2011; Mackawy et al., 2013; Chukur & Pasechko, 
2020).  

Ascorbic acid is one of the regulators of redox reactions and has a 
pronounced reducing ability. There are significant changes in the prooxi-
dant-antioxidant balance in patients with hypothyroidism. This is mani-
fested by an increase in free radical oxidation processes and a decrease in 
antioxidant defense systems. Pathological effects occur with excessive 
accumulation of reactive oxygen species, peroxides and their by-pro-
ducts – a condition commonly called oxidative stress (Naidu, 2003; 
Blomhoff, 2005; Timirkhanova, 2007). Ascorbic acid is a cofactor of hyd-
roxylases, involved in the catabolism of thyroxine, the biosynthesis of 
adrenaline and noradrenaline, thyroid hormones (Figueroa-Méndez & 
Rivas, 2015). Depending on the environmental conditions and concentra-
tion, it can function as both an antioxidant and a prooxidant, which can 
stabilize the links of lipid peroxidation and antioxidant protection in pa-
tients with hypothyroidism.  

Another way to prevent the process of oxidative stress is to use quer-
cetin – a natural bioflavonoid extracted from Styphnolobium japonicum or 
Larix decidua wood (Haydarov, 2021). Due to its chemical structure, 
quercetin is the most active antioxidant among the known bioflavonoids 
and exerts its effect at all stages of the formation of reactive oxygen spe-
cies and lipid peroxides (Makarenko, 2010).  

Thus, the analysis of the current problem of pathogenesis of hypothy-
roidism theoretically substantiated the introduction of calcium, magne-
sium, vitamin P (quercetin) to the prophylactic complex, D, C, micronu-
trients selenium, copper, manganese to strengthen the antioxidant system, 
as an important component of metabolism, in the conditions of deficit of 
thyroid hormones.  

In addition, the deficiency of macro-and micronutrients may be asso-
ciated not only with insufficient supply to the body, but also with impaired 
absorption of relevant substances in the gastrointestinal tract, which occurs 
with functional decrease in the thyroid gland.  

Therefore, the objectives of the present study were the condition of 
bone tissue and digestive tract in rats with hypothyroidism, as well as the 
effectiveness of preventive addition of a complex of drugs based on cal-
cium citrate obtained from oyster shells, vitamins and minerals.  

Materials and methods  
 

The research was conducted in May–August 2020 at the Department 
of Human and Animal Physiology, Faculty of Biology, Odessa National 
University named after I. I. Mechnikov. Female laboratory rats of the 
Wistar line (165 ± 23 g, 2.5 months) were used in the work, which were 
kept in the standard vivarium conditions on a complete combined diet. 
Maintanance, feeding, care for the animals and withdrawal of the animals 
from the experiment were performed following the  principles described 
in the Law of Ukraine “On Protection of Animals from Cruelty” 
(No. 1759-VI of 15.12.2009), taking into account the rules of the Euro-
pean Convention for the Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes (Strasburg, March 18, 1986, ETS 
No. 123).  

The animals were divided into three groups. The first group was in-
tact (n = 12) and served as a control. In rats of the second group (n = 8), 
the state of experimental hypothyroidism was simulated by oral adminis-
tration of Mercazolyl drug (LLC “Pharmaceutical Company Health”, 
Ukraine), the active substance of which is thiamazole. Mercazolyl refers to 
thyrostatics which blocks the activity of iodide peroxidase, and provide the 
most complete reproduction of the nature of morphological and functional 
disorders of the thyroid system (Vernigorodskyi et al., 2011). Rats of the 
third group (n = 8), which had hypothyroidism simulated using Merca-
zolyl, received the complex of macro- and microelements, vitamins in the 
dose of 500 mg/kg added to the daily diet. Doses of components of the 
prophylactic complex (Table 1) are adequate daily amounts for humans, 
taking into account the relationship between body weight and surface area 
in humans and rats (Stefanov, 2001).  

Table 1  
The composition of the prophylactic complex based on calcium citrate  

Component Quantity 
Selenium (Active Selenium, LLC Elite-Pharm, Ukraine), mg 5.0 
Manganese (Active Manganese, LLC Elite-Pharm, Ukraine,), mg 7.5 
Copper (Copper active, LLC Elite-Pharm, Ukraine), mg 7.5 
Magnesium (Active Magnesium, LLC Elite-Pharm, Ukraine), mg 5.0 
Calcium (calcium citrate from oyster shells) – a laboratory sample of its 
own technology, mg 15 

Ascorbic acid (Kyiv Vitamin Plant PJSC, Ukraine), mg 5 
Vitamin D (Olidetrim Kids oral drops Medana Pharma JSC, Poland) IU 3 
Quercetin (Kvertin, 40 mg pills, Public Joint-Stock Company Research 
and Production Center Borshchahiv Chemical-Pharmaceutical Plant, 
Ukraine), mg 

5 

Daily dose of the complex per 100 g of rat, mg 50 
 

The duration of the experiment was 51 days. The rats were with-
drawn from the experiment under thiopental anesthesia (20 mg/kg), pre-
determined body weight. The calculation of the organ index of the thyroid 
gland was carried out according to the formula: gland weight in mg/g of 
body weight (Stefanov, 2001). To study the state of the skeletal system 
and gastrointestinal tract, we determined calcium content, indicators of 
inflammation (elastase activity, acid phosphatase), antioxidant-prooxidant 
status (catalase activity, glutathione reductase, malonic dialdehyde con-
tent), dysbiosis (activity of urease, and mucous membranes of the sto-
mach, small and large intestine (Goryachkovsky, 2005; Levitsky et al., 
2018).  

Data in Tables and text are presented as mean ± standard error (х ± 
SE). The significance of the differences was assessed by ANOVA,  
P-values less than 0.05 were considered significant.  
 
Results  
 

First, it was shown that the introduction of mercazolyl for 51 days 
promoted increase in the organ index of the thyroid gland by 112.3% 
(0.106 ± 0.009 and 0.225 ± 0.017 mg/g, respectively, P <0.001) in rats of 
the second group, indicating the formation of hypothyroidism in these 
animals. In rats of the third group, which received a complex of vitamins 
and minerals against the background of mercazolyl, the organ index of the 
thyroid gland corresponded to the level in intact animals and equaled 
0.140 ± 0.005 mg/g. The obtained results indicate the high protective 
efficiency of the proposed complex of calcium citrate from oyster shell, 
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magnesium, vitamins P (quercetin), D, C, trace elements Cu, Se, Mn in 
relation to the thyroid gland.  

Therefore, to clarify the mechanisms of these disorders, as well as the 
effectiveness of the proposed scheme of their prophylaxis, it was advisable 
to conduct biochemical studies of bone destruction and osteogenesis (Ta-
ble 2). Studies of the activity of bone enzymes in the jaws of rats found 
significant increase in the activity of two indicators that characterize bone 
destruction. Thus, the activity of elastase and acid phosphatase in the 
alveolar process increased by 68.3% (P  ˂0.01) and 46.4% (P  ˂0.001) 
respectively compared with animals in the control group. The obtained 
data indicate increase in inflammatory and destructive resorptive pheno-
mena. The activity of alkaline phosphatase, a marker of bone formation, 
decreased by 11.0% (P ˂  0.05) compared with to the control (Table 2).  

In the bone tissue of the jaws of rats of third group, which received 
prophylaxis with vitamins and minerals against the background of model-
ing hypothyroidism, there was significant decrease in elastase activity by 
26.2% (P  ˂0.05) compared with rats with hypothyroidism, and decrease 
in activity of acid phosphatase by 20.0% compared with the groups with 
pathology. These changes indicate decrease in inflammatory and destruc-
tive resorptive process in the bone tissue under the influence of the com-
plex of calcium citrate preparations of oyster shells, Mg, vitamins P (quer-
cetin), D, C, trace elements Cu, Se, Mn. Alkaline phosphatase activity in 
the bone tissue of the alveolar process of rats treated with a complex of 
drugs was 29.4% higher than in rats with hypothyroidism (Table 2). In-
creased activity of this enzyme indicates the activation of bone mineraliza-
tion, which was somewhat reduced as a result of prolonged exposure to 
high doses of thyrostatics.  

The level of ionized calcium in the alveolarprocess of rats with hypo-
thyroidism and in prophylaxis against the background of modeling hypo-
thyroidism was also determined (Table 2). In rats of the second group, we 
observed a significant 9.5% decrease in ionized calcium in the alveolar 
process compared with the control group of animals, which indicates signs 
of hydroxyapatite deficiency and the development of osteopenic condi-
tion. In the group of animals that received the prophylactic complex 
against the background of modeling hypothyroidism, the level of calcium 
in the bone tissue of the jaws corresponded to that of the control rats, even 
being 1.6% higher. Compared with the indicators of the second group of 
animals, in the third group we observed significant increase in calcium by 
12.3% (Table 2).  

Table 2  
Indicators of remodeling in the alveolar process of rats with  
hypothyroidism after prophylaxis using the complex of minerals  
and vitamins (x ± SE, n = 21, duration of experiment –51 days)  

Indicator Intact group Hypo-
thyroidism 

Hypothyroidism + 
prevention 

Elastase activity, μ-cat/kg 18.61 ± 0.89 31.31 ± 1.55** 23.09 ± 0.76# 
Acid phosphatase activity,  
μ-cat/kg 2.74 ± 0.22 4.01 ± 0.55*** 3.21 ± 0.43** 

Alkaline phosphatase activity,  
μ-cat/kg 45.3 ± 3.1 40.3 ± 4.3* 52.2 ± 5.3* 

The content of ionized Сa2+
 2.421 ± 0.092 2.191 ± 0.080 2.462 ± 0.061 

Note: * – P < 0.05, ** – P < 0.01, *** – P < 0.001 in comparison with the indicators 
of the intact group; # – P < 0.05 compared with the hypothyroidism group. 

Therefore, we can conclude the activation of inflammation and de-
struction, reducing the level of calcium in the bone tissue of animals with 
hypothyroidism. Prophylactic introduction of the proposed complex, 
which consisted of citrate from oysters, Mg, vitamins P, D, C, trace ele-
ments Cu, Se, Mn, effectively prevented the development of destructive 
phenomena in the bone tissue of rats treated with mercazolyl for modeling 
hypothyroidism.  

We analyzed the parameters of the antioxidant-prooxidant system of 
the bone tissue of the experimental animals. The content of malonic dial-
dehyde in the bone tissue of the jaws of rats with hypothyroidism incre-
ased by 31.5%, indicating the strengthening of lipid peroxidation and the 
presence of oxidative stress in the bone tissue during experimental hypo-
thyroidism (Table 3). Catalase activity in the second group was higher by 
14.6%, and the activity of this enzyme tended to increase, indicating the 
activation of antioxidant protection of the bone tissue in response to in-

creased lipid peroxidation, induced by the development of hypothyro-
idism (Table 3).  

Table 3  
The state of some indicators of the antioxidant-prooxidant system  
in the bone tissue of the alveolar process of rats with hypothyroidism  
and after prophylaxis with the complex of vitamins and minerals  
(x ± SE, n = 21, duration of experiment –51 days)  

Indicator Intact group Hypothy-
roidism 

Hypothyroidism + 
prophylaxis 

Malonic dialdehyde 
content, mmol/kg 3.72 ± 0.28 4.89 ± 0.31 3.63 ± 0.24 

Catalase activity, μ-cat/kg 2.05 ± 0.16 2.35 ± 0.17 2.13 ± 0.14 
Glutathione reductase, 
μmol/kg 0.331 ± 0.061 0.485 ± 0.062 0.364 ± 0.031* 

Note: see Table 2.  

The activity of the second antioxidant enzyme glutathione reductase 
in the bone tissue of the alveolar process increased by 46.5% in rats with 
hypothyroidism, which may indicate activation of the glutathione link of 
antioxidant protection as a compensatory response to the intensification of 
lipid peroxidation. The introduction of the prophylactic complex helped to 
prevent increase in the content of malonic dialdehyde and glutathione 
reductase activity in the bone tissue of the jaws of animals of third group. 
Catalase activity in the bone tissue of the jaws of rats with hypothyroidism 
and the addition of a prophylactic complex did not change significantly 
(Table 3). In turn, decreased calcium absorption in the small intestine of 
rats with hypothyroidism may be a consequence of disorders of the diges-
tive tract. Therefore, we further studied the condition of various parts of 
the gastrointestinal tract of experimental animals using markers of inflam-
matory processes (elastase and acid phosphatase activity), the rate of con-
tamination with opportunistic microbiota (urease activity), non-specific 
antimicrobial protection factor (prosontoid activity), systems (malonic 
dialdehyde content and catalase activity).  

As shown in Table 4, the activity of elastase in the gums of rats with 
hypothyroidism increased by 49.5% compared with the intact group. 
The activity of the second marker of inflammation (acid phosphatase) in 
the gums of rats that received mercazolyl was also 21.0% higher than in 
the healthy animals (P < 0.05). The obtained data indicate the presence of 
an inflammatory process in the oral cavity of animals with hypothyroid-
dism, which was caused by prolonged administration of mercazolyl. 
Along with the development of inflammation in the gums of rats against 
the background of hypothyroidism, the content of malonic dialdehyde 
increased by 44.4% (P  ˂0.05), indicating the activation of lipid peroxida-
tion, as well as 45.8% (P  ˂0.001) increase in urease activity, suggesting 
increased contamination with opportunistic bacteria in the oral cavity of 
animals with hypothyroidism.  

Modeling pathology of hypothyroidism did not significantly affect 
the indicators of nonspecific resistance – lysozyme and catalase, the activi-
ty of which underwent no significant changes compared with the gums in 
intact rats (Table 4).  

The introduction of the prophylactic complex consisting calcium cit-
rate from oyster shell, magnesium, quercetin, vitamins D, C, trace ele-
ments Cu, Se, Mn, to the third group of rats effectively prevented the 
determined changes in the gums of animals with hypothyroidism. Thus, 
the activity of elastase in the gums of the third group of rats was 25.6% 
lower than in the second group (P  ˂0.05) and corresponded to the values 
in healthy rats. Under the influence of the complex of drugs, the activity of 
acid phosphatase in the gums of rats decreased by 28.8% (P  ˂ 0.01). 
The results of the study of inflammatory markers indicate the anti-inflam-
matory effect of the prophylactic complex of vitamins and minerals in the 
development of hypothyroidism.  

The introduction of the complex also prevented the increase in ma-
lonic dialdehyde in the gums of rats with hypothyroidism, the level of 
which in animals of the third group decreased by 30.3% compared with 
the second group and no significant difference with control was found. 
Along with the high level of catalase activity (18.6% increase) in the gums 
of rats with hypothyroidism which received prophylaxis (P  ˂0.05), there 
was decrease in malonic dialdehydelevels, which allows us to recommend 
using the set of drugs that can enhance antioxidant protection in the oral 
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cavity against oxidative stress during the development of experimental 
hypothyroidism (Table 4).  

Table 4  
Biochemical parameters of the gums of rats with mercazolyl  
hypothyroiddism and after using prophylactic complex  
(x ± SE, n = 21, duration of experiment –51 days)  

Indicator Intact group Hypo-
thyroidism 

Hypothyroidism 
+ prevention 

Elastase activity, μ-cat/kg 92.3 ± 6.6 138.0 ± 11.4* 109.8 ± 8.4 
Acid phosphatase activity, μ-cat/kg 25.4 ± 1.2 30.8 ± 2.7** 23.9 ± 1.8* 
Malonic dialdehydecontent, 
mmol/kg 25.8 ± 1.9 37.2 ± 2.6* 28.5 ± 2.1 

Urease activity, μ-cat/kg 0.481 ± 0.032 0.701±0.092*** 0.531± 0.042# 
Lysozyme activity, units/kg 95.2 ± 7.1 107.1 ± 9.2 132.1 ± 11.2* 
Catalase activity, mcat/kg 9.89 ± 0.63 8.64 ± 0.79 11.73 ± 0.92* 
Note: see Table 2.  

Regular prophylactic administration of vitamins and minerals by rats 
with hypothyroidism also promoted decrease 24.3% (P < 0.05) in urease 
activity in the gums of animals, indicating the presence of antibacterial 
properties of the drug complex. Probably, the decrease in urease activity 
under the action of complex prophylaxis is a consequence of 23.4% (P  ˂
0.05) increase in lysozyme activity in the gums of animals that received 
the prophylactic complex with their diet. Therefore, the results of Table 4 
show that experimental hypothyroidism leads to pathological disorders in 
the gums of rats, namely – the development of inflammation, increased 
membrane permeability, activation of lipid peroxidation and increased 
contamination with opportunistic bacteria. Prophylactic administration of 
the complex of calcium citrate from oyster shell, magnesium, quercetin, 
vitamins D, C, trace elements Cu, Se, Mn effectively prevented the deter-
mined disorders due to the antioxidant, antibacterial and anti-inflammato-
ry properties of the components of the prophylactic complex.  

At the next stage, biochemical studies of the gastric mucosa of expe-
rimental animals were performed using the same parameters. The results 
of this analysis are shown in Table 5. As can be seen from these data, in 
the gastric mucosa of rats of second group, which received mercazolyl, 
elastase activity significantly increased by 24.3% compared with animals 
of the intact group, and the activity of lysosomal acid phosphatase in-
creased by 35.3% (P < 0.05). This indicates the development of inflam-
matory processes in the gastric mucosa of animals against the background 
of hypothyroidism caused by mercazolyl.  

Table 5  
Biochemical parameters of the gastric mucosa of rats  
with mercazolyl hypothyroidism and after using the prophylactic  
complex (x ± SE, n = 21, duration of experiment – 51 days)  

Indicator Intact group Hypo-
thyroidism 

Hypothyroidism 
+ prevention 

Elastase activity, μ-cat/kg 129.8 ± 9.2 161.4 ± 12.0 126.6 ± 10.4 
Acid phosphatase activity, μ-cat/kg 31.3 ± 2.5 42.4 ± 3.8* 35.1 ± 2.1 
Malonic dialdehyde content, 
mmol/kg 1.28 ± 1.09 16.19 ± 1.12 10.19 ± 0.98 

Urease activity, μ-cat/kg 1.54 ± 0.08 2.01 ± 0.16* 1.56 ± 0.10 
Lysozyme activity, units/kg 21.1 ± 2.2 9.1 ± 1.1 15.2 ± 2.1 
Catalase activity, mcat/kg 4.11 ± 0.25 3.34 ± 0.27 4.20 ± 0.19 
Note: see Table 2.  

The increase in oxidative stress in the gastric mucosa of animals with 
hypothyroidism was evidenced by 21.9% increase in the content of malo-
nic dialdehyde. At the same time, antioxidant protection in the stomach of 
rats with hypothyroidism decreased, as indicated by 18.7% decrease in ca-
talase activity. The activity of urease in the gastric mucosa of the second 
group exceeded the activity of this indicator in the control group by 30.5% 
(P < 0.05), suggesting the growth of opportunistic pathogens in this envi-
ronment. In homogenates of the gastric mucosa of rats of second group, 
after administration of mercazolyl, we observed 2.3-fold decrease in lyso-
zyme activity, indicating decrease in the level of nonspecific immunity of 
the gastric mucosa in animals with hypothyroidism (Table 5). Prophylac-
tic administration of the complex by rats with hypothyroidism significant-
ly reduced the level of both markers of inflammation in the gastric muco-

sa: elastase decreased by 21.6% and acid phosphatase decreased by 
17.1%, and their activity indicators almost corresponded to normal values.  

Due to the introduction of the prophylactic complex, in the gastric 
mucosa of animals of the third group, it was possible to significantly re-
duce the lipid peroxidation rate, which was 37.1% lower than in the group 
with hypothyroidism and 23.2% lower than in the first group. The intro-
duction of the complex of drugs also effectively prevented the decrease in 
catalase activity in the gastric mucosa of animals with hypothyroidism. 
The activity of this enzyme in the group where the animals received pro-
phylactic complex was lower than in the second group and almost equaled 
such in the control group (Table 5). Prophylaxis using the complex of vita-
mins and minerals had a positive effect on lysozyme, the activity of which 
in the gastric mucosa of animals of third group increased by 66.7%, al-
though it remained low compared with the intact group. Due to the in-
crease in lysozyme activity in the gastric mucosa of rats of the third group, 
urease activity was normalized (Table 5).  

Biochemical studies of the gastric mucosa of animals revealed the 
development of inflammation, activation of lipid peroxidation, increased 
contamination with opportunistic bacteria against the background of redu-
ced antimicrobial and antioxidant protection of the mucous membrane in 
the presence of hypothyroidism caused by mercazolyl. Regular adminis-
tration of the complex of vitamins and minerals by rats with hypothyroid-
ism effectively prevented the determined disorders in the gastric mucosa.  

The same indicators were determined in the mucous membrane of 
the small intestine. The results are shown in Table 6, indicating increase in 
inflammatory processes in the mucous membrane of the small intestine of 
rats with hypothyroidism, as evidenced by 37.6% (P  ˂0.05) increase in 
elastase activity compared with intact animals. The presence of inflamma-
tion in the mucous membrane of the small intestine of rats that received 
mercazolyl is also evidenced by 16.9% increase in acid phosphatase activity.  

Along with the activation of inflammatory processes in the mucous 
membrane of the small intestine of rats with hypothyroidism, lipid peroxi-
dation intensified, as indicated by 1.5-fold increase in the level of malonic 
dialdehyde (P < 0.05). The development of hypothyroidism caused incre-
ased contamination with opportunistic microbiota on the mucous mem-
brane of the small intestine, as urease activity in rats of the second group 
increased by 45.7% (P  ˂0.01). Against the background of activation of 
pathological processes in the mucous membrane of the small intestine of 
rats with hypothyroidism, we saw a significant inhibition of its antimi-
crobial function, as evidenced by 3.6-fold decrease in lysozyme activity 
and tendency towards reduction of antioxidant protection by reducing 
catalase activity by 15.6% (Table 6).  

Regular introduction of the prophylactic complex based on vitamins 
and minerals to rats of the third group led to notable protective effect on 
the mucous membrane of the small intestine of rats with hypothyroidism. 
Thus, markers of inflammation in the mucous membrane of the small 
intestine of rats of third group decreased to the values of intact animals. 
After prophylaxis, urease activity in the small intestine also decreased to 
the level in intact rats. The introduction of the complex of drugs in rats 
with hypothyroidism very effectively prevented the decrease in lysozyme 
activity in the mucous membrane of the small intestine, which did not 
differ from normal values in animals of the intact group. Catalase activity 
after the introduction of the prophylactic complex was higher than the 
level of animals of the intact group (P  ˂0.05). Due to the antioxidant 
properties of the prophylactic complex, the content of malonic dialdehyde in 
the mucous membrane of the small intestine of rats of third group decreased 
by 3.2 times compared with the level in second group (P  ˂0.01) and at the 
same time was 2.1 times lower than the values in intact group of rats (Table 6).  

Thus, biochemical analysis of the mucous membrane of the small in-
testine of rats revealed induction of mercazolyl (development of hypothy-
roidism), the same pathological processes as in the tissues of the oral cavi-
ty and gastric mucosa: inflammation, oxidative stress, decreased antimic-
robial protection and enhanced growth and reproduction. The introduction 
of the prophylactic complex of calcium citrate from oyster shell, magne-
sium, quercetin, vitamins D, C, trace elements Cu, Se, Mn effectively pre-
vented the detected disorders in the mucous membrane of the small intes-
tine of rats with hypothyroidism, exerting anti-inflammatory, antimicro-
bial and antioxidant effects. The results of the biochemical study of 
indicators in the mucous membrane of the colon of rats are presented in 
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Table 7 and indicate the development of similar processes under the influ-
ence of hypothyroidism modeling by long-term administration of merca-
zolyl. This is, above all, the presence of inflammatory processes. The acti-
vity of elastase in the mucous membrane of the colon of rats with 
hypothyroidism was 29.3% higher than in the control group. The second 
marker of inflammation, the activity of acid phosphatase in the mucous 
membrane of the colon of rats with hypothyroidism also increased by 
20.5% compared with the control values.  

Table 6  
Biochemical parameters of the small intestinal mucosa in rats  
with mercazolyl hypothyroidism and after using the prophylactic  
complex (x ± SE, n = 21, duration of experiment – 51 days)  

Indicator Intact group Hypo-
thyroidism 

Hypothyroidism 
+ prevention 

Elastase activity, μ-cat/kg 1.33 ± 0.07 1.83 ± 0.12* 1.55 ± 0.09 
Acid phosphatase activity, μ-
cat/kg 46.3 ± 3.2 54.1 ± 3.9 45.52 ± 2.8 

Malonic dialdehyde content, 
mmol/kg 2.74 ± 0.16 4.07 ± 0.26* 1.28 ± 0.10## 

Urease activity, μ-cat/kg 1.27 ± 0.08 1.85 ± 0.14** 1.38 ± 0.09 
Lysozyme activity, units/kg 51.1 ± 6.2 14.1 ± 2.2 49.1 ± 5.2 
Catalase activity, mcat/kg 3.20 ± 0.21 2.70 ± 0.19 4.14 ± 0.32* 
Note: see Table 2.  

Table 7  
Biochemical parameters of the mucous membrane of the colon  
of rats with mercazolyl hypothyroidism and after using prophylactic  
complex (x ± SE, n = 21, duration of experiment – 51 days)  

Indicator Intact group Hypo-
thyroidism 

Hypothyroidism 
+ prevention 

Elastase activity, μ-cat/kg 168.2 ± 12.7 217.4 ± 13.5 158.7 ± 9.8 
Acid phosphatase activity, μ-cat/kg 28.4 ± 2.1 34.3 ± 1.9 28.9 ± 2.1 
Malonic dialdehyde content, mmol/kg 5.77 ± 0.46 8.55 ± 0.63* 6.41 ± 0.50 
Urease activity, μ-cat/kg 3.10 ± 0.18 3.80 ± 0.24* 3.21 ± 0.26 
Lysozyme activity, units/kg 40.1 ± 3.1 19.1 ± 2.1** 44.1 ± 5.2 
Catalase activity, mcat/kg 4.92 ± 0.26 4.38 ± 0.39* 4.64 ± 0.31 
Note: see Table 2.  

The intensification of lipid peroxidation in the mucous membrane of 
the colon of rats with simulated hypothyroidism manifested by 48.2% in-
crease in the content of malonic dialdehyde (P  ˂0.05) against a slight 
decrease in catalase activity (by 11.0%). The development of hypothy-
roidism had a more significant effect on the antimicrobial function of the 
colon of rats, as the activity of lysozyme in its mucous membrane de-
creased by 2.1 times (P  ˂0.001). Low lysozyme activity in this biotope 
led to 22.6% (P ˂  0.05) increase in urease activity, which means increased 
growth of opportunistic bacteria. Prophylactic administration of calcium 
citrate from oyster shell, magnesium, vitamins P, D, C, trace elements Cu, 
Se, Mn prevented all the determined disorders in the mucous membrane 
of the colon caused by the development of hypothyroidism. Markers of 
inflammation (elastase and acid phosphatase activity), oxidative stress 
(malonic dialdehyde level), contamination with opportunistic bacteria 
(urease activity), as well as indicators of nonspecific resistance (lysozyme 
and catalase activity) in the mucous membrane of the colon in third group 
where the animals received the set of drugs corresponded to the normal 
values, i.e. values in intact animals (Table 7).  
 
Discussion  
 

Summary of the overall results of our experimental study. First of all, 
modeling of hypothyroidism in laboratory rats by long-term administrati-
on of the thyrostatic mercazolyl caused decrease in calcium levels and 
activation of destruction processes, both mineral (acid phosphatase activi-
ty) and organic component (elastase activity) of the bone tissue of animal 
jaws. In addition, in the bone tissue of the jaws of rats with hypothyroid-
dism, lipid peroxidation (malonic dialdehydecontent) intensified against 
the background of activation of antioxidant protection (glutathione reduc-
tase and catalase activity). Simulation of hypothyroidism with mercazolyl 
in laboratory rats led to increased activity of markers of bone resorption of 

acid phosphatase and elastase, increased lipid peroxidation and decreased 
calcium content in the alveolar process. Marker of osteogenesis, Hypothy-
roidism has not changed significantly. Preventive treatment of rats with 
hypothyroidism in the bone tissue of the jaws using the complex of min-
erals and vitamins led to decrease in the activity of elastase and acid phos-
phatase by 26.2% and 20.0%, malonic dialdehyde – by 31.5% and in-
creased alkaline phosphatase and calcium by 29.4% and 12.3% respec-
tively, compared wwith the control. Activation of the antioxidant defense 
system in the bone tissue of the alveolar process of rats with hypothyroid-
ism was evidenced by 31.5% increase in the content of malonic dialde-
hyde, 14.6% increase in catalase activity, 46.5% in glutathione reductase. 
The introduction of the prophylactic complex prevented oxidative stress 
against the background of enhanced processes of lipid peroxidation.  

Studies of the biochemical parameters of the gums of rats with hypo-
thyroidism revealed the presence of inflammatory processes: the activity 
of elastase increased by 49.5% compared with the intact group. Acid 
phosphatase activity in the gums of rats that were given mercazolyl was 
21.0% higher than in healthy animals. In the group where the prophylactic 
complex was administered, decrease in inflammatory processes was re-
corded, as evidenced by decrease in elastase activity by 25.6% compared 
with the group with hypothyroidism, and acid phosphatase activity de-
creased by 28.8%. Along with the development of inflammation in the 
gums of rats against the background of hypothyroidism, the malonic dial-
dehyde content increased by 44.4%, indicating the activation of lipid per-
oxidation, as well as 45.8% increase in urease activity, suggesting increa-
sed contamination of the mouth cavity of animals with hypothyroidism 
with opportunistic bacteria. Therefore, experimental hypothyroidism cau-
sed by mercazolyl led to pathological changes in the bone tissue of labora-
tory rats. Studies have shown the activation of resorption, inflammation, 
peroxide processes in the bone tissue of rats with hypothyroidism, which 
may be associated with insufficient absorption of calcium and its low level 
in the blood. This assumption was confirmed by the study that revealed 
significant decrease in the intensity of calcium absorption, equaling 29.7% 
(P < 0.01) in the mucous membrane of the small intestine of rats with 
hypothyroidism (Makarenko et al., 2021). The logical consequence of the 
deterioration of calcium absorption in rats with hypothyroidism is inevita-
bly decrease in its level in the blood (Zaderei & Makarenko, 2020), which 
triggers the mechanism of destruction of the bone tissue with the participa-
tion of parathyroid hormone.  

In our opinion, the determined disorders in the bone tissue of rats with 
hypothyroidism may be the result of calcium deficiency as a result of its 
insufficient absorption in the small intestine, which was confirmed by the 
studies that found decrease in calcium absorption in the small intestinal 
mucosa of rats with hypothyroidism. The results of L. I. Sidorchuk & 
A. S. Sidorchuk (2018) also suggest the development of intestinal absorp-
tion disorders in experimental animals with hypothyroidism due to re-
duced colonization resistance of the colonic mucosa, the development of 
dysbiosis, and contamination and colonization of the epithelial biofilm by 
mucosal microorganisms (Pacifici, 2021). Insufficient supply of calcium 
in the bloodstream after its absorption triggers the mechanism of bone re-
sorption with the participation of parathyroid hormone (Cooney et al., 
2021), as shown by our studies of bone tissue of rats with hypothyroidism 
Our assumption that the reason for the decrease in the absorption of cal-
cium in the small intestine in hypothyroidism may be induced by merca-
zolyl pathological processes not only in the intestine but also in the entire 
digestive tract was confirmed by the biochemical studies of gums and 
gastric mucosa, small and large intestines. We found the development of 
oxidative stress, inflammatory and dysbiotic processes against the back-
ground of reduced antimicrobial and antioxidant protection in the mouth, 
stomach and intestines of animals with experimental hypothyroidism.  

There are clinical studies of disorders of the digestive system in the 
conditions of hypothyroidism conducted by other authors: manifestations 
of loss of appetite, atrophy of the gastric mucosa, nausea, vomiting, dyski-
nesia of the colon, biliary tract, hepatomegaly in people with hypothyroi-
dism (Schiellerup et al., 2019; Sorokman et al., 2019). Decreased motor 
function of the gastrointestinal tract is the most common sign of thyroid 
insufficiency (Balabolkin et al., 2007). Deficiency of thyroid hormones le-
ads to decrease in intestinal motility, which can be clinically manifested by 
constipation, flatulence. During decrease in motility of a gastrointestinal 
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tract, weakening of its motor function there is a stretching of the stomach 
and intestines that can lead to intestinal impassability. The secretory activi-
ty of the stomach is characterized by hypo- and achlorhydria with signifi-
cant decrease in the content of pepsinogen in gastric juice (Tereshchenko, 
2000). Hypothyroidism can directly affect the structure and the function of 
the liver. Inflammatory processes in the oral cavity of patients with hypo-
thyroidism are characterized by high activity of inflammatory and destruc-
tive phenomena of the dental-maxillary joint. Low levels of calcium in the 
blood triggers the resorption of the bone tissue to overcome its deficiency 
and maintain a normal level of physiological processes that require a cer-
tain level of calcium in the blood (Fig. 1).  

  
Fig. 1. Pathogenetic pattern of disorders in the digestive tract  

and bone tissue, caused by long-term use of mercazolyl  

In our opinion, the initiator of all pathological changes in the digestive 
tract of animals after long-term administration of mercazolyl is the wea-
kening of nonspecific resistance factors, namely antimicrobial protection 
with lysozyme and antioxidant system activity, including catalase, in the 
digestive tract. The consequences are the development of oxidative stress 
and increased growth of opportunistic bacteria in the gastrointestinal tract 
(Collins et al., 2017). In the future, this triggers a cascade of inflammatory 
reactions and the development of dysbiosis, the presence of which in the 
mucous membrane of the small intestine will inevitably inhibit the absorp-
tion of various substances, including calcium.  

Prophylactic use of a complex preparation consisting of calcium citra-
te from oyster shells, magnesium, quercetin, vitamins D, C, trace elements 
Cu, Se, Mn in general had a positive effect on the normalization of the 
studied parameters in the oral cavity, gastric mucosa, various intestines 
and in the bone tissue of animals with simulated hypothyroidism.  
 
Conclusion  
 

Simulation of hypothyroidism in laboratory rats using mercazolyl led 
to increased activity of the markers of bone resorption of acid phosphatase 
and elastase, increased lipid peroxidation and decreased calcium content in 
the alveolar process. Marker of osteogenesis, hypothyroidism has not 
changed significantly. Prevention treatment of rats with hypothyroidism 
using the complex of minerals and vitamins decreased the activity of elas-
tase and acid phosphatase by 26.2% and 20.0%, malonic dialdehyde – by 
31.5% and increased alkaline phosphatase and calcium by 29.4% and 
12.3% respectively in the bone tissue of the jaws compared with the con-
tent of rats with hypothyroidism. Activation of the antioxidant defense 
system in the bone tissue of the alveolar process of rats with hypothyroid-
dism manifested in the increase in the content of malonic dialdehyde by 
31.5%, catalase activity by 14.6%, glutathione reductase – 46.5%. The in-
troduction of the prophylactic complex prevented oxidative stress against 
the background of enhanced processes of lipid peroxidation.  

Studies of the biochemical parameters of the gums of rats with hypo-
thyroidism showed the presence of inflammatory processes: the activity of 
elastase increased by 49.5% compared with the intact group. Acid phos-
phatase activity in the gums of rats treated with mercazolyl was also 
21.0% higher than in the healthy animals. In the group where the prophy-
lactic complex was given, decrease in inflammatory processes was recor-
ded, as evidenced by 25.6% decrease in elastase activity compared with 
the group with hypothyroidism, and 28.8% decrease in acid phosphatase 
activity. Along with the development of inflammation in the gums of rats 
against the background of hypothyroidism, the malonic dialdehydecontent 
increased by 44.4%, indicating the activation of lipid peroxidation, as well 
as an increase in urease activity by 45.8%, which indicates increased con-
tamination of the mouth cavity of animals with hypothyroidism with op-
portunistic bacteria.  

Studies of markers of inflammatory dysbacteriosis in different parts of 
the gastrointestinal tract (stomach, small and large intestine) revealed an 
increase in this indicator in the second group, and vice versa, reduced con-
tamination by pathogenic microbiota, increased immune protection and 
reduced markers of oxidative stress in the group where the complex was 
administered.  

According to the results of our research, the proposed complex of vi-
tamins and minerals in hypothyroidism exerted antioxidant, anti-inflam-
matory and antidysbiotic efficacy in the tissues of the gums and mucous 
membranes of the gastrointestinal tract, thus normalizing the degree of cal-
cium absorption in the small intestine and oxidative processes in the bone 
tissue of animals with hypothyroidism. Therefore, in general, prophylaxis 
using the complex of vitamins and minerals had a positive effect in the di-
gestive tract and led to the normalization of the structural and functional 
state of bone tissue of rats with experimental hypothyroidism.  
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