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Introduction. Among the current medical and social 
problems, there is a prevalence of such diseases as thyroid 
pathology, diabetes mellitus, obesity, hypertension, coro-
nary heart and vascular diseases. Unfortunately, they lead 
to disability and shorten life expectancy, and are among 
the leading causes of mortality. Numerous scientifi c stud-
ies have proven the signifi cant role of trace elements in 
the development of these pathologies. Among them is the 
essential trace element zinc, which participates in com-
plex cascades of biochemical reactions of the body, af-
fects the incremental activity of secretory organs; it is a 
part of a number of enzymatic substances and transporter 
proteins, which allows us to assert its signifi cant impor-
tance in the functioning of multicomponent regulatory 
systems [1-3]. According to the literature, about 17% of 
the world’s population has a reduced concentration of 
zinc in the body [3]. The average daily requirement of 
this trace element for an adult is about 11 mg for men, 
8-10 mg for women, and 12-15 mg for pregnant women, 
breastfeeding mothers, children and adolescents [3, 4]. 
Zinc enters the human body with food (it is abundant in 
whole grain cereals, meat products, pumpkin seeds, pine 
nuts) and is absorbed by gastrointestinal organs. Zinc de-
fi ciency in the body is affected not only by its insuffi cient 
content in the diet, but also by gastrointestinal diseases 
accompanied by impaired absorption and assimilation 
of substances, as well as by the competitive interaction 
of trace elements during resorption [4]. After entering 
the cells, thanks to a complex of proteins regulating the 
metabolism of the trace element, zinc is accumulated as 
part of specifi c cysteine-rich proteins – metallothioneins. 
Metalothioneins maintain zinc homeostasis, protect cells 
from the harmful effects of excess cations of the trace el-
ement and highly toxic chemical elements, in particular, 
cadmium, mercury, arsenic. Metalothioneins have anti-

oxidant properties, as they inactivate free radicals [2, 3]. 
Due to the large number of transporter proteins, zinc is 
involved in the signalling function that regulates cell dif-
ferentiation, proliferation and growth [3, 5]. 

Among the endocrine pathologies, in the genesis of 
which zinc plays a signifi cant role, hypothyroidism de-
serves special attention, as zinc is involved in the metab-
olism of thyroid hormones [7, 8]. It is important that the 
prevalence of thyroid pathology is almost 50 % of endo-
crine gland dysfunction, which tends to increase [4]. Over 
the past fi ve years, the prevalence of thyroid hypofunction 
has increased by more than 20 %, hyperfunction – by 9 %, 
and autoimmune thyroiditis – by 17 % [7, 8].

Zinc also plays an important role in the metabolic ac-
tivity of insulin, which has led to the study of new ways to 
prevent the development of diabetes. However, according 
to experimental studies, the correction of carbohydrate 
profi le indicators by the trace element in animals is not 
signifi cant. At the same time, the number of people with 
diabetes mellitus in Ukraine is almost 2.5 million, and the 
incidence continues to grow [9-13]. 

Therefore, an in-depth study of the role of zinc in the 
development of endocrinopathies remains relevant, which 
will supplement the data on the pathogenesis of multior-
gan disorders, expand the mechanisms of their prevention 
and correction under conditions of trace element imbal-
ance.

The purpose of the study: to investigate the peculiar-
ities of zinc distribution in blood serum, adipose and mus-
cle tissue under conditions of zinc- and iodine-defi cient, 
high-carbohydrate and high-fat diets in the experiment. 

Materials and methods
The study was conducted on 60 white outbred mature 

rats (males, 150-180 g) for 8 weeks. The animals were 
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divided into fi ve experimental groups: group 1 (n=12) – 
intact animals on the usual vivarium diet, group 2 (n=12) 
– animals on a diet with a limited zinc content (cereals, 
soybeans, vegetables, etc.) [1], group 3 (n=12) – animals 
on an iodine-defi cient diet (corn fl our and oil, wheat glu-
ten, brewer’s yeast, etc.) [12], group 4 (n=12) – animals 
on a high-carbohydrate diet (received a 10% fructose 
solution instead of drinking water) [9], group 5 (n=12) 
– animals on a high-fat diet (food high in fat and choles-
terol, in particular, pork fat, brain, etc.) [13]. Rats were 
withdrawn from the experiment by decapitation under 
ketamine anaesthesia (100 mg/kg body weight). Zinc con-
tent was determined in blood serum, muscle (femoral and 
tibial muscles) and adipose (visceral fat) tissues. 

Statistical analysis was performed with standard math-
ematical software using Student’s t-test. The difference 
was considered statistically signifi cant at p<0.05. 

Research results and their discussion
The study revealed multidirectional changes in the 

distribution of zinc in blood serum, muscle and adipose 
tissue under the studied conditions (Fig. 1).

In particular, in rats with zinc-defi cient and iodine-de-
fi cient diets, a decrease in serum zinc content by 24.78% 
(p<0.01) and 23.04 % (p<0.01) was observed, respec-
tively, compared to the control. It is important that a sig-
nifi cant decrease in the trace element in the blood serum 
was observed in the high-fat diet (by 30.89 %, p<0.001), 
while the high-carbohydrate diet was accompanied by a 
decrease in zinc content by only 13.79 % (p<0.01) com-
pared with similar values in intact rats. In the animals of 
experimental group 2 (on a zinc-defi cient diet), the zinc 
content in adipose tissue decreased by 18.37 % (p<0.05), 
while in muscle tissue it increased by 36.84 % (p<0.001) 

compared to the baseline values. Unidirectional chang-
es were observed in animals kept on a high-fat diet: the 
zinc content signifi cantly decreased in adipose tissue (by 
74.74%, p<0.001), while in muscle tissue it increased by 
19.39% (p<0.01). No signifi cant changes were observed 
in the adipose and muscle tissue of rats in experimental 
groups 3 and 4 compared to the control.

Discussion of results
It is known that most of the zinc in the mammalian 

body is concentrated in the muscles (up to 57 %) [2, 4]. 
The effect of zinc accumulation in the muscles observed 
in animals on a zinc-defi cient diet, against the background 
of a decrease in blood serum and adipose tissue, can be ex-
plained by the involvement of compensatory mechanisms 
for the accumulation of zinc reserves under conditions of 
severe deprivation of the trace element, and the inclusion 
of feedback mechanisms to maintain homeostasis.

Attention is drawn to the decrease of the trace element 
in blood serum under the conditions of not only zinc-de-
fi cient, but also iodine-defi cient diets. These data indicate 
an increased risk of thyroid homeostasis disorders under 
conditions of trace element imbalance. The mechanism of 
zinc participation in the functional activity of the thyroid 
gland is complex and multicomponent. It is known that 
the trace element is involved in the interaction of thyroid 
hormones with receptors in target tissues. In particular, 
zinc is a component of receptors that bind to T3. The fol-
lowing three functional sites are distinguished in their 
structures: 1) located at the C-terminal end of the recep-
tor polypeptide chain and responsible for recognition and 
binding to the hormone; 2) the DNA binding domain con-
taining two so-called “zinc fi ngers” (the central part of the 
receptor), one of which is involved in DNA binding and 

Fig. 1. Zinc content (μg/g) in blood serum, adipose and muscle tissues of rats that were on zinc-defi cient, 
iodine-defi cient, high-carbohydrate and high-fat diets (M±m)

Notes: p – reliable difference to the indexes of animals of control group (p<0.05*, p<0.01**, p<0.001***)
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another one is involved in receptor dimerisation; 3) the 
variable region of the receptor, which is key in interac-
tion with proteins involved in transcriptional regulation. 
Zinc defi ciency in the body can primarily cause impaired 
binding of T3 to the receptor, which blocks the develop-
ment of the hormone’s physiological effects [2, 5, 8]. In 
addition, biochemically active T3 is formed by deiodina-
tion of thyroxine (T4) under the infl uence of deiodinase 
enzymes. Zinc is a component of deiodinase D1, which is 
involved in the formation of the bulk of T3, mainly in the 
liver and kidneys, as well as in skeletal muscles. It should 
be noted that part of T3 is formed by deiodination of the 
inner and outer rings of T4 in tissues. At the same time, 
deiodinase D2 (active in the brain and pituitary gland) 
catalyses the conversion of T4 to T3, affecting only the 
outer ring of the hormone. And deiodinase D3 (present in 
the placenta) inactivates T3 and T4 by affecting the inner 
ring of the hormone [2, 5].  In addition, biochemically 
active T3 is formed by deiodination and the synthesis of 
thyrotropin-releasing hormone (TRH) in the hypothala-
mus involves a zinc-dependent carboxypeptidase. There-
fore, zinc defi ciency is a risk factor for the development 
of hypothyroid dysfunction, because it takes part in the 
functioning of the hypothalamic-pituitary-thyroid axis [5, 
6]. However, thyroid hormones are also necessary for zinc 
metabolism. It has been proven that their defi ciency leads 
to a decrease in the concentration of zinc in the blood [5, 
14]. Such a mutual dependence is a risk factor for the 
progression of metabolic pathology involving the thyroid 
gland, which is especially dangerous in conditions of zinc 
deprivation.

Zinc plays a signifi cant role in ensuring the endocrine 
function of the pancreas. In particular, the presence of 
ZIP-4 proteins on the membranes of β-cells of the organ 
was investigated. At the stages of insulin synthesis in the 
Golgi complex, proinsulin is saturated with zinc. The 
trace element is involved in the formation of hexameric 
insulin complexes in the secretory granules of β-cells of 
the islets of Langerhans [10, 12]. Zinc is known to be in-
volved in the lipogenesis of rat adipocytes together with 
insulin, controlling the physiological effects of insulin in 
response to hyperglycaemia, stimulating glucose trans-
port, activating phosphodiesterase and moving glucose 
transporter protein from the internal structures of adipo-
cytes to the membranes, and inhibiting ritodrine-induced 
lipolysis in rat adipocytes [15, 16]. Zinc increases tyrosine 
phosphorylation of the IR-b subunit of the insulin recep-
tor and potentiates glucose transport through the phos-
phoinositol 3-kinase pathway in insulin deprivation. This 
trace element is recognised as a tyrosine-1B-phosphatase 
inhibitor that slows down insulin signalling [3, 4]. This 
mechanism has been shown to alleviate insulin resistance 
and lipogenesis, in particular when rats are on a high-fat 
diet [13, 14]. In general, zinc plays the role of a secondary 
messenger in the transport of glucose to adipocytes, af-
fects lipogenesis, has a mimetic effect on protein kinase, 
and activates glycogenesis by reducing the activity of gly-
cogen synthase kinase-3. The zinc-dependent enzyme in-
sulin-sensitive peptidase and GLUT-4 are absorbed by the 
cell membrane together during the physiological effects 
of insulin. The enzyme is localised on the membrane of 

muscle cells and adipocytes. Under conditions of insulin 
resistance, its activity decreases [3, 13, 15, 16]. As a result 
of this element defi ciency, glucose tolerance is impaired.

The study showed a decrease in zinc concentration 
only in blood serum under high-fructose feeding condi-
tions. At the same time, it is noteworthy that the content 
of the trace element in blood serum, and especially in ad-
ipose tissue, decreased against the background of the ten-
dency to increase in muscles under conditions of high-fat 
feeding. These data confi rm the growth of metabolic risks 
in animals of experimental groups 4 and 5. Taking into 
account the antioxidant potential of the trace element, we 
can assume an increase in the intensity of oxidative pro-
cesses under the studied conditions.

Conclusions
In the experimental modelling of zinc and iodine defi -

ciency, insulin resistance and obesity, a decrease in serum 
zinc levels was found regardless of diet. The concentra-
tion of the trace element in adipose tissue was signifi cant-
ly reduced under conditions of zinc deprivation, especial-
ly high-fat feeding. An increase in the content of the trace 
element in muscles under conditions of zinc defi ciency 
is noteworthy. Given the role of the bioelement in the 
maintenance of thyroid homeostasis, carbohydrate me-
tabolism, and antioxidant potential, the identifi ed changes 
involving zinc may act as a trigger for changes in hormo-
nal profi le, metabolic and oxidative disorders.

Prospects for further research. Research into ways 
to prevent the development of hypothyroidism, insulin re-
sistance and obesity by maintaining the balance of zinc in 
tissues remains relevant.

Financial Disclosure. The authors declare no fi nan-
cial support.

Confl ict of Interests. The authors declare that no con-
fl ict of interests exist.

References
1. Prasad AS. Clinical, immunological, anti-infl am-

matory and antioxidant roles of zinc. Exp Gerontol. 
2008;43(5):370-7. 

2. Antoniak HL, Vazhnenko OV, Bovt VD, Stefanyshyn 
OM, Panas NE. Biological role of Zinc in humans and ani-
mals. The Animal Biology. 2011;13(1-2):17-31.

3. Martynova SN, Gorbach TV, Yarmish NV, Gopk-
alov VG, Polikarpova AV. Metabolic Effects Of Zinc (Re-
view). Ukrainian Journal of Medicine, Biology and Sport. 
2019;4(6):16-24. 

4. Akimov OY, Kuznetsova TY, Solovyova NV, Mish-
chenko AV, Zakolodna OE, Soloviev VV. Role of zinc in hu-
man body and approaches to overcome its defi ciency. Actual 
Problems of the Modern Medicine: Bulletin of Ukrainian 
Medical Stomatological Academy. 2023;23(3):246-9. 

5. Severo JS, Morais JB, de Freitas TE, Andrade AL, 
Feitosa MM, Fontenelle LC, et al. The Role of Zinc in 
Thyroid Hormones Metabolism. Int J Vitam Nutr Res. 
2019;89(1-2):80-8. 

6. Sahan NT. Peculiarities of morphofunctional changes 
of masticatory muscles in iodine-defi cient conditions. Actu-
al Problems of the Modern Medicine: Bulletin of Ukrainian 

Vasylyshyn I.V., Voronych-Semchenko N.M. «Distribution of Zinc in Muscle, Adipose Tissue and Blood Serum...»



«Архів клінічної медицини»78

Medical Stomatological Academy. 2020;20(3):200-4. 
7. Paulazo MA, Klecha AJ, Sterle HA, Valli E, Torti 

H, Cayrol F, et al. Hypothyroidism-related zinc defi ciency 
leads to suppression of T lymphocyte activity. Endocrine. 
2019;66(2):266-77. 

8. Bossowski A, Stożek K, Rydzewska M, Niklińska W, 
Gąsowska M, Polnik D, et al. Expression of zinc transporter 
8 in thyroid tissues from patients with immune and non-im-
mune thyroid diseases. Autoimmunity. 2020;53(7):376-84. 

9. Shuprovych A, Hurina N, Korpacheva-Zinych O. Dis-
orders of uric acid metabolism in rats with fructose-induced 
experimental insulin resistance syndrome. Fiziolohichnyi 
Zhurnal. 2011;57(1):72-81. 

10. Baena M, Sangüesa G, Dávalos A, Latasa MJ, Sa-
la-Vila A, Sánchez RM, et al. Fructose, but not glucose, im-
pairs insulin signaling in the three major insulin-sensitive 
tissues. Scientifi c Reports. 2016;6(1). 

11. Portnychenko AG, Vasylenko MI, Aliiev RB, Ko-
zlovska MG, Zavhorodnii MO, Tsapenko PK, et. al. The 
prerequisites for the development of type 2 diabetes or pre-
diabetes in rats fed a high-fat diet. Regul Mech Biosyst. 
2022;14(1):16-22. 

12. Guranych SP, Tsymbala EM, Stetseviat VB, Todoriv 
TV, Danyliuk IM, Guranych TV, et al. Metabolic polyor-

ganic disorders in rats with insulin resistance on the back-
ground of iodine defi ciency. World of Medicine and Biology. 
2021;17(77):208-14. 

13. Tsapenko PK, Vasylenko MI, Aliiev RB, Zavgorod-
niy MO, Kozlovska MG, Topchaniuk LY, et al. Effects of 
High-Fat Diet on the Development of Insulin Resistance and 
Metabolic Syndrome in Rats. Ukrainian Journal of Medi-
cine, Biology and Sport. 2020;5(3):441-4. 

14. Mahmoodianfard S, Vafa M, Golgiri F, Khoshniat M, 
Gohari M, Solati Z, et al. Effects of Zinc and Selenium Sup-
plementation on Thyroid Function in Overweight and Obese 
Hypothyroid Female Patients: A Randomized Double-Blind 
Controlled Trial. J Am Coll Nutr. 2015;34(5):391-9. 

15. Rochlani Y, Pothineni NV, Kovelamudi S, Mehta JL. 
Metabolic syndrome: pathophysiology, management, and 
modulation by natural compounds. Ther Adv Cardiovasc 
Dis. 2017;11(8):215-25.

16. Altunina NV, Bondarchuk AN. Zinc: clinical-bi-
ochemical parallel (review of literature). Endocrinology. 
2013;18(4):71-7.

Received: 22.12.2023
Revised: 25.12.2023
Accepted: 26.12.2023

Оригінальні дослідження


