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Abstract. Have been considered the role of macro- and microelements - Ca, Mg, Zn, Fe, and
Cu imbalance in the blood serum and pancreatic tissue homogenate of rats, whose pregnancy took
place against the background of chronic immobilization stress and their newborn offspring,
compared to the control, where it is established: heterogeneity changes in the level of macro- and
microelement composition as a whole, can be traced regularity in the direction of deviations from the
control values of indicators in the tissue of the pancreas, which consists in a decrease in the level of
Ca and Mg and Zn and Cu in female rats and their offspring. A more stable reduction of Zn and Cu
is determined in the blood serum of female rats and their newborn offspring. Changes in macro- and
microelement composition in pancreatic tissue and blood serum are not identical, which manifests
organ specificity regarding their balance in different organs, particularly in the pancreas. Such
changes in the composition of macro- and microelements with a predominant deficiency of Ca, Mg,
Zn, and Cu are an essential link in the pathogenesis of pancreatic damage, which occurs during
Stereotypic events inherent in the body's neurohumoral response to stress as a result of animal
immobilization.
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Introduction.

Diseases of the digestive organs and the pancreas, among them, are the most
important problem today. According to official statistics, the rate of prevalence of
diseases associated with damage to the pancreas will significantly exceed the rate of
growth of the general prevalence of diseases of the digestive organs [1]. The pancreas
plays a leading role in the activity of the body as a whole, and therefore when it is
damaged (intoxication, autoimmune diseases) due to endo- and exocrine dysfunction,
systemic metabolic disorders occur [2, 3, 4, 5].

Chronic stress has been shown in many studies to increase levels of
corticosterone, blood glucose, and decrease insulin levels, which is associated with
pancreatic [B-cell damage, metabolic shifts, and abnormalities in the prenatal
development of offspring that are observed up to the postpubertal period of life [3,5].
Currently, the literature is actively considering the impact of vital macro- and
microelements on the functioning of the body of adults [7] and children [8,9]. This
group today includes potassium (K), sodium (Na), calcium (Ca), magnesium (Mg), iron
(Fe), zinc (Zn), copper (Cu), manganese (Mn), selenium (Se), iodine (I) and many
others. All of them enter the body with food and drinking water, and their biological
activity can be preserved even in very low concentrations, while in elevated, relative
to the norm, concentrations, even irreplaceable microelements are capable of exhibiting
a toxic effect [7,10]. Macro- and microelements are activators of many enzymes, have
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a multifaceted effect on all links of immunity, regulate the processes of proliferation
and differentiation of cells of the immune system, are able to directly block oxidative
processes, influence the state of proteins, membrane excitability, muscle contraction,
energy accumulation [7, 9, 11, 12, 13]. Thus, the question of the dynamics of changes
and the balance of macro- and microelements of elements in the tissue of the pancreas
and in the blood of animals that were under the influence of stress during pregnancy
[13,14], as well as the negative impact of their imbalance on the functional state of the
pancreas is relevant as for both theoretical and practical medicine and needs further
clarification.

The purpose of the study was to determine the specifics of the content of macro-
and microelements - Ca, Mg, Zn, Fe, Cu in the blood serum and pancreatic tissue
homogenate of rats pregnancy which takes place against the background of chronic
immobilization stress and their newborn offspring.

The volume of the study included experiments on 30 nonlinear rats (WAG/G Sto
population) aged 4.5-5 months and their offspring. The animals were divided into the
groups: the rats that received chronic immobilization stress, their newborn offspring,
and the rats of a control group (C-group). Rats of the control group were kept in a
vivarium in comfortable living conditions during the experiment (30+1.1 days). The
content of micro- and macroelements was studied by the spectrophotometric method
(by color intensity, at a wavelength of 540-580 nm) on a biochemical analyzer Stat Fax
(USA). The level of Ca, Mg, and Fe in blood serum and pancreas homogenate was
determined with the help of reagent kits from the company "Filisit-Diagnostika"
(Dnipro) according to the instructions. Color intensity was measured photometrically
at 540 nm - proportional to Ca concentration; 540-560 nm is proportional to the
concentration of Mg. The content of Zn and Cu in the PZ homogenate and blood serum
was determined using Zn-DAC. Lq (companies DAC-Spectro-Med, Moldova)
according to the attached instructions. The color intensity, measured at a wavelength
of 550410 nm, is directly proportional to the concentration of Zn. The color intensity,
measured at a wavelength of 580+10 nm, is directly proportional to the concentration
of Cu.

Taking into account the normally distributed population, the research results were
processed using the method of variational statistics with the calculation of the
arithmetic mean value (M), the mean error of the arithmetic mean value (m), and the
probability value (P). Statistical processing of the obtained results was carried out using
the analysis package of the Microsoft Excel-2003 program, the computer program
Biostat.exe-2008, and STATISTICA-10. One-way analysis of variance and the U
Mann-Whitney test was used to determine the reliability of differences between
experimental groups. Differences were considered significant at p<0.05 [15, 16].

The results of the study and their discussion. In the pancreatic tissue of female
rats, a decrease in the content of four out of five (80%) studied micro- and
macroelements: Ca, Mg, Zn, and Cu (by 41.5%, 40.0%, 25.6%, and 26 .7% (p<0.01)
respectively) (Table 1). Only the level of Fe was insignificantly increased (by 7.4%,
p>0.05). The Ca/Mg ratio indicator does not differ from the average statistical value of
animals of the control group (K gr.), which indicates the balanced effects of these
macroelements. Less pronounced changes in the balance of micro- and macroelements
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were found in blood serum than in the pancreas (Table 1) the normal content of not
only Fe, but also Ca is noted (the level of the indicator is 38.7% higher than the
indicator in the pancreas); the content of Mg and Zn is reduced by 32,5% and 18,8%
(p<0.01) compared to the norm and is greater than in the pancreas by 7,5% and 6,8%
(p<0.01 ) respectively, and the Cu level is 31,3% lower than the norm, which is not
significantly different from that in the pancreas.

Table 1. The content of macro- and microelements (M+m) in the tissue of the
pancreas and blood serum of rats whose pregnancy took place against the
background of chronic immobilization stress.

Rats
Indicators Pancreatic blood serum
homogenate (n=7) (n=7)
Ca Main gr. 3,44+0,36** 2,420,05 (p panc <0,05)
(mr/100 gr.of tissue (pancreas)
(MM/L — blood serum) Contr. gr. 5,88+0,15 2,47£0,04 (p panc <0,01)
Ca Main gr. 1,44+0,14%**
pancreas, blood serum (un.) Contr. gr. 2,35+0,05
Mg Main gr. 1,04+0,06%* 0,76£0,03** (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 1,95+0,04 1,12£0,02 (p panc <0,01)
(MM/L — blood serum)
Mg Main gr. 1,38+0,08**
pancreas, blood serum (un.) Contr. gr. 1,72+0,04
Ca/Mg Main gr. 3,33+0,32 3,23+0,09%**
(un.) Contr. gr. 3,02+0,07 2,2140,02 (p panc <0,01)
Fe ‘ Main gr. 22,49+0,74 13,06+0,31 (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 20,94+0,43 13,74%0,29 (P panc <0,01)
(MxM/L — blood serum)
Fe Main gr. 1,73+£0,07*
pancreas, blood serum (un.) Contr. gr. 0,52+0,04
Zn ‘ Main gr.. 4,3+0,17%* 14,76+0,2%* (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 5,78+0,13 18,17+0,29 (p panc <0,01)
(MxM/L — blood serum)
ZNpanc/s Main gr. 0,29+0,01
(un.) Contr. gr. 0,32+0,01
Cu ‘ Main gr. 5,540,23%* 7,33£0,26** (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 7,5+0,18 10,68+0,16 (P panc <0,01)
(MxM/L — blood serum)
Cupanc/s Main gr. 0,76+0,02*
(un.) Contr. gr. 0,69+0,02

Notes: 1. **- p<0.01; * - p<0.05 — comparison with the control group (C. group).
2. Ppanc - comparison with indicators in the pancreas.
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The values of Ca pancis, ME pancss, F€ panciss Z1 pancss, ANd CU pane/s sShow the nature of the
difference in the content of micro- and macroelements in the pancreas and blood serum
(decrease in comparison with the norm by 38,6% and 19,7% (p<0.01), respectively, Ca
panc /s aNd Mg panc 5, bY 8.9% (p>0.05) — Zn panc s and an increase of 14.0% and 10.6%
(p<0.05) respectively Fe panc s and Cu panc 15) (see Table 1).

In the pancreatic tissue of newborn offspring from rats the pregnancy of which
took place against the background of chronic immobilization stress, in comparison with
animals of the control group (KN group), only the content of Cu was found to be
without significant changes (-2.6%, p>0.05). The content of trace elements - Ca, Zn,
and Fe was significantly reduced (by 44.8%, 35.9%, and 8.3% (p<0.01), respectively),
and Mg - increased by 13.7% ( p<0.01) (see Table 2).

Table 2. The content of macro- and microelements (M+m) in the tissue of the
pancreas and blood serum of newborn offspring of rats, the pregnancy of which
took place against the background of chronic immobilization stress.

Newborn rat offspring

Indicators Pancreatic homogenate (n=9)
Ca Main gr. 1,98+0,03** par<0,01
(/100 grof tssue (pancress) | oy gy, 3,5920.09 pin<0.01
Ca Main gr. -
pancreas blood serum (un.) Contr. gr. -
Mg Main gr. 1,64+0,02** pgar<0,01
(mg/ Eﬁ&%io_f;issg S(Ie’fiflr)eas)) Contr. gr. 1,44+0,03 prrar<0,01
Mg Main gr. -
pancreas blood serum (un.) Contr. gr. -
Ca/Mg Main gr. 1,21+0,02*%* pra<0,01
(un.) Contr. gr. 2,4340,09 piar<0,01
Fe Main gr. 20,1620,13** pgar<<0,05
(g/ gﬁgﬁfffﬁi‘z(spjﬁf)“)) Contr. gr. 21,98+1,18 psu<0,05
Fe Main gr. -
pancreas, blood serum (un.) Contr. gr. -
Zn Main gr.. 2,56+0,03** prar<0,01
(mg/ gﬁgﬁjﬁffﬁi‘&fﬁ‘ﬁ)&@) Contr. gr. 4,040,1 prai<0,01
70 panc/s Main gr. -
(un.) Contr. gr. -
Cu Main gr. 2,98+0,03 p£at<0,01
(mg/ gggﬁfff_fli‘;%(sp:;‘;e)as» Contr. gr. 3,06%0,05 pia<0,01
CUu pancss Main gr. -
(un.) Contr. gr. -

Notes: 1. **- p<0.01; * - p<0.05 — comparison with the control group (C. group).

2. Pjat - comparison with female rat indicators
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This led to a significant decrease in the value of the ratio of Ca and Mg more than
twice (p<0.01) increased by 52.8% (p<0.01), and Cu panc s decreased by 8.1% (p<0,
01). In general, the comparison of indicators of the content of micro- and
macroelements in the tissue of the pancreas allows us to state that in all newborn rats
that have experienced prenatal stress, a stably low level of Ca, Zn, and Cu is observed;
the level of Mg and Fe, although it has a predominant tendency to decrease, is not so
stable, as its deviation towards a moderate increase is noted in certain age groups.

The effect of chronic immobilization stress on rats during pregnancy causes in
females and their newborn offspring a violation of the balance of micro- and
macroelements both in the tissue of the pancreas and in the blood serum, which mainly
consists in reducing their content in the specified biological environments. The content
of individual micro- and macroelements in the tissue of the pancreas and blood serum
in female rats and newborn offspring has reliable differences, but in general, the
amount of micro- and macroelements, the level of which exceeds the limits of normal
fluctuations, has unidirectional deviations in the tissue of the pancreas and in the serum
blood [14,17,18,19].

Characteristic feature of the balance of micro- and macroelements in the pancreas
due to chronic stress in female rats and prenatal stress in newborn rats is a low level of
Ca, Zn, and Cu content, which occurs in almost all animals and is not prognostically
favorable. Changes in the level of micro- and macroelements in the tissue of the
pancreas and blood serum are not absolutely identical, which indicates the presence of
organ specificity regarding the balance of macro- and microelements, which means the
relative informativeness of blood serum indicators for determining the state of
metabolic processes in individual organs, in particular in the pancreas gland

Probably, the negative effect of chronic stress on the composition of macro- and
microelements is realized through an increase in the blood serum levels of precursors
and metabolites of catecholamines, which contribute to a decrease in their content due
to the stimulation of the secretion of such hormones as parathormone and cortisol, the
absorption of Ca in the intestines is inhibited and its content in the body decreases.
increases excretion of Mg-magnesiumuria, which regulates the transmembrane transfer
of calcium and sodium ions, independently participates in many metabolic reactions
related to the production, accumulation, transfer, and utilization of energy, free
radicals, and their oxidation products, transmembrane transfer of calcium and sodium
ions, affects the function of the nervous system and the coordination of all processes,
including the formation of adequate adaptive and adaptive reactions and stress
resistance [12,15,20,21]

There are data that during stress in the organism, there are phase changes in the
content of Zn in the homogenate of the PZ tissue: the accumulation of Zn levels in the
PZ cells with an increase in corticosterone and corticotropin in the blood passes into a
phase of a decrease in Zn concentration with a decrease in the levels of these hormones
[22]. In a healthy pancreas, Zn is concentrated in granules and is contained in B-cells,
and is necessary for the normal production and storage of insulin, Zn exhibits an
insulin-mimetic and antidiabetic effect [23], is a coenzyme of many enzymes (carbonic
anhydrase and lactate dehydrogenase), as well as superoxide dismutase, which protects
the body from the products of peroxidation of lipids, the damaging effect of which is
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also realized during stress. It shows similar effects and Cu, which also affects
carbohydrate metabolism by accelerating glucose oxidation processes, inhibits the
breakdown of glycogen in the liver. Cu is part of many enzymes: cytochrome oxidase,
tyrosinase, etc. It is a cofactor of the enzyme superoxide dismutase, which plays an
important role in the neutralization of free radicals.

Taking into account the importance of micro- and macroelements in the activation
of all functions of mitochondria, DNA and RNA replication, cell division, the
inflammatory process, immune cells, regulation of carbohydrates (secretion of
glucagon and insulin), lipid and protein metabolism, the release of hormones and
neurotransmitters, secretion of glands, regulation of protective function AOS,
participating in both the exocrine and endocrine functions of the pancreas (including
the processes of activation of digestive enzymes) [5, 61], it can be noted that stress-
induced disturbances in their balance can be one of the links in the pathogenesis of
pancreatic damage during pregnancy and prenatal development of rat offspring, which
can contribute to the emergence of various pathologies of the pancreas in the future.

The given data have substantiated the feasibility of further research aimed at
clarifying the possibilities of restoring the functional state of pancreatic cells with the
help of magnesium and zinc preparations, which should probably be included in the
pathogenetic therapy of its damage because, unlike various organic compounds, macro-
and microelements in the body are not synthesized.

Summary and conclusions

Were received the experimental data obtained are indicative of the fact that the
immobilization stress of rats during pregnancy is a significant risk factor for the
development of organic pathology of the pancreas in their offspring.

1. The pregnancy of rats, which takes place against the background of chronic
immobilization stress, is characterized by a violation of the balance of the macro- and
microelement composition of the pancreatic tissue and blood serum with a predominant
decrease in their content in the specified biological environments.

2. Changes in the composition of macro- and microelements in pancreatic tissue
and blood serum are not identical, which manifests organ specificity regarding their
balance. Despite the heterogeneity of the above-mentioned changes in general, there is
a regularity in the direction of deviations of indicators from control values in the tissue
of the pancreas, which consists in a decrease in the level of Ca and Mg and Zn and Cu,
and a more stable decrease in Zn and Cu in blood serum in both female rats and their
offspring.

3. Violation of the balance of macro- and microelement composition with a
predominant deficiency of Ca, Mg, Zn, and Cu, which occur during stereotypic events
inherent in the implementation of the body's neurohumoral response to stress, the cause
of which is animal immobilization, is an important link in the pathogenesis of
pancreatic damage.

References:

1. Stepanov, Yu. M., Gravirovskaya, N. G., Skirda, I. Yu., & Petishko, O. P.
(2014). Diseases of the pancreas as one of the leading problems of gastroenterology
and abdominal surgery (modern epidemiology). Gastroenterology, 53(3), 7-14.

ISSN 2663-5712 121 www.sworldjournal.com



/5“'—\

SWorldJournal Issue 19 / Part 1 423,;‘)

2. Belousov YuV, Belousova OYu. (2012) Exocrine pancreatic insufficiency.
Health of Ukraine, (2), 18-9.

3. Daminova, L., & Muminova, S. (2018). Diabetes mellitus and exocrine
pancreatic insufficiency (review of literature). International journal of endocrinology
(Ukraine), 14(1), 55-58. https://doi.org/10.22141/2224-0721.14.1.2018.127093.

4. Kinash, M. 1. (2020). Some aspects of the development and correction of
secondary exocrine insufficiency of the pancreas in children. Modern Pediatrics.
Ukraine, (8 (112)), 40-46.

5. Ghodeif AO, Azer SA. (2020). Pancreatic Insufficiency. In: StatPearls.
Treasure Island (FL): StatPearls Publishing. PMID: 32310386.

6. Rostamkhani, F., Zardooz, H., Zahediasl, S., & Farrokhi, B. (2012).
Comparison of the effects of acute and chronic psychological stress on metabolic
features in rats. Journal of Zhejiang university science B, 13, 904-912.

7. Bedzai, A. O. (2019). Chemical elements in the human body, their importance
and influence on biological processes (literature review). Bukovyna Medical
Bulletin,23(4 (92)), 179-184.

8. Banadiga, N. V. (2017). A current look at the reality of scarcity in children of
the early age. Zaporozhye Medical Journal, (19, No. 2), 181-185.

9. Gorobets, A. O. (2019). Vitamins and microelements as specific regulators of
physiological and metabolic processes in the body of children and adolescents.
. Ukrainian Journal of Perinatology and Pediatrics, (4 (80)), 75-92.

10. Shapovalov, S. O. (2011). Theoretical and practical aspects of the role of
essential, biogenic, biophilic microelements in organisms. Biology and Valeology,
(13), 69-79..

11. Gupta, U. C., & Gupta, S. C. (2014). Sources and deficiency diseases of
mineral nutrients in human health and nutrition: a review. Pedosphere, 24(1), 13-38.

12. Pogorelov, M., Bumeister, V., Tkach, G., (2010). Macro- and microelements
(exchange, pathology and methods of determination): monograph. Sumy: Publishing
House of Sumy State University, 147 p.

13. Zhemela, N., (2013) The influence of vitamins and microelements on the
course of pregnancy (literature review). Women's Health, 3(1). 44-5.

14. Milnerowicz, H., Jablonowska, M., & Bizon, A. (2009). Change of zinc,
copper, and metallothionein concentrations and the copper-zinc superoxide dismutase
activity in patients with pancreatitis. Pancreas, 38(6), 681-688. | DOI:
10.1097/MPA.0b013e3181a53d1

15. Chubukov, Zha. A., Ugolnyk T. S. (1012) Descriptive statistics: educational
and methodological manual for students of all medical subjects. universities, graduate
students, graduate students, applicants and teachers.Gomel: GomSMU, 28 p.

16. Grzhibovsky, A. M., Ivanov, S. V., & Gorbatova, M. A. (2016). Comparison
of quantitative data of two paired samples using Statistica and SPSS software:
parametric and non-parametric tests. Science and Health, (3), 5-25.

17. Turova, L. O., (2010) Balance of zinc and iron in the case of delayed
intrauterine development of the fetus. Bulletin of the Sumy State University. Medicine
series. 2 (S). 169-175.

18. Milnerowicz, H., Jablonowska, M., & Bizon, A. (2009). Change of zinc,

ISSN 2663-5712 122 www.sworldjournal.com


https://doi.org/10.22141/2224-0721.14.1.2018.127093

TRS
R

SWorldJournal Issue 19 / Part 1 \Rgp\/ - .

copper, and metallothionein concentrations and the copper-zinc superoxide dismutase
activity in  patients with  pancreatitis. Pancreas, 38(6), 681-688.] DOI:
10.1097/MPA.0b013e3181a53d1

19. Surpac S.A. (2003). The role of the balance of trace elements and vitamins in
the maintenance of the gestational process. Magnesium metabolism and its disorders.
The Clinical Biochemist Reviews, 24 (2), 47p.

20. Ismail, Y., Ismail, A. A., & Ismail, A. A. (2010). The underestimated problem
of using serum magnesium measurements to exclude magnesium deficiency in adults;
a health warning is needed for “normal” results. Clinical chemistry and laboratory
medicine, 48(3), 323-327..

21. Sansuwan, K., Jintasataporn, O., Rink, L., Triwutanon, S., & Wessels, I.
(2023). Effects of Zinc Status on Expression of Zinc Transporters, Redox-Related
Enzymes and Insulin-like Growth Factor in Asian Sea Bass Cells. Biology, 12(3), 338.

22. Haase, H., & Schomburg, L. (2019). You’d Better Zinc—Trace Element
Homeostasis in Infection and Inflammation. Nutrients, 11(9), 2078.

sent: 18.05.2023
© Pavlova O.0O.

ISSN 2663-5712 123 www.sworldjournal.com





