DOI: 10.31393/morphology-journal-2021-27(2)-10

Reports of Morphology, Vol. 27, Ne2, Pages 70-75

ISSN 1818-1295 eISSN 2616-6194

Official Journal of the Scientific Society of Anatomists,
Histologists, Embryologists and Topographic Anatomists

journal homepage: https://morphology-journal.com

185N 18181295
eISSN 2616-6190

BICHMK MOPQOJIOTIL
REPORTS OF
MORPHOLOGY

REPORTS OF MORPHOLOGY

of Ukraine

Quantitative changes in the microstructure of the pancreas under
the influence of sublethal dehydration, subsequent readaptation

and correction
Kovchun V.Yu.

Medical Institute of Sumy State University, Sumy, Ukraine

ARTICLE INFO
Received: 3 March 2021
Accepted: 21 April 2021

UDC: 616.37:616.395-092.9
CORRESPONDING AUTHOR

e-mail: vu.kovchun@ukr.net
Kovchun V.Yu.

Dehydration is a pathological condition caused by insufficient water intake and is
accompanied by metabolic disorders that have significant consequences for human
health and performance. The endocrine system takes part in a number of functions of
the water exchange system, optimizing body fluid volume. In the literature, there is no
systematic data on changes in the pancreas under conditions of various types of
dehydration. This article is devoted to the study of structural changes in the pancreas
in conditions of sublethal degrees of various types of dehydration, followed by
readaptation and correction with a drug that has anti-ischemic, membrane-stabilizing,
antioxidant, hepatoprotective and immunomodulatory properties that allow to normalize
protein, carbohydrate and lipid metabolism. The purpose of the study was to research
the features of changes in the endocrine and exocrine parenchyma of the pancreas by
the method of morphometry of histological preparations under conditions of sublethal
dehydration with subsequent readaptation and correction with thiazotic acid
morpholinium salt. The study group consisted of 60 mature male rats, which were
simulated sublethal degree of general, cellular and extracellular dehydration by the
method of A.D.Soboleva, V.Z.Sikora, J.Ya.Bodnar. After reaching a severe degree of
dehydration, part of the rats were transferred to a regular drinking diet, the second part
received a corrector drug for 14 days. The animals were withdrawn from the experiment
by decapitation under anesthesia on 24th, 44th and 104th days in accordance with the
type of dehydration. After analyzing the results obtained, it was found that there were no
significant differences in most morphometric parameters under conditions of exposure
to sublethal dehydration in comparison with subsequent readaptation. Significant
changes in the area of the islets of Langerhans and the area of nuclei of exocrinocytes
were revealed under conditions of exposure to various types of sublethal dehydration in
comparison with readaptation and correction; in all experimental groups. Other
morphometric parameters of the pancreatic parenchyma had changes of varying
statistical significance, which depended on the type of dehydration. It has been
established that the use of the thiazotic acid morpholinium salt leads to partial restoration
of the structural components of the pancreatic parenchyma in comparison with the
period of readaptation.

Keywords: pancreas, islets of Langerhans, acini, sublethal dehydration, thiazotic
acid morpholinium salt.

Introduction

Water is necessary for the development of life and
survival [1, 8, 10, 13, 24], this is its participation in
metabolism, facilitation of cellular metabolism [3, 22],
modulation of normal osmotic pressure, maintenance of
electrolyte balance, regulation of body temperature and
many others physiological processes [9, 19, 23]. It has
been proven that both excessive and insufficient water

consumption has a negative effect on the health of our
body [2, 11, 14, 26, 28]. Dehydration reduces a person's
ability to engage in physical activity and increases the risk
of diseases of the cardiovascular, genitourinary and
digestive systems. The endocrine system is involved in a
number of water metabolism processes, optimizing the
flow and excretion of fluid in the body. The pancreas, as an
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organ of the digestive and endocrine systems, undergoes
pronounced structural changes under conditions of
dehydration [4, 5, 7], as well as during the use of alcohol,
opioids and smoking [15, 18, 20, 21, 27]. Therefore, an
important issue today is the understanding of risk factors,
physiological and pathogenetic links of pancreas diseases,
systematization and expansion of data in the world literature
on this issue [6, 16, 20, 25].

The aim of the study was to study in the experiment the
morphometric features of structural transformations of
changes in the parenchyma of the pancreas under the
influence of sublethal degree of general, cellular and
extracellular dehydration of the organism with the
subsequent period of readaptation and correction.

Materials and methods

To achieve the goal of the experiment, 70 laboratory
male adult rats weighing from 160 to 200 g were used,
which were in the vivarium of the Medical Institute of Sumy
State University. The experiment was conducted in
compliance with the main provisions of the Council of
Europe Convention on the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes (March
18, 1986), EEC Directive 9609 (November 24, 1986),
Resolution of the First National Congress on Bioethics
"General ethical principles of animal experiments" (2001),
and orders of the Ministry of Health of Ukraine Ne690 from
23.09.2009, Ne944 from 14.12.2009, Ne616 from
03.08.2012 and the laws of Ukraine.

60 rats were divided into 3 experimental groups, each
of which included 20 rats with a simulated sublethal degree
of different types of dehydration according to the methods
of A.D.Soboleva, V.Z.Sikora, J.Ya.Bodnar, proposed in 1975.
Subsequently, the animals of each group were divided into
subgroups of 10 rats, which were transferred to the usual
drinking diet for 14 days, and those that in addition to the
usual drinking diet for the same period received thiazotic
acid morpholinium salt in a dose of 0.1 ml as a preparation
corrector of morphological changes that occurred during
the experiment. The calculation of the dose of the
preparation for animals was performed taking into account
the recommendations of Y.R. Rybolovlev and R.S.
Rybolovlev [17]. The control group included 10 rats.

Pancreas material collection, fixation, and sample
fabrication were performed according to traditional
methods [11]. To determine the structural components of
the gland, paraffin sections 5-7 ?m thick were stained with
hematoxylin-eosin and Van Gieson. Micropreparations were
investigated using a digital image output system "SEO Scan
Lab 2.0" (Ukraine).

Morphometric analysis included Langerhans islet area
(AIL), pancreatic acinus area (PA), pancreatocyte area
(PAC), pancreatocyte nuclei area (PCN), pancreatocyte
cytoplasm area (PCAC), and nuclear-cytoplasmic ratio
(NCR) determination.

The results of morphometric measurements were

processed using the statistical program IBM SPSS Statistic
21. In order to verify the normality of the distribution used
Kolmogorov-Smirnov test, the average values are
presented as M+m. The Mann-Whitney test was used to
compare the performance in the experimental groups.
Statistically significant indicators were considered under
the condition p<0.05.

Results

In rats of the control group, the average size of AlL (area
of islets of Langerhans) was 13934.1+636.92 um?, PA
(pancreatic acinus area) - 983.4+67.1 um?; PAC
(pancreatocyte area) - 149.5+3.16 um?; PCN (pancreatocyte
nuclei area) - 10.70+£0.41 pm?; PCAC (pancreatocyte
cytoplasm area) - 138.7+4.72 um?, NCR (nuclear-
cytoplasmic ratio) - 8.200+0.980 (Fig. 1).

Under the influence of sublethal degree of different types
of dehydration, pronounced structural changes were
observed in all experimental groups (Fig. 2).

Under the influence of sublethal degree of general
dehydration and the period of further readaptation, there
was a decrease in the area of AL - by 3.5% (p=0.880), PA -
by 1.4% (p=1.0), PAC - by 1.96% (p=0.571), PCAC - by 1.42%
(p=0.650), PCN - by 6.7% (p=0.151), NCR - by 5,93%
(p=0.364). Under the conditions of using the thiazotic acid
morpholinium salt, we observed a decrease in AIL - by
32.27% (p<0.001), PA- by 15,91% (p=0.041), PAC - by 7.42%
(p=0.096), PCAC - by 6,21% (p=0.290), PCN - by 17.82%
(p=0.038), NCR - by 12.71% (p=0.406). Comparing the
periods of readaptation and correction, a decrease in
Langerhans islet area by 29.8% (p<0.001), acinus area -
by 14,67% (p=0.019), pancreatocyte area - by 5.57%
(p=0.051), pancreatocyte cytoplasm area - by 4.85%
(p=0.406), pancreatocyte nuclei area - by 11.97% (p=0.290),
nuclear-cytoplasmic ratio - by 7.2% (p=0.597). Detailed
morphometric changes in the parenchyma of the pancreas
conditions of the sublethal degree of general dehydration,
the period of subsequent readaptation and correction are
shown in Table 1.

Under the influence of sublethal degree of cellular

Fig. 1. Pancreas of the rat from control group: 1 - islet of Langerhans,
2 - acini. Hematoxylin-eosin. x400.
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Fig. 2. The islet of Langerhans of the rat pancreas: 1 - under conditions of general dehydration, 2 - cellular dehydration, 3 - extracellular

dehydration. Hematoxylin-eosin. x200.

Table 1. Morphometric changes of islets, acini and pancreatocytes under conditions of sublethal degree of general dehydration, period

of readaptation and correction.

Indicator Control Severe dehydration Readaptation Correction
AL 13934.14636.92 31280.9+1992.7 30176.7+1144.1 21184.01+1992.1
, um
p,=0.880; p,<0.001; p,<0.001
083.4467.1 | 1326.2469.7 | 1307.4464.1 | 11155+34.9
PA, pm?
p,=1.0; p,=0.041; p,=0.019
149.5+3.16 | 1724458 | 169.045.0 | 159.645.1
PAC, um?
p,=0.571; p,=0.096; p,=0.151
138.744.7 | 154.545.9 | 152.345.2 | 144.945.4
PCAC, um?
p,=0.650; p,=0.290; p,=0.406
10.7640.41 | 17.9140.52 | 16.69+1.14 | 14.65+0.94
PCN, pm?
p,=0.151; p,=0.038; p,=0.290
8.270+0.984 | 11.80+0.83 | 11.11+0.92 | 10.31+0.93
NCR, %
p,=0.364; p,=0.406; p,=0.597

Notes: p, - the probability of differences in the indicators of severe general dehydration and the period of readaptation; p, - probability
of differences in indicators of severe general dehydration and correction period; p, - the probability of differences in readaptation and
correction. AIL - Langerhans islet area; PA - pancreatic acinus area; PAC - pancreatocyte area; PCAC - pancreatocyte cytoplasm area;

PCN - pancreatocyte nuclei area; NCR - nuclear-cytoplasmic ratio.

dehydration and the period of readaptation, there was a
decrease in AlL - by 2.86% (p=0.762), pancreatocyte nuclei
area - by 10.55% (p=0.199), nuclear-cytoplasmic ratio - by
16.22% (p=0.112), and increase of acinus area by 2.49%
(p=0.705), pancreatocyte area - by 2.82% (p=0.364),
pancreatocyte cytoplasm area - by 6.47% (p=0.041). Under
the conditions of simultaneous use of the thiazotic acid
morpholinium salt, we observed a decrease in AIL - by
24.85% (p<0.001), PCN - by 25.62% (p=0.019), NCR - by
42.26% (p<0.001), and increase of PA - by 6.69% (p=0.762),
PAC - by 17.45%, PCAC - by 28.79% (p<0.001). Comparing
the periods of readaptation and correction revealed a
decrease in AIL (Langerhans islet area) - by 22,63%
(p=0,01), PCN (pancreatocyte nuclei area) - by 16.85%
(p=0.130), NCR (nuclear-cytoplasmic ratio) - by 31.08%
(p=0.04), and increase of PA (acinus area ) - by 4.35%
(p=0.406), PAC (pancreatocyte area ) - by 14.22% (p=0.004),
PCAC (pancreatocyte cytoplasm area) - by 20.96%
(p<0.001). Detailed morphometric changes in the

parenchyma of the pancreas conditions of sublethal degree
of cellular dehydration, the period of subsequent
readaptation and correction are shown in Table 2.

Under the influence of sublethal degree of extracellular
dehydration and the period of subsequent readaptation,
there was an increase in AlL - by 7.04% (p=0.131), PA - by
3.16% (p=0.406), PAC - by 10.9% (p=0.07), PCAC - by
19.57% (p=0.023), and reducing of PCN - by 16.42%
(p=0.005), NCR - by 31.61% (p=0.003). Under the
conditions of simultaneous use of the thiazotic acid
morpholinium salt, we observed an increase in AIL - by
17.04% (p=0.013), PA- by 9.84% (p=0.082), PAC - by 18.93%
(p=0.007), PCAC - by 34.71% (p<0,001), and reducing of
PCN - by 30.43% (p<0.001), NCR - by 49.24% (p<0.001).
Comparing the periods of readaptation and correction
revealed an increase in AlL - by 9.33% (p=0.059), PA - by
6.48% (p=0.226), PAC - by 7.23% (p=0.096), PCAC - by
12.65% (p=0.038), PCN - by 16.76% (p=0.010) and only
nuclear-cytoplasmic ratio and reduced by 25.77%
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Table 2. Morphometric changes of islets, acini and pancreatocytes under conditions of sublethal degree of cellular dehydration, period

of readaptation and correction.

Indicator Control Severe dehydration Readaptation Correction
AL un 13934.1+636.9 25774.2+1316.3 25035.6+979.6 19368.6+701.3
, um
p,=0.762; p,<0.001; p,<0.001
083.4+67.1 | 800.8+57,2 | 820.8+33.1 | 856.6+29.1
PA, pm?
p,=0.705; p,=0.762; p,=0.406
1495+3.1 | 95.72+1.25 | 98.42+1.79 | 112.442.8
PAC, pm?
p,=0.364; p,<0.001; p,=0.004
138.7+4.7 | 75.75+1.29 | 80.61+1.59 | 97.52+2.53
PCAC, pm?
p,=0.041; p,<0.001; p,<0.001
10.76+0.41 | 19.94+1.23 | 17.81+1.31 | 14.81+1.18
PCN, um?
p,=0.199; p,=0.019; p,=0.130
8.241+0.99 | 26.54+1.93 | 2222+1.79 | 15.29+1.22
NCR, %
p,=0.112; p,<0.001; p,=0.04

Notes: p, - the probability of differences in the indicators of severe cellular dehydration and the period of readaptation; p, - the probability
of differences in the indicators of severe cellular dehydration and the correction period; p, - the probability of differences in readaptation
and correction. AIL - Langerhans islet area; PA - pancreatic acinus area; PAC - pancreatocyte area; PCAC - pancreatocyte cytoplasm
area; PCN - pancreatocyte nuclei area; NCR - nuclear-cytoplasmic ratio.

Table 3. Morphometric changes of islets, acini and pancreatocytes under conditions of sublethal degree of extracellular dehydration,

period of readaptation and correction.

Indicator Control Severe dehydration Readaptation Correction
AL e 13934.14636.92 10925.414655.25 11695.4+385.01 12787.4+246.1
, pm
p,=0.131; p,=0.013; p,=0.059
983.4467.1 | 784.3429.2 | 809.1+31.1 | 861.5+27.00
PA, pm?
p,=0.406; p,=0.082; p,=0.226
149.5+3.16 | 86.14+3.59 | 95.49+2.51 | 102.442.9
PAC, um?
p,=0.070; p,=0.007; p,=0.096
138.744.72 | 65.4143.76 | 78.2142.82 | 88.12+3.31
PCAC, um?
p,=0.023; p,<0.001; p,=0.038
10.7440.41 | 20.74+0.85 | 17.3040.62 | 14.40+0.65
PCN, pm?
p,=0.005; p,<0.001; p,=0.010
8.27+0.98 | 32.87+2.61 | 22 51+1.34 | 16.69+1.22
NCR, %
p,=0.003; p,<0.001; p,=0.005

Notes: p, - the probability of differences in the indicators of severe extracellular dehydration and the period of readaptation; p, - the
probability of differences in the indicators of severe extracellular dehydration and the correction period; p, - the probability of differences
in readaptation and correction. AIL - Langerhans islet area; PA - pancreatic acinus area; PAC - pancreatocyte area; PCAC - pancreatocyte
cytoplasm area; PCN - pancreatocyte nuclei area; NCR - nuclear-cytoplasmic ratio.

(p=0.005). Detailed morphometric changes in the
parenchyma of the pancreas conditions of sublethal degree
of extracellular dehydration, the period of subsequent
readaptation and correction are shown in Table 3.

Discussion

Water is one of the main components of the human
body, which is vital for the performance of physiological
processes, thermoregulation, and transport of nutrients
[1, 6, 7, 8]. Water consumption is influenced by numerous
factors, including temperature, humidity, as well as the level

of physical activity and lifestyle [15, 18, 21, 27]. The most
vulnerable groups to dehydration are children and
adolescents, who are prone to excessive water loss,
especially during physical activity and may not be aware of
the need to restore lost fluid [26, 28].

Numerous literature data confirm that disability and
mortality from cardiovascular diseases and diseases of
the gastrointestinal tract are inversely proportional to water
intake [10, 14, 19, 25].

Analyzing the results, it was found that the histostructure
of the pancreas, endocrine system and gastrointestinal
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tract, undergoes pronounced structural changes under the
influence of sublethal degree of various types of
dehydration, which coincides with the data of L.M.Davydova
with co-authors (2017), who noted similar morphological
changes in the structural components of the tongue in
violation of water-electrolyte balance [4]. The absence of
significant differences in indicators in the experimental
groups under the influence of sublethal dehydration and
the period of readaptation was established.

However, under conditions of sublethal degree of
general dehydration and the subsequent period of
correction with the thiazotic acid morpholinium salt,
statistically significant changes were detected in the form
of a decrease in the areas of the islets of Langerhans,
acini and exocrinocyte nuclei. Comparative analysis of the
size of the results of the periods of readaptation and
correction showed significant changes in the area of the
islets of Langerhans and the area of the acini.

Analysis of the sublethal degree of cellular dehydration
and the subsequent period of correction with the thiazotic
acid morpholinium salt revealed a significant increase in
the areas of exocrinocytes and cytoplasm of exocrinocytes,
with a simultaneous decrease in the areas of islets of
Langerhans, nuclei of exocrinocytes and nuclear
cytoplasms. The obtained results of the periods of
readaptation and correction show statistically significant
changes in the indicators of the areas of the islets of
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KINbKICHI 3MIHU MIKPOCTPYKTYPU MIALWNYHKOBOI 3ANO3M 3A YMOB BINJIMBY CYBINETAJNIbHOIO 3HEBOOHEHHS,

NoAAnbLUOI PEAOANTALIT TA KOPEKLYI
KosuyH B.IHO.

3HEeB800HeHHS - ye nmamoroaidHull cmaH, Wo 8UKIuKaHuli HedocmamHim HadXxo0KeHHsIM 800U ma Cynpo8odxyembcsi MemabonidyHUMU
ropyweHHsIMU, SIKi Marompe 3Ha4YHi Hacnioku Onsi 30opos’s ma npauye3ddamHocmi noduHu. EHOOKpuHHa cucmema npuliMae yyacms y
HU3Ui GhyHKuiti cucmemu obmiHy 8odu, onmumisyrodu ob'em piduHU opeaHi3my. Y nimepamypi Hemae cucmemamu3oeaHux 0aHux w000
3MiH MiOWIIyHKOBOI 3a/103U 3@ yMO8 Pi3HUX 8udi8 3HEBOOHEHHS. AKmyanbHUM € 8UBYEHHSI CIMPYKMYPHUX MOPYWeHb MiOw1yHKO8o!
3as03u 3a ymo8 cybnemarnbHUX cmyneHie pisHux eudie 3He80OHEeHHs1 3 nodasnbuwo peadanmauiero ma Kopekuiero npenapamom,
Kompul mae npomuitiemidHy, membpaHocmabinidyody, aHmuokcuGaHmHy, 2enamonpomeKmopHy ma iMyHOMOOY o4y eracmugocmi,
wo 0o3seonsge Hopmarnidysamu binkosull, 8yanegodHuli ma ninidHult obmiH. Memoto docnidxeHHs1 6yno eusdeHHs1 ocobrniugocmel 3MiH
eHOOKPUHHOI ma eK30KPUHHOI napeHximu nidwnyHKoeoi 3ano3u memodom Mopghomempii 2icmonozidHUX rnpenapamie 3a ymos
cybrniemarnbHO20 3HEBOOHEHHST 3 100anbWo peadanmauicto ma KopeKyjeto MopghoriHiegoro Cinmo miazomHoi kucrnomu. HocnidxysaHy
2pyny cmaHosusu 60 3pinux wypie-camuie, kompum modesntoganu cybrnemarnbHUl cmyriHb 3a2aribHO20, KITiMUHHO20 ma ro3akKimuHHO20
3Heso0HeHHs1 3a A.[.Cobonesoro, B.3.Cikoporo, 51.5.600Hapom. [licrisi O0CSA2HEHHS MSIXKKO20 CmyrneHs1 3HE8OOHEHHST YacmuHy Wy pig
nepesodunu Ha 3gu4aliHul numHul pauioH, Opyea YacmuHa ompumysana rnpenapam-kopekmop ernpodosx 14 0i6. TeapuH 6yno
susedeHOo 3 ekcnepumMeHmy wisaxom Oekanimauii ni0 Hapko3om Ha 24, 44 ma 104 0oby 8i0nogidHO 00 8uUdy 3HEBOOHEHHS.
lMpoaHanisysaswu ompumaHi pesynbmamu, 8CmMaH0o8/IeHO 8i0CymMHiCmb cmamucmu4yHO 3Hadyywux eidMiHHocmedl 6inbwocmi
MopghoMempPuUYHUX MOKa3HUKI8 3a yMo8 ernnugy cybrnemarnbHO20 3HEB0OHEHHS OPIBHSAHO 3 rnodasnbwor peadanmauicto 8cix
eKkcriepuMeHmarnbHUX 2pyn meapuH. BusieneHo docmosipHi 3miHu nnowi ocmpiguie JlaHeepeaHca ma nnowji s10ep eK30KpuHoyumig 3a
ymMo8 ernnusy pizHux eudige cybremanbHo20 3HEBOOHEHHS y MOPIBHAHHI 3 epyrot peadanmauii ma epynot KOpekuii 8 ycix
eKkcrepumMeHmarnbHux gpynax. IHwi MmopgomempuyHi MOKasHUKU MapeHxiMu nidwnyHKo8OI 3a103u Manu 3MiHU pi3HOi cmamucmuy4HOi
3Hayywocmi, kompi 3anexanu 8id0 eudy 3He80OHeHHsI. 3'scosaHo, WO 3acmocysaHHsI MOpPgOriHiegoi coni miazomHoi kucnomu
npu3godumps 00 4YacmkKo8020 8IOHOB/TEHHSI CMPYKMYPHUX KOMMIOHEHMI8 napeHximu nidwyHKO8OI 3a/103u, MOPIiBHIHO 3 nepiodom
peadanmauyii.

KniouoBi cnoBa: nidwnyHkosa 3ano3a, ocmpisyi JlaHzepeaHca, ayuHycu, cybrnemarnbHe 3He80OHEHHS, MOPhOIIiHIiE8a Cirb mia3omHoi
Kucromu.
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