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INFLUENCE OF ALIMENTARY DEPRIVATION ON
MORPHOFUNCTIONAL STATE OF THE RAT'S PANCREAS

R.V. Yanko
Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine,
Kiev, Ukraine

Summary

Literature data on the effect of alimentary
deprivation (AD) on the morphological
and functional changes in the pancreas,
especially its exocrine part, are rare. The
study of morphological changes in the
exo- and endocrine pancreas of rats, after
exposure to AD, was the aim of our research.
Experimental rats received a diet that was
reduced in weight by 30%. Access to water
was free. The duration of the experiment
was 28 days. Rats were decapitated under
light ether anesthesia. For histological
studies of the pancreas, samples were taken
from its central part (body). Morphometric
measurements of the gland were carried
out using the computer program "Image
J". It was revealed that in the exocrine
pancreas of adult rats that were on AD, the
area of acinus and nucleus of exocrinocytes
increased, the number of nucleolus
increased, the nuclear-cytoplasmic ratio
and the height of the epithelium of the acinus
increased. The increase in the activity of the
endocrine pancreas, after exposure to AD,
indicated by an increase in its following
parameters: area (by 108%), number of
Langerhans islets (by 34%), their size and
number of endocrinocytes (by 55%). Also
in the gland of these animals a decreased
in the width of the layers of interlobular
and interacinus connective tissue by 28%,
which improves conditions for the course
of metabolic processes. Thus, the effect of
AD is accompanied by the appearance of
morphological signs of an increased in the

activity of both the exocrine and endocrine
(to a greater extent) pancreas in adult rats.

Key words: alimentary deprivation,
pancreas, morphometry.

Nutritional restriction is known to
improve glucose regulation, increases
resistance to stress and suppresses
inflammation. During starvation, cells
activate pathways that enhance internal
defenses against oxidative and metabolic
stress, as well as those that remove or repair
damaged molecules [1, 2]. During the
fasting period, cells participate in tissue-
specific growth and plasticity processes.
Animal studies have consistently shown
a reliable effect of restricted nutrition
on a wide range of chronic diseases,
including obesity, diabetes, cardiovascular
and endocrine disorders, tumors and
neurodegenerative brain diseases [3-5].

However, despite the well-studied effect
of alimentary deprivation (AD) on the
body, there is insufficient literature on its
effect on the morpho-functional activity
of the pancreas, and the results are often
contradictory. Most studies have examined
the effects of AD on the endocrine pancreas
[6, 7]. It is known that starvation causes
physiological changes in the endocrine
pancreas, namely - changes in insulin
secretion, metabolism of Langerhans
islets and redox state of f-cells [S8]. We
have not found any literature data on how
the histomorphological structure of the
exocrine pancreas changes in AD.
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Therefore, the study of morphological
changes in the exo- and endocrine pancreas
of rats, after exposure to food deprivation,
was the aim of our research.

Materials and  methods. The
experiment was made on 24 wistar rats. The
age of the animals was 15 months, weight
420 + 10 g. Rats were divided into 2 groups
(12 animals each): I — control animals,
II — experimental rats, which received
a reduced weight (30%) diet. The daily
ration for control rats was 20 g (65 kcal)
of specialized feed, and for experimental
rats exposed 14 g (45 kcal). This level of
calorie reduction in the diet according to
the classification of McKay C.M. belong to
the "soft" AD, able to prolong life, increase
the efficiency of molecular and cellular
systems, increase the adaptive capacity of
the organism. Access to water was free. The
duration of the experiment was 28 days.
Rats were decapitated under light ether
anesthesia. Rats were done according to
the provisions of the Helsinki Declaration
of 1975 and its revision in 1983.

Histological, morphometric and
statistical methods of research were used.
From the pancreas of each rat took 5
samples of tissue, from which histological
preparations were made according to the
standard technique: fixed in the liquid
Bowen, dehydrated in alcohols of increasing
concentration (from 70 to 96 °) and dioxane.
The obtained samples were poured into
paraffin. Paraffin sections, 5-6 pum thick,
were made on the sleigh microtoma, stained
with Bemer's hematoxylin and eosin and
Van Gizon method [9]. Photography of
micropreparations was carried out on the
microscope “Nikon Eclipse E100” (Japan).
The morphometric dimensions of the
gland were performed using the computer
program "Image J".

In the exocrine pancreas, such
morphological structures as: diameter
and area of acinuses, height and area of
exocrinocytes, their nucleus and cytoplasm
were measured, and the number of nucleolus

in cell nucleus and their amount in acinus
were considered. The activity of the
endocrine pancreas was evaluated by: the
number of pancreatic islets (per unit area of
0.25 mm?2), the number of endocrinocytes in
them, the area and diameter of the islets and
the density of cell location. To determine
the state of connective tissue elements in
the gland, the width of the interlobular and
interacinus connective tissue layers was
measured. The method of imposing point
morphometric nets determined the area
(relative) of the exo- and endocrine part, as
well as stroma in the gland [10, 11].

For statistical research was used software
“Statistica 6.0 for Windows” (StatSoft,
USA) and “Exel 2010” (Microsoft, USA).
The normality of the distribution of digital
arrays was checked using Pearson's test.
All research results were subject to the law
of normal distribution. The criterion for
the Student's t-test was used to evaluate
the difference between the control and the
experimental group. The differences in the
value p<0.05 were considered reliable.

Results and discussion. The body
weight of control rats during the experiment
had a slight tendency to increase, and
animals that were on AD, by contrast,
decreased by 11%. In experimental rats, the
absolute weight of the pancreas remained at
the control level, while its relative weight
was probably higher by 23% (p<0.05)
(Table 1).

It was found that in the exocrine pancreas
of rats exposed to AD, the acinus had a
rounded, oval and elongated shape. Inside
the acinus is lined with exocrinocytes,
which are narrowed part (top) directed to
the center of the acinus, and the opposite,
expanded (base) — outward. The cytoplasm
of the cells had a well-defined granularity.
The nucleus was located at the base, where
the grain size was less pronounced, and
contained nucleolus. Acinuses were united
in lobes which are externally covered with
a connective tissue cover (Fig. 1).
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Table 1. Body and pancreas mass (n = 12

; M+ m)

Body mass, g Pancreas mass
Indicators Start of the End of the Relative
. . Absolute, mg (mg/g body
experiment experiment -
weight)
Control 430£7 44048 795+7 1,81+0,08
Experience 426+13 379+13* 860+10 2,23+0,10*

Note: here and in table 2 *p<0,05 — compared with the control
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Picture 1. Microphotograph of the exocrine

.

pancreas of control (4) and experimental (B)

rats. Hematoxylin and eosin stain. X800

The influence of AD led to an increase in
the average area of acinus by 33% compared
to the control. At the same time, the area of
exocrinocytes and their cytoplasm did not
change. The area of the nucleus increased
by 10%, which led to a probable increase
in the nuclear-cytoplasmic ratio by 12%.
The number of nucleolus in the nucleus of
exocrinocytes of experimental rats was by
37% (p<0.05) greater than in the control.
Hyperplasia of nucleolus indicates the

activation of the protein-synthetic function
of cells, or increased physiological
regeneration at the intracellular level [12].
In the pancreas of animals affected by
AD, found an increase in the height of the
acinus epithelium by 11% (p<0,05) and the
number of exocrinocytes placed in them (by
9%) compared with the control (Table 2).
The change in these parameters indicates
the activation of the functional state of the
exocrine pancreas after exposure to AD.

Table 2. Morphometric parameters of the pancreas (n = 12; M = m)

Indicators Control Experience
Exocrine part

Relative area, % 73,2+1,7 71,3%1,5
The diameter of the acinus, um 27,7+0,71 30,6+0,5
Acinus cross-sectional area, um? 692116 922+27*
Area, um?:
exocrinocyte 120,6%2,5 120,6+4,8
nucleus 17,6+0,4 19,4+0,5*
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cytoplasm 103+2,6 101,2+4,5

Nuclear-cytoplasmic ratio 0,170+0,006 0,190+0,008*

The number of nucleolus in the

exocrinocyte, pcs 1,48+0,05 2,03+0,11*

Height of the acinus epithelium, um 11,2+0,2 12,4+0,3*

The number of exocrinocytes

in the acinus, pcs 7,8%0,2 8,5+0,4

Endocrine part

Relative area, % 2,6%0,5 5,4+0,5*

Amount of the islets 0,09+0,10 1,21+0,05*

(by 0.25 mm?), pcs

Area of the islets, um? 9538192 15070+149*

Diameter of the islets, pm 93,8+3,9 129,246,2*

The number of endocrinocytes

in the islets, pcs 119,8+16,8 185,3+9,3*

Endocrinocyte density in the islets,

pcs / um2 0,013+0,001 0,012+0,001
Connective tissue

Relative area, % 24,2+1,0 23,3+1,5

Stromal-parenchymal index 0,32+0,02 0,30+0,02

Width of layers of connective tissue, um

interlobular 3,81+0,32 2,73+0,15%*

interacinus 0,96+0,02 0,69+0,02*

The endocrine pancreas occupies a
much smaller part of the pancreatic tissue.
It is formed by the Langerhans islets
(LI), which are dispersed in the gland. LI
are separated from the acinus by a thin
connective tissue layer and are clusters

of endocrinocytes permeated by a dense
network of capillaries [13]. The LI shape of
the experimental animals is mostly round
and oval, elongated islands are less often
visualized (Fig. 2).

Picture 2. Microphotograph of the endocrine pancreas of control (A) and experimental
(B) rats. Van Gieson stain. X200
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Significantstructural changes were found
in the endocrine pancreas of experimental
animals after exposure to AD. Thus, they
observed a probable increase the area of the
endocrine pancreas by 108%. The average
number of LI (0,25 mm2) was 1.21, which
was 34% more than the control level.
The area and diameter of the LI probably
increased by 58% and 38% respectively.
The number of endocrinocytes in the LI
of experimental rats was by 55% higher
(p<0.05) compared with controls (Table
2; Fig. 2). The change in these parameters
indicates a significant activation of the
endocrine pancreas of adult animals after
exposure to AD.

The capsule and stroma of the organ are
part of the connective tissue formations
of the pancreas. In the latter, acinar, islet
and interacinous connective tissue (CT)
i1s divided; connective tissue membranes
of particles and lobules; interlobar and
interlobular CT, as well as CT, which
surrounds blood vessels and excretory
ducts. All these formations have a similar
structure and pass into each other without
sharp boundaries. But each of the elements
of the CT framework has the features of
architecture, qualitative and quantitative
composition of fibrous structures, the
amount of basic substance, the number and
shape of fibroblasts [13, 14].

We found that in the pancreas of rats,
after exposure to AD, the number of
stroma decreased. This is evidenced by the
probably smaller width of the interlobular
and interacinus CT layers by 28% (Table
2). Connective tissue is included in the
histo-hematic barrier, and reducing its
number and thickness of layers facilitates
the transport of oxygen to the parenchymal
elements of the gland, improves the
conditions for metabolism, promotes
better penetration of hormones through the
histohematological barrier into the blood.

The positive role of starvation in
pancreas has been identified by other
researchers. In experiments on mice with

induced diabetes mellitus, which were on a
restricted diet, a decrease in the symptoms
of this pathology was found. Thus, in these
animals f-cell proliferation increased,
symptoms of diabetes were eliminated,
insulin secretion and glucose homeostasis
were restored [6]. However, the mechanism
by which restricted nutrition affects p-cell
function remains unclear. Another study
showed that 8-week-old Sprague-Dawley
rats fed a 30% reduced calorie diet had
higher B-cell activity, as evidenced by early
insulin secretion in an intra-abdominal
glucose tolerance test than in control
animals. In addition, animals after exposure
to restricted nutrition had a greater mass
of B-cells and their proliferation in the
pancreas [15]. It was found that AD can
inhibit the development and delay the
progression of pancreatic intraepithelial
tumors[16]. Other authors have investigated
that interval starvation has a significantly
greater anti-cancer effect in the pancreas of
genetically modified mouse models than the
constant effect of restricted nutrition. Other
authors observed that exposure to 40% of
restricted nutrition alters B-cell dysfunction
and insulin resistance, restores glucose
homeostasis, activates [-cell autophagy
in mice [17]. However, another study in
one-month-old female rats showed that
interval fasting (1 day complete fasting / 1
day regular diet) for 12 weeks reduced the
weight of the pancreas, activated apoptosis
in LI, promotes dysfunction B-cells [7].

Thus, the analysis of the literature
once again confirms the ambiguity of the
data on the morpho-functional state of the
endocrine pancreas of animals that received
limited nutrition. It depends on the type of
starvation, the duration of the experiments,
the age and sex of the animals, etc. All this
leads to the continuation of research in this
area.

Conclusion. Thus, the 28-day effect
of a reduced weight diet (by 30%) has
morphological signs activation of exocrine
and endocrine (to a greater extent)
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pancreas in adult rats. In the exocrine
part, the area of acinus, cell nucleus and
the number of nucleolus increased, the
nuclear-cytoplasmic ratio and the height
of the epithelium of acinus increased. The
increase in the activity of the endocrine
pancreas, after exposure to AD, indicated
by an increase in its following parameters:
area, number of LI, their size and number
of endocrinocytes. Reducing the amount
of connective tissue in the gland facilitates
the transport of oxygen to its parenchymal
elements and improves the conditions for
metabolism. These data can have both
theoretical and practical role when using
AD to improve the function of pancreas.
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Tamaxkmanyowiy azarobiHblH
He2i3i eceyKyipblKmapobly
MOphodyHKYUOHANOBIK Hca20ailbiHA
acepi

Anoamna

Yiikol 6e3inoeci mophodyHkyuonanov
e32epicmepee, acipece OHbIH IK30KPUHOIK
bonicine mamax ©HiMOepi acepi mypaivl
20ebu depexmep biz0iny sncymvicolMbl30b1H
MaKcamol mamax oHiMoepi YublpazaHHan
KelliH epecek e2eyKyupblKmapobly IKCO MeH
9HOOKPUHOIK O6icin0eci MOpghoiocusivlK
e32epicmepoi JHCOHe 9HOOKPUHOIK
bonicin  3epmmey 6Oonovl. Hayxacmoiy
e2eyKYUpbIKmapsl a3vlK-myniK OUemaculH
anovt, oyncaimaxnen 30%meoemenoeoi. Cyea
Kon oicemkizy meein 60on0vl. Taxcipubeniy
y3akmolevl 28 KyH 6010b1. Eceykyipvikmap

Jrceyin . a¢ghup  amecmesuscol  OOULIHUIA
AHcapusAnaHovl.  YuKvl Oe3iHiH Opmanvlk
bonicinen (6e30iH OeHeci), cUCmonocUsIbIK
npenapammap CmaHoapmmel 0icmeme
ootiviHwa  Jcypeizindi. I nanovly  mop-
Gdomempusicol J KOMNbIOMeEpPiK
bazoapnamaceii NAUOANAHBIN CAHOBIK C)-
pemmepee oicacanovl. Tamax ewHimOepi,
AKUHANObIY  AyOaHbvl, DKUHYCMbIH ayod-
Hbl, DKUHYCMbIY AYOAHbIHGIY IK30KPUHOIK
Oonicinoe  K30KPUHHIY  DK30KPUHOIK
bonicinde 3K30KpuHoyummep SA0pOLApbL
Kebeldi, A0ponapovly Camvl, OPONbIK-
YUMONIA3MANBIK  KAMBIHAC CAHbL  JHCIHE
aKuH Snumenuitiniy ouikmiei , Ya2auowi.
Taorcipubenix e2eyKYUpbIKmapouvly
be30epiniy dHOOKpUHOIK Oonicinde, aman
aumKanoa, MopgorocusIblK e32epicmep
Oon0bl, aman QUMKAHOA: OHbIH CAJlbl-
cmuipmanst ayoaunvl (108% -ea) Conoaii-
ak, onap 630epiHe OpPHALACMBIPHLIZAH,
9HOOKpUHOYUMMEPOIH HCORAPBINAY
(55%). Comnoati-ax, ocvl d#caHyapiapobvly
bezoepinoe Hnmepnayuonanomoix
JicoHe  KyuletimineeH MIiHOepOiy —eHIHIH
memenoeyi 28% -2a memenoedi, Oy
MemabonUIMHIY WblYbl YULIH H#a20aliobl
acaxcapmaovl. Ocwinatiwa, memne-
pamypaoau MbICKYUPLIKMbIHY acepi
VUKbl  Oe30epiHiy  e2eyKYUpbIKMapblHbIY
9K30KPUHOI JICOHe HIHOOKPUHIHIH (YKeH
O0apedxcede) OenceHOiniciH  apmmbipyObiy
Mopghonocusnvlk beneinepiniy natoa 60my-
bIMeH Kamap HCypoi.

Tyiiinoi cezoep: mamax 6Himoepi, YiiKbl
Oesi, MophomempusiiviK.

Bnuanue anumenmapnoii
denpusayuu
Ha mophodynkyuonanvroe
COCMOAHUE NOOXHCETYOOUHOU
Jcenesvl Kpoic

Annomauus
JlumepamypHnvie OanHvle
ANUMEHMAapHOL denpusayuu Ha Mopgo-
@DYHKYUOHAIbHBIE UBMEHEHUSL 8 NOOMNCEY-
00UHOU dicenese, 0COOEHHO ee IK30KPUHHOL

0 6aUAHUU
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yacmu, eouHuuHvl. Llenv naweli pabomol
COCMOsANA 8 MOoM, 4modbl U3VYUMb MOp-
gonocuueckue usMeHeHuss 3K30- U IHOO-
KPUHHOU 4acmu NoOXHCeTyO0UHOU dHcelle3bl
83POCHIbIX KPbIC NOCHe 8030elcmaus anu-
MeHmapHou Oenpusayuu. Ilooonvimuvie
KpblCbl NOYYANU NUWEBOU PAYUOH, KOMO-
pulii 6w cuudicen no macce Ha 30%. [o-
cmyn K 8o0e 6bl1 c60600HbIM. [Ipodonicu-
MenbHOCMb IKCnepumenma cocmaguia 28
onet. Kpovic oexanumuposanu noo neckum
sgpupHbLIM  Hapkozom. [l eucmonocuye-
CKUX UCCTLe00BAHUL NOOAHCENYOOUHOU dHce-
Je3bl Opanu obpaszysl U3 ee YyeHmpaibHoOuU
yacmu (mena). Mopgomempuueckue us-
MepeHUs dicenle3vl NPoBedeHbl ¢ NOMOUWBIO
KomnvblomepHou npozpammsl «Ilmage J».
Obuapyoiceno, ymo 6 9K30KPUHHOLL Yacmu
N00HCENYO0UHOU Jicene3bl 83POCIbIX KPbiC,
KOmopble HAXOOUNUCH HA ANUMEHMAPHOU
denpusayuu, 603pocia Niowadb ayuHy-
co8, A0ep 5K30KPUHOYUIMOS, VEETUUULOCH
KOIUYecmeao s10pbluiek, s10epHO-YUmonias-
Mamuieckoe COOMHOUEHUE U 8bICOMA INU-

menusi ayuHycos. B snookpunmot uacmu
Jrcenesbl NOOONBIMHBIX KPbLC NPOUCXOOULU
bonee uHmeHcugHvle MOpghorocudecKue us-
MEHeHUsl, A UMEHHO. 00CMOBEPHO 803POCIA
ee omnocumenvhas niowaos (na 108%),
VBEMUUUNOCH CPeOHee KOIUYeCmeo OCmpo-
606 Jlaneepeanca na eounuyy niowaou (Ha
34%), ux nunetiHvle pazmepvl, A MaKxice
KOMUYeCmB0 PA3MEeWeHHbIX V HUX JHOO-
Kpunoyumos (nHa 55%). Taxowce 6 ocenese
IMUX HCUBOMHBIX ObLIO OOHAPYHCEHO CHU-
JICeHUe WUPUHBL NPOCIOCK MEeNHCOONEBOU U
MENCAYUHYCHOU COCOUHUMENbHOU MKAHU
Ha 28%, umo yryuuwiaem ycaosus OJisi npo-
mekanusi memabonusma. Taxum obpazom,
GIUAHUE ANUMEHMAPHOU O0enpusayuu co-
nPOBOHCOANOCL NOABILEHUEM MOPPONIO2U-
YeCKUX NPUSHAKO8 NOBbIULEHU AKMUBHO-
CMuU KakK 3K30KPUHHOU, MAK U IHOOKPUHHOU
(6 bonvuel cmenenu) yHKYUU nooxceny-
OOYHOIL Jicee3bl KPbiC.

Knrwouesvie cnosa: arumenmapuas Oe-
npusayust, NOOXHCETYOOUHAsL Jicenesd, Mop-
Gdomempus.
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