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STRUCTURAL DIFFERENCES IN THE PANCREAS OF
RATS OF DIFFERENT AGES AFTER DOSED CALORIC
RESTRICTION

It is known that the activity of the pancreas decreases with age. Thus, the volume of
the pancreatic juice and its enzymatic activity as well as the activity of the islet apparatus
decreases. Therefore, searching for stimulating factors for pancreatic function is a promising
research. One of such promising non-drug methods is dosed restriction of the diet. However,
the available literature data are often ambiguous. The age of the animals may dffect the
interpretation of the data obtained. The aim of our work was to investigate and compare
structural changes in the pancreas of rats of different ages that were on a caloric restriction,
as well as to assess the feasibility of its use as a prophylactic agent in cases of reduced gland
function. The experiments were carried out on 48 male Wistar rats. The age of the animals
at the beginning of the experiment was 3 and 15 months old. The experimental animals
received a calorie restricted by weight (by 30%) diet for 28 days. Tissue samples were taken
from the central part (body) of the pancreas for histological studies. Glucose concentration
was determined in blood serum. Morphofunctional signs of increased pancreas activity were
revealed in 16-month-old rats fed the restricted diet. First of all, the endocrine function of the
gland increased. In 4-month-old animals, the effect of caloric restriction slightly reduced the
activity of the exocrine pancreas, but did not change the activity of the endocrine function.
A decrease in the amount of connective tissue elements in the pancreas in both young and
adult experimental rats was shown. The obtained data can be used for further research into
the effectiveness of using dosed caloric restriction in cases of age-related decline in pancreas
function.

Key words: dosed caloric restriction, pancreas, age, rats.

Caloric restriction (CR) is a simple and widespread way to prolong life and prevent age-asso-
ciated disorders (Di Francesco et al., 2024; Green, Lamming, & Fontana, 2022). There are positive
effects of CR on the state of the pancreas, adipose tissue and skeletal muscle, and glucose homeo-
stasis in the course or prevention of age-related diseases, such as type 2 diabetes mellitus, metabolic
syndrome, etc. (He et al., 2012; Szczerba et al., 2023). In addition, CR reduces the manifestations of
inflammation and accompanying complications in autoimmune or acute pancreatitis (Jaster et al.,
2020; Sharma et al., 2022).
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Among the possible mechanisms by which CR affects the pancreas, we can include the protein
SIRT1, which is one of the seven homologues of Sir2 (silent information regulator 2), which is a
nicotinamide adenine dinucleotide-dependent histone or nonhistone diacetylases in mammals.
SIRT1 is known to mediate the decrease in blood glucose and insulin concentrations and the in-
crease in insulin sensitivity of peripheral tissues due to the action of CR. In particular, this protein
can modulate signaling in pancreatic p-cells, adipocytes and skeletal muscle (Chen et al., 2013;
Avilkina, Chauveau & Ghali Mhenni, 2022).

The main attention of researchers is mainly devoted to the endocrine pancreas, and the func-
tion of the exocrine pancreas is often ignored, except for some pathological conditions (Jaster et al.,
2020; Sharma et al., 2022; Taylor, 2019). In addition, different models of CR, experiments duration,
and animals age are used in researches which complicates the interpretation of the results obtained.
With age, the pancreas (like most organs) reacts differently to various stress factors. It is known that
with aging, the vessels of the pancreas narrow. In the walls of the ducts, connective tissue grows,
their elasticity decreases. The number of exocrinocytes decreases, which leads to inhibition of the
enzymatic activity of the gland, and as a result, to incomplete digestion of proteins, fats, and car-
bohydrates (Lohr, Panic, Vujasinovic & Verbeke, 2018). In addition, with age, there is a decrease
in the number and activity of -cells of the pancreatic islets and the number of insulin receptors.
This leads to the development of insulin resistance and metabolic disorders (Kehm et al., 2018).
In general, a decrease in the mass of the glandular part accompanied by the growth of connective
tissue is characteristic age-related features of the pancreas (Matsuda, 2018). Therefore, the search
for stimulating factors for pancreatic function is a promising research. One of such promising non-
drug methods is the method of dosed restriction of the diet.

The objective of our study was to investigate and compare structural changes in the rats’
pancreas of different ages that were on a reduced diet, as well as to assess the feasibility of its use as
a preventive measure for correcting age-related declines in gland function.

Materials and methods. The experiment involved 48 male Wistar rats. The age of the animals
at the beginning of the experiment was 3 and 15 months. The rats were divided into 4 groups (12
animals each): I, IIT - control animals aged 3 and 15 months, respectively; II, IV - experimental
rats aged 3 and 15 months, which received a weight-reduced- (by 30%) diet. The daily diet of the
control rat was 20 g (65 kcal) of specialized compound feed (Recipe K 120-1, Rezon-1, Ukraine),
and the caloric restricted rat — 14 g (45 kcal). This level of caloric reduction according to the clas-
sification of McKay C. M. is referred to as “mild” CR, which is able to extend life expectancy, in-
crease the efficiency of molecular and cellular systems, and increase the adaptive capabilities of the
organism (McCay, Crowell, & Maynakd, 1935). Regular food consumption completeness by all rats
was controlled daily. Access to water was free. Animals were housed separately in cages with mesh
partitions to minimize stress from social isolation. The duration of the experiment was 28 days. All
protocols were approved by the Biomedical Ethics Committee for the Care and Use of Animals of
the Bogomoletz Institute of Physiology, NAS of Ukraine. Rats were sacrificed by decapitation under
isoflurane anesthesia in accordance with the European Convention (Strasbourg, 1986).

Tissue samples were taken from the central part (body) of the pancreas for microscopic ex-
amination. The samples were fixed in Bouin’s solution for 2 days. Then the tissue samples were
dehydrated in alcohols with increasing concentration and embedded in paraffin. Tissue sections
6 um thick were made from paraffin blocks using a sledge microtome. The obtained histological
preparations of the pancreas were stained by the histochemical method according to Van Gieson
(Rehfeld, Nylander, & Karnov, 2017). For histomorphometric studies, the stained samples were
photographed with a camera (Levenhuk, USA) on a light-optical microscope (Nicon ECLIPSE
E100, Japan). The analysis was performed using the information software “Image J”.

Histomorphometric analysis was performed on the obtained micrographs of pancreatic tissue.
In the exocrine part of the gland, its relative area, acini size, number of exocrinocytes in them, and
epithelial height were determined. The area of exocrinocytes was measured, and the number of nu-
cleoli in them was counted. In the endocrine part of the gland, its relative area was determined, the
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Fig. Photomicrograph of the pancreas of the control group’s rats (A - 4 months old, C - 16 months old)
and rats on caloric restriction (B - 4 months old, D - 16 months old).
Note: 1 - Langerhans islet; 2 - acinus; 3 — pancreatic duct; 4 - vessel. Van Gieson’s stain. *200.

number of pancreatic islets and the number of endocrinocytes in them were counted, and the size
of the islets was measured. The width of the interlobular and interacinus connective tissue layers
was also measured. Relative areas were determined by the method of superimposing point mor-
phometric grids on micrographs (Hossain et al., 2014; Yanko, Levashov, Chaka, & Safonov, 2020).

Glucose concentration was determined in serum at the end of the experiment (before rats were
removed from the experiment). Blood was collected in the morning, and the animals were fasting.
For this purpose, reagent kits (“Filisit-Diagnostics”, Ukraine) and a biochemical analyzer (“Sin-
nowa’, China) were used.

Statistical analysis was provided by software “Statistica 6.0 for Windows” (StatSoft, USA) and
“Excel 2010” (Microsoft, USA) using Student’s t-test. The groups were also analyzed using one-way
analysis of variance. The data are presented as the mean with standard error of mean (M + m) with
normal distribution. The value p < 0.05 was considered significant.

Results and discussion. The parenchyma of the pancreas of rats that were on CR retained its
physiological structure and was divided into lobules, between which there are connective tissue
partitions with blood vessels, nerves and excretory ducts. The exocrine part is represented by acini,
as well as a system of ducts. The acini were predominantly oval in shape and consisted of 7-10 py-
ramidal exocrinocytes (Fig.).

In the exocrine part of the pancreas of 4-month-old rats on CR, histomorphometric signs of
decreased activity were observed. This was evidenced by a moderate decrease in the size of the
acini, the area of exocrinocytes (by 13%; p < 0.05) and their cytoplasm (by 15%; p < 0.05), as well
as a lower number of exocrinocytes (by 10%) compared with control. However, the number of
nucleoli in these animals’ cells was 29% higher (p < 0.05, Table 1).
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Table 1

Morphometric indicators of the exocrine pancreas (M + m; n=12)

Indicat 4-month-old rats 16-month-old rats
ndicators
Control Caloric restriction Control Caloric restriction
Relative area of the exocrine part, % 75.2 + 1.3 794+ 1.7 72.2+1.6 715+ 1.8
Relative area ™ .
of the connective tissue, % 21.1+£0.8 16.5+0.5 253+14 23.2+1.4
Stromal-parenchymal index 0.27 + 0.03** 0.21 +0.02* 0.34 +0.02 0.30 +0.03
Width of the connective tissue lay-
ers, pm:
interlobular 3.11 £ 0.10** 2.60 +0.11* 3.79+£0.13 2.74 + 0.15*
interacinus 0.73 £ 0.01** 0.62 +£0.02* 0.97 £0.02 0.68 + 0.02%
Diameter of the acinus, um 30.1+£0.7 281+04 274+ 0.6 30.5+ 0.5
C(f;’fﬁ::g;‘:;ahﬁa 948 + 23** 870 + 21 688 + 15 923 + 19*
Area, pm?
exocrinocyte 137.2+4.7 119.6 + 3.1* 123.6 £2.7 120.5+4.9
nucleus 19.0 £ 1.0 19.1+£0.7 175+ 0.5 19.7 £ 0.2*
cytoplasm 118.2 + 3.8 100.5 + 2.8* 106.1 £2.4 100.8 + 4.3
Nuclear-cytoplasmic ratio 0.161 + 0.003 0.190 + 0.006* 0.165 £ 0.006 0.195 £ 0.006*
Number of nucleoli in an 1.53 £ 0.02 1.97 £ 0.04* 1.45 £ 0.06 2.02 £ 0.06*
exocrinocyte, pcs
Height of the epithelium 126401 129+0.3 113402 12.5+0.5
of the acinus, um T T
Number of exocrinocytes 7.8+0.2 8.6+0.4
in the acinus, pcs 8.6+0.3 7.7 0.2

Note: here and in Table 2 * - p < 0.05 — compared to the control group; ** - p < 0.05 —compared to the control of 16-month-old
rats.

In 16-month-old rats that were on CR, the area of the pancreas acinus was 34% larger (p < 0.05)
than in control animals. The area of the exocrinocyte nuclei was also significantly larger (by 13%),
which led to an increase in the nuclear-cytoplasmic ratio by 18% (p < 0.05). Hypertrophy of the
nucleus and an increase in the nuclear-cytoplasmic ratio indicates, first of all, an increase in the
functional activity of the cell. The number of nucleoli in the nuclei of exocrinocytes in these ex-
perimental rats was significantly larger by 39% than in the control. Since the main functions of the
nucleoli include the synthesis of rRNA, from which ribosomal subunits are formed, it is believed
that hyperplasia of the nucleoli indicates an increase in the protein-synthetic activity of exocrino-
cytes (Dubois, & Boisvert, 2016). The height of the acinar epithelium and the number of exocrino-
cytes located in them have tended to increase (Table 1). Thus, the nature and degree of severity of
changes in the studied morphometric parameters of the pancreas, after exposure to CR, indicate
an increase in the activity of its exocrine part in 16-month-old animals, and a slight decrease in
4-month-old rats.

The results of our studies have shown a decrease in the amount of connective tissue (CT) in both
4- and 16-month-old rats that were on CR. Thus, in the pancreatic tissue of 4-month-old experi-
mental rats a significant decrease in the relative area of CT and the stromal-parenchymal index was
noted by 22% compared to the control. The width of the interlobular and interacinus CT layers in
these animals was significantly smaller by 16% and 15%, respectively. In the pancreas of 16-month-
old experimental rats the CT area and the stromal-parenchymal index tended to decrease. And the
width of the interlobular and interacinus CT layers in these animals was smaller by 28% and 30%,
respectively (p < 0.05) (Table 1). Reducing the number of connective tissue elements in the pan-
creas tissue improves metabolism between acini.

Comparing histomorphometric indicators of the exocrine pancreas of control rats, a decrease in
its activity with age was revealed. Thus, in 4-month-old rats a larger acinus area by 38% (p < 0.05)
and a tendency to a increase in the area of exocrinocytes, their nuclei, epithelial height, the number
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of nucleoli in cells and the number of exocrinocytes in acinus compared to 16-month-old animals
was observed. Also, in the pancreas of young rats, a smaller amount of CT was shown, namely: a
significantly smaller relative area of the CT by 17% and a stromal-parenchymal index by 21%, a
smaller width of the interlobular and interacinus CT layers by 18% and 25%, respectively, than in
adult animals (Table 1). This corresponds to the general pattern of a decrease in pancreas activity
with age (Lohr, Panic, Vujasinovic, & Verbeke, 2018).

Differences were also observed in the endocrine pancreas of rats that were on CR. Thus, in the
endocrine part of 4-month-old experimental rats a decrease in the area of the Langerhans islets by
16% (p < 0.05) was found. However, the density of endocrinocytes per unit area was significantly
higher by 37% compared to the control. In 16-month-old experimental animals, the activity of
the endocrine function increased. This was indicated by the following morphometric indicators: a
significantly larger relative area of the endocrine part (by 112%), the number of pancreatic islets (by
32%), the size of the islets (area by 58%, diameter by 45%), and a larger number of endocrinocytes
in them (by 58%) than in the control (Table 2; Fig. 2).

Table 2
Morphometric indicators of the endocrine pancreas (M + m; n=12)
. 4-month-old rats 16-month-old rats
Indicators - — - —
Control Caloric restriction Control Caloric restriction
Relative area, % 3.7 £0.6** 41+0.3 2.5+0.5 5.3+0.6*
3 2
Number Of‘SIe;zs(by 0.25mm?), | 144 0,05+ 1.13 +0.06 0.92 + 0.06 1.21 £ 0.08*
Area of the islet, um? 13800 + 122** 11567 + 135* 9525 + 99 15062 + 109*
Diameter of the islet, um 104.0 + 4.1%* 91.7 +2.8 82.8+39 120.1 £ 7.2*
Number of endocrinocytes in the | ) g | 4 3ur 164.1 + 10.6* 117.8 + 10.8 186.2 + 7.8%
islet, pcs
Density of placement of endocrino- - “
cytes in the islet, units/1000 pm? 10.4 + 0.7 14.2 £ 0.5 12.4+0.2 12.4+0.3

The concentration of glucose in the blood serum of adult rats was significantly reduced by 21%
and did not change in young rats. That is, CR activates the endocrine pancreas in adult animals, and
does not change its activity in young rats.

The endocrine pancreas in control rats of different ages had even greater differences. In 4-month-
old animals, its area was significantly larger (by 48%), the area of pancreatic islets (by 45%), and
the number of cells in them (by 21%) were observed to be larger than in 16-month-old rats (Table
2; Fig.).

Thus, we have shown that a 30% reduction in dietary caloric intake during 28 days has a posi-
tive effect on the pancreas of 16-month-old rats and generally improves vital indicators related
to metabolism. The endocrine function of the gland increased to a much greater extent than the
exocrine function. This is consistent with the data of other authors. So, Cheng et al. in experiments
on mice with diabetes mellitus, which were on dosed nutritional deprivation, found a decrease in
the symptoms of this pathology, activation of B-cell proliferation, normalization of insulin secre-
tion and glucose homeostasis (Cheng et al., 2017). The work of He et al. provides data that rats
received a diet reduced in calories by 30% had greater -cell activity, as evidenced by early insulin
secretion during the intraperitoneal glucose tolerance test. At the same time, the size of 3-cells and
their number in the Langerhans islets increased (He et al., 2012). Gao et al. showed that 40% CR
affects B-cell dysfunction and insulin resistance, restores glucose homeostasis, and activates B-cell
autophagy in mice (Gao et al., 2015). In addition, oxidative stress in the rats’ pancreas was reduced
as a result of CR exposure. Also, among the possible mechanisms of the positive effect of CR on the
pancreatic endocrine part, there is a decrease in ATP production, which can modulate insulin sen-
sitivity mediated by AMPK, in particular in the liver and skeletal muscles, which causes a decrease
in blood glucose and, as a result, a decrease in insulin secretion by the pancreas (Pires et al., 2014).
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In contrast, in young animals, CR slightly reduced the activity of the exocrine part of the gland.
At the same time, the endocrine function of the pancreas remained unchanged. The literature data
on the effect of CR on the morphofunctional state of the pancreas are insufficient for analysis. Simi-
lar results were obtained by other scientists when studying short-term fasting and a low-protein
diet in young rats. Thus, with short-term fasting, the number of zymogenic granules decreased after
just one day. Numerous secretory granules appeared in the apical cytoplasm. Autophagic activity
increased. After 3 days of fasting, the level of pancreatic amylase was reduced. Early studies showed
a decrease in the size of acinar cells and their nuclei, the number of mitochondria, zymogenic gran-
ules, and endoplasmic reticulum cisternae during fasting (Weisblum, Herman, & Fitzgerald, 1962).
It is known from the literature that activation of autophagy is not a sign of a pathological process.
It is a mechanism that mediates the degradation of “excess” cellular components and mobilizes
necessary nutrients. It has been shown that autophagy is impaired after acute pancreatitis, lead-
ing to vacuolization of acinar cells and accumulation of trypsin. Fasting is believed to be a potent
stimulator of autophagy, which reduces the severity of pancreatitis (Machado et al., 2024; Zhang,
Gan, & Zhu, 2023).

Thus, a decrease in the volume of exocrinocyte cytoplasm and their area with an increase in the
number of nucleoli can be considered as an adaptive response to CR. The lack of effect of CR on the
function of the endocrine pancreas of young animals casts doubt on its positive effect immediately
after application. Consequently, the analysis of the literature once again confirms the ambiguity of
data regarding the morphofunctional state of the pancreas of animals on CR, which necessitates the
continuation of research in this direction and the disclosure of the mechanisms of the influence of
fasting on the activity of the gland.

Conclusions. It was found that the age-related difference in the obtained histomorphometric
parameters of the pancreas after the influence of dosed food restriction on the functional activity of
the pancreas is closely related to its initial state in young and adult rats. A 30% reduction in caloric
intake (for 28 days) had a positive effect on the pancreas of 16-month-old rats, in which it was re-
duced before the start of the experiment. The endocrine function of the gland increased to a much
greater extent than the exocrine function. In 4-month-old animals, caloric restriction negatively
affected the activity of the exocrine function of the gland. And the lack of effect of caloric restric-
tion on the function of the endocrine pancreas in young animals casts doubt on its positive effect
immediately after application.

The results obtained can be used for further studies of the feasibility of using dosed caloric re-
striction to correct age-related changes in pancreatic function. In the future, we plan to investigate
the effect of other caloric restriction regimens, as well as to clarify the mechanisms of its action on
the pancreas.
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CTPYKTYPHI BIZMIHHOCTI HIANITYHKOBOI 3A/T03U IIIYPIB PI3HOT'O BIKY
ITIICIA BINIMBY JO30BAHOTO OBMEXEHHA XAPYOBOI'O PAIIIOHY

P. B. fIuko’, II. K. Tanenko?, M. I. Jlesamos?, B. I. IlopTHiuenko*

M2*MiKHapOIHMIT IEHTP aCTPOHOMIYHNX Ta MeVIKO-eKONIoTiyHux gocmimkenb HAH Ykpainn
*TacTuryT Qisionorii im. O. O. boromonbis HAH Ykpaian

Binomo, 110 3 BikOoM Bifj0yBa€ThCsl SHVDKEHHS aKTMBHOCTI HiJIITYHKOBOI 3a03u. Tak, 3MeH-
IIyeTbcs 1i pepMeHTaTVBHA aKTVMBHICTD Ta OOCAT MAaHKPEATUYHOTO COKY, & TAaKOX 3HVDKYETbCS
aKTUBHICTb ocTpiBIeBOrO amapaty. ToMy momyk ¢akTopiB cTumynanii GyHKLii TigIITyHKOBOI
3aJ1031 € NIEPCIEKTUBHMUM JOCTiKeHHAM. OJHIM i3 TaKMX NEPCIEeKTYBHUX HEMENVKAMEHTO3HNX
MeTOiB € Jo30BaHe OOMeXeHH:A panjioHy. [Ipore, oTpuMaHi jiTepaTypHi jaHi 9acTO HEOHO3-
HayHi. Ha iHTepnpeTanio oTpuMaHNX JaHMX MO>Ke BIUIMBATHU Bik TBapuH. MeTo Hamoi po6o-
TV OY/I0 JOCTIIANTY i HOPIBHATU CTPYKTYPHI 3MiHU MiJIUTYHKOBOI 331031 Y IypPiB Pi3HOTO BiKY,
AKi nepe6yBam/1 Ha 3HIVDKEHOMY paljiOHi XapyyBaHHsA, a TaKOXX OLIHUTHU JOLIIbHICTH Or0 BU-
KOPUCTAHHA B SIKOCTi POdiTaKTMYHOr0 3aco0y pu 3HIDKeHHi ¢yHKuii 3amo3u. EkcnepumenTn
Oynu npoBezieHi Ha 48 mypax-camiax niHil Bictap. Bik TBapuH Ha OYaTKy JOCIiy CTAHOBUB 3
i 15 mic. Jocnigni TBapuHM npotAroM 28 fi6 oTpuMyBany 3HYDKeHMIt 1o Maci (Ha 30%) pawioH
XapyyBaHHA. 3 LeHTPalbHOI YacTMHY (Ti/a) MigIUTyHKOBOI 3a/103U Opany 3pasky TKaHUHU [
TiCTO/NOTIYHMX AOCTiKeHb. B cupoBarui KpoBi Bu3HaYa/IM KOHIEHTPALiI0 I/IIOKO3U. BusABnieHo
Mop¢dodYHKIIOHATbHI 03HAKM IiBUIEHHs aKTMBHOCTI MiAIUIYHKOBOI 3271031 y 16-Mic mypiB,
AKi oTpuMyBanu oOMeXeHnil pauion xapuysaHHs. Hacammepey 3pocTana eHIOKpUHHA QYHKIIiSA
3a1031. Y 4-Mic TBapyH BIUIMB 0OMEXEHOTI'0 Xap4yBaHHs JIeLl0 3HVDKYBaB aKTVBHICTh €K30KPVH-
HOI YaCTMHY 3aJI03Y, Ta He 3MiHIOBaB aKTVBHICTb eHTOKPMHHOI QyHKIii. BigMideHO 3HVDKeHHS
KiJIbKOCTI CIIO/TyYHOTKAaHVHHMX €/IEMEHTIB B IiIITYHKOBII 331031 AK Y MOJIOJMX, TaK i B JOPOC-
MUX JOCHigHUX mypiB. OTpuMaHi pe3ynbTaTy MOXYTb 6yTM BUKOPNCTaHI i1 IOJA/IbIINX JI0-
CTipKeHb e(eKTMBHOCTI BUKOPUCTAHHSA JJ030BAaHOTO OOMEXEHOr0 Xap4yyBaHHA TPV 3HIDKEHHI
¢byHKUii manUTyHKOBOI 3271031, AKi ITOB’A3aHi 3 BikOM.

Kntouosi cnoea: 0o3osare obmescere xapuys8amnHs, niOulyHKo68a 341034, 6ik, Wypu.
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