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The aim of the work was to study the histo-morphometric changes in the pancreas tissue
in rats after the administration of L-tryptophan. The study was conducted on 24 male Wistar rats of
3 months of age. The animals were kept in uniform conditions and on a standard diet. The rats of
the experimental group received L-tryptophan (France) at a dose of 80 mg/kg orally every day.
The duration of the experiment was 28 days. Histological preparations of pancreas were prepared
according to standard methods. Histo-morphometry of digital images was carried out using the
computer program "ImageJ". Histo-morphometric signs of a decrease in the activity of the
exocrine part of the pancreas were revealed in healthy young rats treated with L-tryptophan. This
is evidenced by the smaller size of acinus, the epithelium height and the smaller area of
exocrinocytes. Endocrine activity of the rat’s pancreas, after exposure to this amino acid, did not
undergo significant changes. It was shown that administration of L-tryptophan probably reduced
the amount of connective tissue in the pancreas. This is relevant for practical medicine, regarding
the use of this amino acid in the prevention and complex treatment of pancreas fibrosis.
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Lenpio paboTHl OBLIO HMCCIEOBAaHUE THCTO-MOP(HOMETPHUUECKUX W3MEHEHUH TKaHU IOA-
XKEJTyIOYHON JKelle3bl KpBIC Iocie BBeneHWs L-tpunrodana. MccnenoBanue mposemeHo Ha 24
KpbIcax-caMIax JHHHH Bucrap 3-mecsynoro Bo3pacra. JKMBOTHBIE HaXOIWINCh B YHH(MHUIUPO-
BaHHBIX YCIOBMSAX M CTAHJAPTHOM palMOHe MUTaHMS. KpBICHI MOJOMBITHON IpyMIMbl €KEAHEBHO
nony4aiau nepopanbHo L-tpunrodan (Opanmust) B go3e 80 mr/kr. IIpoaomKUTenbHOCTh dKCIIe-
pUMeHTa cocTaBisiia 28 cyTok. I'mcTomorndeckue mpemnapaThl MOMKENTyJOUHON Kele3bl MPous3-
BOJWJIM TIO CTaHIAAPTHOM MeToauke. I'mcromopdomeTpuio MU(POBEIX M300pakeHUH MpenapaToB
IIPOBOJWIM C IOMOINBIO KOMIIBIOTEpHOH mporpammsl "Image]". V mnomxenrynodHoil xerese
3JI0POBBIX MOJIOABIX KpBIC, MONy4daBmnX L-Tpunrtodan, HabIOgaIM TUCTO-MOp(HOMETpHIECKHE
MIPU3HAKU CHIDKEHUS aKTUBHOCTH €€ SK30KpHUHHON JacTH. O0 3TOM CBHIETEIHCTBOBAIM MCHBIIINE
pa3Mephl alHYyCOB, BBICOTA SIUTENHS M MEHbIIAs IUIOIANb SK30KPHHOIUTOB. DHIOKPHHHAS
aKTUBHOCTh IOJDKEITYAOYHOM >KeNe3bl KpPbIC, MOCIE BO3IACHCTBHS 3TONH aMHUHOKHCIOTBI, HE
MpeTepreBaia CylIecCTBeHHBIX n3MeHeHnH. [loka3ano, 4to BBeneHne L-Tpunrodana cymecTBeHHO
CHIDKAJIO KOJIMYECTBO COCAMHHUTETHHON TKAaHM B IIODKEIYHOYHOM Kemese. DTO aKTyalbHO IS
MIPAaKTUIECKOH MEIUIMHBI, OTHOCUTEIBHO HCIOIB30BAHUS 3TOH aMUHOKHCIIOTH B MPO(MIAKTHKE
Y KOMIUIEKCHOM JICYCHUH (prubpo3a xKene3bl.

Tpunmoghar — nodHcenydouHas Hene3a — Kpolcol

Tryptophan is an essential amino acid that plays a role in many metabolic
functions. It is a unique building material for proteins [13]. Tryptophan serves as a
precursor to important endogenous indolamines such as serotonin and melatonin, which
act as neurotransmitters, neuromodulators, and neurohormones [16]. Increased synthesis
of these signaling molecules can improve health, quality of life and well-being [11].
Tryptophan is used in the treatment of depression and sleep disorders, to solve cognitive
disorders, anxiety or neurodegenerative diseases [7]. Decreased secretion of tryptophan
is associated with obesity, anorexia, bulimia nervosa, and other diseases [15].

However, despite the well-studied role of tryptophan in the body, its influence on
the histo-morphometric changes of the pancreas remain little studied. The effect of
tryptophan in pancreas pathology, primarily pancreatitis, oncology, fatty degeneration,
etc. was studied [5, 8, 15]. At the same time, the obtained data are often ambiguous,
which may be related to the use of different dosages of L-tryptophan in experiments, the
duration of research, etc. Currently, the question of how pronounced is the expediency of
using tryptophan to improve the functioning of healthy pancreas remains open. All this
requires a more detailed study of the role and mechanisms of the effect of this amino
acid on the gland.

The aim of the work was to investigate the histo-morphometric changes of the
rats pancreas tissue after the administration of L-tryptophan.

Materials and methods. The study was conducted on 24 male Wistar rats of 3 months
of age, which were kept in uniform conditions and on a standard diet. The animals were divided
into 2 groups. The control group included intact animals, and the experimental group included rats
that received daily oral L-tryptophan (France) at a dose of 80 mg/kg. The duration of the
experiment was 28 days. Rats were removed from the experiment by decapitation under light ether
anesthesia the day after the last dose of L-tryptophan. Research was conducted in accordance with
the provisions of the "European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes™ (Strasbourg, 1985).

For morphological and morphometric studies, tissue samples were randomly selected from
the central part (body) of the pancreas, from which histological preparations were made according
to the standard method: fixed in Bouin's liquid, dehydrated in alcohols of increasing concentration
and dioxane. The obtained samples were embedded in paraffin. Paraffin sections (6 um thick) were
made on a sled microtome. Staining of the obtained sections was carried out according to the Van
Gieson method [12]. With the use of a digital camera, micropreparations were photographed on a
microscope "Nikon Eclipse E100" (Japan).
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Histo-morphometry of exo- and endocrine part was performed on the histological sections
of the pancreas tissue. In the exocrine part of the gland, the diameter and cross-sectional area of
acinus, the height and area of exocrinocytes, their nucleus and cytoplasm were measured, the
number of nucleolus in the nucleus of exocrinocytes and the average number of cells in the acinus
were counted. In the endocrine part of the gland, the average number of Langerhans islets per unit
area (0.25 mm?) and the number of endocrinocytes were calculated, the cross-sectional area and
diameter of the islets were measured, and the density of the cells was determined. The relative area
of the exo- and endocrine part, as well as the connective tissue in the gland was determined by the
method of superimposing point morphometric grids [1, 17]. Morphometry was performed using
the computer program "Image J 1.34p". Glucose concentration was determined in blood serum.

The obtained results were processed by the methods of variation statistics using the
software "Statistica 6.0 for Windows" ("StatSoft", USA) and "Excel 2010" ("Microsoft", USA).
The normality of the distribution of digital arrays was checked using the Pearson test. If the
distribution is normal, the Student's t-test was used to estimate the coefficient of difference
reliability of the difference between the control and experimental groups. Differences were
considered probable at p < 0,05.

Results and Discussion. It was found that the rat’s pancreas of the
experimental group had a preserved physiological structure, which is divided into exo-
and endocrine parts. The exocrine part accounts for about 95% of the pancreas mass. The
structural and functional unit of the exocrine part of the pancreas is the acinus, which is
the secretory section and the interstitial section, which is the initial section of the
excretory ducts. Acinus look like sacs surrounded by reticulin fibers, vessels and nerve
fibers. The secretory section consists of a basement membrane, on which epithelial cells
of a conical shape lie — exocrinocytes in the amount of 7-11. The base of these cells is
expanded, the apex is narrowed. Each cell has one round or oval nucleus, which divides
the cell into two zones: homogeneous and zymogenic. The zymogenic (apical) part of
the cell contains secretory granules of the immature (enzyme) secretion zymogen, which
stain oxyphilically. In the homogeneous (basal) part of the cells, there is an abundance of
ribosomes, which determines the basophilia of this zone (fig. 1).
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Fig. 1. Photomicrograph of the pancreas section of a control (A) and a rat treated with L-tryptophan (B).
1 —acinus, 2 — exocrinocyte, 3 — interacinus connective tissue. Van Gieson staining. *800.

In the exocrine part of the rat’s pancreas, treated with L-tryptophan, the mean
diameter and area of acinus were significantly smaller by 15 and 26 %, respectively,
compared to the control. The exocrinocytes area, their nucleus and cytoplasm placed in
them was also probably smaller by 12, 13 and 12 %, respectively. The epithelium height
of the acinus had a tendency to decrease by 11%. However, the number of nucleolus in
the nucleus of exocrinocytes, on the contrary, was probably 24 % higher than in the
control (Table, Fig. 1). Hyperplasia of nucleolus can be one of the signs of activation of
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the protein synthetic function of cells, or (to a lesser extent) the growth of physiological
regeneration at the intracellular level [2]. Therefore, according to most histo-
morphometric indicators, L-tryptophan slightly reduces the activity of the exocrine part
of the pancreas.

The endocrine part occupies a much smaller area of the pancreas tissue. It is formed
by Langerhans islets, which are scattered throughout the gland. The islets are separated
from the acinus by a thin connective tissue layer and are round clusters of endocrinocytes
permeated by a dense network of capillaries. In the endocrine part of the rat’s gland treated
with L-tryptophan, a significantly lower number of Langerhans islets by 13 % compared to
the control was observed. However, their sizes were probably larger (area — by 14 %,
diameter — by 12 %) than in the control. In addition, a trend towards an increase in the
number of endocrinocytes in the islet was found (Table 2). In general, according to these
indicators, we can conclude that tryptophan does not have a pronounced effect on the state
of the endocrine function of the pancreas. This is confirmed by the unchanged
concentration of glucose in the blood serum of experimental animals.

Table 1. Morphometric indicators of the pancreas structure (M + m)

Indicators [ Control | L-tryptophan
Exocrine part

Relative area, % 77,7+1,5 84,4+2,1
Acinus diameter, pm 30,6 +£0,8 26,0 +0,6*
Acinus area, pm? 933+ 14 693 + 22%
Area, um?

exocrinocyte 1239+4.4 109,0 £4,2%

nucleus 18,8+0,5 16,3 +0,4*

cytoplasm 105,1+4,0 92,7+1,8*
Nuclear-cytoplasmic relationship 0,180 + 0,004 0,180 + 0,005
Number of exocrinocytes in the acinus 7,5+0,1 6,8+0,1
Number of nucleolus in the nucleus 1,56 +0,04 1,94 +0,09*
Epithelium height of the acinus, pm 12,2+0.2 10,9 +0,3

Endocrine part / Langerhans islets

Relative area, % 5,1+£04 52+04
Number of islets / 0.25 mm? 1,12+0,10 0,98 + 0,09*
Islets area, pm? 14653 £ 153 16642 + 190*
Islets diameter, pm 111,2+9,1 124,5 +12,9*
Number of endocrinocytes in the islet 189,2 + 18,1 205,1 £10,6
Density of endocrinocytes placement 12,9+0,5 12,3+0,4
in the islets / 1000 um?

*p < 0,05 significant differences compared to the control.

We found that the administration of L-tryptophan significantly reduces the amount
of connective tissue in the pancreas. This is evidenced by the probably smaller relative area
of the connective tissue (by 38 %), the stromal-parenchymal index (by 42 %), the smaller
width of the interlobular (by 33 %) and interacinus (by 12 %) connective tissue layers in
the gland of the experimental rats, compared to the control (fig. 2). The connective tissue is
the most important component of the histo-hematic barrier, and a decrease in its number
and thickness of layers contributes to better oxygen transport to the parenchymal elements
of the gland, improves the conditions for the flow of metabolic processes and the
penetration of hormones through the histo-hematic barrier into the blood [9]. That is, the
use of L-tryptophan is a promising direction in the prevention and treatment of fibrosis in
the pathology of the pancreas. However, this requires a more detailed study.
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Fig. 2. Relative area of connective tissue (A), stromal-parenchymal index (B), width of interlobular (C)
and interacinus (D) connective tissue layers. Group | — control; group Il — rats that received L-tryptophan.
*p < 0,05 significant differences compared to group I.

Most of the data in the literature are devoted to clinical and experimental studies
of the influence of tryptophan on the morpho-functional state of the pancreas in this or
that pathology and the effectiveness of its use for the correction of already existing
disorders in various diseases [3]. The beneficial effect of tryptophan can be associated
with: (1) strengthening of the antioxidant protection of the pancreas tissue by direct
removal of toxic radical oxygen and nitrogen [10], (2) preserving the activity of
antioxidant enzymes such as: superoxide dismutase, catalase or glutathione peroxidase
[4], (3) a decrease in the production of the pro-inflammatory cytokine tumor necrosis
factor o, which is accompanied by the stimulation of anti-inflammatory IL-10 [18], (4)
an improvement in the blood flow of the pancreas and a decrease in neutrophil
infiltration [5], (5) a reduction of apoptosis and necrosis in the inflamed tissue of the
pancreas [6], and (6) promoting the regenerative process in the gland [14].

Conclusions

1. Histo-morphometric signs of a decrease in the activity of the exocrine pancreas
in healthy young rats treated with L-tryptophan (at a dose of 80 mg/kg) for 28 days were
revealed. This is evidenced by the smaller size of acinus, the epithelium height and the
smaller exocrinocytes area.

2. Endocrine activity of the rat’s pancreas, after administration of L-tryptophan,
did not undergo significant changes.

3. Administration of L-tryptophan probably reduced the amount of connective
tissue in the pancreas. This is relevant for practical medicine, regarding the use of this
amino acid in the prevention and complex treatment of pancreas fibrosis.
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