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Abstract

The aim of the study was to establish the structural organization of 
the blood-brain barrier of the brainstem capillaries of domestic chicken. 
The material used for the study was fragments of the brainstem tissue of 
the White Loman cross chicken. Their fixation and further processing to 
produce ultrathin sections were carried out in accordance with generally 
accepted methods. The obtained sections were examined using an electron 
microscope Jem-1011. The manuscript was written using the terminology 
of the International Histological Nomenclature. It was established that the 
brainstem blood-brain barrier of domestic chicken is formed by four struc-
tural elements: endothelial cells, basal membrane, pericytes, and processes 
of glial cells in astrocytes. The endotheliocytes that form the lumen of the 
capillaries are in contact using tight junctions, preventing the possibility of 
large molecular compounds to penetrate the blood-brain barrier. If there 
are pericytes accompanying the capillary, they are surrounded by cleavages 
of their basal membrane. The latter form a single layer along the capillaries, 
surrounding their wall from the outside. These structures ensure the selec-
tive transport of substances from the bloodstream to the nervous tissue. 
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Kratak sadržaj

Cilj ove studije je da se utvrdi struktura krvno-moždane barijere ka-
pilara u moždanom stablu kod domaćih kokošaka.  Za studiju su korišćeni 
fragmenti tkiva moždanog stable kokošaka hibridne rase “beli Loman”. Nji-
hovo fiksiranje i dalja obrada kako bi se dobili ultra tanki preseci obavljano 
je u skladu sa opšteprihvaćenim metodama. Dobijeni uzorci pregledani 
su pomoću elektronskog mikroskopa “Jem-1011”. U radu je korišćena 
Internacionalna histološka nomenklatura. Ustanovljeno je da se krvno-
moždana barijera moždanog stabla kod domaćih kokošaka sastoji iz četiri 
strukturalna elementa: endotelnih ćelija, bazalne membrane, pericita i 
produžetaka glijalnih ćelija u astrocitima. Endotelne ćelije koje formiraju 
lumen kapilara su povezane putem “tight junctions” veza, sprečavajući pro-
lazak jedinjenja velike molekulske mase kroz krvno-moždanu barijeru. Ako 
periciti okružuju kapilare, oni su odvojeni pukotinom bazalne membrane. 
Površina bazalne membrane koja je okrenuta ka nervnom tkivu u kontaktu 
je sa izraštajima astrocita. Poslednje spomenuti formira jedan sloj duž ka-
pilara, okružujući njihov zid sa spoljne strane. Ove strukture obezbeđuju 
selektivni transport supstanci iz krvotoka do nervnog tkiva.

Ključne reči: neurologija, mozak, histohematske barijere, krvno-
moždana barijera, homeostaza

INTRODUCTION

Histohematic barriers ensure the constancy of the composition of tissue 
fluid by regulating metabolic processes between blood and tissues (Drozdova 
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and Kundryukova, 2010; Gareev et al., 2023; Prusakova et al., 2024; Baltazar-
Lara et al., 2022; Prusakova et al., 2023). In each organ, its structure is distin-
guished by its specific features (Akmalova et al., 2018). The main element of any 
histohematic barrier is the hemocapillary (Prusakov et al., 2019; Strizhikov et 
al, 2021). The pathogenesis of many diseases (Baryshev et al., 2022; Kuznetsov 
et al., 2022; Alekhin et al., 2023; Galitovskaya, 2018; Ponamarev et al., 2023), 
both in humans and animals, is based on structural changes in histohematic 
barriers (Yashin and Prusakov, 2021; Prusakov et al., 2020; Liu et al., 2023). 
Therefore, examining the characteristics of their organization is not only of 
theoretical interest but also critically important for practical veterinary medi-
cine (Prusakov et al., 2019). 

The study of the chicken blood-brain barrier involves routine histological 
examinations with hematoxylin and eosin staining. However, in the study, its 
ultrastructural organization was examined using electron microscopy. It ena-
bles the validation of hypotheses regarding the existence of specific intercel-
lular junctions that are crucial for regulating barrier permeability. These data 
open new perspectives for understanding the mechanisms of protection of the 
central nervous system in birds and can be used to develop new methods for 
the treatment of diseases associated with impaired blood-brain barrier func-
tion. The data obtained from such studies are valuable and relevant, as they 
enhance our understanding of how substances are transported across histohe-
matic barriers under both normal and pathological conditions.

The exchange of substances between the blood and the nervous tissue of 
the brain occurs through the blood-brain barrier. This barrier acts as a highly 
selective filter for various types of substances (Dyatlova et al., 2022).

Compared to mammals, the function of the blood-brain barrier in birds 
remains poorly understood. It is often assumed that their functions are alike 
due to the structural similarity between the avian and mammalian blood-brain 
barriers (Dunton et al., 2021).

Given the above, the goal was to establish the structural organization of 
the blood-brain barrier in the brainstem capillaries of the domestic chicken.

MATERIAL AND METHODS

The study material consisted of brainstem tissue fragments, each no larger 
than 2.0 mm³, collected from five adult White Loman chickens that showed no 
signs of nervous system disease during their lifetime. At least five samples of 
brain stem tissue were collected from each animal. They were fixed in a 2.0% 
glutaraldehyde solution in cacodylate buffer (pH 7.2–7.4) for 2 hours. Then, 
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after washing in three portions of the same buffer, they were postfixed in a 
1.0% osmium tetroxide solution (prepared in cacodylate buffer, pH 7.2–7.4) 
for 1 hour. After that, the samples were dehydrated in ascending alcohols and 
absolute acetone. Then they were poured into Epon-812 in accordance with the 
generally accepted method (Anwar Ul-Hamid, 2018). Ultrathin sections were 
obtained on an ultramicrotome (LKB-III, Sweden), contrasted with a 2.0% 
aqueous solution of uranyl acetate and a solution of lead citrate (Reynolds, 
1963). The resulting ultrathin sections were photographed using a Jem-1011 
electron microscope (JEOL, Japan) at magnifications of 2500–3000. The man-
uscript was prepared using terminology from the International Histological 
Nomenclature (Semchenko et al., 1999). The experiment was approved by the 
ethical committee Saint Petersburg State University of Veterinary Medicine.

RESULTS AND DISCUSSION

It was established that the blood-brain barrier in the brainstem of the do-
mestic chicken functions as a boundary structure separating nervous tissue 
from the circulatory system. Four structural elements are clearly distinguish-
able in their composition: endothelial cells, basal membrane, pericytes, and 
processes of  glial cells in astrocytes. (Figure 1)

Figure 1. Ultrastructure of the blood-brain barrier of a bird’s brainstem capillary. 
Electron microphotography (magnification × 15000): EC—endothelial cell; RBC—

red blood cell in the lumen of a blood vessel; A – astrocyte stalk; 
P—pericyte; ↑ – basal membrane
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Endothelial cells form a continuous lining of the capillaries that traverse 
the brainstem’s nervous tissue, connecting to one another via tight junctions. 
These junctions effectively prevent the spontaneous passage of large-molecular 
compounds across the blood-brain barrier. (Figure 2)

Figure 2. Ultrastructure of an endotheliocyte in a bird’s brainstem capillary. Electron 
microphotography (magnification × 15000): EC - endothelial cell; VL – vessel lumen; 

M – mitochondria; PL – phagolysosome; ↑—basal membrane

Each endotheliocyte contains one nucleus, oval or elongated. The nucle-
ar matrix in the central part of the nucleus is light, and heterochromatin in 
the form of electron-dense lumps is concentrated along the inner layer of the 
karyolemma. The nuclei occupy a greater volume of cells, while the cytoplasm 
surrounds them in the form of a thin rim. Despite its small volume, the cy-
toplasm of endothelial cells is rich in organelles, primarily various electron-
dense ribosomes and polyribosomes. Additionally, it contains occasional short 
cisternae of rough endoplasmic reticulum, as well as isolated lysosomes and 
phagolysosomes. There are also mitochondria that have an electron-bright 
mitochondrial matrix. Owing to their low electron density, the mitochondria 
display sparse but distinguishable dark cristae - folds of the inner mitochon-
drial membrane. Occasionally, channels of the lamellar Golgi complex are also 
observed.
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The electron diffraction patterns studied did not show any signs of active 
pinacytosis. This was evidenced by a small number of pinocytotic vesicles in 
the cytoplasm of endothelial cells.

In accordance with the location of the endothelial cells of the brainstem 
capillaries, two surfaces are distinguished: luminal and basal. The luminal sur-
face faces the capillary lumen. Depending on the functional state of the cell, 
its topography can change. Thus, with increased activity, it can form many 
outgrowths and protrusions. The basal surface contacts the basal membrane.

The basal membrane is a non-cellular structure formed by a layer of fi-
brillar material. Its thickness varies between 40 and 100 nm. With the side 
facing the nervous tissue, the basal membrane contacts either the processes 
of astrocytic glia cells or the accompanying cells, pericytes (Figures 1 and 3). 
In areas where pericytes are absent, the blood-brain barrier’s thinnest sections 
are observed, along with noticeable loosening. However, where pericytes are 
present, the basal membrane splits, forming duplications that entirely encase 
their bodies.

Figure 3. Ultrafine links between the avian brainstem capillary endotheliocyte and 
astrocytes. Electron micrography (magnification ×15000): A – astrocyte stalks; N – 
endothelial cell nucleus; VL – vessel lumen; M – mitochondria; ↑—basal membrane.
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Pericytes protrude the cells enveloped in a basal membrane. Their cyto-
plasm is poor in organelles. It contains single mitochondria with a light ma-
trix and small electron-dense lysosomes. Additionally, a few channels of the 
granular endoplasmic reticulum, small heterogeneous granules, and phagolys-
osomes are also present. Pericyte nuclei have a rounded-elongated shape with 
an electron-light matrix. In the phase of increased functional load, changes in 
pericytes,  in the shape and size of the nuclei are noted. Thus, they increase in 
size, and their nuclear membrane becomes convoluted. In this case, large, dark 
heterogeneous phagolysosomes are revealed in the cytoplasm of these cells.

Pericyte-free areas of the basal membrane, as well as the surrounding basal 
membrane, are in contact with the processes of astrocytes. The ends of the lat-
ter are expanded, and thin microfilaments and a small number of mitochon-
dria are detected in their cytoplasm. Due to the processes of astrocytes along 
the capillaries, a single layer is formed, surrounding their wall from the out-
side. (Figure 3)

CONCLUSION

Thus, the blood-brain barrier of the brainstem in the domestic chicken is 
composed of four structural elements: endothelial cells, the basal membrane, 
pericytes, and the processes of glial cells in astrocytes. Endothelial cells form-
ing the lumen of capillaries contact by means of tight contacts, preventing the 
possibility of penetration of large-molecular compounds through the hema-
toencephalic barrier. If there are pericytes accompanying the capillary, they are 
surrounded by splits in their basal membrane. The surface of the basal mem-
brane facing the nervous tissue is in contact with the processes of astrocytes. 
Along the length of the capillaries, a single layer of astrocyte processes sur-
rounds the capillary wall externally. These structures provide selective trans-
port of substances from the bloodstream to the nervous tissue.
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