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ULTRASTRUCTURE OF THE LUNGS OF VERTEBRATES
IN HABITING MOUNTAIN AND STEPPE ZONES

Abstract. This article describes the features of the ultrastructure of the lungs of vertebrates belonging to
different biotopes. Due to the habitat in the fine structure of the lung tendon spines (amphibians, reptiles, small
mammals), significant differences were detected by electron and scanning electron microscopy. In the study of light
amphibians living in various biotopes, the presence of "living" formations and "mixed" cells was observed. In
addition, type I pneumocytes predominate, and type II is rarely common. Amphibians (tailed frog) living in the
steppe zone actively excrete mixed cells in the lungs, and in amphibians living in mountainous areas (the Central
Asian salamander), such an active secretion does not take place. When studying with the help of electron microscopy
of the ultrastructure of light reptiles living in various biotopes, it was observed that the nuclei of the first type of
pneumocyte of the oval form and large. Type I of pneumocytes occupies a large number of respiratory epithelium
and is involved in the creation of the air-circulating membrane. In reptiles (thyroid snake) living in the steppe zone,
there were well observed "bubbles" in type I of pneumocyte. Using electron microscopy of small mammals, I and II
types of alveolocytes contained in the respiratory epithelium are distinguished. The form of alveolocytes type II is
diverse, the nucleus is hyperchromic, and a complex of surfactants is found. This article presents morphometric
studies of the adaptation of animals of different habitats depending on their habitat, thickness of air-blood
membranes.

Key words: lungs, pneumocyte, alveolocyte, biotope, electron microscope, scanning electron microscope,
vertebrate.

1. Introduction. The ultrastructure of adaptive reactions of the lungs has not yet been studied. In the
process, an ultrastructural description of the adaptive reactions of the respiratory part of the lungs when
exposed to various external environments is given. The subtle morphofunctional mechanism of the
reciprocal-profile reactions found in this work helps to better understand the adaptation of the lungs to
various environmental conditions.

Designed to determine the ultrastructure and environmentally established features of structural and
functional transformations occurring in the lungs of animals of various environmental specializations,
ultrastructures and environmentally defined features of the adaptation of the lungs to various
environmental factors of the respiratory part of one mammal and amphibian species. The relationship
between the organism and the environment manifests itself in various adaptive reactions of animals, while
manifestations of morpho-functional or behavioral flexibility depend not only on the environment, but
also on the characteristics of the organization of the animal. With functional load, the degree of morpho-
physiological maturity of the organism, organ systems, and organs as a whole is most pronounced. Adap-
tation reserves of the respiratory organs during an increase in physical activity or hypoxia of represen-
tatives not only of different groups of animals, but of the same species, of different age, physical condi-
tion, etc., are significantly different. In reptiles, there are primitive air bags that are a continuation of the
lungs and contribute to easier conversion of gases. The sharp growth of the respiratory surface due to the
formation of many small bronchioles, alveolar sacs and alveoli, the improvement of respiratory motility,
especially during flight, dramatically increases the intensity of gas exchange in birds and is an aromatic
transformation.
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The energy supply of living organisms is due to the combination of oxidation reactions occurring in
all living cells. Animals belonging to aerobic organisms use free oxygen for breathing. The free source of
oxygen is air and water. Oxygen in the air is used by animals living on land. In connection with the
adaptation-regulatory mechanisms of animals living on land, the habitat is diverse, and there are structural
features of the organs, thanks to adaptation to the habitat. For example, due to insufficient oxygen content
in animals living in mountainous areas, the ultrastructure of the lungs has ultrastructural differences
compared to the lungs of animals living in the steppe zone.

2. Materials and research methods. To study the ultrastructure of lungs of vertebrates belonging to
different biotopes on land, the following animal representatives were taken. The tailed frog, the Danatin's
toad, the Central Asian salamander were taken from amphibians, the Gloydius halys, fast lizard, the viper,
the Ablepharus from the reptiles, and the northern red-backed vole, the rabbit from small mammals. To
study the ultrastructure of cells using electron microscopy, a very thin piece of material is produced.
Initially, the material is fixed, dehydrated, injected liquid polymers and cut through ultratome. To obtain
thin pieces of tissue are fixed in two stages in a volume of 1.0-1.5 ml. Initially contained in 0.15 M
phosphate buffer in a 2.5% glutaraldehyde solution and kept in phosphate buffer in a 1% OsO4 solution in
a refrigerator at + 40 °C. The material is washed from phosphate fixative in buffer, dried in the refrigerator
for 20 minutes at concentrations of 50-96% alcohol, followed by drying, and drying in 100% alcohol at
room temperature for 20 minutes. To obtain rigid and elastic pieces (block) for cutting on an ultratome,
polymer epoxy resin (Araldite, Epon) or water-soluble mixtures are used. The process of filling the
material in epoxy resin takes 1-2 days. The polymerisation of the blocks is maintained in a thermostat of
600 °C for 48 hours. The end of the block is honed in the form of a pyramid. From the tip of the pyramid
on the ultratome very thin segments are obtained with the help of a glass knife. Cuts 300-350 A0 are
placed in electroplating grids covered with porcelain film [25].

For research at a comparative morphological level, lungs of amphibians, reptiles, and mammals
living in various biotopes were selected. The animals were kept in the steppe and mountainous areas of
the Almaty region (Balkhash, Raiymbek areas, Mountain Turgen valley at an altitude of 2800 m above
sea level). For the study of the lungs by histological methods, small particles are placed in the whole
attachment. 10% neutral formalin was used as a fixative. After separation of the segments with a thickness
of 3-5 um from the paraffin, hemotoxylin-eosin and van gieson are painted. To study the lung sections
using an electron microscope, they were fixed for 2.5 hours in 2.5% glutaraldehyde (pH 7.4 - 7.6) and
2 hours in 1% osmic acid solutions. Then treated with ethanol and acetone and poured into epon (812).
Morphometric studies were carried out from electron diffraction patterns, statistical processing was
carried out using Student's method (G. Lakin, 1990). Delicate cuts were treated with uranyl acetate and
lead citrate (Reynolds method). Thin sections were investigated and photographed on an electron
microscope computer-100L. For a scanning electron microscope study, pieces of the lungs (5x3x3 mm)
were processed through alcohols and acetone with dehydration, then dried. The pieces were studied in the
raster mode of the Super - probe 733 instrument of an accelerated gold electronic microanalyzer. Samples
were enlarged to 800-4000x and photographed [3].

3. Research results and discussion. In the study of the respiratory epithelium of caudate amphi-
bians (Amphibia), including the tailed frog (Listotritonn vulgaris) living in the steppe zone, under an
electron microscope, hyperplasia of very rare mucous cells is observed in its structure. Such cells have a
large volume, a pronounced layer of the nucleus, and chromatin in large quantities occupies the outermost
layer of the nucleus. The central and extreme parts of these cells are filled with dense electronic small
mucous membranes. In addition, there are “mixed” cells, rich in many mucous granules and having single
osmiophil bodies. The granules are synthesized, in addition to the perikaryon zone, and in the peripheral
parts of the cell. Membranes of the endothelium and epithelium are not connected in the air-blood (air-
hem) zones. The thickness of the air-circulatory system is quite significant.

Thanks to the research conducted using a scanning electron microscope, an active tapping of mucous
cells was detected. A smooth spherical structure appears on the upper surface of the central and peripheral
sides of the pneumocytes. Most of the "mixed" cells indicate that the juice is actively secreted, which
indicates a multitude of formations on its upper surface. It was shown that in many secret cells there exis-
ted the last phase of juice extraction.

— 28 ——
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A representative of caudate amphibians of the Central Asian salamander (Ranodon sibiricus) living
in mountainous areas, living under hypoxia and water temperature (+8 — + 120C) and air temperature
(+12 — + 200C), the volume of the respiratory part of the lung is greater than that of the tailed frog, and
the air-blood membrane, which facilitates the diffusion of gases, is much thinner. The reason for this is a
combination of the main membranes of the endothelium and epithelium in some parts of the air-
circulatory system. Type II pneumocyte and the number of mucous cells is seen very little compared with
the tailed frog. In the respiratory part of the lungs of the Danatin's toad, dwelling in the steppe zones, sets
of imperfect pneumocytes of type Il were observed, which are closely spaced to each other. The nuclei of
these cells are large, long, and the shell of the nucleus is smooth, sometimes cut, and the collected
chromatins are located on its edges (figure 1 — the Danatin's toad (mountain zone)).

Figure 1 — Danatin's toad (mountain population).
The shell structure of the surfactant (SF) in the area of respiration of the lungs. X 1600

Cytoplasm of II type of well mature pneumocytes is filled with large osmophilic layered bodies and
evenly layered substances. Due to the fact that some of them are free, they are also electron-transparent. In
dense electron cytoplasm, many mitochondrial edemas are filled with obscure endoplasmic reticulum
tubes that are little-known, and tightly packed with membranes.

In the study with a scanning electron microscope, a large number of small cones were observed on
the upper (terminal) surfaces of types Il and type I of pneumocytes. Small bumps help maintain a yurt-
shaped surfactant structure in the respiratory part of the lungs.

There are type II pneumocytes with imperfections and release of active juices on the upper surface.
Studies using an electron microscope showed that a slight manifestation of type Il pneumocytes is
observed in the mountainous area in the respiratory part of the lungs of the Danatin's toad. In the cyto-
plasm of these cells there is a small number of osmiophil bodies containing homogeneous compaction
substances. The dense electron cytoplasm contains numerous tubes and ribosomes of the granular endo-
plasmic reticulum. Matrix mitochondria with low electron density are located under the nucleus.
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As part of the respiratory epithelium of reptiles living in the steppe zone, including the fast lizard
(Eremias velox), it is clear that type II pneumocytes, which synthesize the surfactant complex, are
significantly concentrated. Euchromatin, which has a layer of nucleus type II pneumocytes, has a large
volume. In addition to osmiophil layered bodies, the cytoplasm contains tubes of the endoplasmic reti-
culum, dense matrix mitochondria of oval origin, a well-mature Golgi complex, free ribosomes and poly-
ribosomes. The main membrane of the air-blood system consists of homogeneous fibrous components, as
in combination with a combination of epithelium and endothelium.

Figure 2 — Danatin's toad (mountain population). Flat and convex apical surface of pneumocytes type I.X 1600

It is noted that high-speed necks are "layer" networks, which reduce the length of the air-blood
barrier and therefore reduce the loss of moisture in the respiratory part of the lungs. There were observed
small pinocytosis vesicles involved in the transudation of gases and fluids of epithelial cells of the
respiratory surface and vascular endothelium cells.

When studying using the electron microscope of the steppe viper and the thyroid snake (Gloydius
halys) living in the steppe zone, hypertrophy of surfactant kecheen was observed. In this case, there is a
large number of "mixed" cells, forming a fragile structure, similar to type II pneumocytes and mucous
cells. These cells have a different shape of the nucleus, an increased content of chromatin, the dismem-
berment of the perinuclear space, a large number of ribosomes are observed in the inner membrane of the
nucleus. Among the large osmiophil bodies there are electron dense mucous granules. Small osmiophilic
matrix mitochondria are observed in the cytoplasm. It is believed that under conditions of moisture
preservation in the respiratory part, the mucoid structure can enhance the synthesis of surfactant. In the
cytoplasm of epithelium cells and the endothelium of the blood necks, small pinocytosis vesicles and
layers of the air-circulatory system are observed.

Microscopic examination of the respiratory epithelium of the Ablepharus alaicus (A4blepharus
alaicus) living in the mountainous regions did not show a decrease in type II pneumocytes. However, due
to the fusion of the main membrane of the respiratory epithelium and the membrane of the endothelium, a
thinning of the air-vascular membrane was observed and an increase in the length of the respiratory
surface was observed due to the swelling of the loop of throat grids.




ISSN 2224-5308 Series of biological and medical. 3. 2019

A small number of type II pneumocytes and “mixed” cells were observed in the respiratory epithe-
lium of the shield-mord, belonging to the order of snakes living in highlands. In the cytoplasm of type 11
pneumocytes, there are very few osmiophilic layered bodies (figure 3 — a thyroid snake (mountainous
region)). In the lower part of the nucleus, such bodies are located above the main membrane. In the
cytoplasm of “mixed” epithelium cells, small osmiophilic puffed bodies and mucous granules were
observed.

Figure 3 — A thyroid snake (mountainous region).
The second type of pneumocytes with single osmophilic bodies.X7000

At the end of the bronchi, opposite to the mammalian alveoli, the structures in which gas exchange
takes place and called the alveoli, open into the air cavity of the lungs. On close inspection, the lung
structure is determined by internal protuberances and partitions resembling a sponge in cross section. Of
great importance is the general anatomy of the turtle's lower respiratory tract.

Gas exchange in turtles occurs through various ways of passing gases through breathing. It depends
on the type of differences, as well as on whether it is an aquatic or terrestrial turtle. Inhalation and exha-
lation are generally active processes [5].

Studies using a scanning electron microscope revealed a cluster of yurt-shaped surfactant as part of
the respiratory part of reptiles (fast lizard, viper, thyroid snake) living in steppe zones. In addition to the
secretion of the surfactant, the mucous secretion of the small mucous membrane was observed on the cell
surface. The peculiarity of the respiratory part of the lungs is the presence of “layers” in its composition,
which reduce the length of the air-blood barrier of throat grids (figure 4 — the thyroid snake (steppe
zone)).
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Figure 4 — The thyroid snake (steppe zone).
The network of "folded" capillaries. Respiratory department. X200

In the study of the pulmonary epithelium of reptiles living in mountainous areas with a scanning
electron microscope, a small surfactant structure was observed. In the sets of pneumocytes, activity of the
secret was not observed. All surfaces of type Il pneumocytes are covered with small bumps. One of the
features of the respiratory epithelium is swelling in the form of “leaflets” of the shape of hooks of capil-
lary networks. The narrowing of the air-blood barrier allows you to separate the contours of red blood
cells inside blood vessels. All of these structures increase the volume of the respiratory surface of reptiles.

Studies performed with an electron microscope have shown that the nucleus of the first type of
alveolocytes contained in the respiratory epithelium of small mammals has a large contour of the shell of
the nucleus. Completed chromatins are grouped in the envelope of the nucleus and karyoplasm. In the
electron dense cytoplasm, small osmiophil mitochondria, endoplasmic mesh tubes, free ribosomes and
polyribosomes are located.

The general division of alveolocytes occupies a large number of respiratory epithelium.

The form of alveolocytes type II is diverse, the nucleus is hyperchromic. Perinuclear space is
cramped. In the cytoplasm of the tube, the granular endoplasmic reticulum and matrix are large white
mitochondria and many osmiophilic layered bodies are free, some are filled with osmiophilic substances.
Small vesicles were observed, such as bubble vesicles covered with membranes. The central and peri-
pheral compartments of the alveolocytes are covered with many small buds. Endothelium blood cells have
a large nucleus, one occurs, sometimes two nuclei. Completed chromatins are located on the edges of the
nuclei. The core of the nucleus is a zigzag, deep invagination of the karyoplasm. The endothelium of the
blood vessels has a large number of small pinocytosis vesicles. The core of the alveoli macrophage has a
different shape. From their cytoplasm, it is possible to determine secondary, sometimes the first types of
lysosomes involved in the process of decomposition of osmiophil granular substances.

— 3 ——
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According to the data of comparative studies of small mammals living in steppe zones carried out
with the help of electron microscopes, hypertrophy of surfactant was observed in this connection. The
whole cytoplasm of alveolocytes of the common vole (Microtus arvalis Pallas), inhabiting the steppe
zone, is filled with large and small osmiophilic folded bodies containing osmiophil substances (figure 5 is
the common vole). The peculiarity of the respiratory part of the lungs of mammals living in the steppe is
the “folding” of their networks of capillaries, in connection with this slowing down of some cells (alveoli)
and reducing the process of evaporation of moisture through the respiratory surfaces of the lungs.

Figure 5 — Common vole. Type II alveolocytes with osmiophilic plates (OPD).X 14000

The absence of hypertrophy of the surfactant complex — the difference of mammals in the steppe
zones (common vole) from type II alveolocytes in the respiratory part of the lungs of the Tien Shan
ordinary vole (Clethrionomys centralis Miller), living in the mountainous area. In addition, the main
difference in the study of submicroscopy is a narrowing of the air-blood barrier and an increase in the
volume of respiratory surfaces. The connection of the main membranes of the endothelium and epithelium
among themselves. Epithelial cells of the blood necks are devoid of organs, turned into a dense electron
table (figure 6 — Tian-Shan vole).

Morphometric studies have shown that the thickness of the air-blood membrane of animals living in
various biotopes depends on their habitat (table 1 — thickness of the air-blood (aeroheme) membrane of
some vertebrates (nm)).
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Figure 6 — Tien-Shan vole.
Toned aerohematomatic membrane system (AGMS).
Fusion of capillary endothelium with epithelial basement membranes.X 9000

B Mountain zone

B Steppe zone

Table 1 — The thickness of the air duct (airgel) of some vertebrates (nm)

— 34 ——
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In the study of the respiratory part of the lung of rabbits with limited movement, an I type of alveolo-
cytes with serpentised envelope of the nucleus and a hyperchromic nucleus was observed under an
electron microscope. The cytoplasm contains short tubes of the endoplasmic reticulum, small mito-
chondria, ribosomes, and narrow fibers. The surface of type I alveolocytes is not smooth. In the peripheral
part there are small organelles and ribosomes. The main membrane is relaxed and in some compartments
they are connected to the main membranes of the endothelial cells. However, it is not noticeable that the
clearly marked air-roof barrier has thinned. In most cases, longitudinal fibroblasts are located between the
epithelium and the endothelium of the blood inlets. The nucleus of type II alveolocytes is large, it contains
a large number of chromins, the shape of the shell of the nucleus is zigzagged. Cytoplasm is often rich in
dense matrices and crystals, elongated mitochondria, granular endoplasmic mesh tubes, empty ribosomes
and polyribosomes. Not so many osmiophilic layered bodies. In the cytoplasm of macrophages in the al-
veoli, in addition to small first lysosomes, there is a second type of lysosome with osmiophilic layered
substances.

When studying the respiratory compartment of Desert hare’s lung that is in constant motion with the
electron microscope, it has been found that the compartment contains type I of large nuclear alveolocytes,
which occupy most of the perikaryon cytoplasm zone. There are chromatins collected along the edges of
thin nuclear envelope, and euchromatins are found in large quantities. The invagination of nuclear enve-
lope has been observed, the perinuclear space is narrow. On the cytoplasm tubes of the rough endoplasmic
reticulum filled with cotton fibers, and numerous ribosomes are located. Elongated cytoplasmic forma-
tions are observed on the surface of the plasmalemma’s terminal parts. The main membrane of alveolar
type I cells is connected to the main membrane of the endothelium. The nucleus of type 11 alveolocytes is
not in the correct form, and chromatin is densely located. In the cytoplasm large mitochondria are obser-
ved, in which there are often electron dense crystals of the matrix. Most of the cytoplasm is filled with an
osmiophilic layered structure containing electronic transparent substances. Some layered structures are
osmiophilic and homogeneous. The location of these bodies on the terminal and main surfaces of the
plasma membrane shows that the secretion process is actively going into the space of the alveoli, as well
as into the space of the blood capillaries. Active synthesis of surfactant indicates the presence of phago-
cytic osmiophilic layered bodies in large quantities in the alveolar macrophage’s cytoplasm.

The endothelial cells of the blood capillaries of type II alveolocytes’ main membrane have a large
nucleus, in the cytoplasm ribosomes in large quantities and their connection with the alveoli’s surfaces are
observed. The interstitial space is narrow.

These studies have shown that adaptive responses of animals — amphibians, reptiles, mammals,
belonging to different species or one species, living in different biotopes, are associated with their habitat.
It has been proved that the adaptive reaction is associated with the harmonious flow of surfactant
synthesis and the structure of pulmonary capillaries.

4. Conclusion. When viewing adaptation reactions of caudate amphibians’ representative — the tailed
frog living in the steppe zones, at the ultrastructural level, it has been found that the presence of mucous
cells and hyperplasia of “mixed” cells similar in structure to type Il pneumocytes and mucous cells pre-
vent the disappearance of moisture. Many small buds were observed on the upper surface of the cell.
Acceleration of secretion formation from the mucous and “mixed” cells has been proved by scanning
electron microscope.

The complex of surfactants and the synthesis of mucus of pneumocytes of type II, contained in the
epithelium of the Danatin's toad dwelling in the steppe zones, manifests the effects of adaptation reac-
tions. In addition, an increase in the "folds" of blood capillaries helps to reduce the loss of endogenous
liquid substances from the respiratory part of the lungs.

A decrease in the number of pneumocytes of type II of the Danatin's toad living in the mountain zone
is observed. In addition, an insignificant amount of osmophilic layered substances was observed in the
cytoplasm of these cells. The air-blood system has become thinner. Its thickness at the Danatin's mountain
toad is narrow compared to the Danatin's toad living in the steppe zone (628.4£11.5 and 1120.2+20.5 nm,
respectively, P <0.001).

The peculiarities of the adaptation of the lungs of reptiles of the steppe zones to the external environ-
ment are the main factors due to the absence of moisture loss of the respiratory surfaces of the lungs and
the powerful synthesis of surfactant. In addition, hypersecretion of the mucous components of "mixed"
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cells and an increase in the interstitial layers of the vascular network, reducing the length of the respi-
ratory surfaces contributes to the preservation of endogenous fluid. In addition to reducing the production
of surfactant reptiles in the highlands, we are seeing a narrowing of the air-circulatory system and an
increase in the respiratory surfaces of the lungs. For example, it has been established that the air-circu-
latory membrane system of a shield-mord living in a mountainous area is narrowed in comparison with a
shield-ear of a steppe zone (475.4 = 8.7 and 757.8 = 14.14 nm, respectively, P <0.001).

The peculiarities of ultrastructure of the lungs of vertebrates belonging to different biotopes are
determined by their habitat, which is confirmed by electron microscopy and scanning electron micro-
scopy. During the study of light amphibians living in various biotopes, “fence” structures and “mixed”
cells, numerous type I pneumocytes and number II type pneumocytes were found. In addition, it is known
that mixed cells of the tailed frog living in the steppe zone secrete secretion, while such secretion is absent
in the Central Asian salamander living in the highlands.

In the study of ultrastructure of the lungs of reptiles using electron microscopy, it was observed that
the nucleus of a type I pneumocyte are oval in shape, they are large. In the lungs of the thyroid snake
living in the steppe zone, the phenomenon of "foaming" was well observed. Using electron microscopy of
small mammals, I and II types of alveolocytes contained in the respiratory epithelium are distinguished.
Type I alveolocytes have a diverse form, the nucleus is hyperchromic and there is a complex of surfac-
tants. In this article, morphometric studies are clearly expressed, which show that the thickness of the air-
blood membrane of animals with different habitats depends on their habitat.
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TAYJIbI )KOHE JAJIA AUMAFBIHJIA TIPHILIIK ETETIH
OMBIPTKAJIBLJIAP/IBIH OKITEJIEPIHIH YJIbTPAKYPbBIJIBIMbI

AnHotanus. bepinren Makanana op Typ:i OHOTOIKA jKaTaThlH OMBIPTKAIBUIAPABIH OKIEJIEPiHiH yIbTPaKyphl-
JBIMIAPBIHBIH €PEeKUICTIKTepl JKaiibl jKa3bulraH. TipHIUTK eTy opTackiHa OalIaHBICTHI KYPFAKTarbl OMBIPTKAJIbI-
napjbH (ambuousap, 6ayblpMEH JKOpFrajaylllbuiap, YCaK CYTKOPEKTUIEP) OKIEIepiHiH HO31K KYpPbUIBIMBIHIA aii-
TapJIbIKTal ©3TeIleIIiKTep JIEKTPOHIBI )KOHE CKaHIbl AJICKTPOHABI MUKPOCKOIHUS apKbUIbl aHBIKTAJIFaH. Op TYpdi
OuoronTapaa MeKeHAEHTIH aMpuOUsIIapablH eKNeIepid 3epTTey OapbIChiHAA «mapOaK» Tapi3li KYpbUIBIMAAp MEH
«apaJyiac» KJIETKaIapIblH Ke3aeceTinmiri Oarkannel. CoHpIMEH Kartap, mHeBMoruTTepaiy I Typi O6ackM, an Il Typi
cupek Tapanrad. Jlajmamel aiimMakra MekeHIEHTIH amduOusmap (KyHpBIKTEI 0aka) eKHelepiHAe apajac KieTKaiap
Oencenmi Typae cekper Oeleni, an Tayibl aiiMakTapaa MeKeHAeHTiH ampudusutapaa (JKericy askTel Oanbirer) OyH-
naii OelceHAl ceKpemus OpbIH alMalibl. Op TYpii OMOTONTapAa MEKEHACHTIH OaybIpMEH >KOPFalayIIbUTBIPIBIH
OKIEeNEepPiHiH YIbTPAKYPBUIBIMAAPBIH 3JIEKTPOHABI MHUKPOCKONHS apKbpUIBl 3€pTTereH/Ae IMHEBMOIMTTIH | TypiHiH
SIIPOJTAPBIHBIH, COMAKIIa MiImiHmi, ipi ekeHmiri Oarkanmel. [THeBMOIUTTEpaiH | TYpi THIHBIC SIUTEIMHIHIH YIIKCH
KOJIEMIH aJIblll JKaTaJlbl XKoHE aya-KaH jKapraKIIachlH KypyFa KaTelcaisl. Jlanaisl aiiMakTa MeKeHISHTIH OayblpMeH
JKOprayayibiiapaa ( KaJKaHTYMCBIK JKbUIAH) IMHEBMALMTTIH | TypiHAE «KeIMipLIKTeHy» JKaKchl OaiKkaiubl. ¥cak
CYTKOPEKTIJIEP/IiH AJIEKTPOHBI MUKPOCKOIHS KOMETiMEH THIHBIC AIUTEIHHIHIH KYpaMbIHIAFbl allbBEOJIOLUTTEPIIH
I sxone 11 Typi axbipaTbutrad. AnbBeonountrepain 11 TypiHiH miwiHi op TYpI, SAPOCH TUIIEPXPOM/IbI OOJIBIT KEJIreH
JKoHEe cypdakTaHT KemleHi TaOburraH. by makanmana TipIIuTiK opTackl op TYpJi JKaHyapiaplblH aya-KaH Kaprak-
IIACHIHBIH KAJBIHIBIFEI OJIAP/BIH ©MIp CYpy opTachlHa OaiiaHbICThl OeHiMaenyiH MOP(QOMETPHUSUIBIK 3epTTeyIiep
KOPCETTi.

Tyiiin ce3mep: oKIle, NMHEBMOLUT, aJbBEOJOLUT, OHOTOI, JIEKTPOHIBI MUKPOCKOI, CKaHIBI JJICKTPOHIBI
MHKPOCKOII, OMBIPTKAJIBI.




ISSN 2224-5308 Series of biological and medical. 3. 2019

K. 9. Canapos, C. E. Oxen, A. M. OiiTeHoBa,
K. b. Omxadaena, /1. JI. TypabioexoBa
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YIABTPACTPYKTYPbI JIETKHUX ITO3BOHOYHBbIX,
OBUTAIOIIMX B I'OPHbBIX U CTEIIHBIX BUOTOITAX

AnHoTanus. B cTatbe pacMaTpuBacTCs 0COOCHHOCTH YJIBTPACTPYKTYPHI JISTKMX HAa3¢6MHBIX MO3BOHOYHBIX. C
MTOMOIIBIO 3JEKTPOHHOW MHUKPOCKOIHH, CKaHAJICKTPOHHONH MHKPOCKOITUU OBUTH BEISBIICHBI XapaKTEPHBIC OTIHYUS
YIBTPACTPYKTYPHI JICTKUX HA3EMHBIX IMO3BOHOYHBIX (aM(UOWH, PENTHIINN, MEIKHEC MIICKOIUTAIOIINE) B CBSI3U C
MeCTOM HuX oOuTaHus. McciemoBaHus JIeTKUX aM(pUOWN, OOUTAIOMIMX B PAa3HBIX OMOTONAX TOKAa3ajl CTPYKTYPHI B
BUJIC «PEHICTOUCK» U KIIETKH «CMEIIaHHOTO» THUIa. BMecTe ¢ TeM, OTMETHIIOCH OOJBIIOe KOITMYECTBO THEBMOILIUTOB
I Trma, 1 He3HAUHMTENbHOE KOMHYecTBO MHeBMOIMTOB 11 Trma. V amubuii, 0OMTAIONINX B CTEIHOM 30HE (XBOCTATAas
JSATYINKA), KIETKA CMEMIAHHOTO THITa aKTUBHO BBIACIISIOT CEKpET, a Y aMpuOuii, 0OMTAIOMKX B TOPHOM 30HE (ceMu-
PEUYCHCKUH JIATYIIKO3Yy0), Takash akKTHBHAs CEKpelrs He HaOroaaeTcs. DIEKTPOMUKPOCKOMMYECKUE UCCIeIOBaHUS
YIBTPACTPYKTYPHI JIETKUX MPECMBIKAIONINXCS TOKA3aJIH, YTO SApa MTHEBMOIMTOB | THIIAa IMEIOT OBAJIFHYIO KPYITHYIO
thopmy. ITaeBmoruThI | THIa 3aHMMAIOT OOJBIIYIO YACTh ABIXATEIFHOTO SMUTENNS M yJacTBYIOT B (hOpMUpPOBaHUU
a’POreMOTHYCCKUX MEMOpaH B IUTOILIA3Me. Y MPECMBIKAIOIIUXCs, OOUTAIONUX B CTEHHOMN 30HE (TJIaJKUi IIUTO-
MODJIHHK), OOHapy>XHJIOCh «BCIIEHMBaHHE». [IpyM WCIENOBaHMM JIETKMX MEJNKHUX MIIEKONUTAIOUIMX C MOMOUIBIO
AJIEKTPOHHONH MHUKPOCKOIUU OBUTH BBICJIICHBI B JIBIXaTEIbHOM JMUTENWU anbBeosonuTsl | u 11 Tumos. AnbBeo-
souuTsl Il THma pazHOW (OPMBI ¢ TUIEPXPOMHBIM SIIPOM, TaKKe OOHAPYKWICS KOMIUICKC cypdakTanta. B 3roii
cTatbe MOP(GOMETPUICCKHE HCCICAOBAHMS MMOKA3aIH, YTO Y XKHUBOTHBIX, OOWTAIOIIUX B PA3HBIX 30HAX, UMECTCS
pa3Has TONIIMHA adPOTEMOTHYECKAX MEMOpaH B CBSI3U C MX MECTOM OOMTaHUS U IPUCIIOCOOIIEHHEM K OKpYIKaro-
uieit cpene.

KuroueBble cjioBa: JIeTKHe, ITHEBMOIINT, aJbBEOJIOUT, OUOTOM, AIIEKTPOHHAS MUKPOCKOIIHS, CKaH-3IIEKTPOH-
Hasi MEKPOCKOIIHS, TO3BOHOYHBIE.
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