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B3aemogiss n1oanHn 3 HaBKOJMLLIHIM CEPEAOBMILEM 3abE3reHy€e OCHOBHI acrekTy ii XUTTERIS/IbHOCTI. BupiwaibHy posib
npu UbOMYy BIAIrpatoTe AUCTaHTHI aHanizatopy. JOC/imKeHHsT yHKUIOHaIbHOI 6yA0BM HIOXOBOro aHasizatropa rocigace
BaX/IMBE MICLI€ SIK B KJTIHIYHMX, TaK | B €KCIIEPUMEHTA/IbHUX AOCTIMKEHHSIX, OAHAK MMUTAHHS Moro ocobnmBocTel came B
JIHOAMHU MIOTPEBYE AETaIbHUX AOC/AKEHD. Y PObOTI HaBEAEHI CyyqacHi AaHi BITYU3HAHUX | 3apyODKHNX AOC/IAHVIKIB, LLO
CTOCYIOTbCSI CTPYKTYPHO-QYHKLIIOHa/IbHOI opraHizaLlii HioxXoBoro arasnizatopa. OcobsmBy yBary NpuAINEHO CTPYKTYDHIV
OpraHi3auii HIoXoBuX UnbY/IMH, SIK HavbI/IbLL CKIGAHO BAIALUTOBAHOIO | HaViMeHLL BMBYEHOIO KOMITOHEHTA HIOXOBOIo aHa-
si3atopa. OrmcaHo MOP@OsIOrivHi Ta QyHKLIOHa/IbHI 3MiHW HIOXOBOIO aHasi3atopa, LYo pPO3BUBAIOTLCS NP AESKUX 3a-
XBOPIOBAHHSIX | Aii HECHIPUSITIINBUX YNHHWKIB HABKOJTULLHBOIO CEPEAOBULLA, NMPU LIbOMY aKLEHTYETLCSA yBara Ha BigMIHHO-
CTI MEXaHI3MY NaToreHe3sy YIWKOMKEHb HIOXOBOIrO aHasli3aTtopa B 3a/1EXKHOCTI Bif XapaKTepy Br/mBY NaToreHHX YnHHM-
KiB. Tak, B pe3y/ibTati HETPUBA/IOrO IHTEHCUMBHOIO BIIMBY MOJIIOTAHTY HE3BOPOTHIX aTpo@iyHuX 3MiH B NepLLy Yepry 3a-
3HAE HIOXOBUYI ENITENIV, TUM CaMUM, B A€ KMV Mipi, 3arobiraroyuy roLLUNPEHHIO TOKCUHY Ha IHLLI CTPYKTYPYU aHasizaTtopy.
I HaBnaky, TpuBa/myi BriMB HU3bKUX 03 3a3Bu4aii 36epirae (hyHKUIOHaIbHY aKTUBHICTb HIOXOBOIO ENiTenito, HaTo-
MICTb  LUKIQ/INBI PEYOBUHU MPOHUKAIOTL O LIEHTPA/IbHOrO BIAAITY HIOXOBOrO aHasizatopa. B Takux BUNagKax HIOXosa
ANCQYHKLISI MOXE [iarHOCTYBaTUCS YEPE3 TPUBAIMI Yac r1ic/isl NoYaTKy KOHTaKTy 3 MEBHUMM NOJIIOTaHTamMu., Ha cboroari
JAOCUTb aKTUBHO MPOBOAATLCA AOC/TIXKEHHS BI/INBY €K30r€HHUX TOKCUHIB Ha Pi3HI /1IaHKY HIOXOBOIo aHaslizaropa Ha Tea-
PUHHUX EKCIIEPUMEHTA/IbHUX MOAE/SX. B TOU XKe Yac nMTaHHs QyHKLIOHaIbHO - MOPGDOSIOriYHNX 3MiH B Pi3HUX CTPYKTY-
DHUX KOMIMOHEHTaX HIOXOBOIroO aHasi3aropa JIl0AnHY i BIVIMBOM HEraTMBHNUX (PaKTOPIB OBKI/UIA 3a/MLAETECS HEAOCTa-
THBO BUBYEHUM | OTPEBYE rnoAaabLunx MOPQO/IOridHNX Ta BIOXIMIYHUX JOC/TIIKEHB, 3 METOKO MOX/IMBOCTI B M0Aa/IbLLO-
My DO3pO6KY Ai€BNX NiKyBasIbHUX Ta MPO@iniakTUYHNX 3acobiB.

Knio4yoBi cnoBa: HOXOBWIA aHani3aTop, HIOXOBI LMOYNMHKW, MiTparbHi KNiTUHW, HIOXOBA AUCKYHKLIS.

The interaction between a body and an environment provides the main aspects of human life. The study of the func-
tional structure of the olfactory analyzer plays an important role both in clinical and in experimental studies, but the
question of its features in humans needs detailed research. The paper presents the modern data of the structural and
functional organization of the olfactory analyzer. Particular attention is paid to the structural organization of olfactory
bulbs as most complicated and least studied component of the olfactory analyzer. The morphological and functional
changes of the olfactory analyzer are developing in some diseases and in action of adverse environmental factors are
described while the accentuation is placed on the differences of the mechanism in the pathogenesis of damage to the
olfactory analyzer, depending on the nature of the influence of pathogenic factors. In this way as the result of short-
term intense effects of the pollutant, irreversible atrophic changes are primarily affected to the olfactory epithelium,
thus, to some extent, preventing the spread of the toxin to other analyzer structures. Conversely, a long-term exposure
to low doses usually retains the functional activity of the olfactory epithelium, while harmful substances penetrate the
central unit of the olfactory analyzer. In such cases, the olfactory dysfunction can be diagnosed after a long time after
the start of the cohort with certain pollutants. Currently, studies of the influence of exogenous toxins on various parts of
the olfactory analyzer on animal experimental models are quite active. At the same time, the issue of functional and
morphological changes in various structural components of the human olfactory analyzer under the influence of negative
environmental factors remains poorly understood and requires further morphological and biochemical studies, in order to
be able to further develop effective therapeutic and prophylactic means.
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The human interaction with environment underlies the throughout the period of ontogenesis, due to processes

main aspects of our life. A decisive role belongs to distant
analyzers - olfactory, visual and auditory. From the
evolutionary point of view, the sense of smell is one of
the most ancient and most essential sensations through
which the process of acknowledgement of the external
world takes place. For most mammalian species, the
analysis of odorants determines the complex forms of
behavior on which their lives depend. Unlike other
analyzers, chemosensory systems are dynamic

of continuous renewal of the olfactory epithelium [32].

The study of functional structure of the olfactory
analyzer plays an important role both in clinical and in
experimental studies, but the question of its features in
humans needs detailed research.

As is known, the peripheral part of the olfactory
analyzer is represented by specific receptors, which are
located in the mucous membrane of the upper nasal
passage and the posterior-upper part of the nasal
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membrane. Even then, the smell area occupies a
relatively small area (approximately 2.5 cm? on each
side) and contains about 50 million sensory cells [7].

Olfactory receptors are relict forms that are
represented in  the vertebrates. During the
embryogenesis, they lay and develop in the anterior
frontal brain, their bodies migrate to the olfactory plate,
and the axons contact with the neurons of the olfactory
bulb, which contains olfactory glomeruli, the most ancient
of the known synapses. The results of individual studies
indicate that the primary olfactory center in the human
body begins to function not earlier than at the 30th week
after the natal period of development [26].

The zonal organization of the olfactory system is
determined not only by the peculiarities of the expression
of the genes of the olfactory receptors, but also by the
geometry of the nasal passages, where the receptors for
more flammable substances are located in the dorsal
part, whereas the receptores for the more volatile ones in
the ventral part [23]. The structural organization of the
olfactory epithelium does not have structural features
peculiarities in the elderly. However, in elderly
individuals, the ability to recognize odors is reduced,
which is probably due to pathological changes in the
blood vessels in the cortical sections of the analyzer [4].

It is now known that olfactory sensations arise from the
interaction of the odorous substance (odorant) with the
chemoreceptors of the neurosensory epithelium of the nasal
cavity. This leads to the launch of cascades of biochemical
reactions and the emergence of action potential.

The leading way of the olfactory analyzer has a
complex structure. The first neuron is formed by bipolar
cells, the dendrites of which travel to the free surface of
the mucous membrane, where the olfactory bubbles end,
and the axons form the olfactory threads, 15-20 on each
side. Through the perforated plate of the lattice bone,
they penetrate into the cavity of the skull, where they
form synapses with the second neuron, which is in the
olfactory bulb [28].

Olfactory bulbs are located in the anterior cranial
fossa, on the lower surface of the frontal lobes of the
cerebral hemispheres, from where it continues into the
olfactory pathway, and represent a set of nerve cells, glial
cellular elements, blood microvessels, fibrillar structures.
Externally, each olfactory bulb is surrounded by a specific
capsule, formed by pia mater and arachnoidea. It is
believed that an increase of the density of blood
capillaries in ontogenesis and the ripening of neurons
occurs much faster in the olfactory bulb, ammonium, and
olfactory gyrus than in other parts of the brain [20]. In a
healthy person, the average volume of the olfactory bulb
is 65-70 mm° and correlates with the functional activity of
the olfactory system [13].

The role of human olfactory bulbs remains one of the
most interesting questions about the brain, since this
organ is one of the few whose interneurons are
continuously generated in postnatal and adult life. Their
main functions are the threshold of perception,
discrimination and identification of odors [31].

In the study of the internal structure of olfactory bulbs,
using classical histological techniques, the following five
basic cell layers, which differ in morphological and, con-
sequently, functional characteristics, are usually distin-
guished (Figure 1):

- glomerular
- external pleximorphic;

- alayer of mitral cells;
- internal pleximorphic;
- alayer of granular cells.
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Figure 1. Schematic cell composition of the human olfactory bulb
[27].

The most external (subcapsular) position is the
glomerular layer, which received this name due to the
arrangement of cellular elements located in here and
nerve fibers in a peculiar glomerular structure. The
glomerular layer thickness index and glomerular volume
were well studied in many animals, while in humans, this
figure was not determined [27].

The outer plexiform layer is internally located and is
characterized by a small number of small-scale
neurocytes, which are surrounded by a large number of
glial and fibrillar elements.

The granular layer is characterized by the location of
cells in the form of relatively even series. The cellular
elements of the inner plexiform layer practically do not
differ from such external elements [15].

The mitral cell layer is arranged in the form of a
concentric series or series filled with cells, the shape of
which pericarion passes through the central part,
resembling a triangular mitra, and being the reason for its
name. Mitral neurocytes are phylogenetically the most
ancient and largest cells of the brain; their total number is
relatively small and accounts for approximately 1% of the
entire cellular population of olfactory bulbs. Modern
researchers distinguish three types of mitral cells
according to their form and functional features: triangular,
ball-like and funnel-shaped [1]. A characteristic feature of
mitral cells is the presence of a dendritic protoplasmic
barrel, which goes to the glomerular zone, where it forms
a dense branching, and the axons pass along with the
axons located near the periglomerular cells to the limbic
system.

Central synaptic odor processing begins in the
glomerular glomeruli layer of olfactory bulbs, which
receive information from thousands of receptor cells. A
ball of glomeruli is a kind of "spatial odor map", which is
divided into zones and clusters [25].

The mitral cells of the olfactory bulb, being another
neurons of the olfactory pathway, recognize the nature of
the signals received from the primary sensory cells and
exhibit the greatest selectivity to the odorant [14].

It has been proved that mitral cells differ in molecular
expression of profiles of potential-dependent potassium
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and channel-dependent cyclic nucleotide. The latter are
activated due to hyperpolarization and are closely related
to the glomerular modulus, indicating the influence of
sensory neuronal activity on the functioning of these
structures [22].

Local interneurons (periglomerular and granular) of
olfactory bulbs perform lateral inhibition, which provides
the contrast between odors. At these neurons, the
efferent paths from the opposite olfactory bulb, the limbic
system and reticular formation end; in the plexiform layer,
the apical dendrites from the brachial cells form a large
number of synapses with mitral cells that regulate the
proliferation of activity action along cell dendrites. [9]

The braking created by the granular cells, which are
the most common type of GABA-ergic cells, occurs due
to single dendro-dendritic synapses. In this case, the
mitral cells release the excitatory neurotransmitter -
glutamate. Due to its bi-directionality, it can lead to
inhibition of mitral cells (autoinhibition), as well as
neighboring mitral cells (lateral inhibition) [11].

The ratio of the activity of the allocation of
neurotransmitters by different cellular populations of
olfactory bulbs provides differentiation of odorants (Fig-
ure 2) [10].

Most of the projection areas of the olfactory tract do
not directly participate in the perception of odors, their
physiological role is to create associative relationships
with other sensory systems. For example, activation of
the limbic system causes the appearance of emotional
component in the olfactory perception and plays an
important role in the memory processes.

Because of the reticular formation, the olfactory
system is closely linked to the autonomic nervous
system, which explains reflex responses from the
digestive and respiratory systems.
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Figure 2. Scheme of the interaction of cell populations of
olfactory bulb [34].

It is believed that the central department of the
olfactory sensory system is localized in the hippocampus
and the hippocampal gyrus, where the final analysis of
olfactory information takes place. However, recent
studies have shown the role of orbitophronal and pear-
shaped cortex and almond-shaped body in the process-
ing of olfactory stimuli. Thus, the orbitofrontal cortex is a
central substrate for a conscious olfactory experience
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because of its privileged physiological role in the
processing of odor [34].

Separate studies show varying sensitivity to certain
odorants in men and women, while significant gender
differences in the structure of the leading part of the
olfactory analyzer have not been identified, which
suggests the expediency of further in-depth studies of the
peculiarities of the structural organization of olfactory
bulbs and olfactory epithelium. At the same time, the age
factor significantly influences the olfactory perception,
which is associated with changes in the hormonal status
of the human body during the process of ontogenesis
[16].

Olfactory dysfunction is a fairly widespread symptom
of many neurodegenerative diseases, which is probably
due to lesions of mediator systems at different levels of
the analyzer. The disturbance of smelling capacity is
definitely not a pathology that threatens human life,
therefore, often remain unnoticed. However, they can
directly affect the quality of life, as they lead to
malnutrition and certain problems in interpersonal
relationships [2,5].

There are studies that confirm changes in the size of
olfactory bulbs and, as a consequence of the
development of olfactory dysfunction, in patients with
psychotic and neurological disorders. Thus, under the
conditions of the physiological aging process, the total
number of neurons in olfactory bulbs does not decrease,
whereas in the case of Alzheimer's disease there is a
process of loss of nerve cells. The first stage of the
development of non-motor disorders in Parkinson's
disease is characterized by the degeneration of the
olfactory bulb and anterior olfactory nucleus, which can
clinically manifest as a violation of the olfactory [12,17,18]

In general, any changes in the environment affect the
smell of human perception, especially the degree of
pollution of the atmospheric air. A number of
technological processes are accompanied by the release
of odorants that are in safe concentrations for human
health [24]. However, current research suggests a
connection between the state of the air environment and
the presence of olfactory dysfunction [8]. Some of these
agents can not only directly affect the olfactory
epithelium, but also penetrate into the brain through the
olfactory nerve or surrounding perineural spaces, passing
the blood-brain enzyme barrier and damaging the
structures of the central nervous system. Pathological
processes that arise under these conditions resemble
those with neurodegenerative diseases. It should be
noted that especially wood and wood dust, metal
compounds and organic substances contained in the air
environment of industrial production are particularly
dangerous [6].

Damage to the olfactory analyzer can be reversible
and irreversible, depending on the individual
susceptibility of the human body, which is determined by
the resistance of peripheral tissues and the functional
state of the conductive part of the olfactory analyzer.

Thus, as a result of short-term intense effects of the
pollutant, irreversible atrophic changes are primarily
noticed in the olfactory epithelium, thus, to some extent,
preventing the spread of the toxin to other analyzer
structures. Conversely, long-term exposure to low doses
usually maintains the functional activity of the olfactory
epithelium, while harmful substances are translated into
the olfactory bulbs and migrate to the brain structures. In
such cases, the olfactory dysfunction can be diagnosed
after a long time after the start of the cohort with certain
pollutants. Some studies indicate a high sensitivity of the
olfactory pathway to the direct translocation of the
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nanoparticles of the pollutants into cerebral structures
[3,19,21].

A significant number of epidemiological studies
indicate a connection between the influence of metals in
the form of dust and vapors, as well as professional
olfactory dysfunction. Workers who were included in the
study were often subjected to a combined exposure to
cadmium and nickel, but the data on the effect of
isolating the latter is not enough. Scientists indicate that
with the combined effect of these two metals, patients
experienced anosmia, atrophy of the nasal mucosa,
chronic sinusitis and ulcers of the nasal membrane [8].

Currently, studies on the influence of exogenous
toxins on various parts of the olfactory analyzer on
animal experimental models are quite active [29,30,33].
At the same time, the issues of functional-morphological
changes in the various structural components of the
human olfactory analyzer under the influence of negative
environmental factors remain poorly understood and
require further morphological and biochemical studies,
the results of which in turn may form the theoretical basis
for the development of new, effective protective devices.
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