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Abstract. Changes of structural organization of human olfactory bulbs under conditions of severe forms of
pneumonia and cerebrovascular pathology. Shkodina A.D., Grinko R.M., Starchenko L.I., Vynnyk N.L.,
Sovhyria S.M., Kyslyi V.F. The role of human olfactory bulbs remains one of the most interesting questions
concerning work of the brain, because this organ is one in which neurogenesis is continuously generated in post-natal
and adult periods. Impaired sense of smell is not a pathology that threatens human life, therefore, often remains
unnoticed. However, it can directly affect the quality of life, as it leads to malnutrition and certain problems in
interpersonal relationships. The study of the functional structure of the olfactory analyzer plays an important role both
in clinical and experimental studies, but the question of its features in humans needs detailed research. The material of
the research was 18 pairs of the olfactory bulbs of males and females aged from 30 to 90 years that were received at the
Poltava Regional Department of Pathology. In order to objectify the data obtained on micropreparations, the following
morphometric indices were determined.: the specific gravity of the location of cellular elements; the proportion of mitral
neurocytes in the entire cell population; percentage ratio of relative quantity between cellular elements, blood
microvessels, fibrillar component and homogeneous eosinophilic structures. Correlation analysis of morphometric
indices in the general sample revealed the existence of an inverse communication of average strength between the
relative number of homogeneous eosinophilic cells and the relative number of cellular elements and blood
microvessels, which in turn indicates the etiopathogenetic mechanisms of the formation of these structures. The
conducted research makes it possible to conclude that mitral cells as one of the most differentiated in olfactory bulbs
are sensitive to the development of hypoxic states; under the conditions of cerebrovascular pathology, the relative
amount of the blood vessels of the microvessels decreases, which leads to the disorder of the trophy of the nervous tissue and
as a result can lead to neurocytolysis of mitral cells. Changes in the vascular and cellular component indicate a different
pathogenesis of changes in human olfactory bulbs in these pathologies and suggest that eosinophilic homogeneous cells are
the result of apoptotic neurocytolysis against the background of development of hypoxic states.

Pedepar. 3minu cTpykTypHOI opraHizamii HIOXOBUX HHOYJIUH JIOJUHU 32 YMOB TSLKKHUX (pOPM NMHEBMOHIi Ta
unepedpoBackyasipHoi narodiorii. Ikoxina A.Jl., I'pinbko P.M., Crapuenxo LI., Bunnuxk H.I., CoBrups C.M.,
Kucanii B.®. Ponb a00cokux HIOX08UX YUOYAUH Y pOOOMI 20108HO20 MO3KY 3AMUUAEMbCA OOHUM 3 HAUYIKAGIUUX
NUMAaHb HeUpoHAyKU, OCKINbKU yell OpeaH € OOHUM 3 Hebazamvox, Oe HelipozeHe3 8i00y8acmvcsa 6e3nepepsHo 6
NOCMAHAMAILHOMY Ma 0opociomy nepioodax. OKkpemo po3nadu HIOXY He PO32aA0aAombCa AK NAMOA02Is, WO 3A2POAHCYE
JHCUMMIO TIOOUHU, MOMY HACMO 3aIUuaiomsvcs Henomivenumu. OOHAK 60HU MOACYMb OE3NOCEPEOHbO BNIUSAMU HA
SAKICMb AHCUMMSL, OCKIIbKU MOANCYMb NPU3B00Umu 00 Npodiem i3 XapuyeanHsim ma 6 MIdCOCOOUCMICHUX CMOCYHKAX.
Busuenns ¢gynkyionanvhoi cmpykmypu HIOX08020 QHANI3AMOpa 6i0iepae 8adciugy poib SK Y KIHIYHUX, MaK [ 6
EKCNePUMEHMATbHUX OOCHIONCEHHSX, NPOme NUMAHHS NPo 1020 MOPPOMEemMPUYHi 0COOIUBOCMI 6 THOUHU NOMPedye
Oinvw demanvroeo susuenus. Mamepianom docniodcenns oyau 18 nap HOX08UX YUOYIUH HONOBIKIE MA JHCIHOK GIKOM
6i0 30 0o 90 pokis, axi Oyno eudineno Ha 0a3i I1o1mMagcvbko20 0OIACHO20 NAMATO20AHOMOMIYHO20 OIOpO. 3 Memoro
00'exmugizayii 0anux, OMpUMAHUX HA MIKPONPeNnapamax, GU3HAYAIUCA MAKI MOPHOMEempPUyHi NOKASHUKU: NUmMomd
niowa KimuHHUX eleMeHmis;, NuUmoma 6daea MImpanbHUX Heupoyumis y 6citl nonynayii KiimuH, 6i0COMKo8e Cnig-
BIOHOULEHHSL BIOHOCHOI KIIbKOCMI MIJIC KIIMUHHUMU eJleMEeHMAMU, KPOBOHOCHUMU MIKDOCYOUHAMU, QIOPUIAPHUMU KOM-
NOHEHMAMU Ma 20MO2EHHUMU e03uHOQinbnumMu mitvysmu. Kopenayitinuii ananiz MopgomempuyHux NoKA3HUKIe y
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3a2anbHIll CYKYNHOCMI BUDIPKU BUABUS ICHYBAHHA 3860POMHO20 383Ky CepeOHboi cunu Midc GIOHOCHOW KINbKICHIO
2OMO2EHHUX €03UHOMIIbHUX KAIMUH MA SIOHOCHOIO KIIbKICIIO KAIMUHHUX e/leMeHmié ma KPOSOHOCHUMU MIKPOCYOu-
HaMu, Wo, y C8OI0 uepey, 6KA3VE HA emionamoeHemuyHi MexaHizmu ymeopeuHs yux cmpykmyp. Ilposedene oo-
CRLOMNHCEHHsL 00360JI5€ 3POOUMU BUCHOBOK, U0 MIMPAIbHI KIIMUHU, K OOHI 3 HAUOLIbW OUDepeHYillo8AHUX V HIOXOBUX
YuOynuHax, 4ymauei 00 pOo36UMKY 2INOKCUYHUX cmani. Takum uqumom 3a yM08 yepeOposacKyisapHol namonozii
BIOHOCHA KINbKICMb KPOBOHOCHUX MIKPOCYOUH 3MEHULYEMbCS, WO NPU3E00UMsb 00 NOPYUEHHS MPOQiKu Hep8osoi mKa-
HUHU i, IK HACTIOOK, MOJice NPU3BECmU 00 HeUpOYumoizy MimpaibHUX KiimuH. 3MiHU CYyOUHHO20 MA KIIMUHHO20 KOM-
NOHEHMI8 6KA3VIOMb HA PI3HUL NAMO2eHe3 3MIH HIOX08UX YUOYIUH NPU YUXx NAMOI0IAX i ceiduams npo me, wjo eo3uHo-
QinbHi 20MOeHHI KNIMUHU € Pe3YTbmMamoMm AnONMOmMUIHO20 HeUPOYUmOoizy Ha mii pO36UMK) SINOKCUYHUX CIAHIS.

From an evolutionary point of view the sense of
smell is one of the most ancient and most essential
sensations through which the process of knowledge
of the external world takes place. For most species
of mammalian the analysis of odorants determines
the complex forms of behavior on which their life
depends [4]. Unlike other analyzers, chemosensory
systems are dynamic throughout the period of
ontogenesis due the processes of continuous renewal
of olfactory epithelium. Through the reticular for-
mation, the olfactory system is closely linked to the
autonomic nervous system, which explains reflex
responses of the digestive and respiratory systems.
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 (OB) and olfactory epithelium [17].
At the same time the age factor significantly affects
the olfactory perception, which is associated with
changes in the hormonal status of the human body in
the process of ontogenesis [2].

Olfactory dysfunction is a fairly widespread
symptom of many neurodegenerative diseases,
which is probably arise due to lesions of mediator
systems at different levels of the analyzer [7].
Separately impaired sense of smell is definitely not a
pathology that threatens human life, therefore, often
remains unnoticed. However, they can directly affect
the quality of life, as it leads to malnutrition and
certain problems in interpersonal relationships [14].
There are studies that confirm the changes in the
volume of OB and as a consequence of olfactory
dysfunction in patients with psychotic and neuro-
logical disorders. Thus under normal conditions of
the aging process, the total number of neurons in OB
does not decrease, but under the condition of
Alzheimer's disease in these structures there is a
process of loss of nerve cells [5]. The first stage of
the development of non-motor disorders in Parkin-
son's disease is characterized by degeneration of the
olfactory bulb and the anterior olfactory nucleus,
which can clinically be manifested as an impaired
sense of smell [1, 3, 6].
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The study of the functional structure of the
olfactory analyzer plays an important role both in
clinical and experimental studies, but the question of
its features in humans needs detailed research. The
role of human OB remains one of the most
interesting questions concerning the work of brain,
since this organ is one of the few whose interneurons
are continuously generated in post-natal and adult life.
Their main functions are the threshold of perception,
discrimination and identification of smells [13].

The aim of research was to investigate morpho-
functional features of human olfactory bulbs in
patients with severe forms of pneumonia and
cerebrovascular pathology.

MATERIALS AND METHODS OF RESEARCH

The material of the research was 18 pairs of the
OB of males and females aged from 30 to 90 years
that were received at the Poltava region Department
of Pathology. The samples were divided into 3
groups according to the causes of death in accor-
dance with the pathoanatomical conclusion:

- group 1 (first experimental group) — OB of
people who died of severe forms of pneumonia
(n=5);

- group 2 (second experimental group) — OB of
people who died of cerebrovascular pathology
(n=7);

- group 3 (control group) — OB of people whose
cause of death was not associated with the specified
pathological conditions (n=6).

After fixation in 10% neutral formalin, the ma-
terial was dehydrated and paraffin waxed according
to a conventional method. From the paraffin blocks
on the rotational microtome, histological sections
were made, which were stained with H&eosin [16],
picrofuxin by Van Gieson [8], and methylene blue
by Nissl [12]. To investigate micropreparations and
to conduct morphometric studies, optical microscope
BX-41 of the company «Olympus» with a set of
corresponding licensing programs was used.

In order to objectify the data obtained on micro-
preparations, the following morphometric indices
were determined [9]:

- the specific gravity of the location of cellular
elements (at 50000 pm?);
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- the proportion of mitral neurocytes in the entire
cell population;

- percentage ratio of relative quantity between
cellular elements, circulatory microcosms, fibrillar
component and homogeneous eosinophilic structures.

The obtained data were subjected to statistical
processing. Medians (Me) and its interquartile inter-
val (Q1-Q3) were calculated for each variation line.
We applied the criteria of Shapiro-Wilk and
Kolmogorov-Smirnov in order to evaluate the
normality of distribution. Since the distribution
differed from normal, nonparametric methods were
used for statistical analysis — U-test of Mann-
Whitney (for two independent groups) and Spear-
men linear correlation coefficient. Statistical calcu-
lations were performed using the free statistical
software EZR 1.41 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a
graphical user interface for the R software program
(The R Foundation for Statistical Computing, Vien-
na, Austria) [10]. The results were considered statis-
tically significant at p<0.05.

RESULTS AND DISCUSSION

Materials investigation with the help of small
magnifications of a light microscope indicates that
OB are a set of heterogeneous morphological
features of nerve cells, glial cell elements, blood
microvessels and fibrillar structures, which are
surrounded by a peculiar capsule that is filled with

External
Glomerular layer

Layer of
pleximorphi | mitral cell

pia mater and partially subarachnoid one. The dura
mater in this zone forms a tent of olfactory bulbs.
Immediately in the capsule, a significant amount of
collagen fibers, cells of the fibroblast type, deposits
of melanin and blood vessels are determined. In
healthy people its volume is 65-70 mm® that cor-
relates with the functional activity of the olfactory
system. In the internal space of OB, five layers are
distinguished, differing in their morphological cha-
racteristics and, accordingly, in the functions they
perform: glomerular, external pleximorphic, a layer of
mitral cells, granular, internal pleximorphic (Fig. 1).
Specific gravity of the location of cellular
elements in the internal structure of the olfactory
bulb varies from 32 to 158 per 50.000 um’.
According to a study conducted, in OB of the first
group this feature was 105.5 (76.85-142.35), in the
second — 104.5 (86.75-133.45) and the third — 105.0
(84.35-137.95), being not significantly different.
Mitral neurocytes are phylogenetically the oldest
and largest cells of the OB. Their total number is
relatively small and amounts to approximately 5% of
the entire cellular population of olfactory bulbs. A
characteristic feature of mitral cells is the presence
of a dendritic protoplasmic barrel, which passes to
the glomerular zone that forms a dense branch, and
the axons pass along with the axons adjacent to the
periglomerular cells in the limbic system (Fig. 2).

Internal

Granular layer | pleximorphic

Fig. 1. Internal structure of human olfactory bulbs
(H&eosin stain, magnification 400x)

21/ Tom XXV1/ 2

99



KJIIHI9HA MEJIHITHHA

Fig. 2. Layer of mitral cells of olfactory bulbs (H&eosin stain, magnification 400x)

It was found that the proportion of these cells in  neurocytes in the total cell population was found in
the group 1 — 1.75 (1.5-2.05), in the group 2 — 4.05 samples from people who suffered from severe
(1.95-4.65), in the group 3 —5.68 (4.75-6.25). Thus, forms of pneumonia (Fig. 3).

a significant decrease in the proportion of mitral
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Fig. 3. Specific gravity of cellular elements in human OB
(* — p<0.05 relative to group 1)
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The blood supply to the OB is provided by the
microvessels both of arterial and venous types which
occupy 1-2% of the internal space. Not only the
vessels of the Willis circle, but also their small
branchlets, are affected under the conditions of
development of cerebrovascular pathology.

The part of internal structure occupied by
microvessels in the group 1 was 1.05 (0.98-1.17), in
the group 2 — 1.42 (1.12-1.65) in comparison to
control group in which this feature was 1.58 (1.24-
1.72). This research shows that statistically signi-
ficant changes on control in the group of severe
forms of pneumonia were not detected, while the
percentage of blood vessels in the internal space of OB
in the group 1 decreased relative to the control group.

Generally, the fibrillar components of the 1st
group occupied 92.34 (89.65-96.32), in the 2nd
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group — 93.56 (91.02-97.35) and in the 3rd group
93.15 (89.24-96.42) in the internal space of OB.
There was no statistically significant difference
between these figures.

There were significant changes relative to the
number of mitral neurons in OB of those who died
of severe forms of pneumonia compared to those in
whom the specified pathology did not decrease by
23.02%. Patients suffering from vascular pathology
revealed a decrease in the relative number of mitral
neurons by 64%.

In addition to the above-described elements in
the composition of OB it should be noted the
presence of rounded, larger homogeneous eosino-
philic bodies which are similar to described ones in
other parts of the brain “shadow cells” (Fig. 4).
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Fig. 4. “Shadow cells” in a human olfactory bulb
(A — H&eosin stain, B — Van Gison stain, magnification 400x)

In the cerebral hemispheres and cerebellum,
these structures are described as mummified nerve
cells due to incomplete neurocytolysis, which occurs
in response to hypoxic lesions. The evaluation of mor-
phometric indices found that in the group 1 their spe-
cific gravity was 2.3 (1.98-2.67), in the group 2 — 1.16
(0.98-1.26) and in control group — 0.18 (0.15-0.35).

The study defines that under the condition of
cerebrovascular pathology the relative number of
homogeneous eosinophilic entities significantly inc-

21/ Tom XXV1/ 2

reased by 53% compared with group 3, and in severe
forms of pneumonia by 50.79% compared with
group 2 and almost by 12 times compared with the
control group. In the amount of up to 0.5% “shadow
cells” can be detected in samples of the deceased
from causes not associated with the pathological con-
ditions under study. There was no association between
the presence of investigated structures, age and sex,
which indicates their pathological origin (Table).
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Percentage ratio of the relative number of elements of the internal structure
of the OB, Me (Q1-Q3)

Feature Group 1 (n=5)

Group 2(n=7) Control group (n=6)

Cellular elements 4.27 (3.54-4.81)

Microvessels 1.05 (0.98-1.17)*

Fibrillar components 92.34 (89.65-96.32)

“Shadow cells” 2.3 (1.98-2.67)**/*

3.62 (2.12-3.77)* 4.85 (3.95-5.23)

1.42 (1.12-1.65) 1.58 (1.24-1.72)

93.56 (91.02-97.35) 93.15 (89.24-96.42)

1.16 (0.98-1.26)* 0.18 (0.15-0.35)

Notes. * — p<0,05 relative to control group, ** — p<0,05 relative to group 2.

Correlation analysis of morphometric indices in
the general sample population revealed the existence
of an inverse communication of average strength
between the relative number of homogeneous
eosinophilic cells and the relative number of cellular
elements (r=-0.67; p=0.017) and blood microvessels
(r=-0.54; p=0.034), which in turn indicates the
etiopathogenetic mechanisms of the formation of
these structures.

Changes in blood supply were found in the
olfactory bulbs of people suffering from cerebro-
vascular pathology. Their significant reduction may
indicate a decreasing of vascularization and, as a
consequence, organ trophism.

The specific location of cellular elements is not
changed with the development of pneumonia and
cerebrovascular diseases. As known, some type of
pneumonia may modulate mRNA expression level
of neurotrophic factor and its effects on the acti-
vation and viability of microglia [15]. In persons
suffering from severe forms of pneumonia, there
was a decrease in the proportion of the other neurons
of the olfactory analyzer — mitral cells, which can
lead to disorders of olfactory perception. It can occur
due to hypoxic neurotrophic disturbances. However,
their number decreases in both types of studied
pathological conditions.

In the case of severe pneumonia, such changes
may be due to oxygen-dependent processes in the
nerve cell itself, while in cerebrovascular disease the

main cause may be trophic disorders due to reduced
vascularization.

The appearance of "shadow cells", which are
described in other brain structures as markers of
hypoxia and apoptosis [11], and their association
with the quantitative composition of cellular com-
ponents and the specific area of microvessels
indicates the development of neurocytolysis of
mitral cells with different genesis.

CONCLUSIONS

The work describes the internal structure of
human olfactory bulbs and identifies 5 structural
layers that differ in morphological structure. The
analysis showed that under conditions of cerebro-
vascular pathology, the comparative number of
blood vessels decreases, that leads to disruption of
trophic nerve tissue, and can lead to neurocytolysis
of mitral cells. The research of changes in the inter-
nal structure of human olfactory bulbs has shown
that the development of severe forms of pneumonia
is accompanied by changes in cellular composition
and decrease the number of mitral cells. The analysis
of the structural changes of human olfactory bulbs
indicates the different genesis of their development
and suggests that eosinophilic homogeneous bodies
are the consequence of apoptotic neurocytolysis
against the background of hypoxic conditions.
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