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ABSTRACT

The aim is to identify the morphological features of the uterus layers in women at different time intervals of the postmortem period as diagnostic criteria for establishing the
postmortem interval.

Materials and methods: In the study we used surgical and autopsy material — uterine tissue fragments. All materials were divided into two groups. The 1st group (G 1) indluded surgical
material from women (n=6) who underwent removal of the uterus, or uterus with the appendages due to leiomyoma, uterine prolapse. The 2nd group (G 2) included autopsy material
from 42 women with known causes of death and postmortem period (from 24 to 48 hours — 6 cases, from 49 to 72 hours — 7 cases, from 73 to 96 hours — 8 cases, from 97 to 120
hours — 6 cases, from 121 to 144 hours — 8 cases, more than 144 hours — 7 cases). Histological and immunohistochemical study methods were used.

Results: A comprehensive morphological study of the women uterus revealed a time-dependent increase of postmortem changes in this organ linked with the increase of postmortem period.
In cases of postmortem period duration up to 144 hours, the structural elements of the uterine layers were identified. In cases where the duration of the postmortem period was more than
145 hours, microscopically the uterus was represented by eosinophilic fibrous or dusty masses, the histogenesis of which could not be determined. The processes of autolysis occurred more
intensely and faster in the mucous membrane of the uterus, in comparison with the muscular and serous membranes, and in the vessels — in their inner membrane, in comparison with the
middle and outer membranes. Autolytic changes in the muscular membrane of the uterus and vascular walls occurred more intensely in muscle fibers compared to connective tissue fibers.
Condlusions: The histological and immunohistochemical features of the women uterus at different postmortem periods have a certain forensic medical significance and can be used for
establishing the postmortem interval.
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INTRODUCTION

The issues of determining the postmortem interval in fo-
rensic science and practice were always relevant and will
probably remain so for a long time [1]. The prescription
of death, as is known, is determined by a forensic expert
when examining a corpse at the place of its detection and
its subsequent autopsy [2].

Today, there is a large arsenal of diagnostic methods that
allow forensic experts to establish approximate time inter-
vals for the prescription of death. Some methods are quite
complex for practical use, while others are only of scientific
and theoretical significance, since their implementation
requires complex and expensive equipment, which is used
in special fields of science and technology [3, 4]. Thus, an
important issue of modern forensic science and practice is
the search and development of new and effective diagnostic
criteria that would allow experts to determine the post-
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mortem interval more accurately and to give a reasoned
opinion meeting the needs of law enforcement agencies.
Animportant role in the development of diagnostic crite-
ria that allow experts to establish the postmortem interval
in various terms of the postmortem period is assigned to
morphological methods. In the available domestic and
foreign literature, we did not identify the complex mor-
phological studies of the uterus in order to establish the
valid and reliable diagnostic criteria for determining the
postmortem interval. That fact actualizes the current study.

THE AIM

The aim is to identify the morphological features of the
uterus layers in women at different time intervals of the
postmortem period as diagnostic criteria for establishing
the postmortem interval.
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MATERIALS AND METHODS

In the study we used surgical and autopsy material - uter-
ine tissue fragments. All materials were divided into two
groups. The 1* group (G 1) included surgical material from
women (n=6) who underwent removal of the uterus, or
uterus with the appendages due to leiomyoma, uterine
prolapse. The 2™ group (G 2) included autopsy material
from 42 women with known causes of death and postmor-
tem period (from 24 to 48 hours - 6 cases, from 49 to 72
hours - 7 cases, from 73 to 96 hours - 8 cases, from 97 to
120 hours - 6 cases, from 121 to 144 hours - 8 cases, more
than 144 hours - 7 cases). The average age of women in G 1
and G 2 did not have significant differences (p>0.05) and
amounted to 68.7+2.5 years and 69.4+2.7 years, respective-
ly, which, according to the age classification of the World
Health Organization, corresponds to old age. The criteria
for excluding cases from G 1 were the presence of infor-
mation in the medical history about the woman’ intake of
alcohol or drugs, from G 2 - the presence of information
about the woman’ intake of alcohol or drugs, violent death
or death with an unknown cause and diagnosis.

In G 1 and G 2 the fragments of uterine tissue were cut
out through the entire thickness of the organ in the areas
without macroscopically detected pathological processes.
The resulting material was fixed in a 10 % solution of
neutral formalin (ph 7.4) for 24-48 hours, carried out
according to the generally accepted technique and embed-
ded in paraffin. From paraffin blocks serial sections with
a thickness of 4-5 um were made. The slides stained with
hematoxylin and eosin were examined using an Olympus
BX-41 microscope (Japan).

Immunohistochemical study was performed according
to standardized protocols using a murine monoclonal
antibody (MCA) to smooth muscle actin (HHF35 clone,
Diagnostic BioSystems Inc., USA). Visualization was per-
formed using a PolyVue Plus™ HRP/DAB Detection System
(Diagnostic BioSystems Inc., USA).

RESULTS

In G 1, an observation microscopy in the uterus revealed
three characteristic layers (mucosa, or endometrium;
muscular, or myometrium; serous, or perimetrium), the
boundaries between which were clear (fig. 1a, 1b). Among
these layers, myometrium was characterized by the greatest
thickness. In all uterus layers, stained with hematoxylin
and eosin, there was a uniform staining of cell nuclei in a
blue and violet color and the cells cytoplasm, connective
tissue fibers in a pink-red color.

The endometrium was lined with a single-layer prismatic
epithelium, which was located on the loose unformed
connective tissue. Vessels, nerve fibers and numerous
uterine glands, extending through the entire thickness of
the endometrium, passed between the connective tissue
fibers. The uterine glands in some fields of view looked
like narrow straight tubes or cystic-enlarged cavities, and
in some fields of view they lengthened and twisted in a
corkscrew-like manner. Also, between the connective tis-
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sue fibers, a diffuse polymorphic cellular infiltration was
revealed, which mainly consisted of the cells of fibroblast
series and immune cells.

The myometrium was characterized by the presence of
parenchyma and stroma. The parenchymal component was
represented by a set of smooth muscle cells, which united
into bundles and formed three layers, the boundaries
between which were indistinct. The direction of smooth
muscle cells in the layers was different: longitudinal - in
the outer and inner layers, circular - in the middle layer.
In most fields of view, the bundles of muscle fibers were
tightly attached to each other. Myocytes were character-
ized by the presence of a rod-shaped nucleus located in
the central part of the cell. The stroma was represented
by thin layers of connective tissue fibers, between which
vessels and nerve fibers were located. Also diffuse, mod-
erately pronounced polymorphic cellular infiltration was
determined, represented mainly by the cells of fibroblast
series and immune cells.

The serous layer was adjacent to the myometrium and
was represented by densely located connective tissue fibers.
Between them, there were nerve fibers, vessels and poly-
morphic-cellular infiltration, which was represented main-
ly by the cells of fibroblast series and immune cells. From
the surface, the serous layer was covered by mesothelium.

In G 1, an immunohistochemical reaction with MCA to
smooth muscle actin showed the uniform and clear cyto-
plasmic dark brown staining of myofibroblasts located in
all layers of the uterus, as well as of smooth muscle cells of
the vessels and myometrium.

In G 2, in cases where the postmortem period lasted from
24 to 48 hours, an observation microscopy revealed clear
boundaries between the uterus layers. The endometrium
was characterized by uneven thickness (fig. 2a). It lacked
the characteristic single-layer prismatic epithelium. In the
lamina propria there were moderate edematous changes of
the cellular elements and connective tissue fibers, which
uneven stained with hematoxylin and eosin. Light slit-like
spaces were identified between the connective tissue fibers.
Stromal cellularity did not change compared with G 1. In
most of the uterine glands, desquamation of epithelial cells
was detected. Desquamated cells were located in groups
in the glands lumens, had a well-defined structure or were
enlarged in size with pyknotic nuclei. In the lumens of some
glands, only the epithelial cells nuclei were determined,
which indicated about the violation of the integrity of
these cells.

In myometrium, it was revealed uneven staining with
hematoxylin and eosin of the cells nuclei and cytoplasm, as
well as connective tissue fibers (fig. 2b). In this membrane,
moderate edema of muscle and connective tissue fibers
with the presence of light slit-like spaces between them
was identified. Muscle fibers in some field of views were
also characterized by the presence of few foci of wave-like
deformations, thinning and partial ruptures across the fiber
axis. In some fields of view, the nuclei of muscle cells were
increased in size with light purple color, and in other places
they were small with dark purple color. In some myocytes,
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a

Fig. 2. G 2. The duration of the postmortem period was 39 hours. Microscopic structure of the mucous, muscular and serous layers of the uterus. Hema-

toxylin and eosin staining, a) <400, b) x400.

nuclei were not detected. Between the connective tissue
fibers, as in G 1, the cells of fibroblast series and immune
cells with moderate edematous changes were visualized.

In serous layer, the mesothelium was practically unde-
tectable (fig. 2b). Moderate edematous changes of cellular
elements and connective tissue fibers led to their uneven
staining with hematoxylin and eosin. In the light slit-like
spaces between the connective tissue fibers, the cells of
fibroblast series and immune cells were determined, the
number of which was similar to G 1.

In most of the vessels located in all layers of the uterus,
there were pronounced endothelial cells desquamation,
moderate edematous changes of connective tissue and
muscle fibers, and the absence of nuclei in some of the
myocytes. In the lumens of most vessels, desquamated en-
dothelial cells of an elongated-curved shape and unchanged
erythrocytes were found.

The expression of smooth muscle actin was determined
in myofibroblasts, smooth muscle cells of the vessels and
myometrium. However, in the described cases, in com-
parison with G 1, a decrease of the smooth muscle actin

expression was revealed in some fields of view, as a result
of which these areas had a light brown color.

In cases where the postmortem period ranged from 49 to
72 hours, in comparison with the earlier postmortem pe-
riod, we found more pronounced edematous changes and
uneven staining of cellular elements and connective tissue
fibers with hematoxylin and eosin in all uterine layers.

In mucous membrane we determined the deformed
glands with ruptures. There were an increase the desqua-
mative changes of epithelial cells, which were located in the
glands lumen and characterized by the absence of nuclei
or the presence of dark-violet nuclei of reduced in size,
turbid cytoplasm and indistinct contours. It was revealed
the increased number of glands with the presence of a
fragment of epithelial cells in their lumens, reduced in
size nuclei with the clear areas in their central part (fig. 3).
Cellularity of stroma was decreased. The connective tissue
fibers were with a loss of the characteristic clarity of the
contours, their fragmentation. Also there were increased
the spaces between the connective tissue fibers.

In myometrium it was revealed an increase the number
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Fig. 3. G 2. The duration of the postmortem period was 68 hours. Microscop- L= i 1

ic structure of the mucous and muscular layers of the uterus. Hematoxylin
and eosin staining, x400.

Fig. 4.G2.The duration of the postmortem period was 85 hours. Immuno-
histochemical reaction with MCA to smooth muscle actin, x400.

-

Fig. 5. G 2. The duration of the postmortem period was 110 hours. Micro-
scopic structure of the myometrium. Hematoxylin and eosin staining, x200.

Fig. 7. G 2. The duration of the postmortem period was 155 hours. Hema-
toxylin and eosin staining, x200.

of the fields of view with the wave-like deformations of the

muscular fibers, swelling and turbidity of the their cyto-
plasm, lack of characteristic clarity of their contours, their
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Fig. 6. G 2. The duration of the postmortem period was 136 hours. Immu-
nohistochemical reaction with MCA to smooth muscle actin, x200.

fragmentation and partial ruptures. It was determined the
muscle fibers with a complete rupture and disintegration
into separate segments. Myocyte nuclei decreased in size
and were light purple. We found an increase the number
of non-nuclear myocytes. The myocytes nuclei appeared
in the intercellular spaces. It was revealed an increase the
spaces between the muscle fibers (fig. 3).

In stroma of the myometrium, as well as in serous layer, it
was noted an increase the connective tissue fibers swelling.
Connective tissue fibers disintegrated into the separate
fragments. The spaces between the connective tissue fibers
continued to increase. Cellularity decreased markedly.

In the vessels that were located in all uterine layers, the
endothelium was not visualized. There was an increase
the muscle and connective tissue fibers swelling. It was
appeared the rupture and loss of the muscle and connective
tissue fibers contour visibility. We found an increase the
number of non-nuclear myocytes. An increase the number
of desquamated endothelial cells and the appearance of
hemolyzed erythrocytes were noted in the vessels lumens.

An immunohistochemical study revealed a decreased
expression of smooth muscle actin by myofibroblasts,
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smooth muscle cells of the myometrium and vessels, which
was manifested by an increase the number of light brown
areas. In few fields of view the expression of that MCA was
virtually undetected.

In cases where the duration of the postmortem period
ranged from 73 to 96 hours, microscopically in all uterine
layers there were fields of view with structures unevenly
stained with hematoxylin and eosin. Besides, the number
of such fields of view in these cases was larger compared to
cases where the duration of the postmortem period ranged
from 49 to 72 hours. Also in these cases in myometrium
and walls of the vessels during hematoxylin and eosin stain-
ing there were some fields of view with light pink color and
the presence of shadow nuclei, in which it was impossible
to differentiate the muscle and connective tissues.

The mucous membrane of the uterus in these cases was
not detected in some fields of view. In the fields of view,
where that membrane was detected, in comparison with
previous cases, there were an increase the number of glands
with ruptures and desquamative changes in epithelium of
the glands, as a result of which, in their spaces, the small
formless elements or strata without a pronounced structure
were observed. Some glands took the shape of round-oval
voids of various sizes.

In stroma of the endometrium edematous changes of the
cellular elements and connective tissue fibers increased,
which led to the swelling of the latte. The cellularity was
sharply decreased, which in some fields of view was not
determined. There was an increase the number of fields of
view with thinning, ruptures and fragmentation of con-
nective tissue fibers into separate particles, the boundaries
of which in most cases were indistinguishable. The spaces
increased between the connective tissue fibers.

In parenchyma of the myometrium, edematous changes
of muscle fibers increased, which led to their swelling.
Wave-like deformation and complete ruptures of muscle
fibers, that did not have clear contours, were growing. It
was an increase the number of non-nuclear myocytes and
myocytes with the presence of shadow nuclei. These were
also an increase the number of the fields of view with the
presence in the intercellular space of reduced nuclei of
light violet color, or fragments of nuclei. The intermuscular
spaces became larger and in some fields of view took the
form of cavities.

In connective tissue fibers of muscle and serous layers,
there were an increase edematous changes and their
swelling. These fibers continued to lose the characteristic
clear boundaries and to grow their disintegration into the
separate fragments. Between the connective tissue fibers,
the spaces increased, which in some fields of view looked
like cavities. The cellularity sharply decreased, which was
not detected in some fields of view.

In vessels located in all layers of the uterus, there were an
increase edematous changes and swelling, ruptures and loss
of clarity contours of muscle and connective tissue fibers.
We found an increase the number of non-nuclear myocytes
and myocytes with the presence of shadow nuclei. In lu-
mens of the vessels, erythrocytes-shadows were identified.

The expression of smooth muscle actin by myofibroblasts,
smooth muscle cells of the vessels and myometrium was
sharply reduced. In a significant number of fields of view,
the number of areas with a positive reaction sharply de-
creased. The latter were light brown color (fig. 4).

In cases where the duration of the postmortem period
ranged from 97 to 120 hours, microscopically the mucous
membrane was not determined in the uterus. The boundar-
ies between the muscular and serous layers were indistinct.
In comparison with the previous cases, in these cases there
was an increase the unevenness of staining of structural
elements with hematoxylin and eosin.

In myometrium, in a significant number of fields of view
there was an increase the number of homogeneous areas of
light pink color. In those areas it was impossible to differ-
entiate the muscle and connective tissues (fig. 5). In single
fields of view, where muscle and connective tissue were
visualized, in muscle fibers there were an increase edema
and swelling, wave-like deformation, fragmentation, loss
of contours clarity. The number of myocytes without nuclei
and myocytes with shadow nuclei increased. The width of
the intermuscular spaces increased, and they often had a
cavity-like shape.

In the connective tissue fibers of myometrium and peri-
metrium, swelling, fragmentation, loss of contours clarity
and ruptures were increased. In these layers only in some
fields of view the cells of fibroblast series and immune cells
were detected.

Vessels located in all layers of the uterus in some fields of
view had a totally homogeneous wall of light pink color, in
which the layers were not contoured. In some of the vessels,
predominantly of large caliber, the contouring of the layers
was noted, in there, the muscle and connective tissue fibers
were characterized by swelling, indistinct contours and
ruptures. The number of non-nuclear myocytes, myocytes
with the presence of shadow nuclei, myocytes with reduced
in size nuclei of light purple color increased. Lumens of
the vessels were without any content or, in some places,
erythrocytes-shadows were determined.

In single fields of view, a few smooth muscle cells of the
muscle layer expressed smooth muscle actin. These areas
looked light brown.

In cases where the duration of the postmortem period
ranged from 121 to 144 hours, when stained with hematox-
ylin and eosin, in all fields of view the eosinophilic (light
pink) nuclear-free fibrous structures or their fragments
were revealed in the muscular layer that was located
closer to the serous membrane. In these areas, it was not
possible to differentiate the muscle and connective tissue
components, and single basophilic structures that were
localized between the fibers fragments which resembled
the structure of immune cells. There were wide spaces or
cavities between the above-mentioned fibrous structures.

In the deeper parts of the myometrium, located in the
direction or closer to the mucous membrane, against the
background of eosinophilic fragments of fibrous structures,
the histogenesis of which could not be determined, the
single areas with the presence of small fragments of muscle
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and connective tissue fibers were revealed. The latter did
not have clear boundaries, looked swollen and fragmented.
In a part of myocytes, small nuclei of light violet color with-
out clear boundaries or shadow nuclei were revealed. The
spaces between the fibers were wide. Between the fibers,
in some places there were single immune cells.

When stained with hematoxylin and eosin, the serous
membrane was represented in a significant number of
the fields of view by eosinophilic (pale pink) fragments
of fibrous structures that did not have clear contours and
were located chaotically. Also, in this layer, single basophilic
(light purple) structures were identified the structure of
which most likely corresponded to immune cells.

The vessels located in all layers had a rounded-oval shape
and were characterized by the presence of light pink fibers,
among which it was impossible to differentiate muscle and
connective tissues. Fibrous structures often looked frag-
mented and swollen, with breaks. There was no content in
the lumens of the vessels.

When staging an immunohistochemical reaction with
smooth muscle actin, its expression by single smooth
muscle cells of the muscular layer was revealed. These
myocytes were uniformly light brown or contained light
brown granules. In a significant number of the fields of
view, the expression of this MCA was not detected (fig. 6).

In cases where the duration of the postmortem period was
more than 145 hours, when stained with hematoxylin and
eosin, it was impossible to differentiate the muscular and
serous layers. The basophilic structures were not determined
(fig. 7). Only fibrous structures or dusty masses of light pink
were noted. The fibrous structures, totally, looked sharply
swollen, with indistinct contours and with the areas of
breaks. Small vessels were not visualized, while large vessels
were identified due to their rounded or rounded-oval shapes.

The expression of smooth muscle actin was not deter-
mined.

DISCUSSION

Autolysis processes that occur after death are a special
feature of biological objects to hydrolytically decompose
their own molecular and cellular structures. The autolytic
process, as is known, is usually divided into several stages
depending on the time of death (the stage of initial changes,
pronounced changes and the stage of late autolytic chang-
es), each of which is characterized by certain biochemical,
biophysical, morphological and immunohistochemical
changes [5].

During this study, the features of morphological changes
in the mucous, muscular and serous layers of the uterus
of elderly women at different periods of the postmortem
period were defined for the first time. The authors found
that the processes of autolysis in the uterus occur more in-
tensively and faster in the mucous membrane compared to
the muscular and serous membranes, which was confirmed
by the absence of this membrane during microscopic ex-
amination, in cases where the duration of the postmortem
period was 97 hours or more.
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The study of the morpho-functional features of the
endometrium in forensic science and practice allowed
examiners to obtain additional information about the age,
obstetric and gynecological data and some phenotypic
features of the identified personality [6].

In our study, it was noted that in the muscular layer of
the uterus, as well as in the walls of the vessels located in
all its layers, autolytic changes occurred more intensively in
muscle fibers in comparison with connective tissue fibers.
This fact, from our point of view, is due to the structural
features of the connective tissue (its high density, poor
hydrophilicity).

Delayed autolytic changes in connective tissue were
noted by a number of scientists when studying the mor-
phological features of the Achilles tendon at various times
of the postmortem period [7]. Resistance to postmortem
changes in connective tissue and foci of sclerosis was also
noted by scientists during a morphological study of the
kidneys [8].

Scientists studying postmortem changes in the skeletal
muscles of rats during postmortem autolysis showed rapid
changes in the properties of actin and myosin, which are
known to be proteins constituting the structural basis of
myofibrils [9].

Immunohistochemical studies are a useful tool for more
accurate, in comparison with other morphological meth-
ods, determination of the age of various types of wounds,
postmortem interval, etc. [10]. The authors’ immuno-
histochemical study with MCA to smooth muscle actin
made it possible to identify myofibroblasts located in all
layers of the uterus, as well as to differentiate muscle and
connective tissue fibers in the walls of blood vessels and
the myometrium.

CONCLUSIONS

1. A comprehensive morphological study of the women
uterus revealed a time-dependent increase of postmor-
tem changes in this organ linked with the increase of
postmortem period. In cases of postmortem period
duration up to 144 hours, the structural elements of
the uterine layers were identified. In cases where the
duration of the postmortem period was more than 145
hours, microscopically the uterus was represented by
eosinophilic fibrous or dusty masses, the histogenesis
of which could not be determined. The processes of
autolysis occurred more intensely and faster in the
mucous membrane of the uterus, in comparison with
the muscular and serous membranes, and in the ves-
sels — in their inner membrane, in comparison with the
middle and outer membranes. Autolytic changes in the
muscular membrane of the uterus and vascular walls
occurred more intensely in muscle fibers compared to
connective tissue fibers.

2. The histological and immunohistochemical features of
the uterus of women at different postmortem periods
have a certain forensic medical significance and can be
used for establishing the postmortem interval.
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The prospect for further research is the development of
a computer program for analyzing the color properties of
raster images, which will allow, when examining slides, to
identify qualitative characteristics and, as a result, to carry
out the accurate and correct morphological diagnostics of
processes or phenomena, as well as perform a statistical
analysis of the data obtained.
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