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MORPHOLOGICAL CHANGES IN LUNGS, HEART AND LIVER CAUSED
BY EXPERIMENTAL ASSOCIATED CHEST AND THIGHS TRAUMA
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Background. According to preliminary results obtained, the development of hypoxemia caused by chest
trauma affected lipid peroxidation stimulation leading to disruption of cell membranes structure and consequently
cell death closing the ‘icious’ circle, which in our opinion and according to the literature cause multiple organ
failure.

Objective. The aim of our study was to determine the features of morphological changes in cases of heart,
lungs, liver injury after associated chest and both thighs trauma in rats.

Methods. For histological examination the pieces of left ventricle tissues of heart, lungs and liver were used,
which were fixed in 10% neutral formalin solution, dehydrated and embedded in paraffin blocks.

Results. It was established that associated trauma of chest and both thighs in 1 day after the injury is
accompanied by disturbances of hemodynamics in parenchymal organs due to venous congestion that occurs
during the development of cardiovascular disease caused by traumatic shock. In the most severe period of
maximum likelihood of complications, within 3 days, respiratory hypoxia, cardiovascular disorders, metabolic
acidosis, and induced programmed cell death may develop.

Conclusions. On the background of increasing pulmonary oedema (thickening of inter air sac membranes)
caused by associated trauma of chest and both thighs in rats after only one day of the experiment hemodynamic
changes in heart (low-blood supply of vessels in epicardium and isolated blood vessels of venous type) and liver
(mainly plethora of blood vessels) were observed, which lead to morphological changes of myocardium within 3

days.
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Introduction

Trauma is the main cause of death among
people of all ages, with most injuries that can
be prevented by adequate quality diagnosis
and correction. Over the past decade, due to
increasing urbanization and mechanization of
life, injuries have become an urgent social and
economic problem. Multiple injuries, especially
in road accidents, according to their frequency
and consequences of social significance, are
very important in the context of nosology forms
leading to death and disability of victims and
reduce labour resources of the country [1, 2].
The level of injury in the regions of Ukraine is
growing steadily, but from injuries in 2001 40
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thousand people died, and 2.3 million were
injured. According to the State Statistics Com-
mittee of Ukraine, mortality, because of acci-
dents, poisonings and injuries, takes the third
place, and because of only injuries - the fourth
among all causes [3, 4].

In recent years, a steady trend towards
complications of traumatic injuries is evidenced,
most of them are multiple and combined with
the inherent nature of mutual burdening syn-
drome [5]. Combined traumatic injuries due to
their complexity are especially dangerous and
provide the significant threat to human life. [6]
They are still unsolved problem for the world
of medical science and health [7].

From the pathophysiological point of view,
the risk of trauma is due to the involvement of
target organs in pathological process that con-
tributes to the development of multiple organ
failure. Thus, according to Pasternak VN, it is
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established that in multiple trauma, liver beco-
mes involved in pathological process due to
reduced activity of enzyme systems and the
kidneys. The author suggests that these two
organs play a great part in organ failure [8, 9].
In the literature Prydruha SM and Gasyuk NV
analysed the published data regarding the
mechanisms of tissue damage to various organs
in different periods of traumatic disease [10].
Kozak DV and Volkov KS noted that damage to
organs and tissues serves as morphological
substrate of traumatic disease [11]. According
to the obtained preliminary results, the develop-
ment of hypoxemia, caused by chest trauma,
affected lipid peroxidation stimulation that
caused disruption of cell membranes structure
and consequently cell death closure of ‘vicious’
circle, which in our and other authors opinion
cause multiple organ failure with involvement of
heart, lungs, liver in the pathological process [12].

The aim of our study was to determine the
features of morphological changes in cases of
heart, lungs, liver injury after associated chest
and both thighs trauma in rats.

Methods

The study was conducted using 36 adult
male white nonlinear rats of 200-220 g body
weight. Rats were housed under standardized
laboratory conditions, with 12 h dark/light cycle
and free access to food and tab water ad libi-
tum. All procedures were conducted according
to the European Convention for the Protection
of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg,
1986) and General Ethical Principles of Experi-
ments Using Animals (First National Congress
of Bioethics, Kyiv, 2001). The animals were ran-
domly divided into 3 groups: 1 control (C1) and
2 experimental (E1, E2) groups, each comprising
12 animals. The animals in the experimental
group underwent thiopental sodium anaes-
thesia (40 mg/kg intraperitoneal) using a trocar
modelled right-closed pneumothorax from
fractured ribs and combined them with a bro-
ken left and right femur. Skeletal injury was
simulated by applying a single shock dosed by
a specially designed device on each thigh, which
caused a closed fracture [13]. Impact energy
was 0.375 J, which corresponded to the injury
of moderate severity. Combined injury was
simulated by sequential administration of these
two injuries. Mortality of animals in each group
was E1(12/11), E2(12/9), E3(12/10), E4(12/10),
E5(12/9). At the end of the experimental period,
the rats were sacrificed by decapitation.

For histological examination the pieces
were separated from left ventricle tissues of
heart, lungs and liver and fixed in 10% neutral
formalin solution, dehydrated and embedded
in paraffin blocks [14]. Then the sections,
obtained by Sannomiya microtome, were
stained with hematoxylin-eosin. Histological
preparations were studied using light micro-
scope and SEOSCAN and documented using
the camcorder Vision CCD Camera.

Results

Histologically we have found out the begin-
ning of morphological changes in the liver
structure of experimental animals in 1 day after
the experiment was established. Thus lobular
structure still was intacted, sinusoid’s gaps
were visualized well, and some of them were a
little expanded and did not contain any cellular
elements. Hepatocytes were increased slightly
in size, but most of them saved their organi-
zation. Their cytoplasm became enlightened,
fine-grained, filled in with vacuoles of various
sizes. Some nucleus grew in size, their nuclei
were visualized well; the rest of the nucleus
were enlightened, pycnotic corrugated (Fig. 1,
2). Area of portal tracts was increased mainly
due to the plethora of vessels (Fig. 2). Perivas-
cular oedema and lymph histiocytic infiltration
were not observed.

Histological examination of the myocardium
of experimental animals in 1 day after the be-
ginning of the experiment proved low-arterial
vessels blood supply in epicardium and indi-
vidual vessels of venous type dilated with mild
perivascular oedema. Perivascular stroma was
slightly loosened because of oedema. Cardio-
myocytes were visualized well; their cytoplasm

Fig. 1. Liver structure in cases of associated chest and thighs
trauma on the 1t day of the experiment. (Significant
degenerative changes of hepatocytes, structural changes
of nuclei). Stained with hematoxylin and eosin. x200.
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was rich, homogenous; well accumulated
pigment. Nuclei were visualized in the main part
of the cells. Some nuclei increased in size, karyo-
plasm was enlightened (Fig. 3). In pericellular
spaces we detected a slight swelling, which
occurred among the few red blood cells. Some
of the cardiomyocytes were fragmented.
Histological examination of lungs of experi-
mental animals revealed that in 1 day tissue
blood flow was decreased. Phenomenon of
dystonia with spasm of vessel walls was domi-
nated, but land-capillary venous plethora was
also observed (Fig. 4). Inter air sac membrane
became thick because of a slight oedema, vas-
cular dystonia, and focal perivascular infiltration
(Fig. 5). Cellular reaction manifested by leuko-
cytosis and macrophage infiltration. Some of
alveoli were expanded; their gaps remained
free of fluid. The walls of small bronchus were
mainly spasmed, ciliated epithelium surface

Fig. 2. Liver structure in cases of associated chest and thighs
trauma in 1 day after the beginning of the experiment.
(Dystrophic changes of hepatocytes, expansion sinusoid).
Stained with hematoxylin and eosin. x200.

Fig. 3. Myocardium structure in cases of associated chest
and thighs trauma in 1 day after the beginning of the
experiment. (Slight swelling of pericellular spaces,
fragmentation of some cardiomyocytes). Stained with
hematoxylin and eosin. x200.

became flat; in some areas pockets of inflam-
matory infiltration and exfoliation of the epi-
thelium into the lumen were identified. Howe-
ver, the majority of gaps were free of fluid. The
pulmonary pleura remained without any signs
of inflammation.

Histological examination of liver of experi-
mental animals in 3 days of the experiment
proved the progression of structural changes
that resulted in violation of lobular structure
and disruption of cells structure. Enlightenment
sinusoid was visualized poorly and practically
did not contain cellular elements. Beamed
organization of cells was violated; cell size was
raised significantly by increasing the number
of cytoplasmic inclusions. The cytoplasm was
mosty enlightened, became fine-grained. The
majority of nuclei were hypertrophied, nuclei
were well vizualized; some of cores were en-
lightened, pyknotic corrugated (Fig. 5). Area

Fig. 4. Lung structure in cases of associated chest and thighs
trauma in 1 day after the beginning of the experiment.
(Uneven capillary venous hyperemia). Stained with hema-
toxylin and eosin. x200.
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Fig. 5. Liver structure in cases of associated chest and thighs
trauma in 3 days after the beginning of the experiment.
(Increased dystrophic changes of hepatocytes). Stained
with hematoxylin and eosin. x200.
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portal tracts were increased, mainly due to the
plethora of lymph vessels and moderate
histiocytic infiltration. Perivascular oedema was
not observed.

Histological examination of the myocardium
in 3 days of the experiment proved the increase
of vessels blood supply of both arterial and
venous type, their hyperemia and perivascular
oedema increased. It leaded to decrease of
perivasal stroma and increase of intracellular
spaces (Fig. 6). The structure of the majority of
cardiomyocytes changed a little. They were
located evenly, their sarcoplasm remained
homogeneous, cores were partly enlightened,
but their contours remained clear. Only a few
fibres were replated with colour that indicated
of their abbreviation.

In 3 days of the experiment, the thickness
ofinter air sac membranes because of increasing
of oedema, easing elastic and collagen fibres
and focal perivascular infiltration, was observed
in the lungs of rats (Fig. 7). The cell reaction was
manifested by leukocytosis and moderate in-
crease of macrophages, mast cells and lympho-
cytes. Enlightenment of some alveoles remained
slightly enhanced, but the most of them were
free of fluid. The walls of small bronchus rema-
ined spasmodic, superficial single-row ciliated
epithelium became flat. In mucosa the area of
focal inflammatory infiltration and exfoliation
of the epithelium into the lumen increased.
Pulmonary pleura inflammation was not evi-
denced.

Discussion

It is established that during the first 12
hours since the injury, due to local tissue da-
mage and activation of systemic inflammatory
response, acute disorders of vital functions take
place [15, 16]. The release of proteases, oxi-
dants, leukotrienes and proinflammatory cyto-
kines under the influence of pathogenic factors
causes the damage of lung endothelium that
leads to pulmonary oedema. In this study it was
proved that thickening of inter air sac mem-
branes in 3 days of the experiment and lesions
of alveolar epithelium result in decrease of
surfactant production and loss of normal fluid
transport that impairs lung function [19, 20].
Results of the study indicate that the associated
trauma of chest and both thighs in 1 day after
the injury is accompanied by disturbances of
hemodynamics in parenchymal organs due to
venous congestion that occurs during the
development of cardiovascular disease (low-
blood supply in arteries of epicardium and

Fig. 6. Structural changes in myocardium caused by
associated chest and thighs trauma in 3 days of the
experiment. (Decrease of perivasal stroma and increased
intracellular spaces). Stained with hematoxylin and eosin.
x200.

Fig. 7. Lungs structure in cases of associated chest and
thighs trauma in 3 days after the beginning of the
experiment. (Moderate oedema, vascular dystonia, and
focal perivascular infiltration). Stained with hematoxylin
and eosin. x200.

single extended venous vessels with a minor
perivascular oedema) caused by traumatic
shock [17]. In the lungs the system of inflam-
matory response becomes more active in the
form of cellular reactions that are manifested
by leukocytosis and macrophage infiltration.
In the most difficult period of maximum
likelihood of complications, within 3 days respi-
ratory hypoxia, cardiovascular disorders, meta-
bolic acidosis, and induced programmed cell
death may develop [18]. Previously we have
found out that associated trauma of chest and
both thighs in rats is accompanied by tissue
hypoxia in early posttraumatic period and is
characterized by the increase in the concen-
tration of lactate and pyruvic acid from the first
day of the experiment. We believe that the
progressive development of hypoxia and acti-
vation of free radical oxidation and potentiate
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endogenous intoxication contract artery walls
reaction and structural changes on the cellular
level.

Conclusions

On the background of increasing pulmonary
oedema (thickening of inter air sac membranes)
provided by associated trauma of chest and
both thighs in rats in only one day of the expe-
riment, hemodynamic changes in heart (low-
blood supply of vessels in epicardium and
isolated blood vessels of venous type) and liver
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