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STRUCTURAL ORGANIZATION OF RAT TISSUES IN EXPERIMENTAL
COMBINED TRAUMA OF THE CHEST AND BOTH THIGHS
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Background. In cases of severe trauma, fractures of long bones are the most often combined with trauma
of the chest, head, and abdomen, as well as development of hemorrhagic shock. Therefore, it is reasonable to
study the combined trauma of the chest and lower extremities in details, as well as the post-traumatic multiple
organ dysfunction especially in early manifestation stage.

Objective. The aim of the study was to identify the features of structural organization of the lungs, heart
and liver with underlying combined trauma of the chest and both thighs on the 7% day of the post-traumatic
period.

Methods. The experimental study involved 22 adult nonlinear white male rats with body mass of 200-210 g,
kept on a standard diet at animal facility with food and drinking regimes recommended by the standards for
laboratory animals. All animals were divided into 2 groups: the control group (1%, n=10), the experimental group
(the 27) chest trauma and both thighs trauma, observation for 7 days (n=12). The animals of the experimental
group were simulated for right-sided closed pneumothorax with a rib fracture by a trocar under thiopental-sodium
anesthesia (40 mg/kg of body weight of the rat, intraperitoneally); it was combined with a fracture of the left and
right femurs. Skeletal injury was modeled on each thigh that caused a closed fracture by a single dosed blow
with a specially designed device. The blow energy was 0.375 | that corresponds to a severe injury. The associated
injury was simulated by successive infliction of both injuries.

Results. Examination of the liver of animals on the 7 day of the experiment revealed a rapid growth of
lesions in their parenchyma. The central veins were poorly visible and contained single erythrocytes; the vessels
of medium caliber of myocardial stroma were dilated and blood-filled, which was manifested by the development
of perivascular oedema. In the lungs of experimental animals, a moderate decrease of interstitial tissue oedema
of the interalveolar septa was present, while cellular infiltration of mast cells, macrophages and lymphocytes

also decreased significantly.

Conclusions. Multiple organ injuries, which are characterized by structural changes in the liver, heart and
lungs in the combined trauma of the thorax and thighs on the 7% day of experiment were evidenced.
KEYWORDS: combined trauma; lungs; heart; liver; morphology.

Introduction

Atthe present time, the significantincrease
of multiple and combined traumatic injuries is
one of the major health problems in Ukraine as
well as in many countries around the world, [1]
that leads to polysystemic and multiorgan
lesions, which in turn increase mortality rate
[2, 3]. The most common injuries and major
causes of death are traumatic brain injury [4]
and chest injury [5]. According to other re-
search, limb fractures predominate in the struc-
ture of polytrauma [6, 7]. In the case of severe
trauma, fractures of long bones of the extre-
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mities are most often combined with trauma
of the chest, head, and abdominal organs, as
well as development of hemorrhagic shock [8].
It is established that among patients with
trauma, the frequency of polytrauma is 13.7%,
and polytrauma with combined multiple frac-
tures of long bones of the lower extremities is
0.5% [9]. The same authors note that more than
70% of chest injuries, traumatic brain injuries,
and injuries of the musculoskeletal system
(16.7% of patients have fractures of the lower
extremities) dominate as for the localization.
Therefore, it is reasonable to study the com-
bined trauma of the chest and lower extremities,
as well as the post-traumatic multiple organ
dysfunction especially in early manifestation
stage (on the 7t day).
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The aim of the study was to define the
features of the structural organization of the
lungs, heart and liver with underlying combined
trauma of the chest and both thighs on the 7t
day of the post-traumatic period.

Methods

The experimental study involved 22 adult
nonlinear white male rats weighing 200-210 g,
which were kept on a standard diet of vivarium
with food and drinking regimes at the level
recommended by the standards for laboratory
animals. All animals were divided into 2 groups:
the control group (1%, 10 animals); the experi-
mental group (2") - chest trauma and both
thighs trauma (CT + 2T), observation during 7
days (12 animals). The animals of the experi-
mental group were simulated right-sided
closed pneumothorax with a rib fracture by a
trocar under thiopental-sodium anesthesia
(40 mg/kg of the body weight of the rat, intrape-
ritoneally); it was combined with a fracture of
the left and right femurs. Skeletal injury was
modelled on each thigh that caused a closed
fracture by applying a single dosed blow by a
specially designed device [10]. The blow energy
was 0.375 J, which corresponds to a severe
injury. The associated injury was simulated by
successive infliction of both injuries. While
working with animals, the rules of handling
experimental animals were followed. Mortality
rate of animals was 16.7%.

Samples of heart, liver and lung tissues,
under the conditions of simulated associated
trauma and correction, were fixed with 1.5%
solution of glutaraldehyde in 0.2 M cacodylate
buffer (pH 7.2) at t=4 °C for 1 h. The samples
were washed with cacodylate buffer and addi-
tionally fixed with a 2% solution of osmium
tetroxide in the same buffer for 1 h (t=4 °C). The
preparations were washed from the fixatives
and dehydrated in increasing concentrations
of ethyl alcohol (50%, 70%, 90% and 100%).
Additionally, they were dehydrated in 2 changes
of propylene oxide and placed in epoxy resin
epon-812. The sections were obtained using an
ultramicrotome UMTP-6 and a diamond knife,
they were contrasted with 2% uranyl acetate
solution for 15 min and additionally with lead
citrate according to Reynolds. Sections were
observed and photographed using an electron
transmission microscope PEM-100.

All animal studies have been approved by
the appropriate bioethics committee of I. Hor-
bachevsky Ternopil State Medical University
(protocol Ne 41 of June 1, 2017).

Results

In the most severe period of the maximum
probability of complications (from 3 to 10 days)
development of respiratory hypoxia, cardiovas-
culardisorders, metabolicacidosis, programmed
and induced cell death is possible. During this
period the syndrome of multiple organ dys-
function is diagnosed. Therefore, liver, heart
and lungs were investigated as target organs
in multiple organ dysfunction during associated
traumain 7 days of the experiment. Examination
of the liver of animals in 7 days of the experiment
revealed a rapid growth of lesions in its pa-
renchyma. The central veins were poorly visible
and contained single erythrocytes. The lumens
of the sinusoids were practically not visualized,
but erythrocytes were traced in their single
preserved areas (Fig. 1). The lobular organization
of hepatocytes was disturbed, the vast majority
of cells did not have a clear structure, their
contours were not clear, the size was difficult
to visualize. The cytoplasm of hepatocytes of
all parts of the lobe was devastated, enlightened,
orgranular (Fig. 1), which indicated development
of severe protein hyaline-droplet and hydropic
dystrophy with transition to focal necrosis
(Fig. 1). The vast majority of nuclei was crump-
led, became smaller, or disappeared, but in
some cells they were visualized with loose
chromatin, multiple nucleoli. Intercellular con-
nections were largely lost.

Uneven blood supply and focal lympho- and
histiocytic perivascular infiltration were ob-
served in the vessels of the portal tracts.

In 7 days of the experiment, the vessels of
medium calibre of myocardial stroma were still
dilated and blood-filled, which was manifested
by development of perivascular oedema. Di-
lated capillaries and diapedesis of erythrocytes
were found in the fibre thickness. Cardiomyo-
cytes were well visualized in the vast majority
of visual fields, but focal intracellular myo-
cytolysis and pyknotically altered nuclei were
evidenced in some of them, indicating the
presence of focal dystrophic-necrotic changes.
The perivasal stroma was loosened due to
oedema, which also spread to the intercellular
spaces, disintegrating the muscle layer (Fig. 2).

In 7 days of the experiment in the lungs of
the experimental animals a moderate decrease
of interstitial tissue oedema of the interalveolar
septa was evidenced, while cellular infiltration
of mast cells, macrophages and lymphocytes
also decreased significantly. Signs of
dystelectasis (partial decline) were still present
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Fig. 1. Structural changes in the liver in cases of simulation of combined trauma in 7 days of the experiment
(acute hyaline-drip and hydropic dystrophy with transition to focal necrosis). Hematoxylin and eosin staining.

x200.

Fig. 2. The structure of cardiomyocytes in the simulation of associated trauma in 7 days of the experiment
(pericellular oedema combined with erythrodiapedesis, focal dystrophic changes in cardiomyocytes). He-

matoxylin and eosin staining. x200.

thatled to a decrease in the airiness of the lung
tissue. Some pneumocytes underwent
dystrophic-necrotic changes, and a small
amount of exfoliated epithelium and serous
exudate appeared in the lumens of the alveoli
(Fig. 3). The blood supply to the vessels was still
uneven, with a predominance of venous
capillary ones. Leukocytes focally accumulated
in the perivascular spaces (Fig. 3).

Discussion

The severity of the patient’s condition with
trauma is largely determined by development
of various metabolic disorders in organs and
tissues with underlying severe endotoxicosis
[11]. These pathological phenomena cause
development of deregulatory pathology, one
of the manifestations of which is multiorgan
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Fig. 3. Structural changes of the lung in cases of simulation of combined trauma in 7 days of the experi-
ment: A (perivascular accumulation of leukocytes), B (uneven vascular blood supply, dystrophic-necrotic
changes of epitheliocytes, slight effusion in the lumen of the alveoli, dystelectasis, focal perivascular leu-
kocyte infiltration). Hematoxylin and eosin staining. x200.

failure involving lungs, heart and liver into the
pathological process.

According to the pathogenesis shortly after
the injury the systemic inflammatory response
syndrome is established. A number of studies
have shown that oxidative stress is crucial in
activation of inflammation. From a genetic
point of view, oxidative stress modulates in-
flammation by regulating the activity of certain
transcription factors, such as nuclear kappa
factor B (NF-kB), signal transducer and activator
of transcription 3 signal transducer and

activator of transcription 3 (STAT 3), hypoxia
induction factor 1 alpha (HIF-1- alpha), and
protein-1 activator (AP-1) [12]. Activation of
peroxidation processes is one of the factors
destabilizing the membranes. It is established
that when hydroxyl radicals influence on diene
conjugates of fatty acids, lipid hydroperoxides
are formed, which cause conformational dis-
turbances in the cell membranes. The data
obtained indicate that the intensity of peroxi-
dation in different tissues of the body depends
on the type of injury. Analysis of the scientific
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sources shows that oxidative stress in the
patients with various injuries develops almost
immediately after the initial injury moving from
the macroscopic level to the cellular and mo-
lecular one [13-15]. Currently, scientists have
proven that the maximum of lipoperoxidation
coincides with the intensity of the body’s
response to inflammation [16]. Thus, Kozak DV
notes that the intensity of lipoperoxidation due
to hip injury and blood loss is fluctuating with
a period of development to the 3" day, a period
of temporary well-being in 14 days and a re-
increase in 21 days [17]. The results of the study
of oxidative processes in the case of combined
trauma of the chest and both thighs show that
the most intense free-radical processes occur
in the lungs on the 7t and 14" days of ob-
servation. On the 3 day of the experiment, the
production of mitochondrial superoxide anion
radical increases equally in the tissues of the
heart and lungs, while in the tissues of the liver
this rate increases to a maximum within 3-14
days [18-20]. It has been established that acute
hyperproduction of reactive oxygen species by
leukocytes in 1 day of the experiment causes
disorganization of bioelectrical activity of mito-
chondrial membranes, which is characterized
by a dynamic increase in the ratio of leukocyte
cells suspension with reduced transmembrane
potential and the ratio of leukocytes with signs
of apoptosis with a maximum in 7 days [21].
In cases of extensive metabolic changes in
the body tissues of rats with simulated com-

bined trauma, structural changes in the liver,
heartand lungs after 1-3 days of the experiment
were evidenced. These changes were manifes-
ted by severe circulatory disorders, erythrostasis
and development of dystrophic-necrotic chan-
ges, especially in epithelial structures [22].
According to our study, these structural chan-
ges progressed in the lungs, heart and liver up
to the 7" day of observation that is comparable
to the severity of oxidative stress in the body
tissues and apoptotic death of leukocytes.

Conclusions

In cases of combined trauma of the thorax
and thighs of the experimental animals, struc-
tural changes develop in the liver, heart and
lungs on the 7t day of observation. These
changes are characterized by severe hyaline-
drip and hydropic dystrophy with transition to
focal necrosis of liver tissue, pericellular
oedema and dystrophic-necrotic changes of
pneumocytes.
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OCOBJIMBOCTI CTPYKTYPHOI OPTAHI3AIII TKAHHMH IIIYPA
3A YMOB IIO€AHAHOI TPABMH I'PYIHOI KJIITKH TA OBOX CTETOH
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PIBHEHCBLKOI OBJIACHOI PAAU, PIBHE, YKPAIHA

BcTyn. 30 ymosu msxkoi mpasmu nepenomu 0082uUX KiCmoK KiHYigoK Haldyacmiwie noeoHyromecs 3
mpasmoro 2pyOHOI KAIMKU, 20/108U, OP2aHI8 Yepe8HOI NOPOHCHUHU, PO3BUMKOM 2eMOpPa2iYyHo20 WokKy Tomy,
06r'pyHMOBAHUM € 00CAIOHCeHHS NOEOHAHOI Mpaemu 2pyOHOI KAIMKU Ma HUXCHIX KiHYi80K, 0 MaKoxC
nosliop2aHHICMb iX ypaxceHHs, 0c0bus0 y Ga3y MaHipecmayii.

MeTa. Bussumu mMopgos02i4Hi 0c06auU80CMI CMPYKMYPHOI 0p2aHi3ayii 1e2eHs, cepys i neviHku Ha mai
NoeAdHAHOI mpasmu 2pyOHOI Knimku ma 060x cme2oH Yepe3s 7 3i6 MoOento8aHHS mpasmu.

MeToawn. EkcnepumeHmansHe 000N eHHS BUKOHAHO HA 22 Q0pOCAUX HEeAIHItHUX Biaux Wypax-camysx
macor 200-210 2, AKUX ympuMyeanu Ha CMaHOApPMHOMY PayioHi eieapito 3 NiOMpPUMAHHAM Xap40eo20 |
NUMHO20 pexcumie Ha pigHi, pekoMeHA08AHOMY HOPMAMU YMPUMAHHS 1060pAMOPHUX MBAPUH. YCiX M8apuH
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6y/10 nodineHo Ha 2 2pynu: KOHMpPoneHy (1-a, 10 meapuH), 00CiOHy epyny: 2-a - mpasma 2pyOHOI Kaimku U
060x cmezoH (TTK+2C), cnocmepexceHHA 7 0i6 (12 meapuH). TeapuHam AocnidHOI 2pynu nid mioneHman-
Hampieaum HapKo3oM (40 Me/K2 Macu mina wypa eHympilHL04epesHo) 30 00NOMO20t0 MPOaKapa Mooen8anu
npasobiyHul 3akpumuli NHeBMOMOPAKC i3 nepesoMoM pebpa ma NOEGHy8aAAU iX 3 NepesoMoM Aigoi | npasoi
cmezHosux Kicmok. CkesiemHy mpasmy Mo0enr8anu WAAXoOM HAHeCeHHs 00HOKPamMHO020 00308aH020 yoapy
cneyiansHo po3pobaeHUM NPUCMPOEM NO KOXCHOMY cmezHy, AKul sukaukas 3akpumuil nepesom (Kozak, 2011).
EHepeisa ydapy cmaHosuna 0,375 [k, ujo 8idnogioasno mpasmi 8axK0o20 cmyneHs maxckocmi. [loeOHaHy mpamy
MO00en08aNU WAAXOM NOCNI008HO20 HAHECEHHS 060X YUIKOOXHeHs.

PesynbTtaTWu. JoCni0HeHHA nevyiHku meapuH Yyepes 7 0i6 ekcnepuMeHmy 8CMAHOBU/O pi3Ke 3pOCMAHHS
YpaxceHHa i napeHximu. LleHmpasasHi 8eHU npo2aa0aaucs c1a6o, Micmuau NO0OUHOKI epumpoyumu, cyouHu
cepedHb020 Kaibpy CmpoMu MioKapOa 30AUWAAUCA PO3WUPEHUMU MA HANOBHEHUMU Kp0o8'to, o NpoA8uUa0CA
[p038UMKOM NepuBAKYAPHO20 HABPSKY. Y 1e2eHsAxX Ni000CNIOHUX MBAPUH CNOCMepi2anocs NOMIiPHE 3MeHWeHHS
HA6pPAKY IHMepcmMuyianbHOI MKAHUHU MiX(Q/168e0A5pHUX Nepe2opo0okK, d MAKOXC 3HAYHO 3MEHWUAACL KAIMUHHA
IHpinempayis my4yHUMU KAimuHamu, Makpogazamu ma AiMmpoyumamu.

BucHOBKMW. [Ipu no€dHaHIl mpaami 2pyOHOI KimKU ma Cme20H ekcnepuMeHmaneHUX meapuH CMpyKmypHi
3MiHU 8 heyiHyi, cepyi ma nezeHsx Ha 7 006y cnocmepedeHHS, W0 XapaKkmepu3ytomsCs 8UPAXEHO0 2i0/1iHO80-
KpaneneHoOi ma 2idponiyHoi ducmpo@ii 3 nepexodom y 802HUULe8i HEKPO3U MKAHUH NeYiHKU, NepuyentonsapHuUM
HABPSAKOM, NOEOHAHUM 3 epumpodianede3oM, 802HUUEBUMU OUCMPOPiYHUMU 3MiHOMU Kapdiomioyumie ma
oucmpogiyHo-HeKpOMUYHUMU 3MiHOMU nHegMoyumie.
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