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Abstract

Traumatic brain injury (TBI) is a life-threatening injury and the leading cause of death and major disability across all ages.
Another important modern medical problem is diabetes mellitus (DM). The study aimed to investigate the hearts of rats un-
der the influence of traumatic brain injury with streptozotocin-induced hyperglycemia. The study was conducted on 40 male
rats weighing 180-220 g. DM was induced by a single intraperitoneal injection of streptozotocin (Sigma, USA). TBI was
caused by the Impact Acceleration Model-free weight loss in the parieto-occipital area of the rat, according to the developed
patent. The animals were removed from the experiment after 3 hours, 1 and 5 days after the inflicted TBI. Heart tissue was
taken for histological studies. The sections obtained on a sled microtome were stained with hematoxylin and eosin, as well as
Heidenhain. Dystrophic, destructive, and infiltrative processes occurred in the heart when simulating closed brain injury and
brain injury on the background of diabetes. Under conditions of craniocerebral injury, they reached a maximum on the first
day of the experiment and had stable positive dynamics on the fifth day. In the case of craniocerebral trauma in combination
with diabetes, the progression of structural disorders was observed up to the fifth day from the beginning of the experiment.
Non-specific morphological changes occur in the myocardium of animals with TBI, which are the morphological substrate of
organ failure. The degree of structural changes in the heart against the background of diabetes has a more severe progressive

nature due to the development of diabetic microangiopathy.
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Introduction

Traumaticbraininjury (TBI)isone ofthe most com-
mon injuries and accounts for about 40% of all types of
injuries. Brain damage is more common than any oth-
er disease, including breast cancer, AIDS, Parkinson’s
disease, and multiple sclerosis [1, 2]. In connection
with the war on the territory of Ukraine, the number
of military personnel and civilians with craniocerebral
trauma caused by the action of the blast wave has in-
creased. Brain injury is accompanied by high mortality
(mortality from TBI is 1% of total mortality), leading to

significant disability of victims in the post-traumatic
period [3, 4]. Factors that determine high mortality in
severe TBI are the severity of primary and secondary
brain damage, severe metabolic disorders, and extrac-
ranial complications [3, 5-7].

According to the currently dominant concept, pro-
gressive disturbances in intracellular calcium homeo-
stasis, glutamatergic signal transduction, and oxidative
stress are central to brain neuronal damage in severe
traumatic brain injury [8]. The above-mentioned patho-
genetic factors are activated immediately after the in-
jury, as well as due to the development of secondary
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post-traumatic disorders of the microcirculation of the
brain, caused by a complex of various intra- and extrac-
erebral patho- and sanogenetic factors, mainly of an is-
chemic nature [8-12].

The problem of cerebrovisceral interactions in TBI
deserves special attention. It is known that in acute
brain injury, visceral homeostasis is disturbed in di-
rect proportion to the severity of brain damage. At the
same time, neurological symptoms somewhat mask
the manifestations of vegetative-visceral pathology. In
turn, the morpho-functional changes of internal or-
gans contribute to the disruption of neurohumoral and
enzyme-metabolic functions, which further burdens
the general condition of patients. It should also be not-
ed that the clinical course of TBI is, without a doubt,
largely determined by the background against which it
occurred, first of all, by the presence of chronic somat-
ic diseases in the patient [13, 14].

Diabetes mellitus belongs to the top three diseases
that are the most common cause of early disability and
mortality among the population in almost all countries
of the world. According to the World Health Organiza-
tion, about 537 million (10.5%) of the world’s popula-
tion suffer from diabetes, and the number of patients
with diabetes will reach 643 million by 2030 [15].

It is known that when a brain injury and diabetes
are combined, the course of each pathology worsens

(16, 17]. In order to study the nature of morphological
changes in the tissues of internal organs under the in-
fluence of traumatic impact, a study of the histologi-
cal structure of the heart as a result of TBI against the
background of induced hyperglycemia was conducted.

Material and methods

Study design

The study was conducted on 40 sexually mature
outbred male rats weighing 180-220 g. 8 intact animals
served as controls. The animals were kept in stand-
ard vivarium conditions on a complete food diet with
free access to water. All experimental procedures were
carried out in accordance with the provisions of the
European Convention for the Protection of Vertebrates
Used for Experimental and Other Purposes (Strasbourg,
18 March 1986), the resolution of the First National
Congress of Ukraine on bioethics (2001) and the Order
of the Minister of Public Health of Ukraine No. 690 of
23/09/2009 [18, 19]. Diabetes mellitus was induced by a
single intraperitoneal injection of streptozotocin (Sig-
ma, USA) at a dose of 60 mg/kg [20]. Animals with a glu-
cose level of more than 16 mmol/l were considered dia-
betic. Traumatic brain injury was caused by the Impact

Figure 1: A fragment of a rat myocardium 3 hours after a craniocerebral injury. Full blood of dilated vessels of the
venous link sludge phenomenon (1). Cardiomyocytes are unevenly stained, sometimes fragmented (2). Staining

with hematoxylin and eosin. x80.
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Acceleration Model-free weight loss in the parieto-oc-
cipital area of the rat, according to the developed patent
[21]. After 3 hours, 1 and 5 days after the inflicted TBI,
the animals were removed from the experiment under
thiopental-sodium anesthesia (40 mg/kg) by total bleed-
ing from the heart. Heart tissue was taken for histolog-
ical studies. The obtained pieces of organs were fixed in
10% neutral formalin solution and Lilly’s fixative, fol-
lowed by embedding in paraffin. The sections obtained
on a sled microtome were stained with hematoxylin
and eosin, as well as Heidenhain. The nature and depth
of morphological changes were determined using an Ol-
impus microscope and a system for displaying images of
histological preparations.

The study was conducted following the guidelines
of the Helsinki Declaration and in accordance with the
regulations on the care of animals. All experimental pro-
cedures were approved by the Bioethics Commission of
1. Horbachevsky Ternopil National Medical University.

Results

Histological examination of the internal organs
of rats 3 hours after receiving a craniocerebral injury
showed, first of all, the presence of blood circulation
disorders. In the myocardium, the redistribution of
blood with its distinct accumulation in the vessels of
the microcirculatory channel attracted attention. Dila-
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tion of capillaries and venules, gluing of erythrocytes
(sludge phenomenon) was observed (Figure 1). The
perivasal stroma looked moderately distended due to
edema. The intercellular interstitial tissue had a nor-
mal appearance. The arrangement of cardiomyocytes
isunidirectional and compact. However, in many cells
transverse banding was not visualized, and the cyto-
plasm unevenly absorbed the dye. Fragmentation of
cells was observed in some small areas.

Heidenhain staining revealed small focal necrosis
of cardiomyocytes and clearly visualized stasis in cap-
illaries (Figure 2).

After 1 day of observation, blood circulation disor-
derswere increasing in the myocardium, manifested by
total dilatation of vessels, mainly of the venous link of
the microcirculatory bed and capillaries. The lumens
of the vessels were filled with blood with a tendency to
sludge and hemolysis. Intramural plasmorrhages oc-
curred in some places. Such stasis created conditions
for active transudation of plasma outside the vessels
and the development of perivascular edema, which be-
came widespread at this time of the study.

The swelling contributed to the loosening of the
intercellular connective tissue. At the same time, car-
diomyocytes were located scattered, and their orienta-
tion and integrity were often violated - areas of chaotic
and wave-like arrangement of cell fragmentation were
observed. The latter acquired a much more widespread
character compared to the previous term. Transverse

Figure 2: A fragment of a rat myocardium 3 hours after a craniocerebral injury. Small focal necrosis of cardiomyo-
cytes. Clearly expressed stasis in the capillaries. Staining according to Heidenhain. x100.

© 2023 The Authors

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 261


http://www.rjdnmd.org

Meretskyi VM ef al. Structural changes in the myocardium under conditions of traumatic brain injury on the background of hyperglycemia

Figure 3: Histological structure of the myocardium of a rat with TBI on the first day of the experiment. Pronounced
stromal edema (1), dystrophic changes, fragmentation and focal disintegration of cardiomyocytes (2). Staining

with hematoxylin and eosin. x100.

striations disappeared in cardiomyocytes. Intracellu-
lar components underwent qualitative changes: the cy-
toplasm poorly and unevenly absorbed the dye, becom-
ing hypochromic. In addition, it revealed foci of deep
disintegration of the homogeneous cytoplasmic ma-
trix, occasionally - vacuolization. The nuclei in such

cells were heterogeneous - from pyknotic to weakly
contoured, swollen. In part of the cardiomyocytes, nu-
clei were not visualized (Figure 3).

In the next period of the experiment, on the fifth
day, the study of the heart showed stabilization and pos-
itive shifts in the dynamics of structural changes and

Figure 4: A fragment of the myocardium of a diabetic rat 3 hours after a brain injury. Venous congestion (1),
perivasal hemorrhage (2), cardiomyocyte dystrophy and fragmentation (3). Stromal edema (4). Staining with he-

matoxylin and eosin. x100.
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Figure 5: A fragment of the myocardium of a diabetic rat 3 hours after a brain injury. Multiple necrosis of cardio-

myocytes. Staining according to Heidenhain. x100.

the appearance of individual morphological signs of
adaptive and compensatory changes in rats with isolat-
ed brain injury. The general regularity of the structural
changes described above was preserved, but the degree
of their expression was somewhat less than in the pre-
vious terms.

A completely different histological picture was
observed in the specified period in rats with diabetes.

Dystrophic-destructive changes in the structural com-
ponents of internal organs increased and were associ-
ated with prolonged hemodynamic disorders.

Under the conditions of a combination of TBI and
hyperglycemia, 3 hours after the injury in the myocar-
dium, edema became diffuse - perivascular areasand in-
tercellular stroma were expanded, with signs of edema.
In some cases, perivasal hemorrhages were observed.

Figure 6: Histological structure of a rat myocardium under the conditions of TBI against the background of strep-
tozotocin-induced diabetes at 24 hours of the experiment. Diffuse dystrophic changes, subtotal fragmentation (1),
focal deep decay of cardiomyocytes (2) and disintegration of the cell layer (3). Staining with hematoxylin and

eosin. x100.
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Fragmentation covered wide fields of cardiomyocytes;
the cells had predominantly dim homogeneous or un-
evenly stained cytoplasm with indistinct nuclear con-
tours (Figure 4).

Nuclei were not identified in many cells. Heidenhain
staining also revealed a greater number of necrotized
cardiomyocytes compared to injured non-diabetic an-
imals (Figure 5).

Edema of the connective tissue of the myocardium
of rats with a craniocerebral injury against the back-
ground of hyperglycemia 24 hours after the injury ac-
quired a systemic character, disintegrating the cellular
layer. Separated cardiomyocytes also lost their correct
placement. Such changes, combined with fragmenta-
tion and signs of necrobiotic and necrotic changes, in-
dicated a sharp decrease in the contractile capacity of
the myocardium of experimental animals (Figure 6). In
some places, polymorphic cellularinfiltrates with a pre-
dominance of lymphocytes were found in the stroma.

Heidenhain staining showed increasing necrotic
changes in the myocardium of animals with combined
pathology 24 hours after inflicting a craniocerebral in-
jury (Figure 7).

After 5 days in the animals, after brain injury
against the background of induced diabetes, small fo-
cal necrosis in the myocardium changed to sufficiently
wide fields of necrosis (Figure 8).

However, changes in the walls of vessels of small
and medium caliber became more pronounced. This

is applied to both veins, arterioles and arteries. Their
walls thickened not only due to plasma seepage but also
the proliferation of connective tissue fibers. Homoge-
neous eosinophilic foci of hyalinosis appeared. Prolif-
erating thin connective tissue fibers and small cellular
infiltrates appeared in the stroma of the examined or-
gan, along with edema (Figure 9).

Discussion

Histological examination of the myocardium of
rats 3 hours after TBI showed the presence of blood
circulation disorders in the form of full blood, dilated
vessels of the venous link, sludge phenomenon and the
development of perivascular edema.

Microscopic changes in the heart of animals with
brain injury combined with diabetes were similar to
those described in the previous group of rats, but more
profound structural changes were observed. In the my-
ocardium, dystrophy and fragmentation of cardiomyo-
cytes, venous congestion, diffuse edema and a greater
number of necrotized cardiomyocytes, compared to in-
jured animals without diabetes, were determined.

On the first day of the experiment, in the heart of
rats with the combined pathology, we observed nega-
tive trends in changes in structural components com-
pared to those that were detected at the 3 hour. In
particular, in the myocardium against the background

Figure 7: Necrotic changes in rat cardiomyocytes under conditions of TBI against the background of streptozoto-
cin-induced diabetes for 24 hours of the experiment. Staining according to Heidenhain. x100.
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Figure 8: Histological structure of the myocardium of a rat with streptozotocin-induced diabetes 5 days after TBI.
Widespread necrosis of cardiomyocytes. Staining according to Heidenhain. x80.

of pronounced stromal edema, dystrophic changes, of the study, the morphological changes after the inju-
widespread fragmentation and focal disintegration of  ry against the background of hyperglycemia were ac-
cardiomyocytes were noted. celerated, deeper and continued to progress.

It should be emphasized that the structural chang- On the fifth day of the post-traumatic period, sta-
es described in animals with TBI after 1 day almost  bilization and positive shifts in the dynamics of struc-
completely corresponded to those in injured rats with  tural changes in the myocardium and the appearance
diabetes 3 hours after TBI. In general, on the first day  of individual morphological signs of adaptive and

Figure 9: Histological structure of rat myocardium with streptozotocin-induced diabetes 5 days after TBI. Thick-
ening of vascular walls, intramural (1) and stromal round cell infiltrates (2). Staining with hematoxylin and
eosin. x80.
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compensatory changes in rats with craniocerebral
trauma were detected. The general regularity of the
structural changes described above remained, but their
degree of expression was somewhat less than in the pre-
vious terms. However, dystrophic-destructive changes
in the structural components of the heart of injured an-
imals with diabetes increased and were associated with
the prolonged hemodynamic disorders described in the
earlier study periods. Structural changes in the myo-
cardium of animals during this period were similar to
the changes that occurred in injured animals without
diabetes on the first day of the post-traumatic period.
We noted sufficiently wide fields of necrosis in the my-
ocardium, thickening of the walls of small and medi-
um-sized vessels, and the appearance of hyalinosis foci.
The worse morpho-functional state of the myo-
cardium under conditions of TBI and diabetes may
be caused by diabetic cardiomyopathy, the pathogen-
esis of which is obviously multifactorial. Inhibition
of glucose utilization in the “diabetic” heart, slowing
down its transport through the sarcolemma mem-
brane, is probably mediated by impaired functioning
of glucose transporters (GLUT-1, GLUT-4). Activation
of the processes of glucose oxidation and, according-
ly, an increase in the concentration of free fatty acids
causes an inhibitory effect on the functioning of the
pyruvate dehydrogenase complex, which is one of the
mechanisms of inhibition of glucose oxidation [3, 10,
22]. These changes lead to a decrease in ATP reserves in
the myocardium, a violation of its contractile function.
They are accompanied by pronounced ultrastructural
changes and are the leading link in carbohydrate me-
tabolism disorders in the “diabetic” heart. In addition,
hyperglycemia causes the formation of active forms of
02 and NO, which increases oxidative stress, disrupts
gene expression signal transduction, and activates met-
abolic pathways of programmed myocardial cell death.

Conclusion

During histological examination, non-specific
morphological changesin the form of edema, dystroph-
ic and destructive changes occur in the myocardium of
animalswith craniocerebral trauma, which can be con-
sidered as a morphological substrate of organ failure.

Thedegree of structural changesin the heartinrats
with TBI in combination with diabetes is significantly
higher and is deepened by manifestations of concomi-
tant pathology. In rats with TBI, morphological chang-
es reach a maximum on the first day of the experiment
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and have stable positive dynamics on the fifth day. In
traumatized animals with diabetes, the progression
of structural changes is observed up to 5 days after the
start of the experiment.
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