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Abstract

Background: Traumatic brain injury is one of the most serious problems of modern
medicine that plays the dominant role in the morbidity and mortality of population of the
economically developed countries. This article presents the findings of the experimental
study of the effect of a mild traumatic brain injury (TBI) on the morphology of rats’ kidney.
Material and methods: The experiment was performed on 70 adult white rats 3 months of
age. The mild TBI was modeled by the Impact-Acceleration Model - free fall of weight in
the parieto-occipital area. For histopathological comparison, the samples were taken on the
1st, 3rd, 5th, 7th, 14th, 21st days after TBI.



Results: Examination of the rat’s kidney histological slides on the 1st, 3rd, 5th, 7th, 14th,
and 21st days after the traumatic brain injury showed manifested changes in the
bloodstream and structural changes in the kidney parenchyma, particularly, dilatation of the
capillaries and veins in the initial period. It also showed perivascular lymphocytic
infiltration, dystrophic and necrotic processes in the form of the focal destruction of the
renal tubule, and renal corpuscles with diapedesis and perivascular hemorrhages on the 5th
and 7th days after the TBI. There were also the focal signs of perivascular and glomerular
sclerosis observed on the 14th and 21st days after the injury.

Conclusions: The greatest changes in the rats’ kidneys appear on the 5th — 7th days after
the injury, which have a clear tendency to decrease after that.
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INTRODUCTION

Traumatic brain injury (TBI) is one of the most important problems of modern
medicine, which plays a major role in the morbidity and mortality of the population even in
the most economically developed countries [3, 7, 8, 10, 11, 20, 23, 25, 26]. This medical
problem is multidisciplinary in the field of practical and experimental medicine and
biology, which, in addition to medical, has an important social significance, given the
young age of patients traumatized, and the significant cost of their treatment [9, 24].

TBI has a global effect on the body, causing a general adaptive response, which is
manifested by a complex of pathophysiological and pathomorphological changes not only
in the area of direct mechanical damage but also in various organs and systems of the body,
in particular in the kidneys [4, 5]. Currently, there is a small amount of experimental
research that would reveal the content of morphological disorders of the internal organs of
pubescent and immature rats due to TBI, especially in the advanced period. As for the
pediatric TBI, it is known that a distinctive feature of the dynamics and clinical picture of
TBI in children is the impact of a traumatic factor on the brain, the growth and
development of which has not yet completed [6]. In addition, the intensity of metabolic

processes, low tolerance to blood loss, hypoxia and hypotension, prevalence of generalized



reactions over local, high compensatory opportunities with a fast transition to
decompensation, should be taken into account in a case of TBI in children [22]. This is the
reason why the TBIs of even mild severity caused in childhood do not go away without a
trace.

It has been shown that in severe TBI, especially in its acute period, liver and renal
failure are among the most common disorders, as well as individual disorders in the
coronary vessels and myocardium [15]. Extracranial complications, including acute Kidney
injury (AKI), are highly influential in determining the outcome from severe head injury [2,
12, 13, 17, 19] and may contribute to morbidity and mortality. However, there is neither a
clear understanding of the pathogenesis of such effects nor experimental work that would
confirm or refute the assumption of morphological changes in the kidney, as a result of
TBI, particularly - mild TBI. The purpose of this study was to reveal the content of internal
organ morphology, particularly the kidneys, in rats affected by TBI of mild severity with
particular focus on pubescent rats. Thus, the first stage of this study was to investigate such
changes in pubescent rats immediately after the injury and in the more advanced period

after the injury.

MATERIALS AND METHODS

The study was performed on 70 adult white rats aged 3 months with the bodyweight
of 180-230 gm. All animals were divided into 2 groups: 1 - healthy animals (control group,
10 animals), 2 - animals with simulated mechanical traumatic brain injury of mild severity
(60 animals). Animals in group 2 were removed from the experiment on days 1, 3, 5, 7, 14,
and 21 after the TBI modeling (10 animals on each day). Rats were kept on a standard
laboratory diet with free unrestricted access to water at the vivarium of the Odessa National
Medical University. All experiments were carried out in compliance with the provisions of
the European Convention for the Protection of Vertebrate Animals used for research and
other scientific purposes (Strasbourg, 18.03.1986), Council of Europe Directive 86/609 /
EEC (11986), resolutions of the First National Congress on Bioethics (Kyiv, 2001), and the
Ministry of Health of Ukraine Order No. 690 (Kyiv, 23.09.2009). All stages of the



experiments were approved by the ONMEDU Bioethics Commission (Minutes No. 109-A,
4.11. 2016). Mild traumatic brain injury was inflicted by using the Impact-Acceleration
Model, a free fall of weight onto the parieto-occipital area according to Meretsky [16].
Reproduction of TBI a vertically mounted tripod metal guide tube was used with an inner
diameter of 1 mm and a height of 65 cm. The tube served as a guide for a freely moving
weight inside. The latter represented a circular metal rod, to which a solid rubber strip 3
mm thick and 0.5 cm? in area was glued to the lower end. The tripod stand was also glued
with a sturdy rubber gasket. By means of light ether anesthesia, the animals were placed
under the tube so that the head was clearly below the opening and fixed by the
experimenter. Then the tractor performed a free fall with a subsequent blow to the skull of
the animal. Thus, the center of impact was clearly on the sagittal line forward 3-5 mm from
the intrauricular line. For reproduction of the TBI of a mild severity in mature rats, a 34.5 ¢
tractor was used, which produced an impact energy of 0.220 J. The animals were removed
from the experiment by an overdose of ether anesthesia, after which the kidney samples
were prepared and obtained for further histological examination. Histological slides were
stained with the hematoxylin-eosin and mallory's trichrome, examined, and photographed
using the Leica-DMLS microscope while all the measurements were done with the ImageJ
software (ver.1.51j8).

Statistical analysis

The obtained results were tested for the normality of distribution with Shapiro-Wilk test.
All the data were presented as M+SD where "M" stands for average and "SD" for standard
deviation. The differences between the groups were analyzed using analysis of variance
(ANOVA) with Tukey’s post-hoc test. The differences turned out to be statistically
significant with the p-value < 0.05. All statistical computing was done with the RStudio
software (ver. 1.1.442).

RESULTS



After the TBI modeling, no fatalities, behavioral, or dietary changes were recorded
in the animals. On the 1% day after the inflicted experimental injury, hyperemia of the
tubular capillaries with the stasis of erythrocytes in their lumen in all examined histological
specimens was observed. The mean diameter increased up to 6.75+1.98 um (index of the
control group 4.60+1.72 um, p < 0.001) (Fig. 1) while the diameter of the dilated afferent
arterioles was in the range of 10-15 um. Some veins were dilated with the stasis of
erythrocytes in their lumen with 40-60 um in diameter. Erythrocytic stasis was also
observed in the lumen of the medium-sized arteries. Nephron glomeruli were fragmented,
and their diameter remains in the range of control group value, as well as the capsule
diameter. (Table 1, Table 2). Capillaries of glomeruli had narrowed down to 2.44 um and
dilated — with the maximal value up to 9.91 um as opposed to the control group where the
maximal value remained at 7.80 um). The mean value was 5.25+1.51 um (Fig. 2), which is

significantly higher than of the control group (p<0.05).

On the 3™ day of the experiment, in all of the samples dilatation of the tubular
capillaries with erythrocytic stasis in their lumen continued to persist. Their diameter in
certain areas was up to 12.12 um with the mean value of 6.43+1.98 um, the diameter of
glomerular capillaries increased too (Table 3.). Erythrocytic stasis was observed in the
veins of all calibers with their dilatation in separate areas reaching up 40-50 um. This was
especially the case for the area between the cortical layer and the medullary area. Dilatation
of vasa recta was also observed with diameter reaching up to 12-15 um with erythrocytic

stasis in their lumen.

On the 5th and 7th days of the TBI, renal corpuscles of various sizes were observed
in the majority of examined specimens. The diameter of the glomerulus on the 5" day was
76.85 + 15.19 um and 77.78 + 15.31 um on the 7" day. The diameter of the capsule of the
renal corpuscle also had reached its maximal value — 93.07+14.76 pm on the 5" day and
94.06:£14.82 um on the 7" day. The diameter of the tubular capillaries and capillaries of the
nephron glomeruli had reached their maximum throughout the experiment on the 71" day
(Fig. 1, Fig. 2, Table 3, Table 4). This was predominantly due to dilatation of the cortical

capillaries that were close to the renal capsule while the diameter of some capillaries was



15.46 um. In some places, renal corpuscles were partially destroyed and there was a
dilation of the space between the glomeruli and the capsule. Small arteries were congested,
mainly, with aggregated erythrocytes (sludge). Perivascular space showed impregnation of
the blood cells and massive lymphocytic infiltrates with perivascular hemorrhage in some
areas (Fig. 3). The renal medulla showed the areas with the signs of renal infarction and
destruction of the proximal and distal tubules. One of the characteristic features of this
period was dilatation of the arcuate veins with the blood stasis in their lumen, the diameter
of which reached 50-80 um.

On the 14" — 21% days after the TBI the sclerotic changes of the renal corpuscles
were focally observed (Fig.4) as well as the massive perivascular infiltrates and initial signs
of sclerosing of perivascular spaces in the renal medulla (Fig. 5). Infiltrates were observed
in all specimens, while the signs of sclerosis were detected in 6 animals. The renal
corpuscles focally were fragmented with infiltrates taking their place and the signs of
formation of the connective tissue (Fig. 4, Fig.6). Lumen of the vessels, especially veins,
was filled with the red blood cells occasionally sticking to their intima. The diameter of
capillaries and the size of glomeruli tended to decrease, though all their values remained
significantly greater than those of the control group. Venous dilatation and blood cells
aggregation were especially manifested in the area between the renal cortex and the
medulla similarly to the previous periods.

DISCUSSION

According to the research literature, the dysfunctional disorders caused by a heavy
craniocerebral injury are manifested in the form of the acute renal insufficiency that
develops as a result of the diencephalic-catabolic syndrome [4, 5]. In clinical treatment of
patients with severe TBI described are dyscirculatory functional changes in the form of
spasm of the arteries, arterioles, and venous plethora and diapedetic hemorrhages. In the
future, this leads to metabolic, dystrophic, and necrotic changes. The first clinical sign of

this is the appearance of red blood cells, protein, and cylinders in the urine.



The trigger mechanism of it could be, most likely, a massive adrenalin rush in the
bloodstream with subsequent spasm of the microcirculatory bed that leads to the acute
hepatorenal insufficiency. But such as complications is explained not only by the stress, but
also by the activation of the cytokine system in response to brain damage leading to a
systemic inflammatory response [14, 18]. Due to a prolonged spasm and influence of
catecholamines the signs of hypoxic damage of the vascular endothelium started to develop
along with the formation of sludges and thrombi, increased endothelial permeability, and
expression of endothelial adhesion molecules [18] which in the more prolonged periods of
the experiment lead to the infarct of the renal parenchyma, destruction of the renal
corpuscles, formation of sclerotic changes, and development of chronic renal insufficiency.
The central dysregulation mechanisms after brain injury could contribute to the
development and progression of extracerebral organ dysfunction by promoting systemic

inflammation that may cause medical complications.

Microscopic studies of the kidneys in the first hour after the heavy traumatic brain
injury showed absolute dyscirculatory changes manifested by the spasm of vessels,
congestion, and areas of the diapedesis hemorrhages on the border between the kidney
cortex and the medulla [1, 15]. On the 3" day after the injury, pathomorphological
processes are complicated by the dystrophic and necrotic processes with manifestation of
the ischemic necrosis of the tubular epithelium and the interstitial edema with
disorganization of the connective tissue [1, 15]. In the case of the severe TBI, observed
were dyscirculatory changes in the liver, myocardium, and kidneys. They were
accompanied by ischemia, congestion, macrophagal and lymphocytic infiltration with
dilatation of the vessels of various calibers, which in the more prolonged period after the
TBI (5" day) were complicated by the pathomorphological processes in the form of

dystrophic and necrotic changes in all organs [15, 21].

In the course of this study, the following pattern in the development of pathological

changes in the rats’ kidneys resulting from the mild TBI were found:

1. Onthe 1% — 3" days, the development of mostly dyscirculatory changes manifested by

the spasm of arterioles, dilatation of capillaries and venous bed were observed.



2. On the 5" — 7" days, the dyscirculatory changes are growing and are accompanied by
the areas of destruction of the convoluted tubules and renal corpuscles. Such changes along
with congestion and the areas of diapedesis and perivascular hemorrhages are best
manifested between the cortex and medulla and in the areas close to the renal capsule.
These pathological changes can explain the disorders of the filtration processes and urine

reabsorption and are typical of the stage of the acute kidney failure.

3. Onthe 14" — 21% days, the intensity of the dyscirculatory and destructive changes
decreases, although there are indications of the focal perivascular sclerosis, perivascular

infiltrates and indications of sclerosis of some renal corpuscles.

In the context of the clinical application of the results of experimental studies of the
effects of TBI on rats, it should be noted that a rat’s kidney structurally and functionally has
similarities to the human kidney. Minor differences are mainly at the macrostructural level;

the rat kidney, unlike humans, contains one pyramid.

The structure of the vascular grid also differs. But nephron structure, hierarchy of
kidney layers, and their functioning are similar as to those found in humans. This similarity
allows us to make assumptions about the similarity of pathological changes caused by TBI.
The limitation of full conclusions from the results of this work is its exclusively
morphological character. For a full and voluminous conclusion, the physiological aspects of
these changes also need to be investigated to evaluate a possible strategy for the treatment
and prevention of urinary tract complications from TBI. However, the assured conclusion
for the clinicians may be that attention is needed not only for patients with severe TBI but
also those with mild head injuries as well. Particularly if mild TBI is part of the

polytrauma, or if such patients have concomitant renal pathology.

CONCLUSIONS

Summarizing the data from these experiments and considering the relevant reports
contained in the research literature, it is reasonable to conclude that there is a clear

dependence of developmental dynamics and notable degree of pathological changes in



kidneys on the severity of the traumatic brain injury. In case of a mild TBI, the greatest
changes in the rats’ kidneys appear on the 5" — 7" days after the injury, which have a
consistent tendency to decrease after that. However, morphological changes in the form of
a perivascular sclerosis and focal changes in the renal corpuscles show the signs of a

possible development of a chronic kidney failure even after a mild TBI.
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Table 1. Rats’ nephron glomerulus measurements.

Group M SD Se(mean) | Min | Max N

Control 66.46 | 10.57 | 1.53 48.33 |90.69 |48
Day 1 67.76 1415 | 2.24 44.57 | 95.95 40
Day 3 74.24 10.74 | 1.87 50.65 | 93.50 33
Day 5 76.85* | 15.19 | 2.11 48.77 |105.35 |52
Day 7 77.78** | 1531 | 2.12 49.02 | 105.49 |52
Day 14 76.23* | 10.52 | 1.66 57.71 | 97.55 40
Day 21 73.97 10.23 | 1.62 54.10 |95.99 40

M — mean, SD — standard deviation, Se(mean) — standard error of mean, Min — minimum value, Max —

maximum value, N — total numbers of measurements, * - p < 0.05, ** - p < 0.001



Table 2. Rats’ nephron capsula measurements.

Group M SD Se(mean) | Min Max N

Control 79.90 12.30 | 2.32 63.23 112.81 | 28
Day 1 86.55 | 12.89 | 2.06 58.43 |120.63 |39
Day 3 90.14 | 10.90 | 1.99 70.38 | 114.85 |30
Day 5 93.07** | 14.76 | 1.97 62.85 122.43 | 56
Day 7 94.06** | 14.82 | 1.98 63.47 123.14 | 56
Day 14 85.20 11.85 | 1.87 66.73 115.24 | 40
Day 21 83.20 11.87 | 1.88 66.39 112.74 | 40

M — mean, SD - standard deviation, Se(mean) — standard error of mean, Min — minimum value, Max —

maximum value, N — total numbers of measurements, * - p <0.05, ** - p <0.001

Table 3. Measurements of glomerular capillaries.

Group M SD Se(mean) | Min Max N

Control 4.30 1.22 |0.17 2.41 7.80 52
Day 1 5.25 151 |0.18 2.44 9.91 70
Day 3 6.05** | 1.29 |0.14 4.09 1193 |82
Day 5** 7.28 2.10 |0.26 3.44 12.68 |67
Day 7** 7.79 2.12 | 0.26 3.91 13.11 | 67
Day 14** 6.19 1.94 |0.23 3.09 1592 |73
Day 21 5.11 2.08 |0.25 1.82 15.03 |72

M — mean, SD - standard deviation, Se(mean) — standard error of mean, Min — minimum value, Max —

maximum value, N — total numbers of measurements, * - p <0.05, ** - p <0.001



Table 4. Measurements of tubular capillaries.

Group M SD Se(mean) | Min Max N

Control 4.60 1.72 |0.29 1.14 7.78 36
Day 1 6.75** | 1.98 |0.27 2.98 11.84 |53
Day 3 6.43** | 1.98 |0.23 2.63 12.12 72
Day 5 8.18** | 2.30 |0.23 4.09 15.46 97
Day 7 8.67** | 236 |0.24 4.25 16.32 97
Day 14 6.59** | 1.75 |0.20 3.00 1252 | 80
Day 21 6.06* 1.73 |0.19 2.34 11.96 80

M — mean, SD - standard deviation, Se(mean) — standard error of mean, Min — minimum value, Max —

maximum value, N — total numbers of measurements, * - p <0.05, ** - p <0.001

Figure 1. Diameter variation of the rats’ peritubular capillaries.
Figure 2. Diameter variation of the rats’ glomerular capillaries.
Figure 3. Perivascular hemorrhage (arrow). 5th day after TBI. HE.

Figure 4. Destruction of renal corpuscle with lymphocytic infiltrate and sclerosis (arrow).

Blood clot near renal corpuscle (arrowhead). 14th day after TBI. HE.

Figure 5. Perivascular infiltrate and sclerosis (arrow). Destruction of the renal tubules
(arrowhead). 14th day after TBI. HE.

Figure 6. Fragmented renal glomeruli (arrow) with sclerosis (arrowhead) and blood stasis
(asterisk). 21st day after TBI. Trichrome.
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