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Structural changes in liver under conditions
of experimental hemorrhagic stroke
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ABSTRACT
The article describes the results of histological and morphometric studies of liver in Balb/c
mice with hemorrhagic stroke. The hemorrhagic stroke was modeled in the animals
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liver, 5,10 and 30 days an analysis of structural changes in the liver was performed. Progressive
stroke,

changes were established in terms of 5-10 days of the experiment. This consisted
of changes in the sinusoidal capillaries and notable changes in the central veins of the liver
lobuli. Herein, acute dilatation and erythrocytal stasis were most pronounced around
the lumen of the central veins, while hepatocytes with signs of necrosis (severe cytoplasmic
swelling, vacuolar dystrophic changes) were detected in the sinusoid capillaries.
The results of the morphometry indicated an increase in the area of the nucleus and the
cells caused by intracellular swelling, domination of euchromatin and decrease of total
density of chromatin in nuclei. Partial regression of the diameter of sinusoidal capillaries
and the area of hepatocytes were detected on the 30" day of the experiment. The changes
in the sinusoidal capillaries of the liver lobules are assessed as secondary to stroke, as
well as to changes in organ microcirculation, and are associated with dystrophic changes

capillary sinusoids,
hepatocytes injury.

in the hepatocytes.

INTRODUCTION

A stroke is not just a neurological disorder. It affects the
functioning of other organs. Zhang et al. (2018) [1] report
that liver disease and stroke have a negative correlation.
In experimental studies, after 10 minutes of the simulation
of stroke and hyperthermia, decrease in activity of super-
oxide dismutase and increase of free radicals in the liver
were detected [2]. Moreover, two hours after brain ischemia/
reperfusion in rats with a fatty diet, a sharp decline in the
activity of antioxidant enzymes (superoxide dismutase,
glutathione peroxidase) and increased levels of malo-
ndialdehyde and free calcium in the liver were observed.
Ischemia also increased the level of caspase-3, whose rate
in stroke was lower compared with diet [3]. The authors
note that simulation of ischemia of the brain in rats dramati-
cally exacerbates metabolic parameters and liver damage.
This is explained by the production of free radicals and the
reduction of enzymatic antioxidant defense mechanisms [2].
In analytical publications, this was considered to have come
about by the activation of the synthesis of liver enzymes
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as a response to the excessive release of cytotoxic neu-
rotransmitters by ischemic brain tissue, in particular, gluta-
mate [4]. Most scientific publications are, however, devoted
to the study of molecular markers of liver function against
ischemia, and the structural foundations of these changes
remain poorly researched. Hence, further research is needed
to clarify the mechanisms underlying the link between
the stroke and changes in the structure of the liver. In this
study, we put forward the hypothesis that on the background
of a hemorrhagic stroke, morphological changes in the liver
can occur as a manifestation of structural and functional
changes in the body.

The aim — to study the histological changes of the liver
against a background of hemorrhagic stroke.

MATERIALS AND METHODS

The study was conducted on laboratory mice of the Balb/c
lineage with an average weight of 18-20 g. Animals were
divided into 4 groups of 10 animals: group 1 — control
group (intact mice), group 2 — animals on the 5" day
of stroke; group 3 — animals on the 10® day of stroke; group 4
—animals on the 30" day of stroke. The model of intracerebral
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hematoma was used to simulate a stroke. Reproduction
of limited hemorrhage of the brain of animals was achieved
by administration of 0.15-0.2 ml of autoblood in the right
hemisphere (L =1.5; H=3.0; AP =1.0) [5,6]. In all animals,
the hematoma was localized in the right inner capsule
(capsula interna dextra) of the brain.

For the histological examination, the liver was fixed in
10% neutral formalin (0.1 M cold PBS, pH 7.4). Dehy-
dration was carried out according to the standard method
of ascending concentrations of ethanol, clarified in dioxane
and xylene. As an intermediate between xylene and paraffin,
a mixture of xylene paraffin was used 1: 1. Impregnation
in paraffin was carried out in a thermostat ST-50C at tem-
peratures of 37°C and 56°C (UOSlab, Ukraine). The liver
samples were contained in paraplast (Leica Surgipath Para-
plast Regular). Histologic sections were obtained on a micro-
tome Thermo Microm HM 360 Rotary Microtome. Sections
with a thickness of 5 microns were then stained with hema-
toxylin and eosin. General morphological organization
of the organ was examined on histological preparations.
In addition, we assessed the state of the blood vessels of the
liver lobes (central vein, sinusoidal capillaries, interstitial
arteries and veins), changes in hepatocytes (hypertrophy of
cells, nuclei hypertrophy, the appearance of atypical nuclei,
karyopicnosis and lithic changes), as well as the presence
and density of nidi of leukocyte infiltrates. The morphomet-
ric analysis was performed using an Olympus BX 51 micro-
scope and CarlZeiss software (AxioVision SE64 Rel.4.9.1).

The statistical estimation was carried out according to
the nonparametric criterion of Kruskal-Wallis. Data samples
were analyzed using Origin Lab software version 8.0. The
difference was considered statistically significant at p < 0.05.

All laboratory (experimental into groups, animal fixation,
anesthesia, blood from caudal artery) procedures were
carried out in the Bogomolets National Medical University
in accordance with the U.K. Animals (Scientific Procedures)
Act, 1986 and related guidelines, EU Directive 2010/63/EU
for animal experiments, and the National Institutes of Health
Guide for the care and use of laboratory animals (NIH Publi-
cations No. 8023, revised 1978). The research was approved
by the Bioethical Committee for Human Subjects or Animal
Research at Bogomolets National Medical University,
Minutes No. 100, 21 February, 2017.

RESULTS

In the experimental study, no fatal cases occurred.
However, changes were observed on histological prepara-
tions of liver. These indicated a violation of regional micro-
circulation. Sinusoid capillaries and especially the central
vein of the classical lobuli were sharply dilated (Fig. 1).
Diameter of the capillaries was statistically significantly
increased (p < 0.05). Erythrocyte stasis was also noted.
In some capillaries, isolated leukocytes and macrophages
were detected. The most pronounced changes were estab-
lished centrolobularly around the central veins.

Note: 1 - control group (intact mice); 2 - animals on the 5" day of stroke; 3 - animals on the 10t day of stroke; 4 - animals on the 30 day of stroke,
CV - central vein. Hematoxylin-eosin, x 400

Figure 1. Histological structure of the liver of the control and experimental groups
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Structural changes differed depending on the terms
of experiment. Thus, on the 5" day, dilatation of sinusoidal
capillaries was detected in 90% of cases, and dilatation of
central veins in 100% of investigated animals. Erythrocyte
stasis was noted in the majority of hepatic lobules. The stasis
of the formed elements was not detected in the central veins.
Signs of hepatocyte necrosis were not detected, but cell mor-
phology had a significant variability, and hypertrophy of the
nuclei of individual hepatocytes was marked. This should be
evaluated as a manifestation of functional activation against
the background of the pathological process. In 30% of all
the animals, an increase in the number of monocyte cells
(monocytes, macrophages) was observed in the sinusoidal
capillaries.

On the 10" day of experiment, progressive dilatation
of sinusoidal capillaries was established, a sharp increase in
diffusion of the lumen of the capillaries was noted in all the
lobes of the samples under study. Hepatocytes with signs
of necrosis (severe cytoplasmic edema, vacuolar dystrophic
changes) were also observed around the central vein and
in the pericentral parts of the lobules. Cellular derivates
(detritus of dead cells) were recorded in the lumen of the
microvessels.

On the 30" day of observation, signs of regression
of structural changes in the liver were observed. These con-
sisted of lumen reduction in the hemocapillaries, as well as
a partial reduction of the lumen of the central veins of the
lobules. Signs of dilatation of capillaries were found in 50%
of all the animals, and dilatation of central veins of liver
lobules in 100%. Hepatocytes with hypertrophied nuclei
were also registered, however, most cells approached the
control group with cytological signs of the nucleus. Signs
of inflammatory reaction were not detected during 10 days
of observation.

The dynamics of structural changes in the liver are clearly
illustrated by the results of the morphometric study. Herein,
morphometric indices (area of the nucleus and soma of hepa-
tocytes, diameter of hemocapillaries) were significantly
increased in groups 2 and 3, that is, in terms of observation of
the 5"and 10" days after stroke modeling (p < 0.05) (Table 1).
The data in-group 4 indicate a partial regression of structural
changes in the terms of 5 and 10 days. Moreover, the dif-
ference between groups 1 and 4 was also found (p < 0.05),
indicating the continuation of reactive organ changes in an
experimental hemorrhagic stroke. Structural rearrangements
of stromal elements of the liver lobules were not detected
in any of the studied samples.

Table 1. Morphometric parameters of the liver of the control and
experimental groups

Area Area Diameter
Ne Group of hepatocyte, of hepatocyte of sinusoidal
pm? nucleus, pm? capillaries, ym
1 |Gontrolgroup | 366 4640.94 | 68.06+0.05 9.08+0.17
(intact mice)
2 | Stroke, 5" day 521.33£1.35* | 104.06+0.34* 12.85+0.26%*

3

Stroke, 10t day

599.48+1.47*"

114.92+0.25*~

14.75+0.26*~

4

Stroke, 30* day

456.78+1.30*#

80.73+0.24*#

11.00£0.22*"#

Note:

* - vstogroup 1 (p < 0,05);
A - vs to group 2 (p < 0,05);
# - vs to group 3 (p < 0.05)
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DISCUSSION

The analytical studies revealed an association of liver
diseases with risk of stroke [7]. Liver disruption appeared
more strongly with worse prognosis after intracerebral hem-
orrhage and ischemic stroke. The authors did not detected
difference in the association between liver disease and stroke
subtype.

From literary sources, in patients with traumatic and
ischemic brain damage, changes of biochemical parameters
of liver function are seen [8-10]. However, although dys-
lipidemia increases the risk of ischemic and hemorrhagic
stroke [11], studies have generated controversial data on
the relationship between lipid levels and severity of stroke
[12]. In women, for example, it was found that lipid param-
eters were not associated with the severity of stroke, while
in men, the reduction of triglycerides and LDL was associ-
ated with a worse prognosis of the disease [11]. In other
studies, the changes in some of the biochemical parameters
that may be mediated indicated a disorder of the body. Here,
an increase in the level of bilirubin and the association with
the severity of a stroke was revealed [13]. Furthermore,
changes in liver enzymes (superoxide dismutase), cytotoxic
products of lipid peroxidation and bilirubin in the acute
phase of a stroke were directly or indirectly related to the
size of the site of the brain infarction. Thus, in the acute
phase of stroke, statistically, the level of liver-associated
enzymes (glutamate oxaloacetate transaminase, glutamate
piruvate transaminase, gamma glutamy! transferase) were
enhanced [4]. But liver enzymes are non-specific markers
of cytotoxic lesions, including brain damage, hemolysis,
and muscle atrophy. Therefore, indicators of enzymes alone
cannot reliably testify to dysfunction of the liver.

The results of recent histological studies and experiments
(in particular) make it possible to understand the structural
changes in the liver and its secondary injuries that come
about through stroke. A stroke causes activation of inflam-
matory cascades, resulting in a systemic inflammatory
reaction and the consequence of secondary liver dysfunction.
In our work, the initiation of inflammatory response was
detected only on the 5" day of the experiment. This can be
considered an acute period of the pathological process. But
subsequently, such changes were not registered, that is, there
was a regression or completion of the immune response.
The inflammatory response and even liver cell apoptosis
can, hence, be an independent source of oxidative stress
and can be considered a key mechanism of liver damage.
These changes are secondary to the source of ischemia
and are likely to be a systemic, albeit nonspecific response
of the liver to damage.

Histological studies may explain the cause of such
a reaction, but the results of such work are only described
in the literature in a fragmentary way. In particular, in some
articles, an enlargement of the biliary ducts of the liver was
reported in patients with stroke and traumatic brain damage
[14,15]. The publication [16] describes necrosis and apoptosis
of hepatocytes in the periarterial zone, damage to the endo-
thelial cells of the capillaries, focal thrombosis of the lumbar
vessels and infiltration of the macrophages after traumatic
brain damage. Other authors, however, report no changes
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in biliary tract and bilirubin levels during the first 7 days
of the disease [4].

Thus, the local response of immunocompetent cells must
develop much faster. In the liver, we found that the level
of MPC-1, TNF-a and CD68-positive macrophages was
already increased already as of the 1™ day after stroke [17].
Thus, we propose that infiltrated leukocytes and activated
resident macrophages are a major proinflammation factor
of secondary injury of liver. Still, morphological data on
this subject are very limited.

Our results also showed centrolobular dystrophic changes
in hepatocytes and sharp dilation of sinusoidal capillaries.
Certain authors hold the opinion that violation of the auto-
nomic nervous system influences the regulation of microcir-
culation and bile duct and, as a result, structural and func-
tional changes in the organ [4]. Other publications explain
the association of changes in liver microcirculation with
HSV-I infection [18,19], stroke [20] and stroke-induced
immune response [21]. On the basis of our research, it was
concluded that the stroke is not limited to cerebral circula-
tion, brain injury or immune system disruption, it affects
changes in the blood flow of the liver and is a factor in
secondary post-stroke liver damage.

We agree that our study is limited and focused only on
morphological data, but own results sufficiently confirm that
changes in the liver occur and can explain the functional
changes of organ. Further research about the association
of stroke and liver injury may lead to improve understanding
of the development of liver diseases and their treatment.

CONCLUSION

The studies showed that stroke is not limited to
brain disorders, it affects the morphological parameters
of the liver. The main manifestation of structural changes in
the liver was the dynamic changes in the microcirculation
of the liver lobules. This consisted in increases in the lumen
of the sinusoidal capillaries on the 5"and 10" days and
a partial regression on the 30" day. Herein, the erythrocytic
stasis of the capillaries and the initiator signs of the inflam-
matory reaction that occurred resulted in dystrophic changes
in the hepatocytes in the period of 30 days. Thus, the damage
to the hepatocytes was assessed as secondary to stroke
changes associated with changes in organ microcirculation.
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