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Abstract

Objective

Oxidant and inflammatory substances released into
the blood due to subarachnoidal hemorrhage (SAH)
can pass into the peripheral compartment, causing
distant organ damage due to blood-brain barrier
permeability caused by oxidative stress, inflammation,
and apoptosis. This study aimed to demonstrate the
secondary damage to peripheral organs, including the
lung, kidney, and liver, resulting from SAH.

Material and Method

Twenty rats were divided into sham and SAH
groups, each consisting of ten animals. In the SAH
group animals, 0.3 mL autologous blood taken from
the tail artery was injected into the cisterna magna
for 2 minutes. Seven days after SAH formation,
all animals were euthanized under anesthesia.
Following decapitation, brain tissues, lung, liver, and
kidney tissues were placed in 10% formaldehyde for
histopathological and immunohistochemical analysis.
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Results

In the SAH group, neuronal degeneration in the
cerebral cortex, and hyperemia and hemorrhage
in the lung, kidney, and liver were observed
histopathologically. In immunohistochemical exami-
nations, decreased expression of brain-derived
neurotrophic factor (BDNF) and neurofilament (NF)
in the cerebral cortex, cerebellum, and hippocampus
sections; In lung tissues, enhanced caspase (Cas)-3,
hypoxia-inducible factor 1 alpha (Hif-1a) and nuclear
factor kappa beta (NF-kB) expressions in the lung,
Cas-5, cyclooxygenase-1 (Cox-1) and interleukin
(IL)-1 expressions in the liver, Cas-3, Cox-1 and IL-3
expressions in the kidney were observed.

Conclusion

Following SAH, in addition to damage to brain tissue,
peripheral tissues such as the lung, kidney, and liver
can also be damaged through inflammation and
apoptosis.
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Introduction

Subarachnoidal hemorrhage (SAH) is a highly prog-
ressive clinical condition that occurs secondary to
damage to the vessels supplying brain tissue due to
various causes, such as acquired or hereditary factors
(1,2). Subarachnoidal hemorrhage (SAH) is a severe
clinical condition resulting from damage to the blood
vessels supplying brain tissue due to various acquired
or hereditary factors (1,2). Bleeding is observed due
to structural deterioration in the vessel wall, especially
secondary to aneurysmal events in the vascular layer.
Bleeding occurs due to structural deterioration in the
vessel wall, often caused by aneurysmal events in
the vascular layer. Increased levels of oxidant and
inflammatory substances in the blood and brain
tissue, triggered by the hypoxic environment distal
to the bleeding area, are known to exacerbate the
damage (3,4).

These substances can trigger mechanisms such
as oxidative stress, inflammation, and apoptosis by
binding to their receptors in the tissue they come
into contact with (6). To investigate such damage
mechanisms, oxidative stress index (OSI), total
antioxidant status (TAS), total antioxidant status
(TOS), levels for oxidative stress; interleukin 1 (IL-
1B), caspase-5 (Cas-5), interleukin-3 (IL-3), hypoxia-
induced factor 1 alpha (Hif-1a), cyclooxygenase-1
(Cox-1) and nuclear factor kappa beta (NFkp)
expressions to show inflammation and caspase-3
(Cas-3) expressions to show apoptosis. Oxidant and
inflammatory molecules released into the bloodstream
can penetrate the peripheral compartment, causing
distant organ damage by increasing blood-brain
barrier permeability (5).

This study aimed to demonstrate the damage in the
brain and some peripheral tissues of SAH-induced
rats by histopathologic and immunohistochemical
methods.

Material and Method

Experimental Animals

Twenty adult male Wistar albino rats (250-350 g) were
obtained from the Burdur Mehmet Akif Ersoy University
Experimental Animal Laboratory. They were housed
under controlled conditions (60% + 5% humidity, 21-
22 °C, and a 12-hour dark/light cycle) and provided
with standard commercial water and feed.

Experimental Procedure

Twenty rats were divided into sham and SAH groups
containing ten animals. In the SAH group animals,
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after aspiration of 0.3 mL CSF into the cisterna magna
reached following neck dissection, 0.3 mL autologous
blood taken from the tail artery was injected into the
cisterna magna for 2 minutes (7). In the sham group,
0.3 mL of physiologic saline solution was applied to
the cisterna magna after the aspiration of 0.3 mL of
cerebrospinal fluid (CSF), to match the stress levels
of the SAH group.

Seven days after SAH formation, all animals were
euthanized under 8-10mg/kg xylazine (Xylazinbio 2%,
Bioveta, Czech Republic), 90 mg/kg ketamine (Keta-
control, Doga ilag, Turkey)anesthesia by surgical
bleeding method by taking blood samples from the
inferior vena cava through an abdominal incision.
Following decapitation, brain tissues, lung, liver, and
kidney tissues were placed in 10% formaldehyde for
histopathological and immunohistochemical analysis.

Histopathologic Evaluation

Brain, lung, liver, and kidney tissues were collected
and fixed in 10% buffered formalin for histopathological
analysis at sacrifice. Following routine processing
of tissues with a fully mechanized tissue processor,
5-um-thick paraffin block pieces were cut using fully
automatic rotary microtomes (Leica RM2155, Leica
Microsystems, Wetzlar, Germany). Deparaffinization,
rehydration with decreasing amounts of graded
ethanol, staining with hematoxylin-eosin (HE),
clearing in xylene, and sealing sections were the next
steps. Histologic changes were evaluated under light
microscopy.

Brain sections were stained with brain-derived
neurotrophic factor (BDNF) and neurofilament (NF);
lung sections with cas-3, Hif-1a, and NF-kB; kidney
sections with Cas-3, Cox-1, and IL-3; and liver
sections with Cas-5, Cox-1, and IL-3. Sections were
mounted on polylysine-coated slides and stained with
BDNF (Recombinant Anti-BDNF antibody [EPR1292]
(ab108319)), NF (Anti-160 kD Neurofilament Medium
antibody [EPR23510-76)) (ab254348)); Cas-3 (Anti-
Cas-3 antibody [EPR18297] (ab184787)); Cas-
5 (Recombinant Anti-Cas-5 antibody [EP876Y]
(ab40887)); Hif-1a (Anti-HIF-1a) alpha antibody
[mgc3] (ab16066)); NF-kB (Anti-NF-kB p65 antibody
(ab16502)): Cox-1 (Anti-cox-1 antibody [EPR5866]
(ab109025)); IL-1 (Anti-cox-1 antibody/[EPR5866]
(ab109025)); -IL-3 antibody (ab190941); streptavidin
was performed using the biotin technique. Primary
and secondary antibodies were purchased from
Abcam (Cambridge, UK), and primary antibodies
were used at 1/100 dilution. After incubating the
sections with primary antibodies for 60 minutes, they
were stained using biotinylated secondary antibodies



and streptavidin-alkaline phosphatase conjugate
through immunohistochemistry. The results were
obtained using the EXPOSE Mouse and Rabbit
Specific HRP/DAB Detection IHC kit (ab80436)
as the secondary antibody, and diaminobenzidine
was used as the chromogen (DAB). Negative
controls were run with a dilution solution instead of
primary antiserum. The slides were analyzed for
immunopositivity for each marker, and the number of
positive cells was determined by manually counting
100 cells for each rat under 20X magnification using
ImageJ (National Institutes of Health, Bethesda MD).
The microphotography was taken using the Database
Guide Cell Sens Life Sciences Imaging Software
System (Olympus Co., Tokyo, Japan).

Statistical Analysis

The variables were presented in the form of mean
+ standard deviations. The Mann-Whitney U test
was used to compare the histopathological and
immunohistochemical scores between the groups.
The statistical calculations were performed using
the Graphpad Prism 8.0 program pack (Graphpad
Software Inc., USA). A significance value of p<0.05
was set.
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Results

Histopathologic Findings

Microscopic examinations showed no lesions in the
control group. Nevertheless, subarachnoid hemorrhage
led to neuronal degeneration characterized by SAH
in the brain. Microscopic examinations showed no
lesions in the control group. However, subarachnoid
hemorrhage caused neuronal degeneration in the
brain. SAH also caused hyperemia and hemorrhage in
the lung, kidney, and liver (Figure 1).

Immunohistochemical Findings
Immunohistochemical examinations of the brain,
cerebellum, and hippocampus sections showed
decreased expression of BDNF and NF in the SAH
group compared to the control group (Figures 2-3).
Cas-3, Hif-1a, and NF-kB expressions were increased
in lung tissues, which are generally localized in
inflammatory and alveolar epithelial cells (Figure
4). In the liver of the SAH group, Cas-5, Cox-1, and
IL-1 expressions were increased significantly in
hepatocytes (Figure 5). Increased Cas-3, Cox-1, and
IL-3 expressions localized in tubular epithelial cells in
the renal cavities of the SAH group were observed
(Figure 6)

Figure 1

Histopathological findings of organs in control (upper row) and SAH (below row) between the groups.
(A) Normal brain in normal brain and inflammatory reaction (arrow) brain in SAH group, (B) normal lung tissue
in the lung in the control group and inflammatory cell infiltrations and hemorrhage (arrow) in SAH group, (C)
normal kidney histology in control group and cortical hemorrhage (arrow) in SAH group, (D) normal heart tissue
in control group and slight hemorrhage in (arrow) in SAH group, (E) normal liver histology in control group and
hemorrhage (arrow) in SAH group HE, scale bars=50pm.
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Figure 2

BDNF immunoexpression in the brain (first column), cerebellum (second column), and hippocampus
(third column)

(A) BDNF expression in control and (B) SAH groups, arrows indicate decreased expression, Streptavidin biotin
peroxidase method, Scale bars= 50pm
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Figure 3

NF immunoexpression in the brain (first column), cerebellum (second column), and hippocampus
(third column)

(A) Control and (B) SAH groups, arrows indicate reduced expression, Streptavidin biotin peroxidase method,
Scale bars=50um.
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Figure 4
Cas-3, Hif-1a, NF-kB immunoexpressions in lung tissue

A) Control group, (B) SAH group, arrows indicate immunopositive cells, Streptavidin biotin peroxidase method,
Scale bars=50um.
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Figure 5
Cas-5, Cox-1, IL-1B immunoexpressions in liver tissue

(A) Control group, (B) SAH group, arrows indicate immunopositive cells, Streptavidin biotin peroxidase meth-
od, Scale bars=50um.
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Figure 6

Cas-3, Cox-1, IL-3 immunoexpressions in kidney tissue
(A) Control group, (B) SAH group, arrows indicate immunopositive cells, Streptavidin biotin peroxidase meth-

od, Scale bars=50um.

Discussion

Hypoxia-induced inflammatory reactions in the brain
tissues distal to the hemorrhage area may cause local
diffuse damage to the brain tissue. They may also
cause damage to peripheral organs by passing into the
peripheral blood due to increased blood-brain barrier
permeability caused by cytokines released into the
blood (9, 10). The histopathological findings from the
brain tissue analyzed in the study indicate occurrences
of SAH, evidenced by neuronal degeneration, gliosis,
varying degrees of hyperemia, mild hemorrhage, and
neuronal shrinkage. Hyperemia and hemorrhage
findings in the lung, kidney, and liver tissues damaged
by inflammatory cytokines passing to the periphery
also indicate the development of peripheral organ
damage. Consistent with the findings, Han et al.
demonstrated that increased NF-kB levels following
SAH lead to damage in the lungs (11).

In an observational study by Tujjar et al., it was
reported that acute kidney injury developed in more
than 10% of patients admitted to the intensive care
unit following SAH. Additionally, Li et al. emphasized
the development of fibrosis due to liver damage in
some patients following SAH (12). SAH is a life-
threatening disease with a severe prognosis due to its
secondary effects (8).
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For example, studies have shown that nephrotoxicity
developing in patients with SAH increases mortality
in the intensive care unit (2). It was also found that
creatinine and BUN levels increased in these patients
with SAH-dependent or independent mechanisms.
Similarly, liver damage may also be observed in
some patients following SAH (13). For example, a
clinical study has shown that liver damage in patients
with SAH is associated with rebleeding, intracranial
infection, pneumonia, and acute kidney injury (13).
There is also clinical data on the lung, one of the
organs damaged after SAH, and it has been reported
to increase over the years. For example, Veeravagu
et al. showed in a study that the incidence of acute
respiratory distress after SAH has increased since
1993 (14). Therefore, elucidating the cause-and-effect
relationship of peripheral organ damages that develop
after SAH will provide support for clinical studies to
reduce mortality and morbidity in hundreds of patients
with various complications. Clinical responses in
patients with these organ damages, potentially linked
to SAH, also corroborate these findings.

The expression of neurogenesis indicator BDNF and
intermediate filaments that comprise the neuronal
cytoskeleton indicator NF, whose expression was
examined by immunohistochemical analysis to
show the damage in brain tissue, decreased in the



cerebral cortex, cerebellum, and hippocampus (13).
These damages may cause leukomotor dysfunctions,
decreased memory and memory capacity, and
balance disorders secondary to SAH (14, 15). In
support of this, Chen et al. demonstrated in their study
that the administration of exogenous BDNF reduced
neurological deficits associated with SAH (16).

Immunohistochemical analyses were performed to
determine the expression of various proinflammatory
and apoptotic substances in lung, kidney, and liver
tissues. In lung tissues, Cas-3 levels increased in
inflammatory and alveolar epithelial cells as a common
junction of many apoptotic pathways, indicating the
development of apoptosis in the tissue. Also, NF-
KB expression, which has a central role in cytokine
production, and Hif-1la expression, which plays a
role in hypoxia-induced inflammation, increased
(17). Another study by Suresh et al. demonstrates
that inflammatory damage occurring in the lungs is
mediated through Hif-1a and NF-kB (18). Due to such
cellular damage mechanisms in the lung tissue, the
expansion capacity of the lung gradually decreases,
and hypoxia-induced damage may be even more
profound (19).

In this study, tissue responses in liver and kidney
tissues, which are the organs of elimination, were
also examined. Increased Cas-5, Cox-1, and IL-1
expressions in liver tissue of the SAH group were
associated with increased prostaglandin synthesis
due to arachidonic acid metabolism and activation
of the nod-like receptor protein pathway (20). In
their study, Galea et al. supported these findings by
demonstrating that administering an IL-1 antagonist
reduced inflammation associated with SAH (21).
Increased apoptotic Cas-3 and proinflammatory IL-3
and Cox-1 expression in kidney tissue suggest that
apoptosis and inflammation are also triggered in this
tissue. Hvas et al. demonstrated that the damage
caused by brain injury leads to an increase in COX-1
and COX-3 levels in the renal medulla (22). Damage
to these organs, which are the organs of elimination,
indicates that there may be problems in the excretion
of the harmful substances produced in the disease
and the drugs used in treatment (23, 24).

The critical aspect of this study, which includes the
expression of very different markersin differenttissues,
is to help scientists who want to research these tissues
in the future. In addition to these expressions, the
lack of molecular genetic and biochemical analyses
constitutes the study's limitation.

As a result, in SAH, which is a hazardous disorder,
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peripheral organ damage occurs in addition to
brain tissue. The damage mechanisms induced by
proinflammatory substances circulating in the blood by
binding to their receptors in these organs may cause
loss of function in tissues and aggravate the clinical
response. More detailed molecular investigations
including the expressions, must be conducted in
future studies.
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