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ARTICLE INFO ABSTRACT

Managing Editor: Jingling Bao Background: Severe intracerebral hemorrhage (ICH) is the most devastating subtype of stroke resulting in high
mortality and disability. At present, the development of targeted treatments to minimize the high morbidity and
mortality is limited partly due to the lack of a severe ICH animal model. In this study, we aimed to establish an

accurate severe ICH model in rats and examine the pathological and physiological changes associated with ICH.
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Methods: A rat model of severe ICH model was established by intrastriatal injection of autologous blood using
different blood volumes (ICH 100 puL group, ICH 130 pL group, ICH 160 pL group, ICH 170 uL group, and ICH
180 puL group). The mortality was assessed during the 28-day post-ICH period. Short- and long-term neurological
deficits were evaluated using the Longa method, foot fault, falling latency, and Morris water maze tests. Brain
water content, hematoma volume, hemoglobin content, and magnetic resonance imaging were assessed to deter-
mine the extent of brain injury. Immunofluorescence staining was conducted to examine microglial activation
and neuronal apoptosis. Hematoxylin and eosin (H&E) staining, lung water content, and western blotting were
used to assess lung injury following ICH.

Results: The mortality of ICH rats increased significantly with an increase in autologous blood injection. The
28-day mortality in the 100 pL, 130 pL, 160 pL, 170 uL, and 180 pL ICH groups were 5%, 20%, 40%, 75%, and
100%, respectively. A significantly higher 28-day mortality was observed in the ICH 160 uL group compared to
the ICH 100 pL group. The ICH 160 pL group exhibited significantly increased neurological deficits, brain edema,
hematoma volume, and hemoglobin content compared to the sham group. Compared with the sham operation
group, the activation of microglia and neuronal death in ICH 160 pL rats increased. The use of H&E staining and
western blotting demonstrated that disruption of the intra-alveolar structure, alveolar edema, and infiltration of
inflammatory cells and cytokines into the lung tissue were more severe in the ICH 160 pL group than the sham
group.

Conclusions: A severe ICH model in rats was successfully established using an injection of autologous blood at a
volume of 160 pL. This model may provide a valuable tool to examine the pathological mechanisms and potential
therapeutic interventions of severe ICH.

Introduction

According to the 2021 spontaneous intracerebral hemor-
rhage (ICH) Global Burden of Disease study, ICH accounts for
about 15.0%-27.9% of all strokes, and has the highest mor-
tality rate among all stroke types.!'-?! Several studies have re-
ported that the 30-day mortality rate of ICH reached 30%-

55%.1%41 The ICH syndrome usually occurs in the basal gan-
glia region,!>-%! which is mainly responsible for the regulation
of body movement and sensation, so patients with severe ICH
have a high rate of disability, which seriously affects the pa-
tient’s motor and sensory functions.!”-#] An observational study
of long-term outcomes in patients with ICH demonstrated a 6-
month disability rate of up to 80%.!°} Therefore, it is particu-
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larly important to establish an animal model to further study
the mechanism of severe ICH.

A severe ICH model should lead to drastic neuroinflamma-
tory responses and more neuronal cell death than observed in a
standard ICH model. An ideal animal model should mimic hem-
orrhagic stroke events, which occur naturally in human beings.
Rodent, canine, feline, and primate models of ICH, using colla-
genase injection, microballoon insertion, or autologous blood
injection, have been studied in the past.['*:!!] Rats are com-
monly used as the experimental animals for models of ICH.[!?!
The method of the collagenase injection model has the advan-
tages of simple, fast, and good repeatability. However, because
the hemorrhage is mainly diffuse hemorrhage, the bleeding pro-
cess is slow, and the hemorrhage focus is often mixed with nor-
mal brain tissue, which is different from clinical spontaneous
ICH.['3:14] The mechanical balloon compression model can pro-
duce consistent and reproducible brain damage, but it is differ-
ent from the real ICH because there are no blood components,
and it cannot simulate the mechanism of blood components in
the formation and development of brain injury and brain edema
after ICH.!'+1°] Autologous blood injection model is currently
an ideal ICH model, which not only can study ICH of different
degrees by controlling the amount of blood injection but also
non-heparinized autologous blood injection can observe the in-
fluence of vasoactive substances released during blood coagu-
lation on brain circulation and brain tissue, which is close to
the process of clinical ICH.!'*7) It is suitable for the study
of natural process and pathological characteristics of cerebral
parenchymal hemorrhage, and it is an ideal model of cerebral
hemorrhage. As ICH occurs mostly in the basal ganglia region
in humans, %] also has a basal ganglia region with a large cau-
date nucleus, which is easy to locate to conduct stereoscopic lo-
calization and observation in experiments. At present, although
multiple studies have focused on animal models of ICH,!'®] less
is known about animal models of severe ICH.

This study aimed to establish a more accurate severe ICH
model in rats, as well as investigate the pathological and phys-
iological changes that occurred after ICH using imaging, histo-
logical, hematological, and behavioral tests.

Methods
Animals

Specific-pathogen free (SPF) 8-week to 10-week-old male
Sprague-Dawley rats weighing 250-300 g were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China).
Animals were placed in a standard environment with a con-
trolled temperature of 20-22 °C, humidity of 50%-60%, and a
12-h light/12-h dark cycle, accompanied by free access to food
and water. This animal experiment was in accordance with the
National Institutes of Health Guidelines for the Care and Use of
Laboratory Animals, and was approved by the Ethics Committee
of Huashan Hospital Fudan University.

Experimental groups
After acclimatization for 1 week, a total of 120 rats were ran-

domly divided into six groups (n=20 per group) to examine the
mortality rates in the first 3 days following ICH and observe their
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28-day survival rate, including sham-operated (sham) group,
ICH 100 pL group, ICH 130 pL group, ICH 160 pL group, ICH
170 pL group, and ICH 180 pL group. Based on these observed
mortality rates, the most suitable dose ICH groups, which best
reflected the clinical mortality rate of severe ICH, were selected
for the subsequent experiments.

ICH model

The establishment of an ICH animal model was carried out
using autologous blood transfusion, as previously described.['®!
Briefly, rats were anesthetized by intraperitoneal injection with
a mixture of ketamine (100 mg/kg) and xylazine (10 mg/kg).
The depth of anesthesia was monitored by pinching the toes
and tail. Rats were then immobilized with a brain stereotactic
apparatus frame (David Kopf Instruments, USA) in the prone
position, and a 1 mm cranial burr hole was generated. Pre-
determined volumes of autologous blood were collected from
the lateral tail vein and slowly injected into the right basal gan-
glia with the coordinates of 1 mm posterior to Bregma, 3 mm
lateral to the sagittal suture, and 6 mm below skull surface, at
a rate of 2 uL./min. To avoid reflux, the needle was maintained
in position for an additional 10 min after partial infusion. Sub-
sequently, the remaining portion of blood was injected into the
target point again, as described above. After the injection had
been completed, the needle was left in place for an additional
15 min. Then, the needle was removed slowly and the scalp was
sutured. The sham group underwent the surgical procedure and
received saline as the vehicle treatment.

Assessment of short-term behavior test

Neurobehavioral tests were carried out on rats 24 h and 72 h
post-ICH using the Longa method before sacrifice.['®] The neu-
robehavioral study was scored as previously described: 0, neu-
rologic deficit; 1, failure to extend left forepaw fully; 2, circling
to the left; 3, falling to the left; and 4, failure to walk sponta-
neously and loss of consciousness.

Assessment of long-term neurological deficits

The long-term neurobehavioral outcomes were assessed by
foot fault, falling latency, and Morris water maze tests.

The foot fault test was carried out to assess the place-
ment dysfunction of the forelimbs. Rats were placed on a
0.6 cm x 1.5 cm grid surface and their paws were positioned
on the wire while moving along the grid. The foot fault was
defined by the slipping or falling outside the wire during move-
ment. The frequency of foot fault was recorded within 60 s. The
tests were conducted at 7 days, 14 days, and 21 days after ICH
surgery.

The falling latency test was performed to assess locomotor
impairment. Rats were positioned on a rotarod at a speed of
5 rounds/min. Thereafter, the rotarod speed was increased to
2 rounds/min and the time from the beginning of rotation to
the falling of the rats was recorded. The tests were conducted at
7 days, 14 days, and 21 days after ICH surgery.

The Morris water maze test was performed to assess the cog-
nitive ability of rats following ICH surgery. The experimental
design included a round pool with a diameter of 110 cm and
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a platform submerged 5 mm below the water surface. The wa-
ter was heated to near the body temperature of the rats. Each
rat was placed in the quadrant opposite to that of the platform
quadrant and was allowed to search for the hidden platform.
The experiment continued until all rats could find the platform
within 60 s. The test was carried out on days 22-26 post-ICH
surgery, and the swim distance and escape latency of each rat
were recorded daily. On day 26 post-ICH, the platform was re-
moved, and the swimming paths of all rats were observed in
the water maze. The duration time of all rats in the quadrant
containing the platform was recorded within 60 s.

Measurement of brain and lung water content

The brain water content was measured in rats at 24 h and
72 h post-ICH. The cerebrum was divided into the following
four areas: ipsilateral basal ganglia (Ipsi-BG), ipsilateral cortex
(Ipsi-CX), contralateral basal ganglia (Cont-BG), and contralat-
eral cortex (Cont-CX). Each part was immediately weighed on
an electric analytical balance to determine the wet weight and
then dried at 100 °C for 48 h to determine the dry weight. The
brain water content was calculated as wet weight minus dry
weight/wet weight x 100%. The lung water content was tested
at 72 h post-ICH and the whole lung tissue was calculated sim-
ilarly.

Measurement of hematoma volume and hemoglobin content

After euthanasia, rat brains were perfused with phosphate
buffered saline (PBS), removed, and cut into 1 mm thick slices.
Brain slices were imaged with a microscope, and ImageJ soft-
ware (NIH, Bethesda, MA, USA) was used to measure the
hematoma size per slice. The hematoma volume (mm?) was cal-
culated as the average area of each slice (mm?2) x slice num-
ber X slice thickness (mm).

After determination of the hematoma volume, the brain slices
were placed into glass dishes with 3 mL of cold PBS, and ho-
mogenized for 60 s, then sonicated for 2 min. Samples were
centrifuged at 10,000 rounds/min at 4 °C for 30 min. The su-
pernatant was incubated with Drabkin’s reagent (Sigma-Aldrich,
USA) at a ratio of 1:4 for 15 min. The absorbance was read at
540 nm using a spectrophotometer.

Magnetic resonance imaging (MRI)

MRI scans were performed using a 7.0 Tesla MR scanner
(BioSpec70/20USR, Brooker, Germany) 24 h after ICH. Rats
were anesthetized with a mixture of ketamine (100 mg/kg)
and xylazine (10 mg/kg). T2-weighted imaging (T2WI) was
performed, as previously described.!?’! Cube T2WI sequences
were obtained with a view field of 50 mm x 50 mm, matrix
256 mm X 256 mm, and thickness of 1 mm, with a total of 15
coronal sections.

Immunofluorescence assay

Tissues were fixed with 10% formalin for 48 h, dehydrated
using a sucrose gradient of 20%-30%, embedded in optimal cut-
ting temperature (OCT) compound, and immediately frozen at
—80 °C. The frozen samples were cut into slices of 10 um thick-
ness using a Leica CM1950 cryostat (Leica, Germany). Samples
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were then permeabilized with 0.3% Triton for 10 min, blocked
with 5% donkey serum for 1 h, and incubated overnight at
4 °C with the following primary antibodies: anti-Iba-1 (1:200,
Abcam, England) and anti-neuron (1:150, Abcam, England).
Then, the slices were washed three times with PBS for 10 min
and incubated with secondary antibodies conjugated with Alexa
Flour 488/555 (Invitrogen, Waltham, MA, USA) at room tem-
perature in the dark. Nuclei were stained with 4’,6-diamidino-
2-phenylindole (DAPI), and the coverslips were mounted. Im-
ages were captured using a fluorescence microscope (Olympus,
Japan).

Histology

The lung tissues of rats were collected at 72 h post-ICH and
fixed with 10% formalin at room temperature for 24 h. Sub-
sequently, the tissues were dehydrated in an ethanol gradient,
embedded in paraffin, and cut into sections at a thickness of
5 pm. Staining was carried out using hematoxylin and eosin
(H&E), and morphological changes were captured under a light
microscopy.

Western blot

Total protein was extracted from the lung tissue using RIPA
lysis buffer (Beyotime Institute of Biotechnology, Shanghai,
China) and quantified. Protein (30 pg/lane) was then sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Bedford, MA, USA). Af-
ter blocking with 5% skimmed milk at room temperature for 2 h,
the membranes were incubated with the following primary anti-
bodies: rabbit anti-interleukin (IL)-14 (1:1000, ab9722, Abcam)
and rabbit anti-tumor necrosis factor (TNF)-« (1:1000, ab6671,
Abcam) at 4 °C overnight. The membranes were then incubated
with horseradish peroxidase-conjugated secondary antibodies at
room temperature for 2 h. Protein bands were visualized by en-
hanced chemiluminescence (ECL; Beyotime Institute of Biotech-
nology) and quantified using ImageJ software (NIH).

Statistical analysis

All data were analyzed using GraphPad Prism (version 8.0,
GraphPad Software Inc., La Jolla, CA, USA) and presented as
meanz+standard deviation (SD). Multiple comparisons were an-
alyzed using one-way or two-way analysis of variance (ANOVA)
followed by the Tukey post hoc test. The survival curve was as-
sessed using the Kaplan—-Meier method. All differences were con-
sidered to be statistically significant at P <0.05.

Results
Animal mortality rate

By establishing a model of severe ICH, we found that the
mortality rates in the 170 pL and 180 pL ICH groups were 75%
and 100%, respectively, as shown in Figure 1A, and were there-
fore too high to represent the mortality of patients with clinical
severe ICH, so to study the optimal dose required to establish
a severe ICH model, the 100 pL, 130 pL, and 160 pL volumes
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Figure 1. Establishment of severe ICH model with injection of different blood volumes. A: Survival rate of rats injected with different blood volumes during the first
3 days post-ICH (n=20 per group). B: The 28-day survival rate after ICH by Kaplan—-Meier (n=20 per group).

ICH: Intracerebral hemorrhage.

were selected for further survival, behavioral, and histological
studies, respectively.

The mortality rate of rats increased significantly with an in-
creased volume of autologous blood injection. The 28-day mor-
tality rate was 5% in the ICH 100 pL group, 20% in the ICH
130 pL group, and 40% in the ICH 160 pL group. The 28-day
mortality rate in the ICH 160 uL group was significantly higher
than that observed in the ICH 100 pL group and was the highest
overall, as shown in Figure 1B.

Hematoma severity after ICH

The severity of each ICH group was assessed by measuring
the hematoma volume and hemoglobin content. As shown in
Figure 2A-C, the hematoma volume and hemoglobin content
were significantly increased in the ICH 130 pL and ICH 160 pL
groups compared with the ICH 100 pL group 24 h and 72 h post-
ICH (P <0.05) and ICH 160 pL rats exhibited elevated hematoma
volumes and hemoglobin content compared to ICH 130 pL rats,
indicating that the increase in autologous blood volume aggra-
vated the severity of the hematoma. The T2WI showed no ab-
normalities in the sham group, while rounded or oval hematoma
was observed in the right basal ganglia of the ICH groups. The
ICH 160 pL group exhibited obvious perihematomal edema with
high signal shadow compared to the sham and ICH 100 pL
groups, as shown in Figure 2D.

Short-term neurobehavior and brain edema after ICH

Impairments in neurological behavior following ICH were
evaluated using the Longa score 24 h and 72 h post-ICH. As
shown in Figure 3A, all ICH groups had significantly higher
Longa scores at both 24 h and 72 h post-ICH compared to the
sham group. Markedly elevated Longa scores were observed in
the ICH 130 pL and ICH 160 pL groups compared to the ICH
100 pL group, suggesting that the ICH rat model established us-
ing 130 pL or 160 pL autologous blood exhibited severe neu-
rological behavior impairment. The degree of brain edema in
each group was assessed by measuring the brain water con-
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tent. As shown in Figure 3B and C, no significant difference
in brain water content was observed in the Cont-BG and Cont-
CX, whereas the brain water content in the Ispi-BG and Ispi-
CX regions was markedly increased 24 h and 72 h post-ICH
(P <0.05). Of note, the brain water content in the Ispi-BG and
Ispi-CX regions increased with an increasing volume of autol-
ogous blood and cerebral edema became more apparent after
ICH over time. Compared with the ICH 100 pL group, cere-
bral edema was more evident in the Cont-BG and Cont-CX of
the ICH 130 pL and ICH 160 pL groups (P <0.05), as shown
in Figure 3B,C.

Microglial activation and neuronal death after ICH

Immunofluorescence staining for Iba-1 as a microglial
marker and neuron as a neuronal marker were carried out to
examine the effects of different autologous blood volumes on
microglial activation and neuronal death post-ICH. As shown
in Figure 4A-C, the morphology of Iba-1-positive cells changed
after ICH, with more severe morphological changes associated
with higher volumes of autologous blood. The number of Iba-
1-positive cells was also markedly increased in the ICH groups
compared to the sham group, especially in the ICH 160 puL group.
A marked reduction in neuron-positive cells was observed in ICH
rats compared to sham rats, as shown in Figure 4D-F, suggesting
that ICH led to neuronal death.

Long-term neurological deficits after ICH

To determine the effects of different autologous blood vol-
umes on long-term neurological deficits following ICH surgery,
the Morris water maze test was conducted on days 22-26 post-
ICH, as well as foot fault and falling latency tests on days 7, 14,
and 21 post-ICH. The Morris water maze test revealed that from
the second day of testing, the swim distance and escape latency
were significantly increased in ICH rats compared to sham rats,
indicating that ICH rats had more severe cognitive deficits than
the sham group. The ICH 130 pL and ICH 160 pL rats exhibited
a higher loss of cognitive ability than the ICH 100 pL rats on the
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Figure 2. Evaluation of the severity of the ICH model. A: Representative images of the brain sections of rats 24 h and 72 h after ICH (n=6 per group). B: Hematoma
volume at 24 h and 72 h after ICH (n=6 per group). C: Hemoglobin content at 24 h and 72 h after ICH (n=6 per group). D: Representative T2-weighted MRI scans
72 h after induction of ICH using different autologous blood volumes in rats. Red circles show the areas of brain hematoma (n=3 per group).

*P <0.05 vs. ICH 100 pL group. P <0.05 vs. ICH 130 pL group.
ICH: Intracerebral hemorrhage; MRI: Magnetic resonance imaging.
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Figure 3. Short-term neurobehavior and brain edema after ICH. A: Short-term neurological function (Longa score) was assessed 24 h and 72 h after ICH(n=6 per
group). B: Brain edema was measured 24 h post-ICH (n=6 per group). C: Brain edema at 72 h post-ICH (n=6 per group).

*P <0.05 vs. Sham group TP <0.05 vs. ICH 100 uL group; *P <0.05 vs. ICH 130 uL group.

Cont-BG: Contralateral basal ganglia; Cont-CX: Contralateral cortex; ICH: Intracerebral hemorrhage; Ipsi-BG: Ipsilateral basal ganglia; Ipsi-CX: Ipsilateral cortex.

third and fourth days of testing, as seen in Figure 5A and B. On
the fifth day of testing, ICH rats had a lower duration time in the
target quadrant than the sham rats, especially the ICH 130 pL
and ICH 160 pL groups, as seen in Figure 5C and D, further ver-
ifying that a change in cognitive ability had occurred following
ICH surgery.

Foot fault and falling latency tests were also carried out to
assess the placement dysfunction of forelimbs and locomotor
impairments, respectively. As shown in Figure 5E and F, com-
pared to the sham group, ICH rats had a lower falling latency
and elevated frequency of foot fault with the left forelimb. These
changes were more pronounced in the ICH 130 pL and ICH
160 pL groups than in the ICH 100 puL groups at days 7, 14, and
21 post-ICH. In particular, the left forelimb foot fault in the ICH
160 uL group was significantly higher than in the ICH 130 pL
group during the day.
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Lung injury after ICH

Finally, we examined the morphology and inflammatory
markers in the lung tissue after induction of ICH with differ-
ent blood volumes. Histological analysis revealed that sham
rats presented with normal intra-alveolar structure, but after
ICH, disruption of the intra-alveolar structure was evident, with
the severity increasing with higher blood volumes, as seen in
Figure 6A and B. The lung injury scores indicated that more
severe lung damage was associated with increased hematoma.
The lung injury score was significantly higher in the ICH 160 puL
group than in the sham and ICH 100 pL groups (P <0.05), as
seen in Figure 6C.

The levels of TNF-« and IL-1p protein expression levels were
elevated in the ICH 100 pL, 130 pL, and 160 uL groups compared
to the sham group. The highest levels were observed in the ICH
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160 uL group, suggesting that inflammation occurred in the lung
tissue following ICH, as seen in Figure 7A and B. The increased
lung water content found in ICH rats suggested that lung edema
was more severe following ICH, especially in the ICH 160 uL
group, as shown in Figure 7C and D.

Discussion

The condition of ICH is a severe public health problem
that contributes to high rates of disability and mortality
worldwide.[?!! At present, there are still no effective therapeutic
strategies for improving the clinical outcome and quality of life
of patients suffering from ICH. There is therefore a critical need
to construct a reproducible animal model that simulates the de-
velopment of brain injury following ICH, providing a valuable
tool to further the understanding of pathological mechanisms
associated with ICH and to develop potential therapeutic inter-
ventions.
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The autologous blood model was adopted in this study due to
its ability to closely simulate clinical ICH. The autologous blood
injection method not only allowed the degree of severity of ICH
to be controlled but also allowed the release of vascular active
substances to be observed during the blood coagulation process,
which was necessary to study the natural process and patholog-
ical morphology of cerebral parenchymal hemorrhage.!'#! Nath
et al.[??1 injected blood volumes of 25 pl, 50 uL, and 100 uL
into the rat brain, equivalent to 20 mL, 40 mL, and 80 mL of
blood leakage in the human brain, to simulate different degrees
of clinical ICH. This study established an ICH model in rats by
injecting 100 pL of blood, but the 28-day mortality rate at this
volume was only 5%. This value was significantly lower than
the clinical mortality rate, which ranges from 32% to 52% in
the first month following ICH, while only 50% of patients inde-
pendently survived 1 year after ICH.[?3:4] To better reflect the
clinical severity of ICH, blood volumes of 130 puL and 160 pL
were used to construct a severe ICH rat model and the 28-day
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Escape latency of Morris water maze test on days 22-26 after ICH. C: Probe quadrant duration of Morris water maze test on day 27. D: Typical traces of Morris water
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(n=8 per group).

*P <0.05 vs. Sham group P <0.05 vs. ICH 100 pL group; P <0.05 vs. ICH 130 pL group.

ICH: Intracerebral hemorrhage.

mortality rate after ICH increased with an increasing blood vol-
ume injection. Since an injection of 160 pL of blood led to a
high 28-day mortality (40%), this volume was used to establish
a severe ICH rat model.

Hematoma volume has been recognized as an independent
predictor of poor functional outcome and clinical mortality of
ICH patients, and the risk of neurological deterioration increases
with hematoma growth.[?>:261 Previous studies have suggested
that the primary injury in response to hematoma expansion and
hemoglobin production contributed to a cascade of events trig-
gering secondary injury, which is responsible for the poor out-
come after ICH.?7-21 Activation of microglia and hematoma-
induced neuronal death in the surrounding parenchymal rim has
also been considered to be important targets that contribute to
brain damage.[*%-*!] In addition, an increasing number of clin-
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ical studies have found that systemic inflammatory response
syndrome and ICH-associated complications accentuated brain
injury and jeopardized clinical outcomes.[*>-**! Multiple stud-
ies focusing on the autologous blood injection-induced ICH rat
model have reported severe brain edema and behavioral disor-
ders in ICH rats, as well as microglial activation and neuronal
death in the perihematomal area.®>7! It is worth noting that
although the cortex and hippocampus are not in situ hemor-
rhagic foci, hematoma-induced secondary injury, such as neu-
ronal death in the cortex and hippocampus, may be partially
responsible for cognitive deficits associated with ICH.[3638]
This study found more severe brain edema, hematoma ex-
pansion, microglial activation, neuronal death, and neurolog-
ical deficits after ICH surgery with injections of 130 pL and
160 pL autologous blood volumes than after 100 uL, suggest-
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ing that an increased autologous blood volume resulted in more
severe ICH.

Finally, in addition to parenchymal hematoma formation
and brain injury, ICH-induced high intracranial pressure may
trigger the localized activation of coagulation and the im-
mune system, releasing cytokines both locally and spreading
to other tissues. One study estimated that approximately 23%—
58% of ICH patients developed infection complications, such as
pneumonia,**! while Elmer et al.l**] reported that the preva-
lence of acute respiratory distress syndrome (ARDS) after clini-
cal spontaneous ICH was as high as 27%. A study by Wu et al.[*!!
observed enhanced lung inflammation in an experimental ICH
rat model induced by stereotaxic intrastriatal administration of
bacterial collagenase and showed that ICH promoted the pro-
duction of pro-inflammatory cytokines in brain and lung tis-
sues, accompanied by pulmonary damage. The present study
also examined the morphology and inflammatory markers in
the lung tissue after ICH surgery and found that, compared to
the sham, the lung tissues of ICH rats showed disruption of the
intra-alveolar structure and high expression levels of TNF-a and
IL-1p, as well as severe lung edema, indicating that ICH resulted
in lung injury, especially when injected with a blood volume of
160 pL.

There were several limitations in the present study. Only a
single autologous blood ICH model was selected and a colla-
genase model was not used to observe the pathophysiological
mechanism of severe ICH. Emerging evidence has indicated ICH
induces more severe brain injury in aged male animals than
young females, but only 8-week-old male adult Sprague-Dawley
rats were used in the present study. Further studies are required
to examine the pathophysiological mechanism of severe ICH in
different age groups and female animals. Finally, the long-term
histopathological changes in different hematoma groups were
not recorded so this should be the focus of future studies.

Conclusions

An optimal 160 pL autologous blood injection-induced ICH
rat model was established to simulate severe ICH and it provided
a valuable tool to examine the pathological mechanisms and
develop potential therapeutic intervention strategies for severe
ICH.
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