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Study on the expression and mechanism
of inflammatory factors in the brain of rats

with cerebral vasospasm
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Abstract. - OBJECTIVE: We investigated the
significance of IL-1 and ICAM-1 in rat’s sub-
arachnoid hemorrhage (SAH) cerebral vaso-
spasm (CVS) model.

MATERIALS AND METHODS: A total of 30
Sprague-Dawley (SD) rats were random-
ly divided into the SAH group and the Sham
group. Cisterna magna auto blood injection was
used to prepare the CVS models. We studied and
compared changes in the basilar arteries diam-
eters before and after SAH. We measured the
cerebrovascular inner diameter before and af-
ter SAH modeling using the ultrasound. ELISA
method was used to measure the expr
of IL-1 and ICAM-1 in peripheral blood.
pression of MAPK and P38 in the brain wa
ed using Western blot. Brain cells apoptosis
studied using TUNEL method.
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Introduction

Subarachnoid hemorrhage (SAH) is a cli-
nical syndrome resulting from blood direct-
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for 10% of
very serious disease
calth Organization,

subarachnoid space due to
a and ventricular bleeding,

tory cells and massive inflammation
can be seen after SAH onset due to ischemia
and cerebral vasospasm (CVS). Among various
types of inflammatory factors, IL-1 is generat-
ed by fibroblasts, monocytes/macrophages, T
lymphocytes, B lymphocytes, epithelial cells,
keratinocytes and various kinds of oncocytes*~.
Several factors including TNF-a monocytes/
macrophages cAMP can induce normal cells to
generate interleukin-1 (IL-1)%%.

Intercellular cell adhesion molecule-1 (ICAM-
1) also known as CD54, is a member of the im-
mune globulin superfamily (IGSF). ICAM-1 is an
important adhesion molecule with low expression
level in resting vascular endothelial cells (VEC).
ICAMI plays an important role in stabilizing the
intercellular interaction and promoting the migra-
tion of white blood cells (WBC) and endothelial
cells™'® Previous studies showed that the ICAM-1
expression could be mediated by the P38-MAPK
signal pathway. It plays a role in VEC and cerebro-
vascular endothelial cells, various histiocytes and
also plays an important role in the ischemic dis-
eases of renal tissues, heart tissue, and brain tis-
suell. Previous studies also reported that [ICAM-
1 expression was significantly increased in SAH
rabbit secondary brain damage models, but the
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mechanism of CVS after SAH remains unclear.
We, in this study, investigated the significance of
IL-1 and ICAM-1 in rat’s SAH CVS model.

Materials and Methods

Laboratory Reagents

0.9% sterile saline solution (Otsuka Pharmaceu-
tical Co., Ltd., Tokyo, Japan), rat-anti-human Egr-
1 antibody (Wuhan Boster Biological Technology
Co., Ltd. Wuhan, China), rat-anti-human PTEN
antibody (Wuhan Boster Biological Technology
Co., Ltd. Wuhan, China), immunohistochemistry
SP900 staining kits (ZSGB-BIO, Beijing, Chi-
na), DAB concentration staining kit (ZSGB-BIO,
Beijing, China), Mayer hematoxylin (ZSGB-BIO,
Beijing, China), fresh xylene (The Third Chemi-
cal Regent Factory of Tianjin, Tianjin, China), 35%
ethanol (The Third Chemical Regent Factory of
Tianjin, Tianjin, China), NaH,PO,2H,O (The Third
Chemical Regent Factory of Tianjin, Tianjin, Chi-
na), Na,HPO,12H,O (The Third Chemical Regent
Factory of Tlan]m Tianjin, China), citric acid (The
Third Chemical Regent Factory of Tianjin, Ti
China) and sodium citrate (The Third C
Regent Factory of Tianjin, Tianjin, China).

Experimental Instruments

Micropipettor (Eppendorf,
ny) Haier ice maker, 4°C cg
refrigerator (Thermo, Shang
ringe, 5 ml syringe (HA
pathological section

Ies suffering different grades of paln
the two groups.

Sral vasospasm (CVS) Modeling

AYotal of 30 Sprague-Dawley (SD) rats were ran-
domly divided into the SAH group and the Sham
group. SAH group was set up with subarachnoid
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hemorrhage (SAH). After giving 25% urethane of
abdominal anesthesia, rats were prone and fixed on
a stereotactic instrument to expose the atlanto-oc-
cipital fascia. A No. 4.5 syringe needle was Lisas

The head and tail were ke
lar arteries diameter we

ling time, the basilar
the craniotomy after

/L PBS. Gradient dehydration
ing were conducted. 3% H,O,
ples were washed after 15 min

ntibodies against IL-1 (1:200) and ICAM-
1 (1:150) were added and samples were incubated at
4 °C. Biotinylated goat-anti-ribbit IgG (1:200) was
added followed by 30 minutes incubation at 37 °C.
It was washed with PBS 3 times (5 min each time).
DAB color developing solution was added for 10
minutes. We then carried out hematoxylin counter-
staining and neutral gum mounting. Samples were
observed under the microscope. PBS was used as
negative control to replace the primary antibodies.

Western Blot

Proteins from brain tissue were extracted and
protein concentration was measured using Bio-
Rad protein kits (Bio-Rad, Hercules, CA, USA).
Proteins samples were then subjected to SDS-
PAGE for separation followed by a transfer to a
membrane. Primary antibody was added to the
membrane followed by overnight incubation at
37°C. The secondary antibody was added next
followed by visualization enhanced chemilumi-
nescence (VEC). The primary antibodies includ-
ed anti-ICAM-1, anti-IL-1 (1:500; Biolegend, San
Diego, CA, USA) and anti-P-actin (1:5000, Invi-
trogen, Carlsbad, CA, USA). ImagePro+6.0 ima-
ging software was used to perform the quantita-
tive analysis.
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Statistical Analysis
SPSS 20.0 statistical software package (SPSS EE @
Inc., Chicago, IL, USA) was used for statistical g“é £ =
analysis. All data were expressed as x+s. For E g'; %L~
time-dose effect we used ANOVA. For compar- as8 | '3 S8
ison among groups and comparison of multiple :g § g =
time-point data, we used one-way ANOVA. LSD 9T
method was used for pairwise comparison be- Y=
tween groups. For data with the heterogeneity of @
variance, Tamhane’s analysis was used. For vari- wE -
ables with a related tendency, the Pearson correla- % : p
tion analysis was used: a = 0.05 (two-tailed) was gEe| '
acted as the test criteria. p<0.05 meant that the & g Q
difference was statistically significant. &
Results )
i
Comparison of Baseline Data in Rats ﬁ f
[eXNe)

We compared the baseline data for rats in each
group, including BW, HR, SP, DP, MAP, stimulus
response time and CPR duration. The difference
was not statistically significant (p >0.05) (Table I).

48h
3.27+0.49
1.20+0.22

2.71

0.02

Changes in Inner Vascular Diameter S9
We measured the inner cerebrovascula
eter before and after SAH modeling using t
trasound. Results showed that the cerebrovas o o
inner diameter reduced significantly in the m cl 2SS4
group (1.20+0.22 mm) as compgg 5| - e N AASE
: 25T 32 i =
22E| 3353
WOE| noSS
e — | = = .
“oapn | == 0
w +
\é}/
2}
s
. £
—_— e 72
IS
t g % N <+ o % a2
S = 0 cﬂ H < n £ s oo
Vo= | g LSS s | N T H o
I x| < e gl =l oges
. <
i) e}
£ s
£ _ 5
| 58| < E é
AR N B L 8
21 283 [ fecs °
5| B3¢ 5
o oo § 2 9 9 v
s s
on of MAPK and P38 in the brain g - g
as studied using Western blot. Results showed § 2 ==" " g
, compared to the sham group, p-38 and & g
K expression levels in the SAH group in- S Sl 4 .
. . . 0 O - Q
creaSed significantly after 48 hours as, and contin- = g' S22 312 ex=2
. A . . ()]
uously increased within 72 hours. The difference s & <73 B 2<% 7
o M X r\: NA L Q, < N A,
was statistically significant (p <0.05) (Figure 2). - &
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(***p<0.05). Dynamic changes were not found in the sham group. E, The difference in the expression of IL-1 in the basilar
arteries was statistically significant (p<0.05) as compared to the sham group. F, The difference of expression of ICAM-1 in
the basilar arteries.
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Figure 2. A, Brain tissue in the sham group and the SA
in SAH group significantly increased a ed to Sha

by anceurysm rupture in 2% to 9% of
2. CVS is deemed to be an im-
ortant cause of poor prognosis of SAH. A great
ber of studies have been conducted on the
ary brain injury induced by CVS™", Some
largc-scale clinical trials have shown that in pa-
tients with SAH, we cannot improve the prognosis
by inhibiting CVS™'¢, There are evidences sug-

B, Western blot results show that the levels of p-38 and p-MAPK
Bup. C, The difference was statistically significant (p<0.05).

gesting that early brain injury (EBI) can happen
within the first 72 hours after SAH onset. It plays
an important role in SAH prognosis. Prior studies
showed that the level of neuronal apoptosis was
closely related to SAH patient’s life quality'’2°.
Our results revealed that basilar arteries’
walls were thickened and the lumen was sig-
nificantly narrowed 48 hours after SAH onset.
Our results suggested that [L-1 and ICAM-1 ex-
pression levels in peripheral blood increased sig-
nificantly in the SAH group and was apparently
higher than those in the sham group. IL-1 and
ICAM-1 expression levels in brain tissue were
boosted 48 hours after SAH onset. Our results
indicated that the inflammatory factors were re-
leased in the course of cerebral vasospasm. Re-
sults obtained from prior studies®' showed that
IL-1 polymorphism was closely related to the
prognosis of the stroke. IL-1 played an important
role in both acute and chronic inflammation that
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ant (" p<0.05).

T factors in the cerebrospinal fluid
. rlng SAH*. It demonstrates certain protec-
e effects on brain injury. Moreover, in vivo
g vitro experimental results showed that
IL-TP gene polymorphisms had some impact®
on ischemic stroke in young people. ICAM-1 is
an important adhesion molecule that mediates
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o UNEL staining results (green fluorescence): Left: SAH group;
group, the percentage of positive areas is significantly increased in the SAH

adhesive response. It plays a role in biological
activities via binding to those specific receptors
on VES surface. Chang et al*® showed that in the
CVS rat model, the valproic acid suppressed the
action of ICAM-1 and E-selectin via chemotac-
tic factor ligand 5 independent mechanism. Our
results showed that [L.-1 and ICAM-1 expression
levels peaked at 48 hours in the SAH group. We
also discovered that IL-1 and ICAM-1 expres-
sion levels were associated with a P38-MAPK
signal pathway in the brain. Additionally, p38
and MAPK activation were closely related to
apoptosis in the cortex. However, these changes
may only be seen 48 hours after the operation.
The difference between expression levels was
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not detected in the early and immediate-early
stages of SAH.
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