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Abstract: Objective: To explore the role of OPN in hyperglycemia with cerebral hemorrhage and neuroinflammatory
injury and its preliminary mechanism. Methods: BV2 cells/RAW264.7 macrophages were stimulated with 30 ng/mL
OPN for 24 hours in advance, and then cultured with 33 mmol/L high glucose medium for 24 hours. The expression of
IL-1 β and iNOS in RAW264.7 cells was detected by RT-PCR, and the expression of TNF - α in BV2 cells was
detected by Western blotting. The hyperglycemia model of rats after ICH (ICH+HG) was constructed, and the
intervention was performed with anti OPN monoclonal antibody (0.4 mg/kg) and intraperitoneal injection of
endoplasmic reticulum stress inhibitor (TUDC) (200 mg/kg). After administration, the neurological function score and
HE staining of intracerebral hemorrhage tissues were performed, and the secretion levels of iNOS and TNF - α in
intracerebral hemorrhage tissues were detected by ELISA. Results: In RAW264.7 cells, high glucose culture
significantly increased the expression levels of iNOS and IL-1 β. Compared with high glucose group, OPN further
increased the expression levels of iNOS and IL-1 β. In BV2 cells, high glucose culture significantly increased the
expression of IL-1 β and TNF - α. Compared with high glucose group, OPN further increased the expression of IL-1 β
and TNF - α. The neurological function score of rats in ICH+HG group increased significantly. Compared with the
model group, the neurological function scores of rats in OPN monoclonal antibody group and TUDC group decreased.
Conclusion: OPN can promote hyperglycemia associated with cerebral hemorrhage by inducing microglia and
macrophage inflammation.
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1 INTRODUCTION

Hyperglycemia combined with cerebral hemorrhage is a condition in which cerebral hemorrhage occurs on top of
hyperglycemia. Hyperglycemia is a condition in which blood glucose levels are above the normal range and is common
in people with diabetes[1]. Cerebral hemorrhage is bleeding caused by the rupture of a blood vessel in the brain, which
seriously affects the function of the brain[2]. High blood sugar causes damage to the walls of blood vessels. High blood
sugar damages the walls of blood vessels, making them fragile and prone to rupture, increasing the risk of brain
hemorrhage. In addition, cerebral hemorrhage causes large amounts of blood to enter the brain tissue, resulting in
increased pressure in the brain and damage to nerve cells and brain function. Hyperglycemia also exacerbates the
inflammatory response to brain hemorrhage, increasing the degree and extent of brain damage[3, 4]. Hyperglycemia
and cerebral hemorrhage are two separate diseases with some conflicting treatment strategies and drug choices.
Hyperglycemia and cerebral hemorrhage are two separate disorders with some conflicting treatment strategies and drug
choices; for example, cerebral hemorrhage requires inhibition of coagulation to control bleeding, whereas patients with
hyperglycemia may require procoagulants to prevent vasculopathy. This therapeutic conflict confuses physicians in
formulating a treatment plan[5, 6]. The molecular mechanism of cerebral hemorrhage in hyperglycemia is of great
significance. Therefore, exploring the molecular mechanism of the pathogenesis of hyperglycemia combined with
cerebral hemorrhage is of great significance for developing clinical treatment of hyperglycemia combined with cerebral
hemorrhage.
Neuroinflammation has an important impact on hyperglycemia combined with cerebral hemorrhage.
Neuroinflammatory response will further exacerbate the inflammatory response caused by cerebral hemorrhage, leading
to a greater degree of cerebral injury and increased nerve cell death and dysfunction. At the same time,
neuroinflammation activates inflammatory mediators, further damaging the cerebral blood vessel walls and increasing
the risk of hemorrhage[7]. Microglia are the major immune cells in the central nervous system, and they play an
important role in the neuroinflammatory process. When nerve tissue is damaged or infected, microglia are activated and
release inflammatory mediators such as cytokines and chemokines. These inflammatory mediators can elicit an
inflammatory response in the brain, attracting other immune cells to the lesion and exacerbating the degree of
neuroinflammation[8, 9]. In addition, macrophages are activated and migrate to the site of injury, infection or
inflammatory stimuli. In addition, when nerve tissue is stimulated by injury, infection or inflammation, macrophages
are activated and migrate to the site of the lesion. Activated macrophages can release a variety of inflammatory
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mediators, such as cytokines, chemokines, and oxygen free radicals. Excessive activation of macrophages may lead to
uncontrolled inflammatory response and damage to neural tissues. Excessive release of inflammatory mediators may
lead to exacerbation of inflammatory injury and even trigger cell death and tissue damage[10, 11]. The results of this
study are summarized in the following table. Thus, microglia and macrophage hyperactivation may be involved in the
pathogenesis of neuroinflammatory injury in hyperglycemia combined with cerebral hemorrhage.
Osteopontin (OPN) is a glycoprotein, which is widely distributed in the body, participates in a variety of biological
processes, and has a variety of functions, including cell adhesion, migration, proliferation, inflammation regulation,
etc[12]. OPN also plays an important role in the regulation of inflammation. It can regulate the activation and migration
of immune cells and promote the occurrence and development of inflammatory reaction. In the process of inflammation,
OPN can attract inflammatory cells into the focus and participate in the production and release of inflammatory
mediators, thus affecting the degree and duration of inflammatory reaction[13, 14]. This study will explore the effect of
OPN on the activation of microglia and macrophages to reveal its potential function in hyperglycemia with intracerebral
hemorrhage, and provide a potential molecular target for clinical treatment of hyperglycemia with intracerebral
hemorrhage.

2 MATERIALS AND METHODS

2.1 Cells and Treatment

Mouse microglia BV2 cell line (iCell-m011, Subekang) and mouse RAW264.7 macrophages (iCell-m047, Subekang)
were purchased from Subekang. Both cells were cultured in complete DMEM medium (KGM12800, Keji Biology)
under 5% CO2 and 37 ℃. In order to establish an in vitro high glucose induction model, BV2 cells/RAW264.7
macrophages were cultured for 24 hours in 33 mmol/L high glucose medium according to conventional methods. In
order to explore the effect of OPN on the activity of high glucose stimulated BV2 cells/RAW264.7 macrophages, 30
ng/mL OPN was used to stimulate BV2 cells/RAW264.7 macrophages for 24 hours, and then 33 mmol/L high glucose
medium was used to culture them for 24 hours according to the conventional method.
Real time fluorescent quantitative PCR (RT-PCR): use the pipette gun to suck out the cell culture medium in the culture
dish, add Trizon lysate into the culture dish, blow with the pipette gun, make the adherent cell suspension fully contact
with the lysate, collect all cell suspensions to extract RNA. The concentration and purity of RNA were determined by
ultraviolet visible spectrophotometer (OD260/OD280). RNA was synthesized into cDNA through RNA reverse
transcription kit. Fluorescent quantitative PCR was performed by using fluorescent PCR instrument. The reaction
system is as follows: 2 × SYBR Green PCR Master Mix 10 μ l, cDNA 1 μ l, upstream primer 0.4 μ l, downstream
primer 0.4 μ l RNase Free ddH20 8.2 μl。 The reaction steps are as follows: pre denaturation at 95 ℃ for 10 min;
Denaturation 95 ℃, 10 s; Annealing at 58 ℃ for 30s; Elongation 72 ℃, 30s; 40 cycles. The sequence is shown in the
following table. β - actin was used as the internal reference, and the relative expression of iNOS, IL-1 β, TNF - α was
calculated according to the 2 -△△Ct method. See Table 1 for primer sequence.

Table 1 Primer Sequence in RTPCR Experiment

2.2 Western Blot Detection

Discard the cell culture medium in the culture dish, add 100 μ L cell lysate into each hole, and place it on ice for 20 min.
The pipette gun sucks into the marked EP pipe. Centrifuge with a 12000 r/min high-speed centrifuge for 10 min, discard
the precipitation, take the supernatant and transfer it to a new EP tube (BCA determination), and store the total protein
at - 80 ℃. Determine the protein concentration according to BCA kit, denature the protein, apply the sample to

primer name Primer sequence (5'-3') Product length (bp) Annealing temperature (℃)

β-actin F AGGGAAATCGTGCGTGAC 192 58.0

β-actin R CATACCCAAGAAGGAAGGCT

iNOS F GATGTGCTGCCTCTGGTCTTG
108 60.8

iNOS R CCACTCGTACTTGGGATGCTC

TNF-α F CAGGCGGTGCCTATGTCTC
89 60.3

TNF-α R CGATCACCCCGAAGTTCAGTAG

IL-1β F GAAATGCCACCTTTTGACAGTG
116 58.93

IL-1β R TGGATGCTCTCATCAGGACAG
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SDS-PAGE for 1.5 h, and then apply 300 mA constant flow membrane for 1.5 h. Incubate the primary anti TNF - α
(1:1000bs-0078r, Bios, China) with PVDF membrane, stay overnight at 4 ℃, incubate the secondary anti TNF - α with
PVDF membrane at room temperature the next day for 2 hours, wash the membrane, wet the PVDF membrane with
luminescent solution, and place it in the sample storage area of the ultra-high sensitivity chemiluminescence imaging
system to run program development imaging.
Animal model construction and grouping administration: according to the method before John H Zhang's laboratory[15].
ICH+HG model was prepared by collagenase and 50% dextrose method. Collagenase VII was injected into the left
cerebral basal ganglia (coordinates: 0.2 mm front, 6.0 mm belly, 3.0 mm outside), 0.075 units of collagenase was
dissolved in 0.5 μ l normal saline, 0.25 μ l/min was injected for 2 min, and the rat ICH model was replicated. Three
hours after ICH, 50% dextrose was injected intraperitoneally at the rate of 4g/kg to create a hyperglycemic model after
ICH (ICH+HG). The ICH+HG model was made by intraperitoneal injection of 10 ml of 50% dextrose injection after
establishing the collagenase basal ganglia injection method in rats with intracerebral hemorrhage. The anti OPN
monoclonal antibody (0.4 mg/kg) and endoplasmic reticulum stress inhibitor (TUDC) (200 mg/kg) were respectively
injected at the same location (unilateral) in the brain parenchyma 1 hour before and 1 hour after hemorrhage.

2.3 Neurological Scoring

Each rat was scored for neurological deficit according to the following scoring criteria: 0: no symptoms of neurological
deficit; 1: inability to fully extend the left forelimb; 2: walking in a circle to the left; 3: walking in a tilt to the left; 4:
inability to walk spontaneously, spasticity, lethargy, and loss of consciousness. A score of 1 to 3 during postoperative
wakefulness indicated successful modeling; scores of 0 and 4 indicated modeling failure and were excluded.

2.4 HE Staining

The cerebral hemorrhage tissue was taken out and washed with running water for several hours 24 hours, 72 hours and
7 days after administration, and dehydrated with 70%, 80% and 90% ethanol solutions at all levels, mixed with pure
alcohol and xylene for 15 minutes, and xylene I for 15 minutes and xylene II for 15 minutes (until transparent). Add the
mixture of half xylene and half paraffin for 15min, and then add paraffin I and paraffin II for 50-60 minutes respectively.
Paraffin embedding and sectioning. Bake paraffin slices, then dewax and hydrate them. Put the slices that have been put
into distilled water into hematoxylin aqueous solution for staining for 3min, differentiate them with hydrochloric acid
ethanol differentiation solution for 15s, slightly wash them with water, turn blue solution for 15s, wash them with
running water, dye them with eosin for 3min, wash them with running water, dehydrate them, make them transparent,
seal them, and conduct microscopic examination.

2.5 ELISA Detection

Collect the cerebral hemorrhage and surrounding tissues of rats, take the supernatant from the homogenate, measure the
content of iNOS and TNF - α in the cerebral hemorrhage and surrounding tissues of rats by double antibody sandwich
method, and refer to the instructions of corresponding ELISA kits for specific steps.

2.6 Statistical Method

SPSS 20.0 software was used for statistical analysis. All experiments were repeated three times, and the quantitative
results were expressed as mean ± standard deviation (X ± S). Single factor analysis of variance was used for
quantitative value comparison, and S-N-K method was used for pairwise comparison. P<0.05 was defined as significant
difference.

3 RESULTS

Inflammatory release of RAW264.7 macrophages activated by OPN: In order to explore the effect of OPN on the
activation of macrophages induced by high glucose, we used 30 ng/mL OPN to stimulate RAW264.7 macrophages for
24 hours in advance, and then cultured them in 33 mmol/L high glucose medium for 24 hours. Then RT-PCR was used
to detect the expression levels of iNOS and IL-1 β in macrophages of each group. The results are shown in Figure 1.
Compared with the Control group, In the model group, the expression levels of iNOS and IL-1 β increased significantly.
There was a significant difference in the increase of iNOS expression, but there was no significant difference in the
increase of IL-1 β expression. Compared with the Model group, the expression levels of iNOS and IL-1 β in the
Model+OPN group were further improved, with significant differences.
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Figure 1 Inflammatory Release of RAW264.7 Macrophages Activated by OPN
Note: RT-PCR was used to detect the expression of iNOS and IL-1 β by RAW264.7 macrophages in each group (* p<0.05 vs. Control,

# p<0.05 vs. Model).

3.1 Inflammatory Release of BV2 Cells Activated by OPN

In order to explore the effect of OPN on the activation of microglia induced by high glucose, we used 30 ng/mL OPN to
stimulate BV2 cells for 24 hours in advance, and then used 33 mmol/L high glucose medium to culture for 24 hours,
and then used RT-PCR to detect the expression levels of TNF - α and IL-1 β in BV2 cells in each group. The results are
shown in Figure 2A, compared with the control group, In the model group, the expression levels of TNF - α and IL-1 β
increased significantly. Compared with the Model group, the expression levels of TNF - α and IL-1 β in the
Model+OPN group were further improved. There was a significant difference in the expression of IL-1 β, but there was
no significant difference in the expression of TNF - α. In addition, Western blotting was used to detect the expression
level of TNF - α in BV2 cells of each group. The results showed that (Fig. 2B), compared with the Control group, the
protein expression level of TNF - α in the Model group increased slightly, with no significant difference. Compared
with the Model group, the protein expression level of TNF - α in the Model+OPN group increased slightly, with no
significant difference.

Figure 2 Inflammatory release of BV2 cells activated by OPN
Note: A. The expression levels of TNF - α and IL-1 β in BV2 cells were detected by RT-PCR; B. Western blotting was used to detect

the expression level of TNF - α in BV2 cells of each group (* p<0.05 vs. Control, # p<0.05 vs. Model).

OPN inhibitor and endoplasmic reticulum stress inhibitor alleviated neuroinflammation in model rats: we further
detected the secretion level of iNOS and TNF - α in intracerebral hemorrhage tissues, as shown in Figure 3. Compared
with the control group, the secretion level of iNOS and TNF - α in intracerebral hemorrhage tissues of rats in ICH+HG
group was significantly higher, with significant differences, compared with ICH+HG group, In ICH+HG+OPN and
ICH+HG+TUDC groups, the secretion levels of iNOS and TNF - α in intracerebral hemorrhage tissues of rats
decreased significantly, with significant differences.
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Figure 3 OPN inhibitor and endoplasmic reticulum stress inhibitor alleviate neuroinflammation in model rats
Note: ELISAwas used to detect the secretion of iNOS and TNF - α in cerebral hemorrhage tissues of rats in each group (* p<0.05 vs.

Control, # p<0.05 vs. ICH+HG).

4 DISCUSSION

Interleukin-1 beta and iNOS are important factors in the inflammatory activation of macrophages[16, 17]. IL-1 β is a
cytokine that can regulate inflammatory response and immune response, and plays an important role in inflammatory
activation of macrophages. When macrophages are infected by pathogens or other stimuli, they will release IL-1 β. IL-1
β can activate other immune cells, such as T cells and B cells, and promote the occurrence and development of
inflammatory reaction[18]. It can also induce macrophages to produce other inflammatory mediators, such as TNF - α
(tumor necrosis factor alpha) and IL-6 (interleukin-6), and enhance the intensity and duration of inflammatory response.
In addition, IL-1 β can also affect biological processes such as cell adhesion, migration and proliferation by regulating
gene expression[19]. INOS is an enzyme that can catalyze the production of nitric oxide (NO). In the inflammatory
activation of macrophages, the expression of iNOS will be induced and increased[20]. Nitric oxide is an important
inflammatory mediator that plays an important role in the inflammatory response. Nitric oxide is an important
inflammatory mediator that plays an important role in the inflammatory response. It can inhibit the growth and
replication of pathogens and enhance the bactericidal ability of macrophages. In addition, nitric oxide can affect
biological processes such as cell proliferation, apoptosis and immune response by regulating cell signaling
pathways[21]. This study found that high glucose stimulation significantly increased the expression of iNOS and IL-1 β
in macrophages, which was close to the research results of Hua et al[22], indicating that high glucose stimulation
significantly activated the inflammatory state of macrophages. In addition, the expression levels of iNOS and IL-1 β
were further increased after the action of OPN, suggesting that OPN plays an important role in promoting the activation
of macrophages induced by high glucose.
Microglia are specialized immune cells in the central nervous system, and they also play an important role in
inflammatory activation[23]. When the central nervous system is injured, infected or other pathological stimuli,
microglia will activate and release IL-1 β, which can promote the activation and proliferation of microglia. When
inflammation occurs, microglia will be stimulated to release a large number of inflammatory mediators, and then
continue to activate microglia, forming a positive feedback regulatory cycle[24]. In addition, IL-1 β can also regulate
the activity of neurons, affect nerve conduction and neuroinflammatory reaction[25]. TNF - α is a proinflammatory
cytokine produced by a variety of cells and plays an important role in regulating the immune and inflammatory
response of the body[26]. TNF - α can activate the signal transduction pathway in the cell by binding to the TNF - α
receptor on the surface of microglia, leading to the inflammatory response of the cell, including the release of
proinflammatory cytokines, increased expression of cell adhesion molecules, and enhanced transcription of
inflammation related genes. These reactions further trigger the infiltration and activation of inflammatory cells, forming
the inflammatory cycle[27, 28]. This study found that high glucose stimulation significantly increased the expression of
TNF - α and IL-1 β in mouse microglia, and the results were consistent with those reported by Zhang et al[29]. It
showed that high glucose stimulation significantly activated the inflammatory state of mouse microglia. In addition, the
expression levels of TNF - α and IL-1 β further increased after the action of OPN, suggesting that OPN plays an
important role in promoting the activation of microglia induced by high glucose.
This study found that OPN inhibitors and ER stress inhibitors can significantly improve the brain tissue pathology of
rats with hyperglycemia and intracerebral hemorrhage. With the partial improvement of neural function and the
reduction of brain tissue inflammation, it suggests that the effect of OPN inhibitors may be similar to ER stress
inhibitors, but this needs further experimental verification[30].
This study preliminarily revealed the potential role of OPN in the pathogenesis of hyperglycemia with cerebral
hemorrhage, and found that its role may be related to the activation of inflammatory function of macrophages and
microglia. However, this study has some shortcomings. First, in vitro studies found that OPN has a significant role in



RuiMing Fan, et al.

Volume 6, Issue 3, Pp 65-71, 2024

70

promoting the inflammatory activation of macrophages and microglia, However, the results in vitro were not verified by
means of immunofluorescence in vivo. In addition, whether the improvement effect of OPN inhibitor on hyperglycemia
rats with intracerebral hemorrhage is related to the inhibition of endoplasmic reticulum stress, it is necessary to jointly
give OPN inhibitor and endoplasmic reticulum stress agonist to model rats to observe the pathological changes of rats.
In future experiments, we will further explore the internal molecular mechanism of OPN regulating inflammatory
activation of macrophages and microglia, and better understand its role in the pathogenesis of hyperglycemia combined
with cerebral hemorrhage.
To sum up, this study found that OPN may promote hyperglycemia with neuroinflammatory damage after intracerebral
hemorrhage by inducing microglia and macrophage inflammation.
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