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			ABSTRACT

		

		
			The aim of this study was to investigate the relationship between extended time window thrombectomy on acute cerebral infarction and granulocyte colony-stimulating factor (GCSF) expression, postoperative brain function. Eighty SD rats were randomly divided into 4 groups: control group, infarction group, 4.5h thrombolysis group and 6h thrombolysis group. The postoperative body weight loss rate and neurological function change of each group were observed by body weight test and neurological function scores. The infarct volume and microvessel density of each group were detected by TTC staining and immunohistochemistry. The effects of thrombectomy on brain wave fluctuation and GCSF in rats at different time points were measured according to electroencephalogram and RT-PCR. We found that the neurological function scores of rats decreased with the prolongation of thrombectomy time, and the scores of neurological function were lower in the 4.5h thrombolysis group than in the 6h thrombolysis group at the same time point. At the same time, the infarct volume of rats decreased in both 4.5h thrombolysis group and 6h thrombolysis group. On the 3rd and 7th postoperatively, compared with the acute infarction group, 4.5h thrombolysis group and 6h thrombolysis group showed increased microvessel density which grew gradually over time, while brain waves tended to flatten. RT-PCR results showed that the infarction group, 4.5h thrombolysis group and 6h thrombolysis group had higher GCSF in brain tissue than the normal group, and both reached the lowest peak on 3d and increased on 7d to a level higher than 1d. At the same time, 6h thrombolysis group had lower mRNA expression of GCSF in the brain tissue than 4.5h thrombolysis group on 1d, 3d and 7d. Extended time window thrombectomy on acute cerebral infarction can promote brain function repair and increase the expression of GCSF in brain tissue.
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			INTRODUCTION

			Acute cerebral infarction, a type of disease with high morbidity and mortality, poses a serious threat to the safety of human life. The main reason for its occurrence is the local blood circulation disorder in the brain tissue, causing tissue ischemia and hypoxia, and thereby ceased cell activity in the ischemic area, changes in tissue structure, cell necrosis, etc. which then induces the formation of neurological damage. In severe cases, it can lead to softening lesion and ischemic necrosis of brain tissue (Wu et al., 2016). In 1981, Astru first discovered that there is a reversible ischemic penumbra in the limited infarct area of the patient’s brain, believing that the surrounding tissues of the patient’s occluded artery infarct area do not die immediately, but requires a process to transit from reversible ischemia to irreversible infarction (Kwon et al., 2007). The main treatment goal of acute cerebral infarction is to rescue the reversible ischemic zone in the patient brain area (Aizawa et al., 2018). The key factor in treatment is the start time, as beyond a certain time range, the patient’s ischemic damage area becomes irreversible, and then no measure will produce any therapeutic effect (Duan et al., 2018). However, if appropriate measures can be taken within the effective time range, the tissue that is about to become infarct area can be saved, thus reducing the infarct area. This effective time range is known as treatment time window. Studies believe that whether there is an ischemic penumbra in the brain of thrombolytic patients is the key to a good prognosis. According to research, the key to the treatment of acute cerebral infarction is ultra-early thrombolysis. The best treatment time window is within 6 h. However, in real life, there are few opportunities for thrombolysis within the effective time window, so how to appropriately extend the time window in active rescue of most patients’ ischemic penumbra under certain conditions has become an urgent problem at present (Ibaraki et al., 2005). At the same time, studies have reported that not all patients have improved neurological function after treatment within a time window of 6-8 h. When patients are treated beyond the time window, it is found that some patients have recovered their functions. Hence, treatment in extended time window is not ineffective (Moore and Ling, 1995). Studies believe that arterial thrombectomy is currently an effective treatment approach for patients with acute cerebral infarction, and the time period required to initiate thrombolysis may have relation to the incidence of complications of ischemia reperfusion injury (Möhlenbruch et al., 2012). Granulocyte colony stimulating factor (GCSF) is one commonly used mobilization agent for bone marrow stem cells in clinical practice (Naumenko et al., 2011). Bone marrow stem cells have characteristic of homing to the ischemic tissues of the body. When the body is ischemic, the body mobilizes homing of its own bone marrow stem cells. This phenomenon is a self-repair response of the body to the ischemic injury site (Velickovic et al., 2018). Studies believe that GCSF can be used to down-regulate the expression of adhesion factors secreted by stromal cells in the bone marrow microenvironment and those produced on the surface of hematopoietic stem cells, thereby improving the interaction between bone marrow stromal and bone marrow stem cells in the body, so that stem cells enter the circulating blood stream through the body’s stromal membrane and vascular endothelial tissue, which eventually leads to an increased number of rod cells in the body’s circulating pool (Mishra et al., 2016). This experiment investigated the effects of extended time thrombectomy in rats with acute cerebral infarction on GCSF expression in the body and postoperative brain function.

			MATERIALS AND METHODS

			Experimental animals

			The eighty SD rats with a weight of 200 g were purchased from Animal Experimental Center of Dalian Medical University. During the experiment, the rats were given adequate food and water, 12 h alternate light and dark every day.

			Experimental grouping

			The eighty SD rats were randomly divided into 4 groups, namely the control group, the infarction group, the 4.5h thrombolysis group, and the 6h thrombolysis group, with 20 rats in each group. In the 4.5h and 6h thrombolysis groups, 10 mg/kg of r-tPA was injected via femoral vein after the infarction model was established. Each group was sacrificed at 1d, 3d, and 7d after cerebral infarction to extract the brains.

			Establishment of acute cerebral infarction model in rats

			Thrombin and venous blood were well mixed, then injected into a PE tube, let it stand at room temperature for 4h, and then cut into 1 mm fragments of thrombus under the microscope. After the rats were anesthetized, the external carotid artery, the right internal carotid artery, the common carotid artery, the superior thyroid artery, and the occipital artery were found from the neck opening. The distal end of the superior thyroid artery, occipital artery, ECA, and PPA, as well as the ICA and CCA were clamped and then the proximal end of the ECA was placed in the PE tube. Then, the ICA venule clamp was loosened, the thrombus was inserted, the ECA was quickly ligated and the CCA venule clamp was loosened.

			The symptoms of the rat cerebral infarction model were scored with reference to the Longa 5-point method. The scoring criteria are shown in Table I.

			Postoperative neurological function and body weight detection of brain tissue in each group

			Before thrombolysis and at 1, 3, and 7d after thrombolysis, the weight of rats was measured to calculate the weight loss rate and the neurological function was scored.

			Calculation of infarct volume in rats

			Brain tissue was taken out at specified time point and frozen at -20°C for 30 min. The brain tissue was then cut into 2mm segments and stained by TTC staining. Afterwards, Image J software was used to analyze and calculate the infarct volume of the brain slice.

			Postoperative EEG detection in rats

			After the rat was anesthetized, a hole was drilled in the middle of the rat’s skull, and an insulated electrode was placed except the tip to the dura. In addition, a similar electrode was embedded in the middle of the forehead front as a ground electrode to be fixed with coagulant and recorded as a single two-lead EEG.

			Dynamic changes of rat microvessel

			The brain tissue was embedded, sectioned, deparaffinized, hydrated and repaired by immunohistochemistry, the microvessel density in ischemic penumbra of cerebral infarction in rats was observed under a microscope, and the microvessel count was calculated at the same time. When counting, three areas were randomly selected for manual counting, with the average value as the microvessel density, and microvessel density of each group of slices was counted at each time point.

			Expression of GCFS in rat brain tissue

			On 1, 3, and 7 d of cerebral infarction, the brain tissues of each group of rats were quickly frozen with liquid nitrogen. After tissue RNA extraction using RNA extraction kit, reverse transcription was quickly performed. The reverse transcription product was subjected to RT-PCR reaction according to the preset RT-PCR reaction system and reaction program. GCSF expression was examined with β-actin as an internal reference in the experiment.

			Statistical analysis

			The data in this study were all processed by SPSS20.0 statistical analysis software (IBM, USA); the measurement data were expressed as “mean ± standard deviation” (x̅±s), and comparison between groups was performed by one-way analysis of variance or repeated measures analysis of variance. LSD-t test was used for pairwise comparison between groups; the count data was expressed by percentage (%), and the comparison between groups was analyzed by χ2; P<0.05 indicates statistically significant difference.

			RESULTS

			Neurological function score results after extended time window thrombectomy on acute cerebral infarction

			Thrombus extraction on d 1, 3 and 7 after operation affected the neurological function scores of rats in each group. It was found that the neurological function scores of rats continuously decreased with the extension of thrombus extraction time, and 4.5h thrombolysis group had lower neurological function score than 6h thrombolysis group at the same time point (Table II).

			Body weight measurement after extended time window thrombectomy on acute cerebral infarction

			Table III shows the body weights of rats in each group after extended time window thrombectomy on acute cerebral infarction. It can be seen that before the operation, there is no significant difference in body weight of the rats in each group, and compared with the control group, infarction group and thrombolysis group have increased body weight loss rate, and as time prolongs, body weight of rats in the thrombolysis group gradually recovers (Table III).

			Table I. Scoring criteria for acute cerebral infarction in rats.

			
				
					
					
				
				
					
							
							Score

						
							
							Behavioral Standards

						
					

					
							
							0

						
							
							No obvious neurological deficit symptoms

						
					

					
							
							1

						
							
							There is a slight defect in nerve function, and the right forepaw cannot fully extend

						
					

					
							
							2

						
							
							There is a moderate defect in focal neurological function, the rat rotates to the right when walking

						
					

					
							
							3

						
							
							There is severe defect in focal neurological function, and the rat falls to the right

						
					

					
							
							4

						
							
							The rat is unconscious or unable to walk

						
					

				
			

			Table II. Neurological function scores after extended time window thrombectomy on acute cerebral infarction.

			
				
					
					
					
					
				
				
					
							
							Group

						
							
							1d after operation

						
							
							3d after operation

						
							
							7d after operation

						
					

					
							
							4.5h thrombolysis group (n=20)

						
							
							3.64±0.51

						
							
							1.86±0.24

						
							
							0.60±0.01

						
					

					
							
							6h thrombolysis group (n=20)

						
							
							4.25±0.36

						
							
							3.17±0.34

						
							
							1.00±0.06

						
					

					
							
							t value

						
							
							6.985

						
							
							7.025

						
							
							6.127

						
					

					
							
							P value

						
							
							0.005

						
							
							0.002

						
							
							0.009

						
					

				
			

			Table III. Postoperative body weight measurement results of rats in each group.

			
				
					
					
					
					
				
				
					
							
							Group

						
							
							Preoperative body weight

						
							
							Loss rate % at 3d after operation

						
							
							Loss rate % at 7d after operation

						
					

					
							
							Control group (n=20)

						
							
							284.13±24.34

						
							
							0.98±0.06

						
							
							2.14±0.11

						
					

					
							
							Infarction group (n=20)

						
							
							282.34±12.37

						
							
							-10.34±1.67

						
							
							-16.73±2.36

						
					

					
							
							4.5h thrombolysis group (n=20)

						
							
							286.31±26.44

						
							
							-1.27.±0.13

						
							
							2.28±0.74

						
					

					
							
							6h thrombolysis group (n=20)

						
							
							284.34±22.19

						
							
							-5.31±0.09

						
							
							-3.97±0.16

						
					

					
							
							F value

						
							
							1.253

						
							
							36.257

						
							
							21.520

						
					

					
							
							P value

						
							
							0.521

						
							
							0.001

						
							
							0.001

						
					

				
			

			Changes in infarct volume of rats in each group

			The infarct volume changes of rats in each experimental group are shown in Table IV. The right brain infarct volume of rats in the infarction group exceeds 50%, the infarct volume decreases in both 4.5h thrombolysis group and 6h thrombolysis group, and 4.5h thrombolysis group has the smallest infarct volume (Table IV).

			EEG test results of rats in each group

			The EEG results of rats in each group at different time points fluctuated greatly in 6h thrombolysis group, showing greater fluctuation than 4.5h thrombolysis group, and the waveform gradually flattened with time.

			Dynamic changes of rat microvessel density

			Microvessel density changes of rats in each group are shown in Table IV. There is no difference in microvessel density between the acute infarction group, 4.5h thrombolysis group and 6h thrombolysis group on 1d after the operation. On 3d and 7d after the operation, compared with the acute infarction group, 4.5h thrombolysis group and 6h thrombolysis group have increased microvessel density in rats, and the microvessel density gradually increases with time.

			Effect of extended time window thrombectomy on GCSF expression in brain tissue

			Gel electrophoresis shows that each lane is single, indicating that the product has no specificity and primer dimers. Table IV shows that infarction group, 4.5h thrombolysis group and 6h thrombolysis group have lower GCSF expression level in the brain tissue than the control 

			group. Meanwhile, compared with the control group, both 4.5h thrombolysis group and 6h thrombolysis group show increased expression of GCSF in the rat brain tissue, where, 4.5h thrombolysis group has higher increase in expression of GCSF than the 6h thrombolysis group.

			The 6h thrombolysis group has lower mRNA expression of GCSF in the rat brain tissue than 4.5h thrombolysis group on d1, d3 and d7.

			

			Table IV. Effect of time window thrombectomy on right brain infarct volume, microvessel density and GCSF expression in brain of rats of each experimental group.

			
				
					
					
					
					
				
				
					
							
							Group

						
							
							1d after operation (%)

						
							
							3d after operation (%)

						
							
							7d after operation (%)

						
					

					
							
							Infarct volume

						
							
							
							
					

					
							
							Infarction group (n=20)

						
							
							82.16±1.21

						
							
							85.36.±2.11

						
							
							86.33±3.14

						
					

					
							
							4.5h thrombolysis group (n=20)

						
							
							40.23±0.09a

						
							
							50.09±2.14

						
							
							56.35±1.96

						
					

					
							
							6h thrombolysis group (n=20)

						
							
							51.28±1.76

						
							
							62.34±2.71

						
							
							70.13±3.16

						
					

					
							
							F value

						
							
							52.207

						
							
							35.725

						
							
							38.358

						
					

					
							
							P value

						
							
							0.001

						
							
							0.001

						
							
							0.001

						
					

					
							
							Microvessel density

						
							
							
							
					

					
							
							Infarction group (n=20)

						
							
							12.06±1.31

						
							
							12.46.±1.93

						
							
							15.62±2.96

						
					

					
							
							4.5h thrombolysis group (n=20)

						
							
							13.28±1.64

						
							
							19.24±3.15

						
							
							28.34±3.19

						
					

					
							
							6h thrombolysis group (n=20)

						
							
							13.98±2.11

						
							
							22.13±2.32

						
							
							29.39±4.13

						
					

					
							
							F value

						
							
							26.957

						
							
							18.623

						
							
							19.305

						
					

					
							
							P value

						
							
							0.003

						
							
							0.005

						
							
							0.009

						
					

					
							
							GCSF expression

						
							
							
							
					

					
							
							Control group (n=20)

						
							
							1.36±0.02

						
							
							1.43±0.12

						
							
							1.39±0.09

						
					

					
							
							Infarction group (n=20)

						
							
							0.36±0.01

						
							
							0.23±0.01

						
							
							0.43±0.03

						
					

					
							
							4.5h thrombolysis group (n=20)

						
							
							0.69±0.01

						
							
							0.53±0.13

						
							
							0.93±0.16

						
					

					
							
							6h thrombolysis group (n=20)

						
							
							0.46±0.03

						
							
							0.39±0.06

						
							
							0.76±0.07

						
					

					
							
							F value

						
							
							22.326

						
							
							25.309

						
							
							15.573

						
					

					
							
							P value

						
							
							0.002

						
							
							0.001

						
							
							0.007

						
					

				
			

			DISCUSSION

			Acute cerebral infarction is a disease in which cerebral ischemia causes cell necrosis, ceased cell activity, or loss of nerve function in some regions or tissues of the brain. In severe cases, it can lead to brain tissue necrosis or softening lesion. Studies have showed that in the natural course of disease, cerebral infarction area gradually spreads from the infarction center to the surrounding area. Therefore, if the blood perfusion in the ischemic area can be controlled in time, the necrosis of nerve cells in this area can be avoided to save the patient’s incompletely necrotic tissue, reduce the area of brain tissue infarction, and then alleviate the neurological damage, which means great significance for clinical treatment of acute stroke.

			We have found that with the extension of thrombus extraction time, the nerve function scores of 4.5 h thrombolysis group and 6h thrombolysis group continually decreased, with microvessel density continually increased. At the same time, both 4.5h thrombolysis group and 6h thrombolysis group had reduced infarct volume and higher expression of GCSF in brain tissue than the control group. The expression reached the lowest peak on 3d, and increased on 7d to a level higher than 1d. 

			Arterial thrombolysis has a significant clinical effect in the treatment of acute cerebral infarction, which is ideal for the treatment of acute cerebral infarction (Page et al., 2018). Jin et al. (2004) reported that the transition of reversible ischemia to irreversible ischemia in brain cells is a dynamic development process, which is subjected to influence of the circulatory system, occlusion location, intracerebral blood flow rate, and local cerebral blood flow. Infarct usually occurs 24 h after the vascular occlusion, but the infarction rate will not reach its peak even after a longer period of time. In the treatment of patients with acute cerebral infarction, it was found that after arterial thrombolytic therapy, the patient’s neurological function was significantly improved, with 6h effective rate of the thrombolysis group at 88.1%, marked effective rate at 71.4% and vessel repass rate at 69%; the 6-24h effective rate of thrombolysis group was 75%, with marked effective rate at 50%, and vessel repass rate at 69% (Kim et al., 2012). According to the results, it can be seen that extended time window arterial thrombolysis still has fine therapeutic effect and high vessel repass rate (Wang et al., 2020). In a study on the treatment of patients with aortic occlusion-induced acute cerebral infarction in extended time window, it was found that 15 out of 18 patients with acute cerebral infarction showed vessel repass, 1 had perioperative cerebral hemorrhage, and 4 had reocclusion of blood vessels. In follow-up observation after 3 months, 9 patients had MRS scores below 3, 5 cases died, 4 cases had MRS score higher than 3, which proved that extended time window treatment can increase the patient’s vessel repass rate and reduce bleeding complications as an effective treatment choice for aortic occlusion with good prognosis effect (Rahman et al., 2018). 

			GCSF as a mobilizing agent of bone marrow stem cells can significantly increase the number of stem cells in the peripheral blood, migrate to the cerebral ischemic area, and differentiate into nerve cells to repair the damaged tissues in the patient’s brain, which thus has certain neuroprotective effect (Kateja et al., 2017). Peng et al. (2010) confirmed that in the rat model with transient or permanent cerebral artery occlusion, compared with the control group, GCSF treatment group had reduced IL-1β level, significantly reduced infarct volume and edema in the brain tissue, and significantly improved neurological function in the rats. In a study of acute ischemia-reperfusion rats. Chen et al. (2019) found that at 30 min after ischemia in rats, intravenous injection of GCSF could significantly reduce infarct volume of the body after 24 h. The mechanism of action is mainly to up-regulate STAT-3 signaling pathway in the ischemic penumbra of brain tissues. Chang et al. (2018) found that GCSF can mobilize MSC homing to the brain ischemic injury area of the body in a chemically activated manner to promote the repair of brain function and nerve function. At the same time, MRI results showed that the body’s lesions were significantly reduced and double indirect immunohistochemistry results showed that Brdu-positive cells in the peripheral area of the ischemic tissue had the expression of GFAP, MAP-2, and Willebrand factors.  Dong et al. (2018) found that MSC accumulation was higher in cerebral ischemic areas than in non-ischemic areas, indicating that damaged brain tissue can specifically absorb bone marrow-derived cells.

			In summary, extended time window thrombectomy on acute cerebral infarction can promote brain function restoration and increase the expression of GCSFs in brain tissue.
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brain function. Eighty SD rats were randomly divided into 4 groups: control group, infarction group,
4.5h thrombolysis group and 6h thrombolysis group. The postoperative body weight loss rate and
neurological function change of each group were observed by body weight test and neurological function
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scores. The infarct volume and microvessel density of each group were detected by TTC staining and
immunohistochemistry. The effects of thrombectomy on brain wave fluctuation and GCSF in rats at
different time points were measured according to electroencephalogram and RT-PCR. We found that the
neurological function scores of rats decreased with the prolongation of thrombectomy time, and the scores
of neurological function were lower in the 4.5h thrombolysis group than in the 6h thrombolysis group
at the same time point. At the same time, the infarct volume of rats decreased in both 4.5h thrombolysis
group and 6h thrombolysis group. On the 3rd and 7th postoperatively, compared with the acute infarction
group, 4.5h thrombolysis group and 6h thrombolysis group showed increased microvessel density which
grew gradually over time, while brain waves tended to flatten. RT-PCR results showed that the infarction
group, 4.5h thrombolysis group and 6h thrombolysis group had higher GCSF in brain tissue than the
normal group, and both reached the lowest peak on 3d and increased on 7d to a level higher than 1d. At
the same time, 6h thrombolysis group had lower mRNA expression of GCSF in the brain tissue than 4.5h
thrombolysis group on 1d, 3d and 7d. Extended time window thrombectomy on acute cerebral infarction
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can promote brain function repair and increase the expression of GCSF in brain tissue.

INTRODUCTION

Acute cerebral infarction, a type of disease with high
morbidity and mortality, poses a serious threat to the
safety of human life. The main reason for its occurrence
is the local blood circulation disorder in the brain tissue,
causing tissue ischemia and hypoxia, and thereby ceased
cell activity in the ischemic area, changes in tissue structure,
cell necrosis, etc. which then induces the formation
of neurological damage. In severe cases, it can lead to
softening lesion and ischemic necrosis of brain tissue (Wu
ef al., 2016). In T98T, Astru first discovered that there
is a reversible ischemic penumbra in the limited infarct
area of the patient’s brain, believing that the surrounding
tissues of the patient’s occluded artery infarct area do not
die immediately, but requires a process to transit from
reversible ischemia to irreversible infarction (Kwon ef al.,
2007). The main treatment goal of acute cerebral infarction
is to rescue the reversible ischemic zone in the patient brain

area (Aizawa et al., 2018). The key factor in treatment is
the start time, as beyond a certain time range, the patient’s
ischemic damage area becomes irreversible, and then no
measure will produce any therapeutic effect (Duan et al.,
2018). However, if appropriate measures can be taken
within the effective time range, the tissue that is about to
become infarct area can be saved, thus reducing the infarct
area. This effective time range is known as treatment time
window. Studies believe that whether there is an ischemic
penumbra in the brain of thrombolytic patients is the key
to a good prognosis. According to research, the key to
the treatment of acute cerebral infarction is ultra-early
thrombolysis. The best treatment time window is within
6 h. However, in real life, there are few opportunities for
thrombolysis within the effective time window, so how to
appropriately extend the time window in active rescue of
most patients’ ischemic penumbra under certain conditions
has become an urgent problem at present (Ibaraki ef al.,
2005). At the same time, studies have reported that not
all patients have improved neurological function after
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