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Abstract: Objective: To investigate the effects of alteplase on neurological deficits, as well as on the expressions 
of glial fibrillary acidic protein (GFAP) and growth-associated protein-43 (GAP-43) in brain tissues of rats with acute 
cerebral infarction (ACI). Methods: Sprague Dawley (SD) rats (n = 50) were enrolled in a trial to establish a ACI rat 
model; of these, 48 rats were succeeefully modeled and were randomized into either the model or alteplase group, 
whereas another 24 SD rats were included in the sham-operated group. Findings: No significant difference in scores 
was observed between the model and alteplase groups at T1 (P > 0.05); however, rats in the alteplase group dem-
onstrated lower scores than those in the model group at T2, T3, and T4 (P < 0.05). Rats in the model group showed 
a larger cerebral infarction volume than those in the alteplase group (P < 0.05), and the infarction volume on day 1, 
3, 6, and 9 was higher in rats in the alteplase group than those in the sham-operated group (P < 0.05). Conclusion: 
Treatment with alteplase can be effective in reducing cerebral infarction volume and moderating neurological defi-
cits in ACI modeled rats within a 6-h time window, which may be correlated with the regulation of GFAP and GAP-43 
expressions by alteplase.
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Introduction 

Stroke is the second leading cause of death 
and the main cause of disabilitie, worldwide [1]. 
Globally, 15 million individuals annually suffer 
stroke, resulting in 5.8 million deaths as well as 
permanent disabilities in approximately 5 mil-
lion individuals [2]. Acute cerebral infarction 
(ACI) is a brain lesion that causes serious dam-
age to the central nervous system, accounting 
for approximately 70% of all strokes and exhib-
iting high morbidity, mortality, and recurrence 
rates [3]. In addition to high treatment costs, 
ACI results in restricted social function, long-
term disability, and premature death, resulting 
in serious implications for patients with ACI and 
their families. Therefore, curing ACI in its early 
stage needs to be urgently addressed.

Among the treatment options for ACI, thrombo-
lytic therapy is currently recognized as an effec-
tive way to rapidly reopen the occluded portion 

of the vascular system, restoring blood flow, 
and reducing the ischemic area or cerebral 
infarction volume, which is the most important 
measure for restoring blood flow [4]. Intravenous 
thrombolysis with recombinant tissue plasmin-
ogen activator (r-tPA) [5] is the sole approved 
drug class for ACI and includes alteplase-a sec-
ond-generation thrombolytic agent-that selec-
tively activates fibrin-bound plasminogen, 
thereby promoting thrombolysis and dredging 
the occluded blood vessels [6]. Timely treat-
ment with alteplase in patients with ACI can 
improve neurological function within 3-6 
months [7]. Studies have demonstrated that 
alteplase is effective for patients with ACI via 
clinical improvement and subsequent progno-
sis management, thereby lowering the disability 
rate of these ACI patients without a higher risk 
of death caused by intracranial hemorrhage [8]. 
Furthermore, intravenous alteplase administra-
tion alleviates cerebral perfusion and neurologi-
cal damage in patients with ACI [9].
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Glial fibrillary acidic protein (GFAP), commonly 
found in astrocytes, ependymal cells, and radi-
al glial cells (molecular weight: 40-50 kDa), is 
the most frequently used marker in diagnostic 
neuro-oncology. Growth-associated protein-43 
(GAP-43) is a presynaptic protein located on 
the inner surface of the plasma membrane at 
the axon terminal. It is involved in the signal 
transduction of nerve endings and is highly 
expressed in neuronal development and synap-
togenesis [10, 11]. Numerous studies have 
suggested abnormal GFAP and GAP-43 expres-
sions in neurological disorders, including an 
increasingly higher level of GFAP expression 
which has been reported in studies conducted 
in rats with hypoxia [12]. The evaluation of 
whether melatonin regulates N-methyl-D-
aspartate receptor (NMDAR) postsynaptic den-
sity-95 (PSD-95), GAP-43, and matrix metallo-
proteinase-9 (MMP-9) in cultured neurons 
exposed to glutamate excitotoxicity and in 
stroke modeled rats has demonstrated that 
melatonin is a modulator of neural plasticity via 
the upregulation of GAP-43, PSD-95, and 
MMP-9 proteins [13]. Melatonin upregulates 
GAP-43 and PSD-95 expression and improves 
dendritic regulation in cultured neurons 
exposed to glutamate excitotoxicity. In stroke 
modeled rats, melatonin administration result-
ed in GAP-43 and PSD-95 expression and 
MMP-9 inhibition.

Through the establishment of ACI rat models, 
the present study focused on the effects of 
alteplase on neurological deficits as well as on 
GFAP and GAP-43 expression in the brain tis-
sue of ACI modeled rats.

Materials and methods

Materials, main drugs, and laboratory supplies

Specific pathogen-free Sprague Dawley (SD) 
rats aged 8-12 months and weighing 320-360 
g were supplied by the Experimental Animal 
Center of the Affiliated Longyan First Hospital 
of Fujian Medical University, China. They were 
placed in an animal room at 21°C-24°C and a 
relative humidity of 52%-65%; the rats were fed 
ad libitum for 2 weeks under natural light prior 
to the experiments. The present study was 
approved by the ethics committee of the the 
Affiliated Longyan First Hospital of Fujian 
Medical University (approval number [2021]-
(015)) where it was completed and strictly com-

plied with the 2016 guidelines of the American 
Society of Mammologists for the use of wild 
mammals in research and education [14].

Main drugs and laboratory supplies were as fol-
lows: alteplase (Actilyse®, Germany; batch #: 
RK20180329n), thrombin (Beijing Solarbio 
Science & Technology Co., Ltd., China; T8021), 
2,3,5-triphenyltetrazolium chloride (TTC) solu-
tion (BioRike, China; RK0004), GFAP monoclo-
nal antibody (Abnova, China; MAB21013), GAP-
43 monoclonal antibody (Elabscience, China; 
E-AB-22109), glyceraldehyde 3-phosphate de- 
hydrogenase (GAPDH) polyclonal antibody 
(Shanghai Yuduo Biological Technology Co., 
Ltd., China; YDQ694), and horseradish peroxi-
dase goat anti-rabbit (immunoglobulin G) sec-
ondary antibody (BioVision, Inc., USA; 6401-
05). A BCA (bicinchoninic acid) protein assay kit 
was obtained from LEAGEN (China; PT0001).

Preparation of the ACI rat model

We established an ACI model using 50 SD rats. 
Chloral hydrate (3.5 mg·kg-1 body weight) was 
intraperitoneally injected to anesthetize the 
rats before separating the peripheral artery 
and its branch arteries using a scalpel along 
the right center of the rats’ necks. Thereafter, 
for embolizing the artery, thrombin-containing 
clotted blood was injected into intravenous 
indwelling catheters to form an embolus 
approximately 1 cm long. The indwelling needle 
was applied to puncture through the right com-
mon carotid artery to the internal carotid artery, 
a length of approximately 10 mm. After the 
indwelling needle was pulled out, the prepared 
embolus was quickly inserted into the internal 
carotid artery, and following which the right 
common carotid artery was ligated. The ACI rat 
model was considered established if the rats 
recovered from the anesthetic with symptoms 
such as failure to stably stand, circling toward 
the left or being skewed toward the left, and  
not walking spontaneously or loss of con- 
sciousness.

Grouping of experimental animals and drug 
intervention

Of these 50 ACI rats, 48 were equally random-
ized into either the model or alteplase group, 
excluding 2 who failed in modeling. The sham-
operated group included another 24 SD rats. 
The rats in the alteplase group were injected 
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with alteplase (5 mg·kg-1 body weight) via the 
femoral vein within 6 h after establishing the 
model, whereas the rats in both the sham-oper-
ated and model groups were administered the 
same volume of normal saline.

Neurological deficits scoring

The neurological deficits in the modeled rats 
were evaluated using the modified Longa Score 
Scale for neurological function when the ACI 
models were established (T1) as well as at 6 
(T2), 12 (T3), and 24 (T4) h after drug adminis-
tration. The scoring criteria were as follows; 0: 
no neurological deficits, 1: failure to completely 
extend the left forepaw, 2: failure to extend the 
left forepaw, 3: slight circling toward the side of 
hemiparalysis, 4: severe circling toward the 
side of hemiparalysis, and 5: falling to the left.

Preparation of brain tissue sections

Six rats from all groups were randomly selected 
to prepare brain slices on day 1, 3, 6, and 9 
after Longa Score Scaling. They were anesthe-
tized with 10% chloral hydrate, placed on ice, 
and decapitated to remove their brain issues, 
which were immediately soaked in a 4% para-
formaldehyde solution for 1 day. Thereafter, the 
brains were divided along the coronal plane 
using a vibratome into roughly 2-mm thick slic-
es and immediately stored at -80°C in 0.1 
mol/L phosphate-buffered saline (PBS) until 
further analysis, according to The Stereotactic 
Atlas of The Rat Brain.

Measurement of cerebral infarction volume

The brain slices were stained with 2% TTC solu-
tion and incubated at 37°C for 0.5 h in the dark 
before fixing in 10% paraformaldehyde solution 
overnight. Finally, they were removed and pho-
tographed using a digital camera. In ACI mod-
eled rats, the cerebral infarction was grayish 
white, whereas the normal brain tissues 
remained red. The area of infarction was mea-
sured by subtracting the area of the nonle-
sioned ipsilateral hemisphere from that of the 
contralateral hemisphere, based on the 
Swanson’s method. In addition to the absolute 
volume, the infarction volume was expressed 
as a percentage of the total brain volume.

Detection of GFAP and GAP-43 expressions in 
all rats using western blotting

For performing the western blot assay, the 
brain slices obtained from all groups were 

weighed and pulverized, following which the 
proteins from the brain slices were extracted by 
adding tissue lysate. Subsequently, 10% sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis was performed on the extract to sepa-
rate the proteins. The separated proteins were 
transferred from the gel onto a polyvinylidene 
difluoride (PVDF) membrane. Next, the mem-
brane was blocked with 5% skim milk powder 
for 1 h and incubated overnight with GAP-43 
primary antibody (1:10000) and GAPDH prima-
ry antibody (1:10000) in a refrigerator at 4°C. 
The following day, after washing thrice in PBS 
with Tween-20, the membrane was incubated 
with rabbit secondary antibody (1:5000) at 
room temperature for 1 h. The incubated mem-
brane was re-washed thrice before imaging 
using electrogenerated chemiluminescence. 
GFAP protein concentration could be detected 
using a similar procedure to that of GAP-43, 
except that the dilution ratio was 1:20,000 for 
the GFAP primary antibody.

Statistical analysis

SPSS 21.0 (IBM Corp, Armonk, USA) software 
was used for statistical analysis, and GraphPad 
Prism 7 software was used for drawing based 
on the analyzed data. Enumeration data were 
expressed as [n (%)] in this trial, and rates were 
tested using chi-square test for comparison, 
whereas measurement data were presented as 
means ± standard deviations (

_
x  ± SD), among 

which multiple mean values were compared 
after single factor analysis of variance. The 
between-group differences were assessed 
using one-way analysis of variance. P < 0.05 
indicated statistical significance.

Results

Comparison of the longa scores of rats in each 
group at different times

According to the Longa Score Scale, rats in the 
model and alteplase groups scored higher than 
those in the sham-operated group at T1, T2, T3, 
and T4 (P < 0.05). Rats in the alteplase group 
demonstrated lower scores than those in the 
model group at T2, T3, and T4 (P < 0.05). In the 
alteplase group, the rats showed lower neuro-
logical deficit scores at T2, T3, and T4 than at 
T1 (P < 0.05); at T3 and T4 than at T2 (P < 0.05); 
and at T4 than at T3 (P < 0.05) (Table 1 and 
Figure 1).
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Comparison of cerebral infarction volumes in 
rats in all groups at different times

In all groups, the cerebral infarction appeared 
as a white region due to insufficient blood sup-
ply, adjacent to the surrounding red area, with a 
relatively normal blood supply; the model group 
showed the largest infarct area followed by the 
alteplase group and the sham-operated group. 
Cerebral infarction volume in rats in the model 
group was larger than those in the alteplase 
group (P < 0.05), in which an increase in the 
infarct area was observed compared with that 
in the sham-operated group at day 1, 3, 6, and 
9 (P < 0.05). Moreover, at day 1, 3, 6, and 9, no 
significant changes in cerebral infarction vol-
ume was observed in both the sham-operated 
and model groups (P > 0.05). In the alteplase 
group, less infarction volume was observed on 
day 3, 6, and 9 (P < 0.05) than on day 1; on day 
6 and 9 than day 3 (P < 0.05); and on day 9 
than day 6 (P < 0.05) (Table 2 and Figure 2).

both the model and alteplase groups increased 
on day 3 and 6 compared with that on day 1 (P 
< 0.05) and notably decreased on day 9 (P < 
0.05). Compared with day 3, day 6 and 9 
revealed a considerable decrease in GFAP 
expression in the model and alteplase groups 
(P < 0.05). GFAP expression was less in the 
brain tissues of rats in the model and alteplase 
groups on day 9 compared with that on day 6 (P 
< 0.05) (Table 3 and Figure 3A).

Comparison of GAP-43 expression in all groups 
at different times

According to the western blot assay, GAP-43 
expression in the brain tissues in the model 
and alteplase groups was higher than that in 
the brain tissues in the sham-operated group 
on day 1, 3, 6, and 9 (P < 0.05), whereas GFAP 
expression in the alteplase group was lower 
than that in the model group (P < 0.05). GAP-43 
expression in the sham-operated group showed 
no significant changes on day 1, 3, 6, and 9 (P 

Table 1. Comparison of longa scores of all groups at different times (n = 24, 
_
x  ± SD, score)

Group T1 T2 T3 T4 F P
Sham-operated group 0.57 ± 0.11 0.56 ± 0.09 0.56 ± 0.15 0.57 ± 0.13 0.054 0.984
Model group 4.41 ± 0.74* 4.52 ± 0.51* 4.63 ± 0.62* 4.72 ± 0.57* 1.143 0.336
Alteplase group 4.47 ± 0.66* 3.68 ± 0.62*,#,a 2.34 ± 0.56*,#,a,b 1.21 ± 0.45*,#,a,b,c 149.462 < 0.001
F 361.208 461.351 416.001 660.346 - -
P < 0.001 < 0.001 < 0.001 < 0.001 - -
Note: The Longa Scores in the alteplase group: *P < 0.05 compared with the sham-operated group and #P < 0.05 compared 
with the model group; aP < 0.05 at T2, T3, and T4 compared with T1; bP < 0.05 at T1, T3, and T4 compared with T2; cP < 0.05 
at T1, T2, and T4 compared with T3.

Figure 1. Comparison of longa scores of rats in all groups at different times. 
Note: The Longa Scores in the alteplase group: *P < 0.05 compared with 
the sham-operated group and #P < 0.05 compared with the model group; 
aP < 0.05 at T2, T3, and T4 compared with T1; bP < 0.05 at T1, T3, and T4 
compared with T2; cP < 0.05 at T1, T2, and T4 compared with T3. 

Comparison of GFAP expres-
sion in all groups at different 
times

In the western blot assay, GFAP 
expression in the brain tissues 
in the model and alteplase 
groups was higher than that in 
the brain tissues of the sham-
operated group on day 1, 3, 6, 
and 9 (P < 0.05), whereas  
the GFAP expression in the 
alteplase group was lower than 
that in the model group (P < 
0.05). GFAP expression in the 
sham-operated group showed 
no significant changes on day 
1, 3, 6, and 9 (P > 0.05). 
However, GFAP expression in 
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> 0.05). However, GAP-43 expression in both 
the model and alteplase groups increased on 
day 3, 6, and 9 compared with that on day 1 (P 
< 0.05). Compared with day 3, day 6 and 9 
revealed a substantial decrease in GAP-43 
expression in the model and alteplase groups 
(P < 0.05). GAP-43 expression was less in the 
brain tissues of rats in the model and alteplase 
groups on day 9 compared with that on day 6 (P 
< 0.05) (Table 4 and Figure 3B).

Discussion

ACI is a medical emergency that affects 
795,000 individuals annually in the United 
States. The incidence of ACI continues to 
increase because of the growing aging popula-
tion, thereby exerting a serious adverse impact 
and a burden on human health and society 
[15]. ACI is caused by a severe reduction of 
blood or oxygen supply, typically occurring due 
to a blood clot that blocks the major blood ves-
sels [16]. No effective and safe management 

respectively, at T1 on the Longa Score Scale, 
both indicating a failure to stand stably, circling 
toward the left or being skewed toward the left, 
and not walking spontaneously. Only 2/50 rats 
showed modeling failure, leading to a success 
rate of 96.00%. Therefore, this modeling meth-
od is simple and convenient and has demon-
strated a high success rate.

Intravenous infusion of r-tPA within 3 h after 
modeling is considered the most effective ther-
apy for ACI [19]. However, the narrow time win-
dow requires patients with ACI to visit an emer-
gency room within 3 h of ACI onset, which could 
only be met by approximately 21% of patients 
with ACI in the United States, among which 
approximately 8% were eligible for thrombolytic 
therapy [20]. Expansion of the time window to 
receive a mechanical thrombectomy for 
patients with ACI is of great significance with 
respect to life safety. Reportedly, r-tPA improves 
the neurological deficits of patients with ACI 
within 6 h of onset in several studies [21], and 

Table 2. Comparison of cerebral infarction volume of rats at different times (n = 6, 
_
x  ± SD, %)

Group Day 1 Day 3 Day 6 Day 9 F P
Sham-operated group 4.89 ± 0.75 4.56 ± 0.67 4.53 ± 0.56 4.23 ± 0.71 0.956 0.433
Model group 41.89 ± 3.07* 42.13 ± 5.22* 44.29 ± 4.45* 45.89 ± 3.78* 1.220 0.328
Alteplase group 34.89 ± 5.07*,# 27.89 ± 4.34*,#,a 21.89 ± 3.87*,#,a,b 14.89 ± 2.67*,#,a,b,c 26.168 < 0.001
F 194.832 129.164 203.800 384.582 - -
P < 0.001 < 0.001 < 0.001 < 0.001 - -
Note: Cerebral infarction volume in the alteplase group: *P < 0.05 compared with the sham-operated group and #P < 0.05 compared with the 
model group; aP < 0.05 at T2, T3, and T4 compared with T1; bP < 0.05 at T1, T3, and T4 compared with T2; cP < 0.05 at T1, T2, and T4 compared 
with T3.

Figure 2. Comparison of cerebral infarction volume in rats in all groups 
at different times. Note: Cerebral infarction volume in the alteplase 
group: *P < 0.05 compared with the sham-operated group and #P < 
0.05 compared with the model group; aP < 0.05 at T2, T3, and T4 com-
pared with T1; bP < 0.05 at T1, T3, and T4 compared with T2; cP < 0.05 
at T1, T2, and T4 compared with T3.

strategy has yet been well estab-
lished for the general recogni- 
tion of patients with ACI [17]. 
Therefore, establishing safe and 
effective treatment that is gener-
ally accepted by patients with ACI 
is crucial for patients, their fami-
lies, and society.

Currently, research on the patho-
physiological mechanisms of ACI 
has shown progress mainly by 
treating ACI rats with r-tPA and 
then considering this as a simu-
lated procedure for patients with 
ACI. Simplified modeling based on 
studies of Chen et al. was applied 
in the present study [18]. The 
model and alteplase group scored 
4.41 ± 0.24 and 4.47 ± 0.26, 
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Table 3. Comparison of GFAP expression in all groups at different times (n = 6, 
_
x  ± SD)

Group Day 1 Day 3 Day 6 Day 9 F P
Sham-operated group 0.89 ± 0.15 0.95 ± 0.12 0.91 ± 0.09 0.98 ± 0.10 0.709 0.558
Model group 2.12 ± 0.32* 3.48 ± 0.27* 2.65 ± 0.36* 1.69 ± 0.31* 35.461 < 0.001
Alteplase group 1.52 ± 0.18*,# 2.45 ± 0.18*,#,a 1.75 ± 0.22*,#,a,b 1.03 ± 0.16*,#,a,b,c 74.091 < 0.001
F 43.289 243.404 73.238 21.462 - -
P < 0.001 < 0.001 < 0.001 < 0.001 - -
Note: GFAP expression in the alteplase group: *P < 0.05 compared with the sham-operated group and #P < 0.05 compared with 
the model group; aP < 0.05 at T2, T3, and T4 compared with T1; bP < 0.05 at T1, T3, and T4 compared with T2; cP < 0.05 at T1, 
T2, and T4 compared with T3.

Figure 3. Comparison of GFAP and GAP-43 expression in all groups at different times. A: GFAP expression in all 
groups at different times, B: GAP-43 expression in all groups at different times *P < 0.05 compared with the sham-
operated group and #P < 0.05 compared with the model group; aP < 0.05 at T2, T3, and T4 compared with T1; bP < 
0.05 at T1, T3, and T4 compared with T2; cP < 0.05 at T1, T2, and T4 compared with T3.
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other studies on the effects of alteplase in 
these patients within the 3-6-h time window 
suggested the effective inhibition of alteplase 
on infarct growth [22]. Further, Si et al. [23] 
reported that r-tPA could reduce infarct volume 
within 6 h after ACI onset in numerous middle 
cerebral artery occlusion (MCAO) rat models. 
Our study suggested that compared with the 
model group, rats in the alteplase group exhib-
ited a smaller cerebral infarction volume, which 
is consistent with the above findings. Moreover, 
rats in the alteplase group scored less than 
those in the model group at T2, T3, and T4 
using the modified Longa Score Scale. This 
reflected the reduced infarction volume that 
was observed as well as the relief of neurologi-
cal deficits within the expanded time window of 
6 h.

GFAP is a landmark intermediate filament pro-
tein in astrocytes, almost all of which are found 
in the central nervous system [24]. Reactive 
gliosis refers to a wide range of glial reactions 
induced by brain damage, which is character-
ized by the increased expression of specific 
markers, including GFAP of astrocytes [25]. 
García-Álvarez et al. [26] showed that GFAP was 
highly expressed in rat models with spinal cord 
injuries. Moreover, a synthetic glycolipid, IG20, 
inhibited GFAP expression, a marker of astro-
cytes, thereby suppressing astrocyte prolifera-
tion to reduce glial scar formation. According to 
study by Petro et al. [27], GFAP expression was 
upregulated in modeled rats with cerebral 
infarction and decreased with alteplase admin-
istration. The detection of GFAP expression in 
the brain tissues in the three groups of the 
present study showed higher GFAP expression 
in the model group within 9 days after modeling 
compared with that in the alteplase group. 
Consistent with the above research results, 
this finding indicated that alteplase administra-

tion may reduce glial scar formation by sup-
pressing GFAP expression.

GAP-43 is an axonal membrane protein that is 
crucial for nerve fiber growth, development, 
and regeneration; synaptic function mainte-
nance; and transmitter release [28]. Caspase 3 
(CASP3) and GAP-43 rapidly increase following 
ischemic injury, mainly in neurons in modeled 
mice. It was suggested that GAP-43 and CASP3 
are part of a common molecular pathway 
involved in the early response to ischemic 
events occurring after stroke onset [29]. Li et 
al. investigated whether exogenous retinoic 
acid (RA) could upregulate GAP-43 mRNA and 
protein expression and found that initially fol-
lowing ischemia, GAP-43 expression consider-
ably increased and then decreased in modeled 
rats with MCAO. RA administration upregulated 
GAP-43 expression, reduced infarction volume, 
and promoted functional neurological recovery. 
It was concluded that the neuroprotective 
mechanism of RA was responsible for the 
upregulation of GAP-43 mRNA and protein [30]. 
The results of the present study showed that 
GAP-43 expression first increased and then 
decreased after the model was well estab-
lished in the model group, whereas GAP-43 
expression markedly increased following 
alteplase administration in the alteplase group 
compared with the model group. These findings 
are almost consistent with the above findings 
and indicate that alteplase promotes functional 
nerve recovery and nerve fiber regeneration by 
upregulating GAP-43 expression.

Our study confirmed that it was beneficial to 
treat ACI modeled rats with alteplase within an 
expanded time window of 6 h, coupled with a 
proved effect of alteplase on both GFAP and 
GAP-43 expression. However, there were some 
limitations to our study; we did not focus on the 

Table 4. Comparison of GAP-43 expression in all groups at different times (n = 6, 
_
x  ± SD)

Group Day 1 Day 3 Day 6 Day 9 F P
Sham-operated group 0.75 ± 0.09 0.78 ± 0.08 0.73 ± 0.11 0.74 ± 0.12 0.273 0.844
Model group 1.35 ± 0.21* 3.06 ± 0.18* 2.32 ± 0.21* 1.76 ± 0.24* 73.898 < 0.001
Alteplase group 1.89 ± 0.16*,# 3.98 ± 0.17*,#,a 3.12 ± 0.19*,#,a,b 2.56 ± 0.22*,#,a,b,c 135.245 < 0.001
F 75.239 721.631 288.631 124.405 - -
P < 0.001 < 0.001 < 0.001 < 0.001 - -
Note: GAP-43 expression in the alteplase group: *P < 0.05 compared with the sham-operated group and #P < 0.05 compared 
with the model group; aP < 0.05 at T2, T3, and T4 compared with T1; bP < 0.05 at T1, T3, and T4 compared with T2; cP < 0.05 
at T1, T2, and T4 compared with T3.
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optimal dosage of alteplase for ACI or on the 
regulatory mechanisms of alteplase on GFAP 
and GAP-43. These deficiencies will be addre- 
ssed in future studies.

In conclusion, alteplase treatment resulted in 
considerable reductions in cerebral infarction 
volume and ameliorated neurological deficits in 
ACI rats within an extended time window of 6 h, 
which may be related to the regulation of GFAP 
and GAP-43 expressions by alteplase.

Acknowledgments

This work was supported by the Science and 
Technology Planning Project of Longyan City 
[grant number 2017LY47].

Disclosure of conflict of interest

None.

Address correspondence to: Shuhong Hou, Depart- 
ment of Function, The Affiliated Longyan First 
Hospital of Fujian Medical University, No. 105 Jiuyi 
North Road, Longyan 364000, Fujian Province, 
China. Tel: +86-0597-2236957; E-mail: shuhong-
houhou@163.com

References

[1] Gutiérrez-Fernández M, Rodríguez-Frutos B, 
Ramos-Cejudo J, Otero-Ortega L, Fuentes B, 
Vallejo-Cremades MT, Sanz-Cuesta BE and 
Díez-Tejedor E. Comparison between xenoge-
neic and allogeneic adipose mesenchymal 
stem cells in the treatment of acute cerebral 
infarct: proof of concept in rats. J Transl Med 
2015; 13: 46.

[2] Bache KG, Hov MR, Larsen K, Solyga VM and 
Lund CG. Prehospital advanced diagnostics 
and treatment of acute stroke: protocol for a 
controlled intervention study. JMIR Res Protoc 
2018; 7: e53.

[3] Zhang X, Wu J and Zhang B. Xuesaitong injec-
tion as one adjuvant treatment of acute cere-
bral infarction: a systematic review and meta-
analysis. BMC Complement Altern Med 2015; 
15: 36. 

[4] Ye L, Cai R, Yang M, Qian J and Hong Z. 
Reduction of the systemic inflammatory in-
duced by acute cerebral infarction through ul-
tra-early thrombolytic therapy. Exp Ther Med 
2015; 10: 1493-1498.

[5] Fluri F, Schuhmann MK and Kleinschnitz C. 
Animal models of ischemic stroke and their ap-
plication in clinical research. Drug Des Devel 
Ther 2015; 9: 3445-3454.

[6] Xu N, Chen Z, Zhao C, Xue T, Wu X, Sun X and 
Wang Z. Different doses of tenecteplase vs al-
teplase in thrombolysis therapy of acute isch-
emic stroke: evidence from randomized con-
trolled trials. Drug Des Devel Ther 2018; 12: 
2071-2084.

[7] Berge E, Cohen G, Roaldsen MB, Lundström E, 
Isaksson E, Rudberg AS, Slot KB, Forbes J, 
Smith J, Drever J, Wardlaw JM, Lindley RI, 
Sandercock PA and Whiteley WN; IST-3 
Collaborative Group. Effects of alteplase on 
survival after ischaemic stroke (IST-3): 3 year 
follow-up of a randomised, controlled, open-
label trial. Lancet Neurol 2016; 15: 1028-
1034.

[8] Li M, Wang-Qin RQ, Wang YL, Liu LB, Pan YS, 
Liao XL, Wang YJ and Xu AD. Symptomatic in-
tracerebral hemorrhage after intravenous 
thrombolysis in Chinese patients: comparison 
of prediction models. J Stroke Cerebrovasc Dis 
2015; 24: 1235-1243.

[9] Li Z, Gu J, Qi S, Wu D, Gao L, Chen Z, Guo J, Li 
X, Wang Y, Yang X and Tu Y. Shackling effect 
induced property differences in metallo-supra-
molecular polymers. J Am Chem Soc 2017; 
139: 14364-14367.

[10] Sandelius A, Portelius E, Kallen A, Zetterberg 
H, Rot U, Olsson B, Toledo JB, Shaw LM, Lee 
VMY, Irwin DJ, Grossman M, Weintraub D, 
Chen-Plotkin A, Wolk DA, McCluskey L, Elman 
L, Kostanjevecki V, Vandijck M, McBride J, 
Trojanowski JQ and Blennow K. Elevated CSF 
GAP-43 is Alzheimer’s disease specific and as-
sociated with tau and amyloid pathology. 
Alzheimers Dement 2019; 15: 55-64.

[11] Zhang Q, Zhang ZJ, Wang XH, Ma J, Song YH, 
Liang M, Lin SX, Zhao J, Zhang AZ, Li F and Hua 
Q. The prescriptions from Shenghui soup en-
hanced neurite growth and GAP-43 expression 
level in PC12 cells. BMC Complement Altern 
Med 2016; 16: 369.

[12] Zhang S, Wu M, Peng C, Zhao G and Gu R. 
GFAP expression in injured astrocytes in rats. 
Exp Ther Med 2017; 14: 1905-1908.

[13] Juan WS, Huang SY, Chang CC, Hung YC, Lin 
YW, Chen TY, Lee AH, Lee AC, Wu TS and Lee 
EJ. Melatonin improves neuroplasticity by up-
regulating the growth-associated protein-43 
(GAP-43) and NMDAR postsynaptic density-95 
(PSD-95) proteins in cultured neurons exposed 
to glutamate excitotoxicity and in rats subject-
ed to transient focal cerebral ischemia even 
during a long-term recovery period. J Pineal 
Res 2014; 56: 213-223.

[14] Sikes RS; Animal Care and Use Committee of 
the American Society of Mammalogists. 2016 
Guidelines of the American Society of 
Mammalogists for the use of wild mammals in 
research and education. J Mammal 2016; 97: 
663-688.

mailto:shuhonghouhou@163.com
mailto:shuhonghouhou@163.com


Effects of alteplase on neurological deficits

10616 Am J Transl Res 2021;13(9):10608-10616

[15] Hasan TF, Rabinstein AA, Middlebrooks EH, 
Haranhalli N, Silliman SL, Meschia JF and 
Tawk RG. Diagnosis and management of acute 
ischemic stroke. Mayo Clin Proc 2018; 93: 
523-538.

[16] Miao J, Deng F, Zhang Y, Xie HY and Feng JC. 
Exogenous human urinary kallidinogenase in-
creases cerebral blood flow in patients with 
acute ischemic stroke. Neurosciences (Riyadh) 
2016; 21: 126-130.

[17] Chen KH, Chen CH, Wallace CG, Yuen CM, Kao 
GS, Chen YL, Shao PL, Chen YL, Chai HT, Lin 
KC, Liu CF, Chang HW, Lee MS and Yip HK. 
Intravenous administration of xenogenic adi-
pose-derived mesenchymal stem cells (AD- 
MSC) and ADMSC-derived exosomes marked- 
ly reduced brain infarct volume and preserved 
neurological function in rat after acute isch-
emic stroke. Oncotarget 2016; 7: 74537-
74556.

[18] Chen Y, Zhu W, Zhang W, Libal N, Murphy SJ, 
Offner H and Alkayed NJ. A novel mouse model 
of thromboembolic stroke. J Neurosci Methods 
2015; 256: 203-211.

[19] Thomalla G, Fiebach JB, Østergaard L, Pedraza 
S, Thijs V, Nighoghossian N, Roy P, Muir KW, 
Ebinger M, Cheng B, Galinovic I, Cho TH, Puig J, 
Boutitie F, Simonsen CZ, Endres M, Fiehler J 
and Gerloff C; WAKE-UP investigators. A multi-
center, randomized, double-blind, placebo-
controlled trial to test efficacy and safety of 
magnetic resonance imaging-based thrombol-
ysis in wake-up stroke (WAKE-UP). Int J Stroke 
2014; 9: 829-836.

[20] Yang ZS and Mu J. Co-administration of tissue 
plasminogen activator and hyperbaric oxygen 
in ischemic stroke: a continued promise for 
neuroprotection. Med Gas Res 2017; 7: 68-73.

[21] IST-3 collaborative group, Sandercock P, 
Wardlaw JM, Lindley RI, Dennis M, Cohen G, 
Murray G, Innes K, Venables G, Czlonkowska A, 
Kobayashi A, Ricci S, Murray V, Berge E, Slot 
KB, Hankey GJ, Correia M, Peeters A, Matz K, 
Lyrer P, Gubitz G, Phillips SJ and Arauz A. The 
benefits and harms of intravenous thromboly-
sis with recombinant tissue plasminogen acti-
vator within 6 h of acute ischaemic stroke (the 
third international stroke trial [IST-3]): a ran-
domised controlled trial. Lancet 2012; 379: 
2352-2363.

[22] Ogata T, Christensen S, Nagakane Y, Ma H, 
Campbell BC, Churilov L, Lansberg MG, Straka 
M, De Silva DA, Mlynash M, Bammer R, Olivot 
JM, Desmond PM, Albers GW, Davis SM and 
Donnan GA; EPITHET and DEFUSE Investi- 
gators. The effects of alteplase 3 to 6 hours 
after stroke in the EPITHET-DEFUSE combined 
dataset: post hoc case-control study. Stroke 
2013; 44: 87-93.

[23] Si Z, Liu J, Hu K, Lin Y, Liu J and Wang A. Effects 
of thrombolysis within 6 hours on acute cere-
bral infarction in an improved rat embolic mid-
dle cerebral artery occlusion model for isch-
aemic stroke. J Cell Mol Med 2019; 23: 2468-
2474.

[24] Hol EM and Pekny M. Glial fibrillary acidic pro-
tein (GFAP) and the astrocyte intermediate fila-
ment system in diseases of the central ner-
vous system. Curr Opin Cell Biol 2015; 32: 
121-130.

[25] Huang L, Wu ZB, Zhuge Q, Zheng W, Shao B, 
Wang B, Sun F and Jin K. Glial scar formation 
occurs in the human brain after ischemic 
stroke. Int J Med Sci 2014; 11: 344-348.

[26] García-Álvarez I, Fernández-Mayoralas A, 
Moreno-Lillo S, Sánchez-Sierra M, Nieto-
Sampedro M and Doncel-Pérez E. Inhibition of 
glial proliferation, promotion of axonal growth 
and myelin production by synthetic glycolipid: a 
new approach for spinal cord injury treatment. 
Restor Neurol Neurosci 2015; 33: 895-910. 

[27] Petro M, Jaffer H, Yang J, Kabu S, Morris VB 
and Labhasetwar V. Tissue plasminogen acti-
vator followed by antioxidant-loaded nanopar-
ticle delivery promotes activation/mobilization 
of progenitor cells in infarcted rat brain. 
Biomaterials 2016; 81: 169-180.

[28] Grasselli G and Strata P. Structural plasticity of 
climbing fibers and the growth-associated pro-
tein GAP-43. Front Neural Circuits 2013; 7: 25.

[29] Gorup D, Bohacek I, Milicevic T, Pochet R, 
Mitrecic D, Kriz J and Gajovic S. Increased ex-
pression and colocalization of GAP43 and 
CASP3 after brain ischemic lesion in mouse. 
Neurosci Lett 2015; 597: 176-182.

[30] Li Y, Gao X, Wang Q, Yang Y, Liu H, Zhang B and 
Li L. Retinoic acid protects from experimental 
cerebral infarction by upregulating GAP-43 ex-
pression. Braz J Med Biol Res 2017; 50: 
e5561.


