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Abstract: Objective: To retrospectively analyze the effects of Butylphthalide and Sodium Chloride Injection (BP-SC)
combined with Argatroban (AG) on neurological deficits and hemorheology in progressive ischemic stroke (PIS)
patients. Methods: A total of 123 PIS patients admitted to our hospital between April 2023 and April 2025 were ret-
rospectively analyzed and divided into two groups according to the different treatment schemes: the control group
(n=58; treated with AG) and the research group (n=65; treated with BP-SC and AG). Clinical efficacy, neurological
deficits (assessed by the National Institutes of Health Stroke Scale [NIHSS]), neurological function (astrocyte-de-
rived protein S1008, brain-derived neurotrophic factor [BDNF], and neuron-specific enolase [NSE]), hemorheology
(fibrinogen [FIB], plasma viscosity [PV], whole blood low-shear viscosity [WBLSV]), vascular endothelial function
(endothelin-1 [ET-1] and nitric oxide [NO]), inflammatory factors (high-sensitivity C-reactive protein [hs-CRP], inter-
leukin-6 [IL-6], and tumor necrosis factor-a [TNF-a]), adverse events (gingival bleeding, subcutaneous ecchymosis,
nausea, abdominal distension, and vomiting), the 90-day post-operative modified Rankin Scale (mRS) score were
compared between the two groups. Results: Compared with the control group, the research group demonstrated
significantly higher overall effective rate and favorable prognosis rate. The research group also showed greater post-
treatment reductions in the NIHSS score and levels of S100- and NSE, along with a more pronounced elevation in
BDNF level, indicating improved neuronal function. Additionally, the combined treatment significantly improved mul-
tiple hemorheological indices and endothelial function as evidenced by reduced ET-1 level and elevated NO level.
Moreover, levels of hs-CRP, IL-6, and TNF-a were significantly decreased. However, the total incidence of adverse
events was comparable between the two groups. Conclusion: Combined treatment with BP-SC and AG exerts more
significant improvements in neurological deficits and hemorheological parameters in PIS patients.
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Introduction about 70% of all cases, mainly manifested as
cerebral artery occlusion and cerebral tissue
ischemia [3, 4]. Factors such as age, sex, dia-
betes, hyperlipidemia, and hyperhomocystein-

emia are closely associated with IS [5]. The

Stroke is the second leading cause of death
and the third leading cause of disability world-
wide, posing a great disease burden in Asia,

despite a recent downward trend in its inci-
dence [1, 2]. According to statistics, ischemic
stroke (IS) accounts for approximately 43.5-
76.1% of hospitalized acute stroke cases, with
an age- and sex-standardized mortality rate of
43.3-222.6 cases per 100,000 person-years
[2]. IS, also known as cerebral infarction, is
a typical manifestation of stroke, occupying

disease can lead to neurological deficits in
patients, and the pathophysiological process
is often accompanied by abnormal hemorheol-
ogy [6]. Progressive IS (PIS) is characterized
by persistent or stepwise aggravation of symp-
toms, poses substantial therapeutic challeng-
es, and is associated with a poor prognosis [7].
Currently, no specific medicine is available for
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PIS, highlighting the need for further explo-
ration.

Butylphthalide and Sodium Chloride Injection
(BP-SC) is an anti-cerebral infarction prepara-
tion independently developed in China. Its main
active component, dI-3-n-Butylphthalide, is a
lipid-soluble compound capable of penetrating
the blood-brain barrier (BBB) and is widely used
for the treatment of acute IS (AIS) and its se-
quelae [8]. Cui et al. [9] reported that BP-SC
effectively improved neurotransmitter levels
and cerebral blood perfusion while also reduc-
ing oxidative stress in AIS cases. The arginine-
derived Argatroban (AG) is a synthetic small-
molecule direct thrombin inhibitor [10, 11]. It is
widely used in the treatment of AIS, where it
can effectively alleviate neurological deficits,
improve activities of daily living, and help pre-
vent thrombotic re-occlusion [12]. Given the
limited research on the effects of BP-SC com-
bined with AG on neurological deficits and
hemorheology in IS patients, the present study
was designed to address this gap and to pro-
vide additional evidence for optimizing treat-
ment in this population.

The innovation of this study lies in the com-
prehensive evaluation of the clinical advantag-
es of BP-SC combined with AG in the treat-
ment of IS from the perspectives of clinical effi-
cacy, neurological deficits, neurological func-
tion, hemorheology, vascular endothelial func-
tion, inflammatory markers, adverse events,
and short-term prognosis. These findings pro-
vide reliable clinical evidence for the applica-
tion of this therapy and offer a better treatment
option for patients with ischemic stroke.

Information and methodology
Case selection

A total of 123 PIS patients admitted to the First
Hospital of Hebei Medical University between
April 2023 and April 2025 were retrospectively
included in this study. Among them, 58 pa-
tients receiving AG therapy alone comprised
the control group, while the other 65 cases
treated with BP-SC combined with AG con-
stituted the research group. This study was
approved by the Ethics Committee of the First
Hospital of Hebei Medical University.

Inclusion criteria: Patients who met the diag-
nostic criteria for PIS [13]; symptom onset with-
in 48 hours, with the condition worsening in a
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stepwise or progressive manner; and complete
clinical data available.

Exclusions criteria: Presence of cerebral hem-
orrhage, brain tumor, subarachnoid hemorrh-
age and hemorrhagic cerebral infarction; large-
scale infarction with serious disturbance of
consciousness; coagulation dysfunction; men-
tal illness or severe dysfunction of major or-
gans (heart, liver, kidneys); systemic hemato-
logic diseases; contraindications to the study
drugs; pregnancy or lactation.

Intervening methods

All patients received standard supportive ther-
apies after admission, including measures to
improve cerebral circulation and metabolism,
as well as antiplatelet and lipid-lowering the-
rapies.

Based on this, the control group was given AG
(specification: 20 mL:10 mg, Shanghai Aladdin
Biochemical Technology Co., Ltd., A408293).
Within 48 hours of the symptom onset, 20 mL
of AG was diluted in 28 mL of 0.9% sodium
chloride solution (Shanghai Aladdin Biochemi-
cal Technology Co., Ltd., C111547) and admin-
istered via a constant-rate infusion pump (16
mL/h). After the first 48 h, the dosing was
adjusted to every 12 hours for an additional 5
days. The total medication duration was 7 days.

On the basis of the above treatment, patients
in the research group were additionally treated
with BP-SC (specification: 100 mL:25 mg of
butylphthalide and 0.9 g of sodium chloride;
CSPC-NBP Pharmaceutical Co., Ltd., H20100-
041). BP-SC was administered by intravenous
drip, starting within 48 hours of symptom on-
set, at a dose of 25 mg every 12 h, with each
infusion lasting at least 50 minutes. The inter-
val between two doses was more than 6 hours,
and the treatment continued for 7 days.

During the treatment, liver and renal function
parameters were closely monitored. Once any
abnormalities were detected, the medication
regimen was promptly adjusted.

Data collection

Treatment efficacy [14]: A reduction in the Na-
tional Institutes of Health Stroke Scale (NIHSS)
score of 290% was defined as cure; a reduction
of 46%-89% was defined as marked effective-
ness; a reduction of 18%-45% was defined as
effectiveness; and a reduction of <18% was
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defined as ineffectiveness. The total effective-
ness rate was calculated as the percentage of
patients classified as cured, marked effective-
ness, and effectiveness.

Neurological deficits [15]: Neurological deficits
were assessed using the NIHSS, with scores
ranging from O to 42. The score is in direct pro-
portion to neurological injury severity.

Neurological function: Venous blood (5 ml) was
collected from each patient before treatment
and 14 days after treatment. Serum was
obtained after centrifugation, and the levels
of astrocyte-derived protein S100-B, brain-
derived neurotrophic factor (BDNF), and neu-
ron-specific enolase (NSE) measurements we-
re measured using enzyme-linked immunosor-
bent assay (ELISA). All procedures were carried
out in strict accordance with the manufactur-
ers’ instructions for the corresponding ELISA
Kits (Shanghai Xuanke Biotechnology Co., Ltd.,
XK-E3573h, XK-E2991h, XK-E2245h).

Hemorheological parameters: Serum fibrino-
gen (FIB) levels were detected using automa-
tic coagulation analyzer (Beijing MDmarker
Biotechnology Co., Ltd., MD-1003) before and
14 days after treatment. Serum plasma vis-
cosity (PV) and whole blood low-shear viscosity
(WBLSV) were determined using an automatic
blood rheology analyzer (Shanghai Scientific
Instrument Co., Ltd., Y1318).

Vascular endothelial function: Serum endothe-
lin-1 (ET-1; Shanghai Zaikang Biotechnology
Co., Ltd., ZK-0028454) and nitric oxide (NO;
Shanghai Lianmai Bio-engineering Co., Ltd.,
LMO0023) levels were detected using radioim-
munoassay and the nitrate reduction method,
respectively.

Inflammatory markers: Serum levels of high-
sensitivity C-reactive protein (hs-CRP), interleu-
Kin-6 (IL-6), and tumor necrosis factor-a (TNF-)
were determined by ELISA before and 14 days
post-treatment. All assays were conducted in
strict accordance with the instructions of the
corresponding ELISA reagent kits (Shanghai
Xuanke Biotechnology Co., Ltd., XK-E1423h,
XK-E1367h, XK-E2741h).

Adverse events: Adverse events, including gin-
gival bleeding, subcutaneous ecchymosis, nau-
sea, abdominal distension, and vomiting, were
recorded during the treatment period, and the
total incidence was calculated.
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90-day favorable prognosis rate: Patient prog-
nosis was assessed on day 90 after treatment
using the modified Rankin Scale (mRS) [16]. A
score <2 (0: asymptomatic; 1: no significant
disability; 2: mild disability) was considered a
favorable prognosis, whereas scores of 3-5
indicated moderate, severe, and extreme dis-
ability, respectively.

Among the above indicators, treatment effi-
cacy, neurological deficits, and hemorheology
were the primary endpoints, while neurological
function, vascular endothelial function, inflam-
matory markers, adverse events, and 90-day
favorable prognosis rate were the secondary
outcomes.

Statistical analysis

SPSS 22.0 was used for statistical analyses.
Measurement data were expressed as mean +
standard deviation (Xs). Inter-group compari-
sons were conducted using independent-sam-
ples t-tests, while within-group comparisons at
different time points were performed using
paired t-tests. Count data were expressed as
frequency and percentage [n (%)], and inter-
group differences were assessed using the x2
test. A two-sided P value <0.05 was considered
statistically significant.

Results

Comparison of baseline data between the two
groups

As shown in Table 1, no significant differences
were observed between the two cohorts in
terms of sex, age, disease duration, or the prev-
alence of diabetes, hypertension, and dyslipid-
emia (all P>0.05), confirming good baseline
comparability.

Comparison of therapeutic efficacy between
the two groups

As shown in Table 2, the overall treatment
effective rate in the research group was statis-
tically higher compared to the control group
(92.31% vs. 79.31%; P<0.05).

Comparison of NIHSS scores between the two
groups

As shown in Figure 1, baseline NIHSS scores
were comparable between the groups (P>0.05).
After treatment, both groups demonstrated a

Am J Transl Res 2026;18(2):1356-1365



Drug treatments for patients with ischemic stroke

Table 1. Comparison of baseline characteristics between the two groups

Data Control group (n=58) Research group (n=65) X2/t P
Sex 0.018 0.892
Male 35 (60.34) 40 (61.54)
Female 23 (39.66) 25 (38.46)
Age (years) 55.29+6.91 56.42+6.90 0.906 0.367
Disease duration (h) 20.02+6.12 19.78+6.78 0.205 0.838
Diabetes 19 (32.76) 17 (26.15) 0.646 0.422
Hypertension 20 (34.48) 25 (38.46) 0.209 0.647
Dyslipidemia 16 (27.59) 20 (30.77) 0.150 0.699

Table 2. Comparison of clinical efficacy between the two groups

Therapeutic effectiveness Control group (n=58) Research group (n=65) N P
Cure 17 (29.31) 28 (43.08)

Marked effectiveness 16 (27.59) 20 (30.77)

Effectiveness 13 (22.41) 12 (18.46)

Ineffectiveness 12 (20.69) 5 (7.69)

Overall effective rate 46 (79.31) 60 (92.31) 4.347 0.037
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Figure 1. Comparison of NIHSS scores between the
two groups before and after the treatment. NIHSS:
National Institutes of Health Stroke Scale. *P<0.05,
**P<0.01 vs. baseline level in the same group;
#P<0.05 vs. the control group.

marked decline in NIHSS score (both P<0.05),
with a more pronounced decrease observed in
the research group relative to the control group
(P<0.05).

Comparison of neurological function between
the two groups

No significant differences were observed in the
baseline serum levels of neurological biomark-
ers (S100-3, BDNF, and NSE) between the two
groups (all P>0.05). Following the intervention,
serum S100-B and NSE levels were signifi-
cantly decreased, while BDNF levels were sig-
nificantly increased in both groups (all P<0.05),
with the research group exhibiting more pro-

1359

nounced decline/increase magnitude compar-
ed with the control group (all P<0.05) (Table 3).

Comparison of hemorheology between the two
groups

As shown in Figure 2, baseline hemorheologi-
cal parameters were comparable between the
two groups (P>0.05). Following treatment, FIB,
PV, and WBLSYV significantly decreased in both
cohorts (all P<0.05), and the reductions were
more notable in the research group than in the
control group (all P<0.05).

Comparison of vascular endothelial function
between the two groups

Table 4 shows the baseline vascular endothe-
lial function indices, including ET-1 and NO,
showed no significant difference between the
two groups (both P>0.05). After treatment, ET-1
levels were significantly decreased, whereas
NO levels were significantly increased in both
groups (all P<0.05). Notably, the research group
showed significantly lower ET-1 and higher NO
levels compared to the control group (P<0.05).

Comparison of inflammatory markers between
the two groups

As shown in Table 5, baseline levels of inflam-
matory markers, including hs-CRP, IL-6, and
TNF-a, were comparable between groups (P>
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Table 3. Comparison of neurological function between the two groups

Indicators Control group (n=58) Research group (n=65) t P
S100-B (Hg/L)
Before 0.82+0.20 0.90£0.29 1.760 0.081
After 0.40+0.17* 0.30£0.13** 3.687 <0.001
BDNF (ng/mL)
Before 3.59+0.88 3.31+0.77 1.882 0.062
After 4.38+0.94* 5.23+1.23%* 4.267 <0.001
NSE (ug/L)
Before 51.05+10.34 51.32+7.02 0.171 0.865
After 36.45+6.82* 24.20+8.86** 8.515 <0.001

Note: BDNF, brain-derived neurotrophic factor; NSE, neuron-specific enolase; *P<0.05, **P<0.01, vs. baseline levels.

0.05). After treatment, both groups exhibited
marked reductions in all inflammatory factors
(all P<0.05), with lower levels in the research
group compared to controls (P<0.05).

Comparison of adverse events between the
two groups

Recorded adverse events mainly included gin-
gival bleeding, subcutaneous ecchymosis, nau-
sea, abdominal distension, and vomiting. As
summarized in Table 6, no significant differ-
ence was observed in the overall incidence of
adverse events (21.54% vs. 17.24%; P>0.05)
between the two groups.

Comparison of 90-day favorable prognosis rate
between the two groups

According to the mRS assessment on post-
treatment day 90 (Table 7), the proportion of
patients with a favorable prognosis (MRS <2)
in the research group was notably higher than
the control group (83.08% vs. 65.52%; P<0.05).

Discussion

Patients with IS frequently present with neuro-
logical deficits, such as paralysis and aphasia,
which are related to impaired cerebral blood
circulation and ischemia and hypoxia related
local tissue injury [17]. IS not only affects pa-
tients’ quality of life by limiting normal occupa-
tional and social functioning, but also poses a
heavy burden to patients and their families.
Progressive IS (PIS) remains a major challenge
and requires in-depth exploration of more eff-
ective therapies.

In this study, BP-SC combined with AG signi-
ficantly improved treatment efficacy in PIS
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patients from 79.31% (AG monotherapy) to
92.31%. This may be attributed to butylphtha-
lide, an active substance of BP-SC, which ex-
erts multiple pharmacological effects, such as
reducing inflammatory reaction, enhancing mi-
crocirculation, protecting mitochondria, reduc-
ing blood-brain barrier permeability, and im-
proving nerve cell function [18]. These effects
collectively contribute to the alleviation of neu-
rological deficit-associated symptoms in PIS
patients. Butylphthalide has demonstrated effi-
cacy in inhibiting platelet aggregation and th-
rombosis formation. It significantly ameliorates
hypercoagulable states and increases the num-
ber of circulating endothelial progenitor cells,
thereby strengthening the vascular repair abili-
ty [9]. As a thrombin antagonist, AG plays a
neuroprotective role by inhibiting inflammatory
factor generation and reducing brain edema,
thus improving neurological function [19]. An
animal experiment demonstrated the signifi-
cant neuroprotective effects of AG, as evi-
denced by marked improvements in learning
and memory after focal ischemia compared
with normal saline or thrombin [20]. Hence,
combined therapy may exert synergistic, mul-
ti-target therapeutic effects in PIS patients,
with AG providing anticoagulant protection and
BP-SC contributing to the inhibition of plate-
let aggregation and enhancement of vascular
repair.

Additionally, the combined treatment signifi-
cantly alleviated neurological deficits in PIS
patients, strengthened their self-care ability,
and improved their neurological-related index-
es. S100-B and NSE are well-established neu-
ronal injury markers, with their down-regulation
reflecting the repair of brain tissue injury [21].
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Figure 2. Comparison of hemorheological parameters between the two groups before and after the treatment. A. Fibrinogen (FIB); B. Plasma viscosity (PV); C. Whole
blood low-shear viscosity (WBLSV). Note: "P<0.05, *P<0.01, vs. baseline level in the same group; *P<0.05 vs. the control group.
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Table 4. Comparison of vascular endothelial function between the two groups

Indicators Control group (n=58) Research group (n=65) t P
ET-1 (ng/L)
Before 70.95+9.16 71.05+10.88 0.055 0.956
After 63.914+8.82* 60.40+£7.80** 2.342 0.021
NO (umol/L)
Before 32.38+4.44 32.85+5.52 0.516 0.607
After 43.50+5.41* 54.78+7.42** 9.534 <0.001
Note: ET-1, endothelin-1; NO, nitric oxide. *P<0.05, **P<0.01, vs. baseline levels.
Table 5. Comparison of inflammatory factors between the two groups
Indicators Control group (n=58) Research group (n=65) t P
hs-CRP (mg/L)
Before 12.80+4.06 11.88+3.85 1.289 0.200
After 8.07+2.87* 5.984+2.67** 4.183 <0.001
IL6 (ng/L)
Before 25.17+3.90 24.29+5.35 1.032 0.304
After 17.91+4.52* 13.98+3.68** 5.310 <0.001
TNF-a (ng/L)
Before 34.50+5.21 35.52+6.02 0.999 0.320
After 29.38+5.68* 25.32+6.58** 3.642 <0.001

Note: hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a. *P<0.05, **P<0.01, vs.

baseline levels.

Table 6. Comparison of the incidence of adverse events between the two groups

Indicators Control group (n=58) Research group (n=65) X2 P
Gingival bleeding 3(5.17) 4 (6.15)

Subcutaneous ecchymosis 3(5.17) 5 (7.69)

Nausea 2 (3.45) 2 (3.08)

Abdominal distension 1(1.72) 2 (3.08)

Vomiting 1(1.72) 1(1.54)

Total 10 (17.24) 14 (21.54) 0.360 0.548

Table 7. Comparison of 90-day postoperative prognosis between the two groups

mRS score (points) Control group (n=58) Research group (n=65) X2 P

0 9 (15.52) 14 (21.54)

1 16 (27.59) 20 (30.77)

2 13 (22.41) 20 (30.77)

3 10 (17.24) 6 (9.23)

4 6 (10.34) 4 (6.15)

5 4 (6.90) 1(1.54)

Favorable prognosis (0-2) 38 (65.52) 54 (83.08) 5.013 0.025

Note: NRS: mRS, modified Rankin Scale.

BDNF, as one of the most widely distributed
neurotrophic factors in mammalian brain, re-
flects the function and structural plasticity of
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the central nervous system (CNS) and plays an
important role in neuroprotection [22]. In the
report of Li et al. [23], BP-SC combined with
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edaravone dexborneol improved clinical effica-
cy, relieved neurological deficits, enhanced self-
care, and inhibited serum inflammatory factors
in PIS patients, similar to the results of this
study.

Furthermore, BP-SC combined with AG signifi-
cantly improved hemorheological parameters
and vascular endothelial function in PIS pa-
tients compared with AG monotherapy, as evi-
denced by favorable changes in ET-1 and NO
levels, which are essential for maintaining vas-
cular tone and normal blood flow. AIS impairs
vascular endothelial function, resulting in a
notable increase in ET-1 levels and reduction
in NO levels. Eventually, this causes abnormal
vascular contraction and relaxation, thereby
aggravating cerebral ischemia, hypoxia, and
cerebral edema [24]. In the study of Wang et al.
[25], BP-SC combined with atorvastatin calci-
um tablets improved neurological function and
cerebral hemodynamics in patients with AIS,
similar to the results of this study. Meanwhile,
BP-SC combined with AG significantly inhibit-
ed serum levels of hs-CRP, IL-6, and TNF-«,
demonstrating pronounced anti-inflammatory
effects.

In terms of safety, the combined therapy did
not significantly increase the risk of total ad-
verse events such as gingival bleeding, subcu-
taneous ecchymosis, nausea, abdominal dis-
tension, and vomiting, suggesting its tolerabili-
ty. In the report of Zhang et al. [26], the sequ-
ential treatment of butylphthalide is helpful to
improve neurological/cognitive functions and
collateral circulation in patients with AIS on
the premise of not compromising safety, whi-
ch aligns with our findings. Finally, the 90-day
favorable prognosis rate was markedly higher
in PIS patients receiving combined treatment
than those receiving AG monotherapy (83.08%
vs. 65.52%). Consistently, previous studies
have reported that butylphthalide combined
with human urinary kallidinogenase improves
the independence rate of patients with AIS 6
months after onset, without causing serious
adverse events [27].

Inevitably, this study has several limitations.
First, the potential mechanisms underlying the
combined treatment of BP-SC and AG for PIS
was not investigated. Second, the follow-up
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period was relatively short, and an extended
follow-up of 5-10 years would further clarify
the long-term clinical advantages of the com-
bined therapy. Finally, treatment cost and eco-
nomic benefits were not evaluated.

Conclusion

Compared to AG monotherapy, combination
therapy with BP-SC enhances treatment ef-
ficacy, facilitates neurological recovery, and im-
proves hemorheological parameters, endothe-
lial function, and 90-day favorable prognosis in
PIS patients. In addition, it effectively reduces
serum inflammatory markers while demonstrat-
ing a comparable safety profile, supporting its
broader clinical application.

Acknowledgements

This work was funded by: Analysis of fac-
tors influencing the outcome of endovascular
recanalization for acute cerebral artery occ-
lusion with high-grade stenosis, Project No.
20210968; Effect of a complementary medical
care model combined with disease follow-up on
the clinical outcomes of stroke patients, Project
No. 20231083.

Disclosure of conflict of interest
None.

Address correspondence to: Jie Yu, Department of
Neurosurgery, The First Hospital of Hebei Medical
University, Shijiazhuang 050000, Hebei, China. Tel:
+86-0311-85917000; E-mail: 18633889023@163.
com

References

[1] Zhang J, Fan Y, Liang H, Liu J, Wang M, Luo G
and Zhang Y. Global, regional, and national
temporal trends in metabolism-related isch-
emic stroke mortality and disability from 1990
to 2021. J Stroke Cerebrovasc Dis 2024; 33:
108071.

[2] Tan KS, Pandian JD, Liu L, Toyoda K, Leung
TWH, Uchiyama S, Kuroda S, Suwanwela NC,
Aaron S, Chang HM and Venketasubramanian
N. Stroke in Asia. Cerebrovasc Dis Extra 2024;
14: 58-75.

[31 Wangy, NiuH, Li L, Han J, Liu Z, Chu M, Sha X
and Zhao J. Anti-CHAC1 exosomes for nose-to-
brain delivery of miR-760-3p in cerebral isch-
emia/reperfusion injury mice inhibiting neuron

Am J Transl Res 2026;18(2):1356-1365


mailto:18633889023@163.com
mailto:18633889023@163.com

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

Drug treatments for patients with ischemic stroke

ferroptosis. J Nanobiotechnology 2023; 21:
109.

Mosconi MG and Paciaroni M. Treatments in
ischemic stroke: current and future. Eur Neurol
2022; 85: 349-366.

Weng YH, Yu WT, Luo YP, Liu C, Gu XX, Chen
HY and Liu HB. Association between miR-365
polymorphism and ischemic stroke in a Chi-
nese population. Front Neurol 2023; 14:
1260230.

Zhou X, Shao T, Xie X, Ding M, Jiang X, Su P and
Jin Z. Tonggiao Huoxue decoction for the treat-
ment of acute ischemic stroke: a systematic
review and meta-analysis. J Ethnopharmacol
2022; 283: 114693.

Zhao M, Zhang L, Wang Z, Wang X, Wang Y, Wei
H, Li R and Du Y. Dynamic analysis of blood
pressure changes in progressive cerebral in-
farction. Int Health 2015; 7: 293-297.

Niu H, Zhang Z, Wang H, Wang H, Zhang J, Li C
and Zhao L. The impact of butylphthalide on
the hypothalamus-pituitary-adrenal axis of pa-
tients suffering from cerebral infarction in the
basal ganglia. Electron Physician 2016; 8:
1759-1763.

Cui J and Jia H. Xingnao Kaigiao acupuncture
combined with butylphthalide sodium chloride
injection in the treatment of acute cerebral in-
farction and its effect on the levels of serum
malondialdehyde, superoxide dismutase, and
glutathione peroxidase. Evid Based Comple-
ment Alternat Med 2022; 2022: 5990203.
Jeske WP, Fareed J, Hoppensteadt DA, Lewis B
and Walenga JM. Pharmacology of argatroban.
Expert Rev Hematol 2010; 3: 527-539.

Chen L, Cao S and Yang J. Argatroban plus as-
pirin versus aspirin in acute ischemic stroke.
Neurol Res 2018; 40: 862-867.

Xu J, Xu X, Wang H, He L, Liu Q, Du Y and Wang
J. Dual antiplatelet therapy plus argatroban
prevents early neurological deterioration in
branch atherosclerosis disease. Stroke 2022;
53: e19-e20.

Sun B and Wang Z. A short review on advances
in early diagnosis and treatment of ischemic
stroke. Galen Med J 2023; 12: €e2993.

Du N, Wang LX, Liu YL, Yin XL, Zhao JS and
Yang L. Effect of tirofiban in treating patients
with progressive ischemic stroke. Eur Rev Med
Pharmacol Sci 2022; 26: 2098-2105.
Heitkamp C, Heitkamp A, Winkelmeier L, Thal-
er C, Flottmann F, Schell M, Kniep HC, Broocks
G, Heit JJ, Albers GW, Thomalla G, Fiehler J and
Faizy TD. Predictors of futile recanalization in
ischemic stroke patients with low baseline NI-
HSS. Int J Stroke 2024; 19: 1102-1112.

Chen HS, Cui Y, Li XQ, Wang XH, Ma YT, Zhao Y,
Han J, Deng CQ, Hong M, Bao Y, Zhao LH, Yan

1364

(17]

(18]

[20]

[22]

(23]

[24]

[25]

TG, Zou RL, Wang H, Li Z, Wan LS, Zhang L,
Wang LQ, Guo LY, Li MN, Wang DQ, Zhang Q,
Chang DW, Zhang HL, Sun J, Meng C, Zhang
ZH, Shen LY, Ma L, Wang GC, Li RH, Zhang L, Bi
C, Wang LY, Wang DL and Investigators R. Ef-
fect of remote ischemic conditioning vs usual
care on neurologic function in patients with
acute moderate ischemic stroke: the RICAMIS
randomized clinical trial. JAMA 2022; 328:
627-636.

Zhang W, Xu L, Yu Z, Zhang M, Liu J and Zhou
J. Inhibition of the glycolysis prevents the cere-
bral infarction progression through decreasing
the lactylation levels of LCP1. Mol Biotechnol
2023; 65: 1336-1345.

Yang D, Zhang M, Wang X and Zhang J. Cli-
nical efficacy and shortterm prognosis of
butylphthalide and sodium chloride injection
compared to edaravone in the treatment of pa-
tients with acute stroke. Altern Ther Health
Med 2023; 29: 370-375.

Li G, Fan RM, Chen JL, Wang CM, Zeng YC, Han
C, Jiao S, Xia XP, Chen W and Yao ST. Neuropro-
tective effects of argatroban and C5a receptor
antagonist (PMX53) following intracerebral
haemorrhage. Clin Exp Immunol 2014; 175:
285-295.

Lyden P, Pereira B, Chen B, Zhao L, Lamb J, Lei
IF and Rajput P. Direct thrombin inhibitor arg-
atroban reduces stroke damage in 2 different
models. Stroke 2014; 45: 896-899.

Cheng H, Lu R, Du J, Zhao X and Zhuang Z. A
clinical study on ozone autohemotherapy for
the treatment of acute ischemic stroke. Front
Med (Lausanne) 2025; 12: 1595568.
Colucci-D’Amato L, Speranza L and Volpicelli F.
Neurotrophic factor BDNF, physiological func-
tions and therapeutic potential in depression,
neurodegeneration and brain cancer. Int J Mol
Sci 2020; 21: 7777.

Li Y, Liu J, Zhu Y, Xue M and He J. Effects of
butylphthalide sodium chloride injection com-
bined with edaravone dexborneol on neuro-
logical function and serum inflammatory factor
levels in sufferers having acute progressive
cerebral infarction. Front Neurol 2024; 15:
1415977.

Ramzy D, Wallen J, Badiwala MV, Tumiati LC,
Tepperman E, Ross HJ, Delgado DH and Rao V.
Endothelin-1 antagonism and nitric oxide aug-
mentation prevents cyclosporine-induced va-
somotor impairment. J Heart Lung Transplant
2011; 30: 77-85.

Wang T, Wang F, Dong X, Liu X, Cui Zand Shi Y.
Diagnostic value of serum brain-derived neuro-
trophic factor (BDNF), neuron-specific enolase
(NSE), glial fibrillary acidic protein (GFAP), plas-
ma viscosity (PV) as well as fibrinogen (FIB) in

Am J Transl Res 2026;18(2):1356-1365



[26]

1365

Drug treatments for patients with ischemic stroke

acute cerebral infarction patients. J Med Bio-
chem 2025; 44: 1092-1099.

Zhang C, Gao J, Tian S, Li XF, Zhang XD and
Zhao S. Effect of sequential treatment with
butylphthalide on neurological and cognitive
functions and collateral circulation in patients
with acute cerebral infarction. Folia Neuro-
pathol 2025; 63: 67-78.

[27] Zhang Y, Zhou F, Li H, Lei J, Mo Z, Li G and
Wang J. Efficacy and safety of DI-3-n-butylph-
thalide combined with human urinary kallidi-
nogenase in the treatment of acute ischemic
stroke. Clin Neuropharmacol 2023; 46: 60-65.

Am J Transl Res 2026;18(2):1356-1365



