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Abstract: Objective: This study explored and analyzed the effects of butylphthalide injection on the cognitive func-
tion and on the TLRs/NF-κB pathway in hypertensive intracerebral hemorrhage patients. Methods: A total of 115 
patients admitted to our hospital with hypertensive intracerebral hemorrhages were recruited as the study cohort 
and randomly placed in the observation group (n=60) or the control group (n=55). In addition to the routine treat-
ment administered in both groups, the control group was additionally administered oral nimodipine tablets, and the 
observation group was administered intravenous butylphthalide injections. Both groups were treated continuously 
for 14 days. Subsequently, the changes in the clinical efficacy, the NIHSS scores, the extremity motor function, the 
Fugl-Meyer scores, the blood-brain barrier (BBB) and the peripheral blood mononuclear cells (PBMCs), the TLR2, 
TLR9, and the NF-κB mRNA levels in the two groups before and after the treatment were compared, and any ad-
verse reactions were observed. Results: The total effective rate in the observation group was significantly superior 
to the total effective rate in the control group (P<0.05). The post-treatment NIHSS scores in the two groups were 
dramatically lower (P<0.05), and the post-treatment scores in the observation group were significantly lower than 
they were in the control group (P<0.05). The post-treatment cerebral spinal fluid (CSF) albumin and BBB indexes 
in the two groups were decreased significantly compared to their pre-treatment levels (P<0.05), and the post-treat-
ment indexes in the observation group were significantly lower than the post-treatment indexes in the control group 
(P<0.05). The post-treatment relative TLR2, TLR9, and NF-κB mRNA expressions in the two groups were apparently 
lower than their in pre-treatment levels (P<0.05), and the relative expressions in the observation group after the 
treatment were clearly lower than they were in the control group (P<0.05). Conclusion: Butylphthalide injection 
has a high clinical efficacy in treating hypertensive intracerebral hemorrhages. The drug can effectively improve 
patients’ cognitive functions, extremity motor functions, and BBB indexes, and its mechanism may connect with the 
expressive suppression of the TLRs/NF-κB signaling pathway. The treatment is safe and effective, so it is worthy of 
clinical promotion.
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Introduction

Hypertensive intracerebral hemorrhage is a 
severe hypertension complication. Long-term 
hypertension can lead to the formation of  
small aneurysms in the brain and an increased 
fragility of the vascular walls, thus causing rup-
tures and bleeding from the blood vessels 
when the blood pressure fluctuates greatly [1]. 
The clinical incidence of hypertensive intrace-
rebral hemorrhage, along with its effect on the 
aging population in China, has been increasing 
yearly [2]. After an intracerebral hemorrhage 

occurs, the brain’s blood supply is impaired, 
which causes local avascular necrosis or 
encephalomalacia of the brain tissues and sub-
sequently leads to the patient’s death or dis-
ability [3]. The core to treatment after hyperten-
sive intracerebral hemorrhage is to save the 
dying neurons in the ischemic penumbra and  
to promote the recovery of the damaged nerve 
functions [4]. Moreover, a post-intracerebral 
hemorrhage injury is essentially an inflamma-
tory response of the body, and its role in sec-
ondary brain injuries after intracerebral hemor-
rhages has attracted increased attention 
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among researchers. Butylphthalide injection is 
a new kind of drug in China. Pharmacological 
studies show that butylphthalide can recon-
struct the microcirculation in ischemic areas, 
protect the mitochondrial function, and at the 
same time resist platelet aggregation and  
scavenge free radicals [5]. This research, in 
order to further explore the therapeutic effect 
of butylphthalide injection on hypertensive 
intracerebral hemorrhage and its possible influ-
encing mechanism, searched and analyzed its 
effects on cognitive function and on the TLRs/
NF-κB pathway of disease. The report is as 
follows.

Cases and methods

Research objects

A total of 115 patients admitted to our hospital 
during the period March 2018 to December 
2019 and with hypertensive intracerebral hem-
orrhages were recruited as the research cohort 
and randomly placed in the observation group 
(n=60) or the control group (n=55). The study 
was conducted after we received approval from 
our hospital’s ethics committee.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients who met the diag-
nostic criteria for hypertensive intracerebral 
hemorrhage [6], and whose diagnosis was con-
firmed through brain CT examinations of the 
intracerebral hemorrhage. (2) Patients with a 
blood loss which was less than 30 ml, and with 
stable vital signs. (3) Patients whose time from 
onset to hospital admission was ≤24 h. (4) 
Patients who had no indications for emergency 
surgery. (5) Patients and their families who  
voluntarily signed the informed consent 
documents.

Exclusion criteria: (1) Patients with active 
bleeding or cerebral herniation. (2) Patients 
who experienced a bleeding disease previously. 
(3) Patients with cerebellar, brainstem, or  
subarachnoid hemorrhages. (4) Patients with 
abnormal coagulation functions. (5) Patients 
with head aneurysms or arteriovenous malfor-
mations. (6) Patients with liver, kidney, heart, or 
other vital organ dysfunction. (7) Patients with 
cerebral hemorrhages caused by other system-
ic diseases. (8) Patients allergic to the medica-
tion used in the study.

Methods

Both groups of patients were administered con-
ventional treatment after admission and were 
treated using conventional hemostasis, blood 
pressure reduction, oxygen inhalation, nutri-
tional support, and brain protection, etc. In 
addition to the conventional treatment, the 
control group was administered oral nimodip-
ine tablets (Bayer Healthcare Co., Ltd., H20- 
003010, specification of 30 mg), 30 mg/time, 
3 times/d, for 14 consecutive days. Similarly, in 
addition to the fundamental treatment, the 
observation group was administered an intra-
venous drip of butylphthalide injection (CSPC 
NBP Pharmaceutical Co., Ltd., H20100041, 
specification of 100 ml: 25 mg) intravenous 
drip, 100 ml/time, 2 times/d, for 14 consecu-
tive days. Each patient infusion time was not 
less than 50 minutes, and the intervals 
between the treatments were over 6 hours. 

Observation indexes

Neurological function [7]: The patients’ neuro-
logical functions before and after the treatment 
were evaluated using the National Institutes of 
Health Neurological Impairment Score (NIHSS), 
and higher scores indicated a more severe neu-
rological deficit. 

Extremity motor function [8]: The extremity 
motor function scores and the Fugl-Meyer 
scores were used for the evaluation before and 
after the treatment. The patients with a score 
<50 points had severe dyskinesia, the patients 
with scores between 50-84 points had signifi-
cant dyskinesia, the patients with scores 
between 85-95 points were considered to have 
moderate dyskinesia, and the patients with 
scores between 96-99 points had mild 
dyskinesia. 

BBB function: 2 ml of fasting venous blood and 
3 ml of cerebrospinal fluid pre- and post-treat-
ment were collected and centrifuged at room 
temperature for 15 min (3000 r/min). The 
supernatant was extracted and stored in a 
freezer at -80°C for later quantification. The 
serum and cerebrospinal fluid albumin levels 
were determined using enzyme linked immuno-
sorbent assays (ELISA) (Beijing Nuowei Biology 
Co., Ltd. P02768), and the BBB index was cal-
culated. BBB index = cerebrospinal fluid albu-
min/serum albumin. 
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Quantification of the TLR2, TLR9, and NF-κB 
mRNA levels: The fasting venous blood from 
two groups of patients was collected both pre-
therapy and at post-treatment, and the PBMCs 
were separated with a lymphocyte separator. 
We extracted the total RNA in the PBMCs with 
Trizol reagent, and subsequently transcribed 
them into cDNA for preservation. The primer 
sequences were synthesized by the Tiangen 
Biochemical Technology Company, and the 
primer sequences are shown in Table 1. The 
genes were amplified in line with the kit instruc-
tions, and the PCR products that we obtained 
were carried for electrophoresis. The relative 
expressions of TLR2, TLR9, and NF-κB mRNA 
were calculated by taking β-action as an inter-
nal reference gene. The relative expression of 
the targeted gene = OD value of electrophore-
sis band of target gene/OD value of electropho-
resis band of β-action. 

The expression of TLR2, TLR9, and NF-β-action 
a: The fasting venous blood was collected 
before and after the treatment. The PBMCs 
were isolated using a lymphocyte isolation 
medium. Western blot was used to measure 
the expressions of TLR2, TLR9, and NF, and the 
relative exAnti-TLR2 antibodies (abcam, ab- 
209217), the Anti-TLR9 antibodies (abcam, 
ab211012), and the anti-NF-κB p65 (abcam, 
ab76302), The relative expression of TLR2, 
TLR9 and NF - of TLR2, TLR9 and NF and the 
relative expressions of the target.

The observation and records of the occurrenc-
es of the drug-related adverse reactions in both 
groups during treatment.

Evaluation of the clinical effectiveness

Referring to the literature [9], markedly effec-
tive means that the patient’s clinical symptoms 

ment = [(number of cases with markedly effec-
tive)/total number of cases] × 100%.

Statistical analysis

The statistical processing was done using SPSS 
23.0. The comparison of the measurement 
data was performed with t-tests, and the enu-
meration data was done using chi squared χ2 
tests. P<0.05 indicated a statistically signifi-
cant difference.

Results

Clinical data

The differences in the clinical data of the two 
groups of patients were not statistically signifi-
cant (P>0.05) (Table 2).

Clinical efficacy

The total effective rate in the observation group 
was significantly superior to the total effective 
rate in the control group (P<0.05) (Table 3).

Changes in cognitive function

The NIHSS scores of the two groups after the 
treatment were dramatically lower than they 
were before the treatment (P<0.05), and the 
post-treatment scores in the observation group 
were significantly lower than the corresponding 
scores in the control group (P<0.05) (Table 4).

Changes in the extremity motor functions

The two groups of patients had significantly 
increased Fugl-Meyer scores in their post-treat-
ment scores compared to their pre-treatment 
scores (P<0.05), and the post-treatment scores 
in the observation group were much higher 
than they were in the control group (P<0.05) 
(Table 5).

Table 1. Primer sequences
Primer Sequence
TLR2 The forward gene: 5’-CTGAGCCTCGTCCATGCCACTC-3’

The reverse gene: 5’-GGCCAGCAAATTACCTGTGTG-3’
TLR9 The forward gene: 5’-TGGATACGTTTCCTTATAAG-3’

The reverse gene: 5’-GAAATGGAGGCACCCCTT-3’
NF-κB The forward gene: 5’-CAAGATATGCCGAGTAAACC-3’

The reverse gene: 5’-TCGGAACACAATGGCCACTT-3’
β-action The forward gene: 5’-ATCATGTTTGAGACCTTCAACA-3’

The reverse gene: 5’-CATCTCTTGCTCGAAGTCCA-3’

and signs completely disappeared or 
were basically relieved, their daily lives 
returned back to normal, and the reduc-
tion rate of their NIHSS score was >75%. 
Effective means that the patient’s clini-
cal symptoms and signs were partially 
relieved. Patients required to live in 
assisted living facilities, and their NIHSS 
score reduction rates were between 
25% and 75%. Ineffective means that 
the treatment did not meet the above-
mentioned standards or was even 
worse. The total effective rate of treat-
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Changes in BBB function

There were no significant differences in the 
changes in the pre- and post-treatment serum 
albumin levels in the two groups (P>0.05). The 
cerebral spinal fluid (CSF) albumin and BBB in 
the two groups were decreased significantly 
after the treatment compared to their pre-treat-
ment levels (P<0.05), and the post-treatment 
indexes in the observation group were signifi-
cantly lower than they were in the control group 
(P<0.05) (Table 6).

two groups after the treatment were apparently 
lower than they were before the treatment 
(P<0.05), and the expressions in the observa-
tion group after the treatment were clearly 
lower than they were in the control group 
(P<0.05) (Table 8 and Figure 2).

Adverse reactions

During the treatment period, two patients with 
transient dizziness and headache and three 
patients with gastrointestinal reactions that 
occurred in the observation group, so the inci-

Table 2. Comparison of the clinical data between the two groups of patients
Clinical data Observation group (n=60) Control group (n=55) t/χ2 P
Gender
    Male 37 31 0.334 0.563
    Female 23 24
Age (yd, 

_
x±s) 60.21±10.61 61.41±9.85 0.627 0.532

Course of hypertension (yd, 
_
x±s) 6.95±2.17 6.79±1.86 0.423 0.673

Time from onset to admission (h, 
_
x±s) 7.32±1.95 7.65±2.03 0.889 0.376

Blood loss (ml, 
_
x±s) 19.85±4.28 19.17±3.96 0.882 0.380

Table 3. Comparison of the clinical efficacy between the two groups [n (%)]
Group Number of cases Markedly effective Effective Ineffective Total effective rate (%)
Observation group 60 39 (65.00) 18 (30.00) 3 (5.00) 95.00
Control group 55 21 (38.18) 24 (43.64) 10 (18.18) 81.82
χ2 - - - - 4.973
P - - - - 0.026

Table 4. Changes in the NIHSS scores before and after the treat-
ment in both groups (points, 

_
x±s)

Group Number 
of cases

Before 
treatment

After  
treatment t P

Observation group 60 16.19±1.86 6.44±1.03 35.521 <0.001
Control group 55 16.34±1.95 8.26±1.43 24.781 <0.001
t - 0.422 7.879 - -
P - 0.674 <0.001 - -

Table 5. Comparison of two groups’ Fugl-Meyer scores before and 
after the treatment (points, 

_
x±s)

Group Number 
of cases

Before  
treatment

After  
treatment t P

Observation group 60 49.32±6.40 79.68±14.20 15.098 <0.001
Control group 55 48.96±7.21 70.32±12.31 11.104 <0.001
t - 0.284 3.761 - -
P - 0.777 <0.001 - -

Changes in the TLR2, TLR9, 
and NF-κB mRNA levels

The relative expressions of 
TLR2, TLR9 and NF-κB 
mRNA in the two groups 
after the treatment were 
apparently lower than they 
were before the treatment 
(P<0.05), and the relative 
expressions in the observa-
tion group after the treat-
ment were clearly lower than 
they were in the control 
group (P<0.05) (Table 7 and 
Figure 1).

The TLR2, TLR9, and NF-κB 
protein expressions

The TLR2, TLR9, and NF-κB 
protein expressions in the 
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dence of adverse reactions was 8.33%. In the 
control group, there was 1 patient who experi-
enced transient dizziness and headaches and 
3 patients with gastrointestinal reactions, so 
the incidence of adverse reactions was 7.27%. 
The difference in the incidence of adverse reac-
tions between the two groups of patients was 
not statistically significant (P>0.05).

Discussion

Hypertensive intracerebral hemorrhage is a 
cerebrovascular disease which is caused by 
hematoma compression, and it is also the  
most common type of cerebral hemorrhage 
seen in clinical practice. Hypertensive cerebral 
hemorrhage accounts for about 10% to 30%  
of all types of stroke [10]. Long-term hyperten-
sion in the body will lead to the formation of 
small aneurysms and the hyaline degeneration 
of lipids in the small arteries. At the onset of  
the disease, local blood vessels rupture, blood 
overflows the blood vessels and aggregates to 
form a hematoma. Hematomas lead to blood-

brain barrier dysfunction, and the hypoxia and 
ischemic necrosis of the bleeding site, creating 
a poor clinical prognosis [11]. Nimodipine is a 
calcium antagonist with good fat solubility. The 
drug can reach the lesions in the brain and 
directly exert efficacy in the cerebral blood ves-
sels and nerve cells. It is conducive to improve 
the blood flow in a patient’s brain tissues, 
reduce the volume of hematoma and the sur-
rounding edema, and it is beneficial to the 
recovery of patients’ nerve function after treat-
ment [12-14].

Butylphthalide is a newly self-developed drug in 
China for treating cerebrovascular diseases. 
Studies have shown that butylphthalide can 
effectively increase cerebral blood flow in isch-
emic areas, and it can improve cerebral isch-
emic microcirculation. It can protect mitochon-
drial function, inhibit the inflammatory response 
and calcium influx, and reduce the degree of 
neurological function damage [16, 17]. In this 
study, the effects of butylphthalide injection on 
the cognitive function and the TLRs/NF-κB 

Table 6. Changes in the BBB function in the two groups before and after the treatment (
_
x±s)

Group Time Serum albumin 
(μg/L)

Cerebrospinal spinal fluid 
(μg/L)

Blood brain barrier 
index

Observation group (n=60) Before treatment 45.20±4.19 17.45±2.14 0.41±0.07
After treatment 44.95±5.38 7.34±1.26* 0.19±0.03*

t 0.284 31.534 22.376
P 0.777 <0.001 <0.001

Control group (n=55) Before treatment 45.04±3.97 17.08±1.99 0.43±0.10
After treatment 44.89±4.16 10.29±1.73 0.27±0.06

t 0.194 19.097 13.443
P 0.847 <0.001 <0.001

Note: Compared with the control group during the same period, *P<0.05.

Table 7. Comparison of the TLR2, TLR9, and NF-κB mRNA expressions in the two groups before and 
after the treatment (

_
x±s)

Group Time TLR2 mRNA TLR9 mRNA NF-κB mRNA
Observation group (n=60) Before treatment 1.793±0.227 1.567±0.316 1.432±0.215

After treatment 1.213±0.195* 1.032±0.117* 1.029±0.174*
t 15.013 11.160 11.286
P <0.001 <0.001 <0.001

Control group (n=55) Before treatment 1.803±0.313 1.596±0.297 1.398±0.274
After treatment 1.462±0.208 1.309±0.140 1.264±0.126

t 6.729 6.482 3.295
P <0.001 <0.001 <0.001

Note: Compared with the control group during the same period, *P<0.05.
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pathways in patients with hypertensive intrace-
rebral hemorrhage were explored. The results 
showed that the clinical efficacy of the observa-
tion group was critically higher than it was in 
the control group after the treatment, and  
the reduction in the NIHSS scores and the 
increase in the Fugl-Meyer scores were superi-
or than they were in the control group, and the 
decrease in the BBB index was more signifi- 
cant than it was in the control group. This sug-
gests that the combined application of 
butylphthalide injection and nimodipine can 
achieve a more dramatically clinical effect on 
hypertensive intracerebral hemorrhage. The 
scheme can reduce the patients’ neurological 
deficits, improve their extremity motor func-
tions after the treatment, and reduce their 
BBB, so it also improves the disease prognosis. 
These above conclusions are consistent with 

and TLR9 are two receptors closely connected 
with the activation of the inflammatory 
response. In animal experiments, scholars 
have found that the TLRs/NF-κB signaling path-
way in the brain tissue of rats after cerebral 
hemorrhage is activated, which is thought to be 
an important influencing factor for disease pro-
gression and prognosis after intracerebral 
hemorrhage [27, 28]. This study examined the 
effects of butylphthalide injection on the TLRS/
NF-κB signaling pathway in hypertensive intra-
cerebral hemorrhage. We found that the rela-
tive expressions of TLR2, TLR9, and NF-κB 
mRNA in the two groups in post-treatment were 
apparently lower than they were before the 
treatment, and the relative expressions in the 
observation group after treatment were clearly 
lower than they were in the control group. This 
shows that the application of butylphthalide 

Figure 1. Comparison of the TLR2, 
TLR9, and NF-κB mRNA expres-
sions in the two groups before and 
after the treatment. Note: (A) TLR2 
mRNA; (B) TLR9 mRNA; (C) NF-κB 
mRNA. Compared with before the 
treatment, *P<0.05; Compared 
with the control group, #P<0.05.

those of other scholars [18- 
20].

The pathophysiological mech-
anism of intracerebral hemor-
rhage is a complex process, 
and it includes the excessive 
generation of free radicals, 
the effects of excitatory amino 
acids, intracellular calcium 
overload, energy metabolism 
disorders, and cellular apo- 
ptosis. Therefore, in terms of 
treatment, it is necessary to 
actively block multiple factors 
in the pathological process  
of cerebral ischemia [21-23]. 
With the advances in basic 
research, it has been found 
that there is a close connec-
tion between the functions of 
cytokines in cerebrovascular 
diseases and inflammatory 
reactions. After intracerebral 
hemorrhage happens, the of 
inflammatory cytokine con- 
tent in the cerebrospinal fluid 
and serum is higher than nor-
mal, and the inflammatory 
cytokines’ activity is enhanc- 
ed [24-26]. TLRs can recog-
nize and activate NF-κB, thus 
inducing the synthesis and 
releasing a large number of 
inflammatory factors; TLR2 
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injection can effectively inhibit the TLRs/NF-κB 
signaling pathway, and the low-expressed 
TLRs/NF-κB signaling pathway can reduce the 
inflammatory cytokine levels.

However, as the study was carried out with a 
small cohort and lacked an in-depth analysis 
on the specific mechanism of action, it is nec-
essary to expand the cohort and to further ana-
lyze the specific mechanism in a follow-up 
study, so that a more reliable basis for the clini-
cal application of butylphthalide can be 
determined. 

To conclude, butylphthalide injection has a 
prominent clinical efficacy in treating hyperten-

sive intracerebral hemorrhage. The drug can 
effectively improve the patients’ cognitive func-
tions, extremity motor functions, and BBB 
indexes, and its mechanism may connect with 
the expressive suppression of the TLRs/NF-κB 
signaling pathway. The treatment is safe and 
effective, so it is worthy of clinical promotion.
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