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Abstract. - OBJECTIVE: To observe the cura-
tive effect of di-3-n-Butylphthalide (NBP) on pa-
tients with acute cerebral infarction (ACI) and
its effects on levels of serum vascular endothe-
lial growth factor (VEGF) and basic fibroblast
growth factor (bFGF).

PATIENTS AND METHODS: A total of 160 ACI
patients treated in our hospital who met the cri-
teria were selected and randomly divided into
treatment group (n=80, including 42 males and
38 females) and control group (n=80, including
40 males and 40 females). The control group
was treated with routine drug therapy, while the
treatment group was treated with butylphthalide
on this basis. The curative effect was evaluat-
ed using the National Institute of Health Stroke
Scale (NIHSS) and the Activity of Daily Life Scale
(ADL Scale). The levels of the two factors in se-
rum were measured using enzyme-linked immu-
nosorbent assay (ELISA), and the changes in
the levels of the two factors in serum at differ-
ent time points before and after treatment were
compared between the two groups.

RESULTS: After treatment, the levels of the
two factors in serum in both groups were sig-
nificantly increased compared with those before
treatment (p<0.05), and the increase in treatment
group was more significant than that in control
group (p<0.05). The scores of ADL scale in both
groups were significantly increased after treat-
ment compared with those before treatment, and
the increase in treatment group was more sig-
nificant than that in control group (p<0.05). The
scores of NIHSS in both groups were signifi-
cantly decreased compared with those before
treatment, and the decrease in treatment group
was more significant than that in control group
(p<0.05).

CONCLUSIONS: NBP can improve the expres-
sions of VEGF and bFGF in serum of ACI pa-

tients, and its effect is superior to that of con-
ventional drugs.
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Introduction

Acute cerebral infarction (ACI) is characteri-
zed by acute onset, high morbidity rate, high disa-
bility rate and high fatality rate, seriously threate-
ning people’s health and life safety, and bringing
serious burden to individuals and the country.
Once ACI occurs, a series of sequential physio-
logical and pathological responses used to occur
in the body. Therefore, improving the cure rate of
cerebral infarction will be our main task in the
future, and the key to treatment of cerebral infar-
ction is the revascularization and establishment of
collateral circulation. A number of studies have
shown that basic fibroblast growth factor (bFGF)
is a kind of growth factor and active peptide that
can promote the revascularization, which can
promote the establishment of vascular collate-
ral circulation, promote the revascularization in
ischemic penumbra, improve the blood supply in
cerebral infarction region and enhance the treat-
ment effect and prognosis of patients with cere-
bral infarction"2. In addition, Marti et al® studied
and showed that within 24 h after cerebral ische-
mia and hypoxia, stress proliferation occurs in a
large number of vascular endothelial growth fac-
tors (VEGF) and other neurotrophic factors (NF),
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and many endothelial cells begin to be produced
in the ischemic penumbra and expand to infar-
ction region. NF is produced by the body itself,
which is a kind of necessary peptide or protein
molecule for neuron growth and survival, playing
a very important role in the survival and functio-
nal maintenance of neural stem cells (NSCs)*.

In this study, the changes in VEGF and bFGF
levels in peripheral blood after cerebral infarction
were compared to indirectly reflect the effect of
NBP on revascularization of patients with cere-
bral infarction.

Patients and Methods

Patients

A total of 160 patients with cerebral infarction
admitted to our hospital were randomly selected.
The onset time was within 72 h, and they met the
diagnostic criteria of cerebral infarction specified
in the Fourth Academic Conference of Cerebro-
vascular Disease of the Chinese Medical Asso-
ciation. The patients were diagnosed via the head
CT and MRI (as well as DWI if in super acute
period), and they had clear consciousness, stable
vital signs, hemiplegia and normal swallowing
function. The disease had no progression within
48 h. Exclusion criteria: 1) patients aged <18 years
old; 2) patients with severe hepatic renal dysfun-
ction; 3) patients with systemic bleeding tendency
or hemorrhagic disease; 4) patients with aller-
gic constitution; 5) women during pregnancy or
lactation. This study was approved by the Ethics
Committee of Liaocheng People’s Hospital. Si-
gned written informed consents were obtained
from all participants before the study.

Research Methods

A total of 160 patients were enrolled in Liao-
cheng People’s Hospital. The control group (n=80)
was treated with conventional therapy, including
the control of blood pressure, blood lipid, blood
glucose, anti-platelet aggregation (aspirin, Bayer
Medicine Healthcare Co., Ltd. Leverkusen, Ger-
many; dose at admission: 300 mg/time; dose after
admission: 100 mg/once every night), and pro-
tection of brain (Citicoline Sodium Capsules, Qilu
Pharmaceutical Co., Ltd. Shangdong, China; 0.2
g/time, 3 times/d), and patients with brain edema
were treated with dehydration therapy using 20%
mannitol or glycerol fructose to maintain the wa-
ter-electrolyte balance, etc. The treatment group
was treated with Butylphthalide Soft Capsule
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(trade name: NBP, manufactured by CSPC NBP
Pharmaceutical Co., Ltd, Shijiazhuang, China) for
3 times/d (0.2 g/time) for 12 days as one course of
treatment.

Detection of Serum VRGF and bFGF
Contents

4 mL fasting elbow venous blood was drawn
in the early morning from all cases selected at ad-
mission and at 2 d, 7 d and 14 d after treatment,
placed at room temperature and centrifuged. The
supernatant was retained and placed in the cryo-
genic refrigerator at -80°C for later detection. The
levels of VEGF and bFGF were detected by dou-
ble-antibody sandwich insoluble enzyme-linked
immunosorbent assay.

National Institute of Health Stroke Scale
(NIHSS) was used for neurological deficit score
of patients in both groups at admission and 14 d
after treatment. At the same time, activity of daily
life scale (ADL Scale) was used to score the acti-
vities of daily life of patients in both groups at
admission and 14 d after treatment.

Statistical Analysis

Statistical Product and Service Solutions (SPSS
Inc., Chicago, IL, USA) 18.0 statistical software
was used; measurement data were presented as
x+s, and #-test or x? test was used. p<0.05 sugge-
sted that the difference was statistically significant.

Results

Comparisons of Serum VEGF Levels
Before and After Treatment Between the
two Groups

The average levels of serum VEGF at 2 d, 7
d and 14 d after treatment in both groups were
significantly higher than those before treatment
(p<0.05), and the level of VEGF in the acute pha-
se continued to be increased and reached the peak
at 7 d, then it was gradually decreased and still
remained at a high level until 14 d. In addition,
the levels of VEGF in NBP treatment group at 7
d and 14 d after treatment were higher than those
in control group, and the differences were statisti-
cally significant (p<0.05) (Figure 1 and Table I).

Comparisons of Serum bFGF Levels
Before and After Treatment Between the
two Groups

The level of bFGF at 2 d after treatment in both
groups was the highest, began to be decreased at 7
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Figure 1. Serum VEGF levels at different time points be-
fore and after treatment between the two groups. p<0.05,
compared with before treatment; #*p<0.05, compared with
control group at 7 d and 14 d, respectively.

d and reached the bottom at 14 d, but it was still hi-
gher than that before treatment, and the difference
was statistically significant (p<0.05). In addition,
the levels of bFGF at 2 d, 7 d and 14 d in NBP treat-
ment group were significantly higher than those in
control group, and the differences were statistically
significant (Figure 2 and Table II).

Comparisons of ADL Scores Before and
After Treatment Between
the two Groups

The ADL scores before and after treatment
between the two groups were compared, and
the results showed that the ADL scores of both
groups after treatment were significantly incre-
ased compared with those before treatment, and
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Figure 2. serum bFGF levels at different time points before
and after treatment between the two groups (X+s, pg/ml).
"p<0.05, compared with before treatment; #p<0.05, compa-
red with control group at 2 d, 7 d, and 14 d, respectively.

it was increased in NBP treatment group more
significantly than that in control group (p<0.05)
(Figure 3 and Table III).

Comparisons of Neurological Deficit
Scores Before and After treatment
Between the two Groups

The neurological deficit scores before and after
treatment between the two groups were compa-
red, and the results showed that the NIHSS scores
of both groups after treatment were significantly
decreased compared with those before treatment,
and it was decreased in NBP treatment group
more significantly than that in control group
(p<0.05) (Figure 4 and Table V).

Table I. Comparisons of serum VEGF levels at different time points before and after treatment between the two groups (¥+s, pg/ml).

VEGF
Group Case Before treatment 2d 7d 14d
Control group 80 129.39+36.45 228.91+26.07" 299.06+24.59" 218.68+31.17
NBP treatment group 30 116.47+30.21 200.25+38.56" 352.59+21.45™ 300.27+27.47

"'p<0.05, compared with before treatment; *p<0.05, compared with control group at 7 d and 14 d, respectively.

Table II. Comparisons of serum VEGF levels at different time points before and after treatment between the two groups (¥=s, pg/ml).

bFGF
Group Case Before treatment 2d 7d 14 d
Control group 80 7.45+2.67 18.78+4.21%* 14.56+2.89" 11.32+3.09"
NBP treatment group 80 8.02+1.99 22.46+2.67%# 20.8543.11" 18.2743.58"

"p<0.05, compared with before treatment; p<0.05, compared with control group at 2 d, 7 d, and 14 d, respectively.
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Figure 3. Comparisons of ADL scores before and after tre-
atment between the two groups (points; X+s). p<0.05, com-
parison of ADL scores before and after treatment in both
groups, respectively; # p<0.05, comparison of ADL scores
between two groups.
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Figure 4. Comparison of neurological deficit scores before
and after treatment between the two groups (points; X+s).
"p<0.05, comparison of neurological deficit scores before
and after treatment in both groups, respectively; #p<0.05,
comparison between two groups.

Table Ill. Comparisons of ADL scores before and after treatment between the two groups (points; X+s, pg/ml).

Group Case Before treatment After treatment Increased degree
Control group 80 31.89+13.69 50.23+12.26° 17.56+12.89
NBP treatment group 80 30.13+14.65 62.46£12.47* 33.85£13.51%

"p<0.05, comparison of ADL scores before and after treatment in both groups, respectively; “p<0.05, comparison of ADL

scores between two groups.

Table IV. Comparison of neurological deficit scores before and after treatment between the two groups (points; X+s).

Group Case Before treatment After treatment Decreased degree
Control group 80 5.78+3.29 3.554+2.32" 2.16+2.89
NBP treatment group 80 6.03+2.65 1.16+2.87" 4.85+£2.51*

"p<0.05, comparison of neurological deficit scores before and after treatment in both groups, respectively; “»<0.05, comparison

between two groups.

Observation of Adverse Reactions

In the treatment and return visit, there were
2 cases of mild nausea and 1 case of mild rash;
they were not treated and the symptoms disap-
peared spontaneously in treatment group. There
were 2 cases of headache in control group and it
was relieved after the infusion speed was decre-
ased. There were 3 cases of abnormal liver fun-
ction in treatment group and 2 cases in control
group; but the increases of AST and ALT were 2
times less than the normal values; after 1 month
without treatment, the liver function returned to
normal. Other indexes (blood routine, renal fun-
ction electrolyte, coagulation function and ECG,
etc.) were normal in the review. Adverse reactions
between the two groups were compared using the
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x? test, and the differences were not statistically
significant (p>0.05).

Discussion

Pathophysiological effects in the occurren-
ce of ACI, such as intracellular Ca*" overload,
toxic effect of excitatory amino acid, inflamma-
tory response, oxygen free radical destruction,
apoptosis and energy depletion, lead to a series
of ischemic cascade reactions in the body and
seriously damage the nerve tissues. At the same
time, the body protects itself and repairs the ner-
vous system, and many endogenous NSCs exi-
sting in the brain in ACI and other acute stress
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promote the synthesis of a large number of NF,
and NF can induce the proliferation, differen-
tiation and directed migration to the damaged
site of endogenous NSCs in turn*®, forming a
benign cycle. NF can not only reduce the neu-
ral degeneration and prevent further damage to
the neurological function, but also play a key
role in the growth and regeneration of axons’®.
VEGF and bFGF are important members of the
NF family and play important roles in the tre-
atment of ACI, regeneration, growth, prolifera-
tion and differentiation of neurons and develop-
ment of nervous system®!?. Studies have shown
that VEGF has the endothelial cell characteri-
stics, which is a kind of potential mitogen that
can promote the endothelial cell proliferation
and differentiation, improve the neovasculari-
zation and recovery of collateral circulation in
damaged vessels; moreover, VEGF with nerve
cell affinity can promote the angiogenesis and
save the tissues in peripheral ischemic area,
thus fundamentally improving the prognosis of
stroke''. bFGF has many target cells in the brain
tissue playing a strong neurotrophic effect and
an important role in nervous system damage re-
pair and normal function'?. bFGF can promote
the autocrine effect of angiogenesis through re-
leasing vesicles into the intercellular space for
signal transduction'. Tanaka et al'* proposed
that increasing the blood flow in ischemic pe-
numbra may be related to the therapeutic effect
of bFGF. However, the mechanisms of VEGF
and bFGF in NSCs remain unknown and requi-
re further study.

The main effective component of NBP is the
L-butylphthalide that can be extracted from ce-
lery seeds and artificially synthesized. As a kind
of Class-I new drug, its advantage lies in that it
can block a series of pathological damage process
in ACI, such as promoting the brain energy me-
tabolism, alleviating the hydrocephalus, anti-free
radical damage, reducing the oxidative stress
injury, inflammatory response, release of excita-
tory amino acid and cerebral infarction area'"".
Therefore, NBP has a strong anti-cerebral ische-
mia effect.

Our results also confirmed that the levels of
VEGF and bFGF in the blood of patients with
cerebral infarction were significantly increased
after administration of NBP, which also indirect-
ly confirmed that NBP plays an important role in
promoting the revascularization and recovery of
neurological function in patients with cerebral in-
farction.

Conclusions

We found that the average serum VEGF and
bFGF levels in patients with cerebral infarction
at different time points after treatment were hi-
gher than those before treatment, indicating that
VEGF and bFGF are involved and play important
roles in the early pathological and physiological
process of cerebral ischemia reperfusion; VEGF
and bFGF levels in the recovery phase were still
higher than those before treatment, indicating
that they may be involved in the repair process
of cerebral infarction. Moreover, this study analy-
zed the effect of NBP on serum VEGF and bFGF
levels in patients with cerebral infarction, and it
was found that NBP could increase the VEGF and
bFGF levels in peripheral blood of patients with
cerebral infarction, and the increased VEGF and
bFGF levels played important roles in promoting
the regenerations of peripheral vessels and nerve
cells in cerebral infarction, which could further
improve the rehabilitation of patients with cere-
bral infarction.
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