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1. Introduction

     In recent years, with the development of aging of population in 

China, the morbidity of cardiovascular and cerebrovascular diseases 

continuously raises, among which the incidence of cerebrovascular 

disease rapidly raises, leading to an adverse effect on both the 

health and life security of mid-aged population[1-3]. Acute cerebral 

infarction is the most common cerebrovascular disease in clinic, 

namely, cerebral arterial thrombosis, which accounts for 60%–80% 

of all cerebral apoplexy with a higher fatality rate and disability  

rate. How to effectively prevent and treat acute cerebral infarction 

has become an important issue of concern for clinicians. The 

pathological basis of occurrence of acute cerebral infarction lies 

in the atherosclerosis and injury of vascular endothelium function, 

based on which adherence and activation of platelet, thrombosis, 

vessel stenosis and decreased blood flow occur, further leading 

to hypoxic-ischemic damage on local tissue[4-6]. Anti platelet 

and anticoagulation are conventional ways to treat acute cerebral 

infarction in clinic, which are assisted with reducing intracranial 

pressure, neurotrophy and rehabilitation exercise, leading to 

a restriction effect on the development of cerebral infarction, 

reduction of hypoxic-ischemic damage on neural function and an 

improvement of fate of disease. Nevertheless, the current state of the 

treatment of acute cerebral infarction is not so pleased. Infarction 

lesions following the treatment of conventional anti platelet and 

anticoagulation on part of patients with acute cerebral infarction 
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continuously expand, while secondary infarction occurs in the 

rehabilitation process on the other part of patients[7,8]. 

   Ginkgo-diyidamolum is used as medicines to treat cardiovascular 

and cerebrovascular diseases in recent years, including extracts of 

traditional Chinese medicine, folium ginkgo, and western medicine, 

dipyridamole, which can inhibit the aggregation and activation 

of platelet in the developing process of myocardial infarction and 

cerebral infarction through various different ways and further 

improve the fate of disease of infarction[9]. In the present study, 

we analyzed the effect of adjuvant therapy with ginkgo-damole on 

apoptosis, nerve injury and platelet aggregation of patients with 

acute cerebral infarction.

2. Materials and methods

2.1. Study subjects

   Patients with acute cerebral infarction treated in our hospital from 

March 2014 to December 2015 were retrospectively analyzed. The 

inclusive criteria of cases were as follow: (1) Diagnosis standard 

of acute cerebral infarction in Internal Medicine (8 edition)[10] 

and diagnosis standard of stroke in TCM Standardized Sheet of 

Apoplexy Syndromes Diagnosis were met[11]; (2) Patients of first 

onset were hospitalized within 24 h after onset; (3) CT and MRI 

scan were carried out to confirm the nidus of cerebral infarction after 

hospitalization; (4) Case data were complete. The exclusive criteria 

were as follow: (1) Patients were diagnosed cerebral hemorrhage 

or transient cerebral ischemia; (2) Patients were combined with 

disturbance of consciousness, myocardial infarction, thrombotic 

diseases and coagulation disorders; (3) Case data were incomplete. 

There were in total 74 cases included, whose case data were 

retrospectively analyzed and they were divided into ginkgo-damole 

group and conventional treatment group according to different 

therapeutic schedule. 

2.2. Therapeutic methods

   Patients of both groups were given the symptomatic and supportive 

treatment of early venous thrombolysis, dehydration of intracraninal 

pressure, maintenance of water electrolyte balance, lipid-decreasing, 

anti-infection and neurotrophy, and were given 300 mg aspirin 

enteric-coated tablets and 300 mg clopidogrel hydrogen sulfate 

tablets for chewing after hospitalization. Then 100 mg aspirin 

enteric-coated tablets and 75 mg lopidogrel hydrogen sulfate tablets 

were orally taken once daily as anticoagulant therapy. Patients in 

ginkgo-damole group were treated with ginkgo-diyidamolum based 

on the above conventional treatment. The methods were as follow: 

10 mL of ginkgo-diyidamolum added with 250 mL normal saline 

was injected intravenously once daily for continuously 4 weeks’ 

treatment.

2.3. Detection methods of serum index

   At Week 2 and Week 4 after treatment, 5 mL of peripheral blood 

specimens from both groups were collected and centrifuged into 

sera. ELISA was used to detect the contents of S100β, neuron 

specific enolase (NSE), glial fibrillary acidic protein (GFAP), myelin 

basic protein (MBP), malonaldehyde (MDA), soluble Fas (sFas), 

soluble Fas ligand (sFasL), soluble tumor necrosis factor related 

apoptosis inducing ligand (sTRAIL), nitric oxide (NO), endothelin-1 

(ET-1), fibrinogen (FIB) and D-dimer (D-D).

2.4. Statistical methods

   Software SPSS version 20.0 was used to input and analyze 

data. Measurement data between groups were analyzed by t-test. 

Difference was considered as statistically significance when P < 

0.05.

3. Results

3.1. Index of apoptosis

   At Week 2 after treatment, contents of sFas [(93.42 ± 10.25) vs. 

(157.65 ± 17.65) μg/L], sFasL [(132.46 ± 16.51) vs. (193.14 ± 22.37) 

μg/L] and sTRAIL [(63.57 ± 9.35) vs. (97.18 ± 10.78) ng/L] in sera 

of patients from ginkgo-damole group were significantly lower than 

those of conventional treatment group (P < 0.05). At Week 4 after 

treatment, contents of sFas [(78.35 ± 9.25) vs. (121.31 ± 14.67) 

μg/L], sFasL [(108.34 ± 13.24) vs. (164.45 ± 19.32) μg/L] and 

sTRAIL [(50.38 ± 6.62) vs. (79.65 ± 8.34) ng/L] in sera of patients 

from ginkgo-damole group were significantly lower than those of 

conventional treatment group (P < 0.05).

3.2. Index of nerve injury

   At Week 2 after treatment, contents of S100β [(1.03 ± 0.15) vs. 

(1.67 ± 0.19) ng/mL], NSE [(25.14 ± 2.98) vs. (42.35 ± 5.68) ng/ 

mL], GFAP [(1.98 ± 0.24) vs. (3.49 ± 0.49) pg/mL], MBP [(3.47 ± 

0.49) vs. (5.92 ± 0.71) ng/mL] and MDA [(5.14 ± 0.78) vs. (9.14 ± 

1.18) nmol/mL] in sera of patients from ginkgo-damole group were 

obviously lower than those of conventional treatment group (P < 

0.05). At Week 4 after treatment, contents of S100β [(0.86 ± 0.11) 

vs. (1.35 ± 0.15) ng/mL], NSE [(19.37 ± 2.29) vs. (34.21 ± 4.92) ng/

mL], GFAP [(1.47 ± 0.18) vs. (2.89 ± 0.35) pg/ mL], MBP [(2.85 

± 0.35) vs. (3.69 ± 0.45) ng/mL], MDA [(4.02 ± 0.55) vs. (7.35 ± 

0.97) nmol/mL] in sera of patients from ginkgodamole group were 

obviously lower than those of conventional treatment group (P < 

0.05). Difference of contents of S100β, NSE, GFAP, MBP, MDA in 

sera between Week 2 and Week 4 after treatment was considered as 

statistically significance (P < 0.05).
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3.3. Index of platelet aggregation

   At Week 2 after treatment, content of NO [(77.51 ± 9.35) vs. (48.91 

± 5.35) μmol/L] in sera of patients from ginkgo-damole group was 

significantly higher than that of conventional treatment group (P < 

0.05). Contents of ET-1 [(67.34 ± 8.17) vs. (113.58 ± 14.94) μg/L], 

FIB [(3.24 ± 0.52) vs. (4.77 ± 0.65) μg/L] and D-D [(141.39 ± 18.24) 

vs. (209.42 ± 24.52) ng/L] were significantly lower than those of 

conventional treatment group (P < 0.05). At Week 4 after treatment, 

content of NO [(89.25 ± 9.98) vs. (55.34 ± 7.24) μmol/L] was higher 

than that of conventional treatment group (P < 0.05). Contents of 

ET-1 [(58.14 ± 7.39) vs. (87.26 ± 9.71) μg/L], FIB [(2.78 ± 0.43) vs. 

(4.18 ± 0.65) μg/L] and D-D [(118.47 ± 13.93) vs. (164.22 ± 19.35) 

ng/L] were significantly lower than those of conventional treatment 

group (P < 0.05).

4. Discussion

   Platelet aggregation caused by atherosclerotic plaque rupture 

and vascular endothelial injury is the vital pathological link of 

acute cerebral infarction[12-14]. The ginkgo-diyidamolum used 

in the present study has an anti-platelet effect through different 

ways. The effective components of ginkgo-diyidamolum include 

extracts of traditional Chinese medicine, folium ginkgo, and western 

medicine, dipyridamole. The former one can be specifically against 

the platelet activating factor[15-17], while the latter one can inhibit 

adenosine diphosphate and thromboxane[18]. Both of them have 

an effect for inhibiting the activation and aggregation of platelet 

and improving cerebral blood flow filling following the cerebral 

infarction. The interruption of cerebrovascular blood flow will lead 

to a hypoxicischemic situation for brain tissue, which further causes 

the damage on nerve cells through the multiple ways of activation 

of apoptosis. Fas/FasL and TRAIL are important molecules to 

mediate the apoptosis of neuron cells and neurogliocytes. Fas is a 

class of transmembrane protein which is classified in tumor necrosis 

factor receptor. It can activate the cascade reaction of downstream 

caspase combined with FasL and induce the apoptosis[19-21]. 

TRAIL is also included in tumor necrosis factor receptor which 

can induce apoptosis through two cascade amplifier channels, 

nuclear factor-kappa B and caspase[22-24]. In the occurrence process 

of cerebral infarction, Fas, FasL and TRAIL can fall out of the 

cells and combine together as soluble molecules, which are sFas, 

sFasL, sTRAIL, respectively. By analyzing the contents of the 

above apoptosis molecules in sera of patients from both groups, 

we know that contents of sFas, sFasL, sTRAIL in sera of patients 

of ginkgodamole group were significantly lower than those of 

conventional treatment group, which indicated that adjuvant therapy 

with ginkgodiyidamolum can inhibit the neural apoptosis caused by 

hypoxicischemic situation of patients with acute cerebral infarction. 

   Apoptosis of neuron cells and neurogliocytes caused by 

hypoxicischemic situation will lead to the cell rupture and the release 

of various structural molecules and functional molecules in 

endochylema out to the cells and further into the blood circulation 

through blood brain barrier. S100β, NSE, GFAP and MBP are 

important structural and functional molecules in neuron cells and 

neurogliocytes. Contents of the above molecules in sera indicate the 

severity of nerve injury. S100β is a class of acid calcium-binding 

protein in neural cells, which participates in the dynamic change 

of cytoskeletal components and the regulation of intracellular 

calcium homeostasis. NSE is a metabolic enzyme in neuron cells, 

which involves in the regulation and control of energy metabolism 

in cells. GFAP and MBP are important molecules participating in 

the cytoskeletal composition of neuroglia[25-27]. By analyzing the 

contents of the above marker molecules of nerve injury, we can 

know that contents of S100β, NSE, GFAP, MBP in sera of patients 

from ginkgo-damole group were significantly lower than those of 

conventional treatment group. In the process of hypoxic-ischemic 

damage in neural cells, except the release of various molecules 

in endochylema into blood circulation, the lipid molecules in 

cytomembrane and organelle membrane will have oxidizing reaction 

and then produce lipid peroxidation products MDA[28,29]. We can 

know by analyzing the content of MDA that the content of MDA 

in sera of patients from ginkgo-damole group was significantly 

lower than that of conventional treatment group. The above analysis 

indicated that adjuvant therapy with ginkgo-diyidamolum can reduce 

the damage on nerve function. 

   The therapeutical effect of ginkgo-diyidamolum works through the 

inhibition of the activation and aggregation of platelet and further 

improves blood perfusion in brain tissue. To find out the aggregation 

degree of platelet after the treatment of patients with acute cerebral 

infarction, we analyzed the contents of NO, ET-1, FIB and D-D in 

serum. NO is an endothelium-derived relaxing factor produced by 

vascular endothelial cell, which has a significant inhibition effect on 

activation and aggregation of platelet. While ET-1 is an important 

endogenous vasoconstriction peptide, which can improve the local 

aggregation of platelet and the thrombogenesis. In the process of the 

activation of platelet and the thrombogenesis, FIB can combine with 

platelet through platelet membrane glycoproteins compounds IIbIIIa 

and further improve the aggregation of platelet. While D-D is the 

production of degradation following the formation of fibrin monomer 

from fibrinogen and cross linking through activation factor X, which 

will further indicate the hyperfibrinolysis and hypercoagulability. We 

can know by analyzing the index of the above platelet aggregation, 

that the content of NO in sera of patients from ginkgo-damole group 

was obviously higher than that of conventional treatment group, 

while contents of ET-1, FIB and D-D were remarkably lower than 

those of conventional treatment group, which indicated that adjuvant 

therapy with ginkgo-damole can inhibit the platelet aggregation for 

patients with acute cerebral infarction.   

   In conclusion, adjuvant therapy with ginkgo-damole can inhibit the 

apoptosis of neuron cells and neurogliocytes and reduce the damage 

on nerve function and the aggregation of platelet. 
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