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Abstract 

Purpose: To investigate the neuroprotective effects of deloratine A on liposaccharide (LPS)-induced 
microglia activation in vitro and in a rat model of ischemia-reperfusion injury.  
Methods: LPS-induced microglial activation was successfully established in mouse microglia BV2 cell 
line. Then, the cells were randomly divided into model group, 2.5 μM delavatine A group, 5 μM 
delavatine A group, and 10 μM delavatine A group. The effect of delavatine A on the release of NO, 
TNF-α, IL-1β and IL-6 in BV2 cells was determined. In the vivo studies, 21 male Sprague Dawley (SD) 
rats were used to establish a rat model of ischemia-reperfusion injury, and effect of delavatine A on 
neural function and cerebral infarction area was determined.  
Results: The NO content was significantly higher in LPS-induced microglial activation model than in 
blank control, but it was significantly lower in the 3 delavatine A groups than in model group (p < 0.05). 
The expression levels of TNF-α, IL-1β, and IL-6 were significantly higher in model group than in blank 
control group, but they were significantly and dose-dependently lower in delavatine A groups than in 
model group (p < 0.05). In the in vivo rat studies, neural function score and cerebral infarction area in 
the model group were significantly higher than those in the sham group, while cerebral infarction area in 
delavatine A groups were significantly lower than that in the model group (p < 0.05). 
Conclusion: Delavatine A significantly reduces the inflammation associated with LPS-induced 
microglial activation, mitigates loss of neural function, and reduces cerebral infarction area in rats with 
ischemia-reperfusion injury. These findings may lead to the development of new neuroprotective drugs.  
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INTRODUCTION 
 
Epidemiological survey of neurological diseases 
in China has revealed that there are more than 2 
million new cerebrovascular diseases and more 
than 1.5 million associated deaths every year [1]. 

Cerebrovascular diseases seriously endanger 
the lives and health of middle-aged and elderly 
people in China, and they contribute significantly 
to disease-related death [2]. Ischemic stroke is a 
major cause of disability in Chinese population, 
accounting for about 80% of the total number of 
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strokes, with high degrees of morbidity, mortality 
and disability. Ischemic brain injury involves 
multiple links, and it is accompanied by a series 
of pathophysiological changes in nerve cells [3].  
 
The pathogenesis of ischemic stroke is extremely 
complex. It involves excitatory toxicity and 
neuroinflammatory responses [4]. Although there 
are many treatment methods for ischemic stroke, 
there are no effective measures for brain 
protection. Some reports have confirmed that 
brain-protection drugs such as calcium 
antagonists produce unsatisfactory effects on 
patients with ischemic stroke [5]. Therefore, it is 
necessary to identify newer brain protective 
drugs for treating patients with ischemic stroke, 
and for reducing the mortality rate of patients 
with disability.  
 
Delavatine A is extracted from the red polo flower 
of Artemisia. Clinical studies have shown that 
delavatine A inhibits astrocyte overactivation 
caused by brain injury, suggesting that it may 
effectively protect the nervous system [6]. 
Therefore, this study was carried out to 
investigate the neuroprotective effect of 
delavatine A on lPS-induced microglial activation 
in vitro, and its protective effect on a rat model of 
ischemia-reperfusion injury. 
 
EXPERIMENTAL 
 
Animals and cells 
 
Mouse BV2 cells, and 28 male Sprague-Dawley 
(SD) rats [SCXK (Beijing) 2018-0028] were 
purchased from Chinese Academy of Sciences. 
The SD rats had a mean weight of 280 ± 30 g. 
 
Ethical approval 
 
This research was approved by the Animal 
Ethical Committee of Dalian Third People's 
Hospital (approval no. 20200083). And was 
performed according to "Principles of Laboratory 
Animal Care" (NIH publication no. 85-23, revised 
1985) [7]. 
 
Main equipment and reagents 
 
The instruments and reagents used, and their 
sources (in brackets) were: DMEM (Shenzhen 
Hongyilong Import and Export Co. Ltd), penicillin 
(Wuhan Xinxinjiali Biological Technology Co. 
Ltd), trypsin (Shaanxi Runfeng Biotechnology 
Co. Ltd), dimethyl sulfoxide (Xi 'an Taihua 
Pharmaceutical Technology Co. Ltd), CCK-8 
detection kit (Qingdao Jieshikang Biotechnology 
Co. Ltd.), protease inhibitor (Shanghai Aiyan 
Biotechnology Co. Ltd), BCA protein quantitative 

kit (Shanghai Yihe Biotechnology Co. Ltd), PVDF 
membrane (Shanghai Bangjing Industrial Co. 
Ltd), RIPA cell lysis buffer (Shanghai Ziyi 
Reagent Factory), protein marker (Chengdu 
Huaxia Chemical Reagent Co. Ltd), and xylene 
(Jinan Trands Chemical Co. Ltd). The others 
were cell culture box (Xi 'an Qiyue Biotechnology 
Co. Ltd), fluorescence microscope (Shanghai 
Zhengxi Instrument Equipment Co. Ltd), low-
temperature, high-speed centrifuge (Changzhou 
Haomai Drying Engineering Co. Ltd); 4ºC 
refrigerator (Haier Company), deionized water 
system (Shanghai Fenlinhuan Environmental 
Protection Technology Co. Ltd), shock heater 
(Beijing Dongmu Instrument Co. Ltd), and 
horizontal shaking bed (Wuxi Jiuping Instrument 
Co. Ltd).  
 
Study design, treatments, and evaluation 
 
Logarithmic growth-phase BV2 cells taken from 
mice were cultured for 12 h and treated with LPS 
to establish LPS-induced model of microglial 
activation. Thereafter, the cells were randomly 
divided into model group (untreated), 2.5 μM 
delavatine A group, 5 μM delavatine A group, 
and 10 μM delavatine A group. An untreated 
blank group served as control group. The effect 
of delavatine A on the release of NO in mouse 
BV2 cells were determined using chemical 
colorimetry, while its effect on expression levels 
of TNF-α, Il-6 and IL-1 β in BV2 cells was 
determined with ELISA. Twenty-one SD rats 
were selected and used to establish a mouse 
model of ischemia-reperfusion injury. Thereafter, 
the mice were randomly divided into model 
group, two groups treated with delavatine A at 
doses of 5 and 10 mg/kg, with 7 rats in each 
group. At the same time, 7 sham SD rats served 
as control. 
 
The neurological function of SD rats was scored 
using LONGA's vascular thrombus method. 
Absence of neurological impairment was scored 
0 point, inability to fully extend the contralateral 
forelimb was scored 1 point, while a score of 3 
points indicated that the rats were weakly bent to 
one side. A score of 4 points indicated that the 
rats were strongly turned to one side, while a 
score of 5 indicated contralateral hemiplegia. 
 
The area of cerebral infarction in the rats was 
determined using triphenyltetrazolium chloride 
staining. 
 
Statistical analysis 
 
Levels of inflammatory mediators and 
neurological function scores of rats are 
expressed as mean ± SD, and t-test was used 
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for two-group comparison, while repeatability 
measure ANOVA was used for multiple-group 
comparison. All data were analyzed using SPSS 
version 23 software. Differences were 
considered significant at p < 0.05. 
 
RESULTS 
 
Effect of delavatine A on NO release in mouse 
BV2 cells  
 
The NO content of the model group was 
significantly higher than that of the blank control 
group, but NO contents of the delavatine A 
groups were significantly lower than that of the 
model group (p < 0.05). There were no 
significant differences in NO content among all 
delavatine A groups (p > 0.05). These results are 
shown in Table 1. 
 
Table 1: Effect of delavatine A on NO release in BV2 
cells of mice in each group (mean ± SEM) 
 
Group   NO (%) 
Blank control   100.00 
Model   280.13±43.21a 
2.5 μM Delavatine    175.89±32.45b 
5 μM Delavatine A    165.23±30.52b 
10 μM Delavatine A    170.56±27.23b 
aP < 0.05, compared with blank control group; bp < 
0.05, compared with LPS group 
 
Effect of delavatine A on levels of TNF-α, IL-
1β and IL-6 levels of BV2 cells 
 
The contents of TNF-α, IL-1β and IL-6 in model 
group were significantly higher than those in 
blank control group (p < 0.05). However, the 
contents of TNF-α, IL-1β and IL-6 in the three 
delavatine A groups were significantly and 
concentration-dependently lower than those in 
model group (p < 0.05; Table 2). 

Effect of delavatine A on neurological 
function of rats  
 
The neurological function score and cerebral 
infarction area in model group were significantly 
higher than those in sham group, but they were 
significantly lower in the three delavatine A 
groups than in model group (p < 0.05). These 
data are presented in Table 3 and Figure 1. 
 
DISCUSSION 
 
Clinical studies have shown that delavatine A 
blocks the overactivation of astrocytes caused by 
craniocerebral injury, and it exerts anti-tumor 
effects [8]. However, not much is known on the 
effect of delavatine A on astrocytes. 
 

 
 
Figure 1: Cerebral infarction area of rats in each 
group 
 

 
Table 2: Effect of delavatine A on levels of inflammatory mediators of BV2 cells in each group (mean ± SEM) 

 
Group TNF-α (pg/mL) IL-1β (pg/mL) IL-6 (pg/mL) 
Blank control 200.00 100.00 1.01±0.34 
Model 1213.56±156.56a 5889.36±213.58a 6.89±0.56a 
2.5 μM delavatine A 750.98±82.23b 4456.52±156.23b 3.23±0.38b 
5 μM delavatine A 605.36±103.89b 3856.58±145.41b 3.04±0.36b 
10 μM delavatine A 315.25±78.56b 2800.47±189.78b 2.99±0.41b 

aP < 0.05, compared with blank control group; bp < 0.05, compared with model group 
 

Table 3: Effect of delavatine A on neurological function of rats in each group (mean ± SEM, n = 7) 
 

Group Neurological function score Cerebral infarction area (%) 
Sham-operated  0.00 0.00 
Model 2.61±0.58a 29.77±2.94a 
5 μM delavatine A 1.71±0.71b 21.13±5.57b 
10 μM delavatine A 1.51±0.78b 15.69±5.14b 
aP < 0.05, compared with blank control group; bp < 0.05, compared with model group 
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Therefore, this study was carried out to further 
investigate the effect of delavatine A on microglia 
activation in other diseases. 
 
Microglias exist as innate immune organs in the 
central nervous system, and the first reaction of 
the body after central nervous system injury is 
manifested in microglias [9]. When microglia are 
overactivated, they secrete a variety of 
inflammatory mediators such as NO, TNF-α, IL-
1β and IL-6, which lead to toxic effects on nerve 
cells, including apoptosis [10]. Nitric oxide (NO) 
plays an important role in neuroinflammatory 
response. Under normal circumstances, NO 
enhances the secretion of neurotransmitters and 
participates in reversible synaptic response. In 
addition, NO is crucial in immune response [11]. 
In pathological conditions, it acts in synergy with 
inflammatory factors, leading eventually to 
neuroinflammatory response [12]. 
 
In the present study, the content of NO in LPS 
group was significantly higher than that in blank 
control group, while NO levels in the three 
delavatine A groups were significantly lower than 
that in the untreated model group. These results 
indicate that delavatine A significantly inhibited 
NO release. Clinical studies have confirmed that 
TNF-α, IL-1β and IL-6 play major roles in 
inflammatory response, in which TNF-α appears 
first and accentuates the production and 
secretion of various cytokines. In addition, TNF-α 
has been used in combination with some anti-
tumor drugs to exert anti-tumor effects [13]. The 
function of IL-1β is also extremely important: it is 
crucial in immune regulation and pathological 
injury [14,15]. 
 
In addition, the effect of delavatine A on levels of 
TNF-α, IL-1β and IL-6 in mouse BV-2 cells was 
determined. The results showed that the 
contents of TNF-α, IL-1β and IL-6 in model group 
were significantly higher than those in blank 
control group, while the levels of TNF-α, IL-1β 
and IL-6 in the three delavatine A groups were 
significantly and concentration-dependently lower 
than those in model group. These results 
suggest that delavatine A inhibited the release of 
inflammatory factors and reduced the 
neuroinflammatory response due to LPS-induced 
activation of mouse BV-2 cells. Thus, delavatine 
A played an important anti-inflammatory role. 
 
The occurrence of ischemic stroke is often 
accompanied by excitatory neurotoxic reactions 
in which microglia and other cells are activated to 
release a large number of inflammatory factors, 
leading to further aggravation of tissue damage. 
Neurobehavioral scores can be used to evaluate 
the neurological function of experimental animals 

with ischemia-reperfusion injury, and the scores 
are positively correlated with behavioral 
disorders. The neurological function score and 
cerebral infarction area in model group were 
significantly higher than those in sham-operated 
group, but they were significantly lower than 
those in model group. These results indicate that 
delavatine A effectively relieved ischemia/ 
reperfusion injury in rats, and it exerted a 
significant protective effect on neural function. 
 
Due to time limitation and other factors, this 
study investigated only the neuroprotective effect 
of delavatine A. Its mechanism of action will be 
investigated in subsequent studies. 
 
CONCLUSION 
 
Delavatine A significantly reduces the levels of 
inflammatory factors which are raised as a result 
of LPS-induced microglial activation. It also 
mitigates neurobehavioral deficit and reduces 
cerebral infarction area in rats with ischemia-
reperfusion injury, resulting in significant 
neuroprotection. Thus, the findings of this study 
provide a lead for the development of new 
neuroprotective drugs. 
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