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A b s t r a c t

Aim of the study: To investigate the effects of shikonin on CD36 expression and phagocytic ability of microglia, and 
its protective effect on neurons and the possible mechanism within. 
Material and methods: The effects of shikonin on CD36 expression and phagocytic ability of microglia were detected 
by Western blot method, and cerebral haemorrhage was isolated by flow cytometry in the experiment. The protective 
effect of neurons was observed through neuron-microglia co-culture technique. Meanwhile, the effect of hydrogen 
peroxide on the expression of catalase was detected, and the concentration of hydrogen peroxide was measured 
in the isolated cerebral haemorrhage model. The t test was used to compare data between 2 groups, and one-way 
ANOVA was applied to multiple sets of data.
Results: Compared with the control group, the CD36 expression and phagocytic ability of microglia was increased by 
shikonin in the isolated cerebral haemorrhage model, while inflammatory factors such as tumour necrosis factor α 
(TNF-α) and interleukin 1β (IL-1β) attenuated the effects of the drug. The amount of neuron apoptosis/necrosis was 
significantly reduced by the drug, while the expression of catalase in microglia was increased, but the secretion of 
hydrogen peroxide was decreased in the neuron-microglia co-culture system. 
Conclusions: Shikonin can enhance the CD36 expression and the ability to phagocytose erythrocyte of microglia. 
Simultaneously, shikonin performs protective effects on neuronal cells and promotes the absorption of haematoma. 
Therefore, shikonin is probably an innovative medicine to treat cerebral haemorrhage.
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Introduction

Intracerebral haemorrhage (ICH), a common type 
of stroke, originates from non-traumatic but sponta-
neous bleeding in intracranial vessels, and occurs in 
brain parenchyma or breaks in ventricle or subarach-

noid cavum. Intracerebral haemorrhage, a  major 
cause of human death, has the highest morbidity, 
mortality, and disability rate, accounting for 10-15% 
of all brain death cases.

Toll-like receptors (TLRs) play a key role in con-
genital immunity and inflammatory reaction [4]. 
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TLRs, comprising 13 members in the mouse fami-
ly, are type I  transmembrane proteins which could 
identify molecular patterns from different patho-
gens that originate from a variety of organisms such 
as viruses, bacteria, mycobacteria, funguses, and 
parasites [1,8]. In addition to recognizing exogenous 
pathogens, TLRs can also mediate host inflammato-
ry reactions, thus leading to lesions that can be iden-
tified through lesion-associated molecular patterns 
[3,6,10]. Previous studies have shown that activated 
microglial cells can cause inflammatory lesions by 
releasing cytokines after intracerebral haemorrhage, 
and can inhibit microglial cell activation to improve 
neurological functions [7,12]. However, after the 
occurrence of intracranial haemorrhage, a  large 
number of TLRs were activated; thus, the microglial 
cell activation was mediated.

This study explores whether shikonin is a TLR4 
inhibitor, so as to promote the absorption of cere-
bral haemorrhage haematoma in the treatment of 
cerebral haemorrhage. We not only revealed the 
mechanism of intracerebral haemorrhage haemato-
ma absorption, but also provided an experimental 
basis for the new concept of promoting haemato-
ma absorption to treat intracerebral haemorrhage, 
expecting to provide a  new method for the treat-
ment of intracerebral haemorrhage.

Material and methods

Culture of primary neurons 

A  newborn 1-day-old wild-type mouse was 
obtained, and its neurons were separated. The 
stripped cerebral cortex was digested by trypsin into 
single cells. Neurocytes were inoculated in a 12-mm 
glass coverslip on a 6-well plate, which was smeared 
with poly-L-lysine, and then the neurons were seed-
ed into the neurobasal culture solution. After 5 days, 
the solution was replaced with serum-free B27 cul-
ture medium to inhibit the growth of neurogliocyte. 
The study was approved by the Yuyao People’s Hos-
pital.

Culture and identification of microglial 
cells

The skull of the C57/BL6 mouse was cut open 
under sterile conditions, the whole brain was 
removed and transferred to a petri dish with 3 ml 
DMEM/F12, and the blood was rinsed off. The olfac-
tory bulb, cerebellum, and meninges of the mouse 

were removed under a dissecting microscope, then 
the brain white matter and hippocampus were elim-
inated. Following this, the brain tissue was cut off 
and then put into DMEM/F12 containing 0.25% 
trypsin and digested at 37°C for 10 min. Afterwards, 
DMEM/F12 + 10% bovine serum albumin (BSA) 
culture solution was added to terminate the diges-
tion. The cell suspension was gently agitated into 
single cells and then inoculated into a  cell culture 
flask and placed into a 37°C incubator. The adherent 
cells were the microglial cells, which were cultured 
in the complete culture solution for 3 days and then 
digested by 0.25% trypsin. Subsequently, the single 
cell suspension was inoculated into 12-well plates 
at the density of 4 × 105/ml. Cells were divided into 
4 groups: shikonin (C16 H16 O5, purity: > 98%, melt-
ing point: 149°C, boiling points: 567.4°C, Shanghai 
Source Leaf Biology Company, CAS:517-89-5) 5 μM 
group, shikonin 5 μM + tumour necrosis factor α 
(TNF-α; 100 ng/ml) group, shikonin 5 μM + interleu-
kin (IL)-1β (100 ng/ml) group, and the control group 
(phosphate-buffered saline – PBS).

Detection of CD36 expression  
in microglia using Western blot method

Cells in each group were collected and rinsed 
with PBS twice, and to each bottle was added 400 μl  
cell lysate plus 10 mmol/l phenylmethylsulfonyl 
fluoride (PMSF) 40 μl in sequence. Following this, 
the cell culture flasks were gently shaken and then 
placed on ice for 10 min, making a  uniform lysis. 
The lysis was added to the EP tube with a  sterile 
syringe through repeated suction. The EP tube was 
ice-bathed for 30 min, then centrifuged for 15 min at 
12,000 g. The supernatant was decanted into a new 
EP tube, then the protein concentration was quanti-
tated with a microplate reader using protein-labelled 
BC method. Subsequently, 20 μl protein sample 6 × 
buffer was added into each tube at every 100 μl and 
boiled for 5 min, mixed, and then stored at –80°C. 
Following this, the protein sample was separated 
through 12% SDS-PAGE electrophoresis, and the 
separated protein bands were transferred to PVDF 
membrane by wet method, and then sealed for 1 h  
at room temperature. The primary antibody CD36 
at concentration 1 : 1000 was added to the protein 
bands and incubated overnight at 4°C, then the cells 
were washed with phosphate-buffered saline with 
Tween® 20 (PBST) 3 times. Afterwards, the second-
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ary antibody at a concentration of 1 : 1000 was add-
ed and incubated for 1 h, and then rinsed with PBST 
3 times. Finally, the protein expression in each group 
was determined by chemiluminescence method for 
further colour development and fixation.

Detection of CD36 expression  
in microglia by flow cytometry

Primary microglial cells were added to each 
group, and carboxyfluorescein succinimidyl ester 
(CFSE)-labelled red blood cells (RBCs) were added to 
the microglial cells and then incubated at 37°C for 
12 h. After the collection, the microglial cells were 
stained by anti-mouse CD36-PerCP-eFluor® 710 and 
CD11b antibody-PE, and the change of CD36 expres-
sion was detected by flow cytometry.

Detecting the phagocytosis ability  
of microglia using flow cytometry

Primary microglial cells were added to each 
group, simultaneously, CFSE-labelled RBCs were 
added, and they were incubated at 37°C for 12 h. 
Microglial cells were dyed by CD11B-PE and collect-
ed. Finally, the percentage of microglia involved in 
erythrocyte phagocytosis, the average fluorescence 
intensity of CFSE in PE + CFSE + microglia, and the 
numbers of RBCs that were not phagocytosed in  
the supernatant, were all calculated.

Detection of neurotoxicity and drug 
protective effects through co-culture  
of neuron-microglia 

In order to evaluate the microglia-induced neu-
rotoxicity and the protective effects of shikonin, C57 
neonatal rat neuron cells at the density of 1 × 105 /ml  
were inoculated into a poly-L-lysine smeared 12-mm 
glass coverslip on a  24-well plate. Subsequently, 
microglia at the density of 1 × 105/ml in the upper 
part of the neuron cells was inoculated into Tran-
swell and cultured in DMEM/F12 containing 10% 
foetal calf serum at 37°C with 5% CO2 for 48 h. 
Erythrocytes were added to the Transwell after 2 h of 
5 μM shikonin or PBS stimulation, and the neurons 
were fixed and stained after 12 h. The cell nuclei 
were first dyed by anti-mouse neuron βIII-tubulin, 
then by Alexa Fluor 488 goat-anti-mouse IgG and 
Hoechst. Finally, the neuron cell image formation 
was presented by laser scanning confocal microsco-
py to determine the survival rate of neuron cells.

Detection of hydrogen peroxide  
and catalase

The microglia suspension at a density of 1 × 105 /ml  
was inoculated into 6-well plates, and erythrocytes 
were added; simultaneously, 5 μM of shikonin or 
PBS were added, respectively. The supernatant was 
collected after 12 h of incubation, and the concen-
tration of hydrogen peroxide as well as the activi-
ty of catalase were determined according to the kit 
instructions.

Statistical approach

All data are presented as mean ± standard devi-
ation (mean ± SD). The t test was used to compare 
data between 2 groups, while one-way ANOVA was 
applied to multiple sets of data (> 2). P < 0.05 was 
considered statistically significant. All data were 
analysed and processed by Graphpad Prism 5.0 
(Graphpad Software, San Diego, CA).

Results and discussion

CD36 expression in microglia  
as promoted by shikonin

The results showed that, compared with the PBS 
control group, the CD36 expression in the shikonin 
group significantly increased, was distinctly enhanced 
in the shikonin + IL-1β group, and was slightly inten-
sified in the shikonin + TNF-α group. However, the 
CD36 expressions in the shikonin + IL-1β group and 
the shikonin + TNF-α group were decreased in con-
trast to the shikonin group, suggesting that IL-1β and 
TNF-α can attenuate the promoting effects of shiko-
nin on CD36 expressions (Fig. 1).

Detection of CD36 expression change 
in microglia by flow cytometry

The experiment clearly demonstrated that the 
result detected by flow cytometry is in accordance 
with the Western blot result (Fig. 2).

Detection of microglia phagocytic 
ability change by flow cytometry

The results indicated that the percentage of 
microglia involved in erythrocyte phagocytosis in the 
shikonin group was remarkably higher than that in 
the PBS group, the average fluorescence intensity of 
CFSE was higher than that in the PBS group, but the 
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RBC that had not been phagocytosed was signifi-
cantly reduced. However, this phenomenon can be 
distinctly attenuated by IL-1β and TNF-α, which is 
reflected in the result that the percentage of microg-
lia involved in erythrocyte phagocytosis is lower in 
both the shikonin + IL-1β group and the shikonin 
+ TNF-α group than that in the shikonin group. In 
addition, the average fluorescence intensity of CFSE 
in microglia which had phagocytosed erythrocyte 
is evidently lower than that in the shikonin group, 
and the RBC which had not been phagocytosed also 
significantly increased. It can be concluded that the 
ability of phagocytosis of erythrocytes by microglia 
increased in the shikonin group, but the effect could 
be weakened by IL-1β and TNF-α (Figs. 3-5).

Effects of shikonin on neuronal 
protection

The results showed that the number of neu-
rons that survived in the shikonin group evidently 
increased in comparison with the PBS group, sug-
gesting that shikonin plays a protective role during 
the process of cerebral haemorrhage (Fig. 6).

Effects of shikonin on catalase 
expression and hydrogen peroxide 
secretion in microglia

Although shikonin has a neuro-protective effect, 
the potential mechanism remains unclear. In the 
course of cerebral haemorrhage, a good deal of reac-
tive oxygen was produced, thus leading to brain 
damage. In a  bid to fight with the oxidative stress 
caused by cerebral haemorrhage, cells secrete cer-
tain self-defendant anti-oxidases, like catalase, which 
plays an important role in the process of eliminating 
reactive oxygen by decomposing hydrogen peroxide. 
In addition to producing a large number of inflamma-
tory factors during the course of microglia activation 

Fig. 1. CD36 expression in microglia promoted 
by shikonin (n = 6).
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Fig. 2. Effects of shikonin on CD36 expression 
in microglia (n = 6). **p < 0.01 vs. PBS, *p < 0.05  
vs. PBS, &&p < 0.01 vs. shikonin + IL-1β,  
##p < 0.01 vs. shikonin + TNF-α, #p < 0.05 vs. 
shikonin + TNF-α.

Fig. 3. Effect of shikonin on red blood cells (RBCs) 
phagocytosis by microglia (n = 6). **p < 0.01 vs. 
PBS, *p < 0.05 vs. PBS, &p < 0.05 vs. shikonin + 
IL-1β, ##p < 0.01 vs. shikonin + TNF-α.

Fig. 4. Effects of shikonin on fluorescence intensi-
ty of CFSE in microglia (n = 6). **p < 0.01 vs. PBS,  
*p < 0.05 vs. PBS, &&p < 0.01 vs. shikonin + IL-1β,  
##p < 0.01 vs. shikonin + TNF-α, #p < 0.05 vs. shiko-
nin + TNF-α.
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after cerebral haemorrhage, a lot of reactive oxygen 
was generated, resulting in damage to the microglial 
cells and surrounding neurocytes. The present study 
revealed that the expression of hydrogen peroxide in 
the supernatant of cell culture medium was clearly 
reduced, indicating that the neuro-protective effect of 
shikonin may increase the survival rate of neurocytes 
by accelerating the expression of catalase in microg-
lia, thus reducing hydrogen peroxide and oxidative 
stress (Figs. 7 and 8).

Discussion

Inflammation is a  critical factor in secondary 
brain injury caused by cerebral haemorrhage. And 
inflammation response is caused by a variety of stim-
uli after ICH. Haematoma components trigger the 
inflammatory signal by activating microglia, which 
were followed by the release of early inflammatory 
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Fig. 6. Effects of shikonin on neuronal protection (n = 6).
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Fig. 7. Effects of shikonin on catalase activity  
(n = 6). *p < 0.01 vs. PBS.

Fig. 8. Effects of shikonin on hydrogen peroxide 
release (n = 6). *p < 0.01 vs. PBS.
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factors and chemotactic factors, attracting ambient 
inflammatory cells to infiltrate [5]. The released hae-
moglobin (Hb), haeme, and iron after erythrocyte 
splitting aggravate ICH-induced inflammatory dam-
age. And the release of hazard-related molecular 
patterns from damaged or dead cells, such as high 
mobility group protein 1, can cause inflammation in 
the late phase of cerebral haemorrhage. Preclinical 
studies have found that the inflammatory signalling 
pathways are involved in microglia activation, leuko-
cyte infiltration, TLR activation, and hazard-related 
molecular pattern adjustment after cerebral haem-
orrhage [13,15].

CD36 expresses itself in brain neurocytes, astro-
cytes, and microglia, and with different correspond-
ing functions. In astrocytes, the role of CD36 is to 
promote the proliferation of astrocytes, and to par-
ticipate in the formation of glial scar generated by 
mediating stroke. If the expression of CD36 were 
inhibited, the formation of intermediate filament 
after injury can be reduced, thereby decreasing the 
formation of glial scar [2]. In some neuron cells in the 
cerebrum, CD36 functions in the brain nucleus infor-
mation loop and is involved in pheromone response, 
reproductive behaviour, and food preferences [11].

Cultured microglia start the phagocytosis to 
erythrocytes, the main components of haematoma 
through CD36, which leads to the secretion of inflam-
matory factors such as TNF-α and IL-1β, as well as 
the increase of inducible nitric oxide synthase (iNOS) 
and matrix metalloproteinase (MMP-9) expres-
sions [9,14]. Cultured microglia began to expand 
with antennae within a few minutes of exposure to 
erythrocytes, and in a few hours RBC was attached 
to microglia. This process was accompanied by the 
increase of CD36 expression. It has been found that 
microglia displayed amoebic-like changes, followed 
by the increase of CD36 expression in the animal 
cerebral haemorrhage model [14]. Therefore, in the 
course of cerebral haemorrhage, erythrocytes induce 
the activation of microglia through CD36.

The inflammatory factors such as TNF-α and 
IL-1β produced by TLR4 signalling pathway activa-
tion can inhibit the expression of CD36. If the TLR4 
signal were inhibited, there would be less TNF-α and 
IL-1β preoduced, hence alleviating the inhibitory 
effects on CD36 expression. The present study dis-
covered that the use of shikonin interdicts the acti-
vation of TLR4 signalling pathway and decreases the 
production of both TNF-α and IL-1β, which inevitably 

increases the expression of CD36. Moreover, this can 
be proven by the results of using shikonin + IL-1β 
and shikonin + TNF-α combined. The use of TNF-α 
and IL-1β offsets the decrease of secretion resulted 
from shikonin interdicting TLR4 signalling pathway, 
and inhibits the expression of CD36, which proved 
otherwise that shikonin promotes CD36 expression 
mainly through inhibiting TLR4 signalling pathway. 
Also, the phagocytosis of microglia towards eryth-
rocyte was enhanced after the administration of 
shikonin, which is related to the increase of CD36 
expression. However, the employment of TNF-α and 
IL-1β combined weakened the phagocytic ability of 
microglia, which once again confirmed that shikonin 
can affect the expression of CD36 through inhibiting 
TLR4 signalling pathway. After adding erythrocytes 
into the co-culture system of microglia and neuron 
cells, the catalase in the shikonin group was signifi-
cantly increased, while the hydrogen peroxide was 
conspicuously decreased, along with increased sur-
vival of neuron cells. This suggested that shikonin 
can not only reduce the production of inflammatory 
factors and lessen nerve injuries by restraining TLR4 
signal, but also decrease the oxidative stress caused 
by cerebral haemorrhage. Furthermore, shikonin can 
also increase the survival of neurons by increasing 
the expression of catalase. However, the mechanism 
of shikonin increasing the expression of catalase in 
cells is still unclear, which requires further studies. 
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