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Antcin C ameliorates neuronal inflammation due to cerebral 
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A b s t r a c t

Introduction: This study investigated the protective effects of antcin C against cerebral haemorrhage injury.
Material and methods: Cerebral haemorrhage was treated with antcin C 100 mg/kg i.p. at 60 min after the induc-
tion of cerebral injury. Neurological scores and volumes of cerebral injury were assessed to determine the effects of 
antcin C, based on oxidative stress and serum mediators of inflammation by ELISA. qRT-PCR was used to estimate 
the mRNA expression of Toll-like receptor 4 (TLR-4) and interleukin-1 receptor-associated kinase 4 (IRAK4) proteins in 
the cerebral tissue of rats with cerebral haemorrhage. Western blot assay and histopathology were also performed.
Results: The findings suggest that treatment with antcin C reduced the neurological scores and volumes of cerebral 
injury in cerebral injured rats. Parameters of oxidative stress and cytokine levels were reduced in the serum of the 
antcin C-treated group compared with the negative control group. Treatment with antcin C ameliorated the expres-
sion of TLR-4, IRAK4, and zonula occludens-1 (ZO-1) proteins in the cerebral tissue of cerebral injured rats.
Conclusions: The results revealed that treatment with antcin C protected against cerebral haemorrhage damage by 
controlling microglia inflammation through the TLR-4 pathway.
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Introduction

Cerebral haemorrhage is a type of stroke resulting 
from rupture of blood vessels in the brain [16]. Cere-
bral haemorrhage is one of the major causes of mor-
tality worldwide, occurring in approximately 15 million 
people every year, with a 30-day mortality rate of 40% 
[18]. Secondary injury in cerebral haemorrhage plays 
an important role in the development of further hae-
morrhages [3]. Conventional drugs available for the 

treatment of secondary injury associated with cerebral 
haemorrhage have several limitations, pointing to the 
need for the development of new therapeutic agents 
[1]. Microglia are supporting cells in the central nervous 
system (CNS) that act as immune cells. The literature 
suggests that activation of the microglia enhances neu-
ronal degeneration by initiating the apoptosis cascade 
[17]. Neurodegeneration occurs due to over-activation 
of microglia by enhancing the production of inflamma-
tion mediators such as nitrogen species, reactive oxy-
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gen species (ROS), prostaglandin, and cytokine [19]. 
Neuroinflammation occurs in neurodegeneration due 
to increased synthesis and release of cytokines, which 
is regulated by Toll-like receptor 4 (TLR-4) [2]. Moreover, 
the microglia-associated immune response is linked 
with TLR-4. Previous research has shown that TLR-4 is 
involved in lipopolysaccharide (LPS)-induced neuronal 
injury [13]. Thus, activation of the microglia could be 
a potential therapeutic target for the management of 
neurological disorders.

Alternative therapies have shown potential for the 
management of several disorders, including cerebral 
injury. Antcin C is a steroid-like compound isolated from 
Antrodia cinnamomea [20], a mushroom traditionally 
used as a medicine in China for the management of 
cancer, hypertension, and liver disorder. Moreover, an 
extract of A. cinnamomea was reported to have neuro-
protective effects [5]. Several molecules, including trit-
erpenoids, steroids, and benzenoids, have been isolated 
from A. cinnamomea [12]. Antcins reportedly improve 
blood circulation and have anti-inflammatory properties 
[21]. Several types of antcin compounds are available; 
antcin C is known for its protective effects against liver 
injury and oxidative stress by modulating the Nrf2 path-
way [10]. Thus, the present report evaluates the protec-
tive effects of antcin C against neuroinflammation in  
a cerebral injured rat model.

Material and methods
Animals

Male Sprague-Dawley rats (180-200 g) and new-
born SD rats were maintained under a 12-h light/dark 
cycle and standard conditions at 24 ±3°C and relative 
humidity of 60 ±5%. All study protocols were approved 
by the institutional committee on animal ethics of 
Hebei Medical University, China (IAEC/HMU/12/2018).

Experimental

Cerebral haemorrhage was induced in rats by 
injecting fresh autogenous arterial blood (50 μl) into 
the basal ganglia. All animals were injected with  
0.03 ml/kg of chloral hydrate (10%) to produce 
anaesthesia, followed by isolation of the femoral 
artery. After 60 μl of blood was withdrawn, ligation 
was performed. Animals were placed on the plat-
form of a stereotaxic apparatus, and an incision was 
made to expose the anterior ridge. Fresh femoral 
artery blood was injected at a speed of 7-10 μl/min 
through a micro-syringe after a hole was created to 

the right side of the midline and 0.2 mm in front of 
the forehead. 

Animals were separated into three groups: the 
sham group, negative control group, and antcin C 
100 mg/kg group. The last group received antcin C 
100 mg/kg i.p. at 60 min after the induction of cere-
bral injury. One day after the operation, all animals 
were sacrificed to assess the effects of antcin C on 
the cerebral injury.

Neurological score assessment

Assessment of the neurological score was per-
formed as in a previous study [7]. In brief, six dif-
ferent types of behavioural changes were observed 
in all animals including climbing, movement of four 
limbs in symmetry, body proprioception, whisker 
stimulation, outstretching of the forepaw, and spon-
taneous activity. A 3-point scale was administered. 
The neurological score was determined both before 
and after the induction of cerebral haemorrhage.

Assessment of haemorrhagic injury

Haemorrhagic injury was determined by estimat-
ing the haemorrhagic volume, as in a previous study 
[9]. Cresyl violet was used to stain the coronal sec-
tions at 20 rostral-caudal levels to determine injec-
tion volume. Image Pro Plus 6.0 software was used 
to determine the haemorrhagic volume. 

Assessment of cytokines

Animals were anaesthetised, and blood was 
drawn from the retro-orbital plexus. Serum was sep-
arated using a centrifuge for 10 min at 2000 RPM. 
The serum levels of tumor necrosis factor α (TNF-α), 
interleukin (IL)-1β, and IL-8 were estimated using 
ELISA kits per the manufacturer’s instructions.

Assessment of oxidative stress 
parameters

Malondialdehyde (MDA) and ROS were estimated 
to determine the level of oxidative stress. The MDA 
level was estimated using a lipid peroxidation MDA 
assay kit, and the reactive ROS level was detected in 
the cells using a ROS assay kit.

qRT-PCR

TRIzol reagent was used to extract the total 
RNAs, and TaqMan MicroRNA assays were used to 
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estimate the mRNAs levels on qRT-PCR. Moloney 
murine leukaemia virus reverse-transcriptase was 
used to synthesise complementary DNA by applying 
2 μg of total RNA to the reverse transcriptase reac-
tion (20 μl). The primers listed below were mixed 
with RT 2 SYBR Green Mastermix to determine gene 
expression using the Quantitative SYBR Green PCR 
assay. The relative target gene expression levels 
were determined using the 2−ΔΔCq equation.

TLR-4 Forward 5′-AGCTTTGGTCAGTTGGCTCT-3′
Reverse 5′-CAGGATGACACCATTGAAGC-3′

IRAK4 Forward 5′-CATCAACTATGGAGTAAGCTGGAC-3′
Reverse 5′-GTCCAGGGTCGTTTTCTCTG-3′

β-actin Forward 5′ - GGAGATTACTGCCCTGGCTCCTA-3′
Reverse 5′ - GACTCATCGTACTCCTGCTTGCTG-3′

Western blot assay

Extraction of total protein from cells was per-
formed after treatment with protein lysis buffer. 
Total protein concentration was estimated using  
a DC Protein Assay. Isolated protein was separated 
using a sodium dodecyl sulphate-polyacrylamide gel 
(10%) and filtered with a polyvinylidene difluoride 
membrane. The membrane was then treated with 
5% fresh non-fat dry milk to block the reaction, incu-
bated at 4°C overnight with primary antibodies such 
as interleukin-1 receptor-associated kinase 4 (IRAK4; 
1 : 1000), TLR-4 (1 : 500), zonula occludens-1 (ZO-1; 
1 : 1000), and glyceraldehyde 3-phosphate dehydro-

genase (GAPDH; 1 : 1000), and then incubated with 
secondary antibodies. Densitometric analysis of the 
blots was performed using Image Lab software.

Histopathological analysis

Formaldehyde (4%) was used to fix the brain tis-
sues, which were embedded in paraffin, sectioned 
to 5-μm thicknesses using a microtome, and stained 
with haematoxylin and eosin (H&E). A trinocular 
microscope was used to evaluate pathophysiological 
changes in the brain tissue.

Statistical analysis

All data are expressed as the mean ± standard 
error of the mean (n = 10). One-way analysis of vari-
ance was used to perform statistical analyses, with 
Dunnett’s test for post hoc analysis (GraphPad Prism 
6.1.; GraphPad Software, Inc., USA). A P-value < 0.05 
was considered significant.

Results
Antcin C ameliorates the neurological 
score

The neurological score was assessed by observing 
the behaviour of each animal treated with antcin C, as 
shown in Figure 1. The negative control group exhibit-
ed a reduction in the neurological score (behavioural 
score) relative to the sham-operated group. However, 
a dose-dependent improvement in the neurological 
score was observed in the antcin C-treated group 
compared with the negative control group.

Fig. 1. Antcin C ameliorates the altered neurolog-
ical score in cerebral haemorrhage injured rats. 
Mean ± SEM (n =10), @@p < 0.01 vs. sham group, 
**p < 0.01 vs. negative control group.
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Fig. 2. Antcin C ameliorates the altered volume 
of haemorrhagic lesions in cerebral haemorrhage 
injured rats. Mean ± SEM (n = 10), @@p < 0.01 vs. 
sham group, **p < 0.01 vs. negative control group.
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Antcin C ameliorates haemorrhagic 
injury

Haemorrhagic lesion volume was assessed in 
antcin C-treated cerebral haemorrhage injured rats. 
The volume of haemorrhagic lesion in cerebral tissue 
was as high as 63 mm3 in the negative control group. 
However, treatment with antcin C reduced the hae-
morrhagic lesion volume by up to 28 mm3 in cerebral 
haemorrhage injured rats (Fig. 2).

Antcin C ameliorates inflammatory 
cytokines and oxidative stress

Figure 3 presents the biochemical parameter 
values for the antcin C-treated cerebral haemor-
rhage injured rats. The levels of cytokines such as 
IL-1β, IL-8, and TNF-α were enhanced in the serum 
of the negative control relative to the sham-oper-
ated group. Moreover, the serum cytokine level in 
the antcin C-treated group was reduced compared 
with that in the negative control group (Fig. 3A).  
A change in the oxidative stress level was observed 
in the antcin C-treated cerebral haemorrhage injured 
rats, as shown in Figure 3B. The percentages of MDA 
and ROS production were more enhanced in the 
serum of the negative control group than in that of 
the sham-operated group. Moreover, the reduction 
in the percentage of ROS and MDA was greater in 
the serum of the antcin C group than in the negative 
control group.

Antcin C ameliorates mRNA expression 
of TLR-4 and IRAK4

The effects of antcin C on the mRNA expres-
sion of TLR-4 and IRAK4 in the cerebral tissues 
of cerebral haemorrhage injured rats were deter-
mined using qRT-PCR. mRNA expression of TLR-4  
and IRAK4 was enhanced significantly in the cere-
bral tissue of the negative control group compared 
with the sham-operated group. The mRNA expres-
sion of TLR-4 and IRAK4 was reduced in the cerebral 

Fig. 3. Antcin C ameliorates the altered level of biochemical parameters in cerebral haemorrhage injured 
rats. A) Antcin C ameliorates altered level of inflammatory cytokines such as IL-1β, IL-8, and TNF-α; B) Ant-
cin C ameliorates altered level of oxidative stress parameters such as ROS and MDA. Mean ± SEM (n = 10), 
@@p < 0.01 vs. sham group, **p < 0.01 vs. negative control group.
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Fig. 4. Antcin C ameliorates altered mRNA expres-
sion of TLR-4 and IRAK4 in the cerebral tissues of 
cerebral haemorrhage injured rats. Mean ± SEM 
(n =10), @@p < 0.01 vs. sham group, **p < 0.01 vs. 
negative control group.
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tissue of the antcin C-treated group compared with 
the negative control group (Fig. 4).

Antcin C ameliorates altered expression 
of TLR-4, IRAK4, and ZO-1 proteins

The effects of antcin C on the expression of ZO-1, 
TLR-4, and IRAK4 proteins in the cerebral tissues of 
cerebral haemorrhage injured rats was estimated 
using a Western blot assay. The results revealed great-
er enhancement of the expression of TLR-4 and IRAK4 
proteins and reduction in the expression of ZO-1 pro-
teins in the cerebral tissue of the negative control group 
than in the sham-operated group. Furthermore, treat-
ment with antcin C ameliorated the altered expression 
of ZO-1, TLR-4, and IRAK4 proteins in the cerebral tis-
sues of cerebral haemorrhage injured rats (Fig. 5).

Antcin C ameliorates histopathological 
changes in brain tissue

Figure 6 presents the histopathological changes in 
the brain tissue of antcin C-treated cerebral haemor-
rhage rats by H&E staining. Brain tissue sections from 

Fig. 6. Antcin C ameliorates histopathological changes in the cerebral tissues of cerebral haemorrhage 
injured rats.
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Fig. 5. Antcin C ameliorates the altered expression of ZO-1, TLR-4, and IRAK4 proteins in the cerebral tis-
sues of cerebral haemorrhage injured rats. Mean ± SEM (n = 10), @@p < 0.01 vs. sham group, **p < 0.01 vs. 
negative control group.

the sham-operated group appeared normal, whereas 
the brain tissues of the cerebral haemorrhage group, 
i.e., the negative control group, exhibited nuclear and 
cytoplasmic vacuolation in the white matter and cor-
tex. Moreover, the neurocytes were unconsolidated 
and disordered. However, treatment with antcin C 
ameliorated these pathological changes in the brain 
tissues of cerebral haemorrhage injured rats.

Discussion

Cerebral haemorrhage, a type of stroke that 
occurs due to blood vessel rupture in the brain, is 
one of the major causes of mortality throughout the 
world. Conventional treatment has several limita-
tions, so there is a need for the development of new 
therapies for the management of cerebral haemor-
rhage. This study investigated the protective effects 
of antcin C against cerebral haemorrhage injury. The 
neurological score and volume of cerebral injury 
were assessed to determine the effects of antcin C.  
These effects were estimated by ELISA based on 
oxidative stress and mediators of inflammation in 

Sham Negative control Antcin C 50 mg/kg Antcin C 100 mg/kg
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the serum, and qRT-PCR was used to estimate the 
mRNA expression of TLR-4 and IRAK4 proteins in the 
cerebral tissue of cerebral haemorrhage injured rats. 
Western blot assay and histopathology were also 
performed for the cerebral haemorrhage injured rats.

Previous research has shown that neuronal dam-
age is induced by activation of the inflammatory cas-
cade due to pro-inflammatory molecules [6]. Micro- 
glia are supporting cells that play an important role 
as immune cells of the CNS [14]. In cerebral haemor-
rhage, activation of the inflammatory pathway occurs 
due to over-activation of the microglia. Moreover, acti-
vation of microglia cells is regulated by several intra-
cellular signalling and transcription factors. Oxidative 
stress reportedly plays an important role in the activa-
tion of the inflammatory cascade [15], and the results 
of the present study suggest that antcin C treatment 
reduces the level of oxidative stress and inflamma-
tory mediators in the serum of cerebral injured rats.

The production of cytokines and the NF-κB sig-
nalling pathway are activated through activation of 
TLR-4, which belongs to the Toll-like receptor family 
[4]. These changes stimulate innate immunity, and 
previous studies have revealed that LPS, which is 
produced by Gram-negative bacteria, activates TLR-4  
[19]. The results of the present study suggest that 
treatment with antcin C significantly reduced the 
expression of TLR-4 and IRAK4 proteins in cerebral 
haemorrhage injured rats. ZO-1, commonly called 
tight junction protein 1, alters the integrity of the 
blood-brain barrier, and it has been observed in cere-
bral haemorrhage-like pathological conditions [11]. 
This is involved in further contributions to second-
ary injury in cerebral haemorrhage. The integrity of 
the blood-brain barrier is reportedly maintained by 
enhancing the expression of ZO-1 [8]; data from the 
present study support this conclusion.

Conclusions

In conclusion, the results of this investigation 
reveal that treatment with antcin C protects the cer-
ebellum against cerebral haemorrhage by controlling 
neuronal injury through the TLR-4 pathway.
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