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 Background: Asiaticoside is one of the main functional components of the natural plant Centella asiatica urban. Studies have 
reported it has several functions such as anti-depression and nerve cell protection. Asiaticoside can reduce the 
cerebral infarct size in acute focal cerebral ischemia in a mouse model and asiatic acid glycosides can signifi-
cantly improve neurobehavioral scores. Currently, there is a lack of understanding of asiaticoside in regard to 
its neural protective mechanism in cerebral ischemia. This study aimed to solve this problem by using an isch-
emia-hypoxia cell model in vitro.

 Material/Methods: An in vitro ischemia hypoxia cell model was successfully established by primary cultured newborn rat cortical 
neurons. After being treated by asiaticoside for 24 h, cell survival rate, lactate dehydrogenase release quanti-
ty, and B-cell lymphoma gene-2 (BCL-2), Bax, and caspase-3 protein expressions was detected.

 Results: After 10 nmol/L or 100 nmol/L of asiaticoside were given to the cells, cell survival rate increased significantly 
and presented concentration dependence. Asiaticoside can reduce lactate dehydrogenase release. Lactate de-
hydrogenase release in model cells is gradually reduced with the increase of asiaticoside concentration. The 
lactate dehydrogenase release in asiaticoside 10 nmol/L group, asiaticoside 100 nmol/L group and ischemia 
hypoxia group were 26.75±1.05, 22.36±2.87 and 52.35±5.46%, respectively (p<0.05). It was also found that 
asiaticoside could modulate the expression of apoptotic factors, including bcl-2, Bax, and caspase-3.

 Conclusions: Asiaticoside helps to protect in vitro ischemia hypoxia neurons. This nerve cell protection may be mediated by 
the BCL-2 protein.
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Background

Centella asiatica urban, also known as Centella asiatica, is 
a type of Zhuang medicine that originated from Guangxi, 
China. Clinically, Centella asiatica urban is used in the treat-
ment of diseases such as epidemic cerebrospinal meningi-
tis [1]. At present, there were more than 20 kinds of Centella 
worldwide, mainly distributed in tropical and subtropical re-
gions. In 1971, Chasseaud et al. [2] identified asiaticoside as 
one of the main functional components of the natural plant 
Centella asiatica by chemical refining [1–3]. Since then, some 
experiments indicated that asiaticoside may have an anti-de-
pressive effect and protect nerve cells [4]. Specifically, asiati-
coside can reduce the infarct size, decrease brain water, and 
improve the corresponding neurobehavioral scores in acute 
focal cerebral ischemia in a mouse model [5]. On the other 
hand, foreign scholars reported that oral asiaticoside can pro-
mote nerve cells axon elongation in Wistar rats. Axon regener-
ation has a vital role in the recovery of neural function dam-
age. These results contribute to promote asiaticoside clinical 
application in neurological diseases [6,7]. Understanding of asi-
aticoside’s neural protective mechanism in cerebral ischemia 
has been lacking. This study aimed to investigate the mecha-
nism of the neuroprotective effect by use of an ischemia-hy-
poxia cell model in vitro.

Material and Methods

Reagents and instruments

Asiaticoside was bought from Modern Pharmaceutical Co., LTD 
(Shanghai, China); ECL chemiluminescence reagent kit was pur-
chased from Amersham; CO2 incubator was purchased from 
BD Company; and B-cell lymphoma gene-2 (BCL-2) and b-actin 
monoclonal antibodies were from Santa Cruz (USA).

Establishment of the in vitro ischemia-hypoxia neurons 
cell model

Temporal and frontal cortexes were collected from the new-
born SD rat brain in aseptic condition. The brain tissue was 
first cleaned by Neurobasal medium and cut up. After being 
screened with stainless steel mesh (5×5 mm), the tissue was 
digested by 0.25% trypsin for 10–20 min at 37°C. The digest-
ed tissue went through the stainless steel sieve again and the 
filtrate was centrifuged at 1200 r/min at 37°C for 5 min. After 
removing the nutrient solution, Neurobasal medium contain-
ing 10% fetal bovine serum (FBS) was used to make the single-
cell suspension. The cells were then seeded in a 10-mu g/ml 
poly-L-lysine-coated dish and maintained in a 5% CO2 incuba-
tor. The medium was changed every other day. Four days lat-
er, Neurobasal medium with 10% FBS was removed and the 

cells were moved to the hypoxia (1%) incubator to simulate 
hypoxia-ischemia condition for 24 h.

Grouping

The cells were randomly divided into 4 groups: 1. Normal 
control, normal cultured cortical neurons; 2. Hypoxia isch-
emia group; 3. Asiaticoside treatment group (10 nmol/L) and 
asiaticoside intervention group (100 nmol/L). Cells in the hy-
poxia incubator had different concentrations of asiaticoside 
(soluble in the medium) added and were incubated with se-
rum-free medium for 24 h.

MTT assay

We seeded 5×104 neurons into 96-well plates according to the 
experimental grouping. After cultivation for 48 h, 20-μl MTT 
solutions (5 g/L) was added to the cells and incubation was 
continued for 4 h. We added 200 μl dimethyl sulfoxide to the 
cells after removing the supernatant and were vibrated for 10 
min at low speed to make the crystals dissolve. Absorbance at 
570 nm was read by microplate reader.

Apoptosis detection

After being treated with asiaticoside for 24 h, the cells were 
fixed and stained according to the instructions of the In Situ 
Cell Death fluorescein kit. Apoptotic cells were quantified un-
der a fluorescent microscope.

Lactate dehydrogenase (LDH) test

The supernatant was collected from different groups and the 
detection was performed according to the LDH kit instructions. 
The principle of the kit is enzyme-linked immunosorbent assay 
(ELISA). Firstly, the supernatant, standard sample, and detec-
tion antibodies were added to the capture antibody pre-coated 
wells. The wells were washed with phosphate-buffered saline 
(PBS) after incubation and colored by substrate 3,3’,5,5’-tet-
ramethylbenzidine (TMB). Absorbance (OD value) at 450 nm 
wavelength was detected by microplate reader. The LDH re-
lease level from cells was expressed as the ratio against total 
LDH (cytosolic plus medium levels). All experiments were re-
peated at least 3 times.

Western blot

Total protein was separated by denaturing 15% SDS–poly-
acrylamide gel electrophoresis and transferred to PVDF mem-
brane. After being incubated with primary antibody against bax 
(1:1 000), capase-3 (1:1000) or b-actin (1:2000), and washed 
with TBST, membrane detection was performed with ECL che-
miluminescence. Antibody dilutions were 1:500 for BCL-2 and 
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1:2000 for b-actin. Protein levels were normalized to b-actin 
and changes were determined by use of a CM-2000B type bio-
medical image analysis system.

Statistical analysis

All statistical analyses were performed using SPSS17.0 soft-
ware (Chicago, IL). Numerical data are presented as mean ± 
standard deviation (SD). Differences between means were an-
alyzed using one-way ANOVA. P<0.05 was considered as sta-
tistically significant difference.

Results

The effect of asiaticoside on ischemia hypoxia cell survival

The MTT test results showed that, compared with ischemic hy-
poxia cell group, asiaticoside treatment group exhibited higher 
cell survival rate (P<0.05). Moreover, the survival rate signifi-
cantly increased following the dose augmentation. This indi-
cates that asiaticoside treatment obviously enhances the pro-
liferation capacity of ischemia-hypoxia cells (Figure 1).

Figure 1. MTT test showed ischemia-hypoxia cell survival rate.
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Figure 3. Asiaticoside effect on model cell apoptosis.
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Figure 2.  The protective effect of asiaticoside on model cell apoptosis. (A) Control; (B) ischemia hypoxia group; (C) asiaticoside 
treatment group; (D) asiaticoside intervention group. The concentration of asiaticoside was 10 nM in C and 100 nM in D.
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The effect of asiaticoside on LDH release in the ischemia-
hypoxia cell model

Lactate dehydrogenase release in model cells gradually reduced 
with the increase of asiaticoside concentration. The lactate de-
hydrogenase release in asiaticoside 10 nmol/L group, asiati-
coside 100 nmol/L group, and ischemia-hypoxia group were 
26.75±1.05, 22.36±2.87 and 52.35±5.46%, respectively (P<0.05).

The effect of asiaticoside on ischemia hypoxia cell 
apoptosis

As shown in Figures 2 and 3, cell apoptosis rates in the isch-
emia-hypoxia group increased significantly to 39.87±2.87%. 
After different concentrations of asiaticoside treatment, the 
cell apoptosis rate reduced markedly, with gradually increased 
of asiaticoside concentration, at 22.53±4.98% in the asiatico-
side treatment group (10 nmol/L) and 18.87±2.32% in the asi-
aticoside intervention group. The apoptosis rate in the normal 
group was 1.01±0.43%, and the data were statistically signif-
icant (P<0.05).

The effect of asiaticoside on bcl-2, bax and caspase-3 
protein expression

Compared with normal neurons, bcl-2 protein expression de-
creased significantly in ischemia-hypoxia cells, while bax and 
caspase-3 expressions increased. After asiaticoside treat-
ment, however, cytosolic bcl-2 expression was increased while 
bax and caspase-3 expression was significantly suppressed 
(P<0.05, Figure 4).

Discussion

In recent years, many studies have confirmed that asiatico-
side has various pharmacological effects and that it also ex-
hibited functions in cardiovascular and cerebral ischemia pro-
tection [8–16].

Our results suggest that asiaticoside has a protective effect 
on ischemia-hypoxia neural cells in vitro. In addition, MTT test-
ing found that asiaticoside application in vitro can increase the 
ischemia-hypoxia nerve cell survival rate and reduce cell apop-
tosis, which may associated with asiaticoside concentration.

The integrity of the neuron membrane is damaged under the 
ischemia-hypoxia condition, resulting in large release of lactate 
dehydrogenase. The increased lactate dehydrogenase content in 
cell supernatant shows that it may be related to the cell mem-
brane lipid peroxidation caused by ischemia-hypoxia. Lactate 
dehydrogenase detection found that asiaticoside can inhibit 
lactate dehydrogenase release by ischemia hypoxic cells. Our 

results further confirmed that asiaticoside may inhibit mem-
brane lipid peroxidation, thereby reducing neuron necrosis.

Our Western blot results confirmed that asiaticoside can in-
crease BCL-2 protein expression. BCL-2 belongs to a mem-
brane protein that is coded by BCL-2 proto-oncogenes [17] to 
promote cell survival [18]. Numerous in vitro [19] and in vivo 
experiments [20,21] proved that the BCL-2 protein is a key 
apoptosis regulatory factor and acts as a switch for apopto-
sis and can prevent cell apoptosis. Apoptosis refers to a type 
of programmed cell death in certain physiological and path-
ological conditions, in order to keep the body’s internal envi-
ronment stable. Apoptosis is regulated by multiple genes and 
proteins, and Bcl-2 is the first gene identified to be related to 
apoptosis. In vitro experiments demonstrated that Bcl-2 plays 
an important regulatory role by adjusting mitochondrial out-
er membrane permeability and integrity. Bcl-2 embedded on 
mitochondrial membranes regulate related intracellular mol-
ecules, such as the release of cytochrome C and other apop-
tosis-induced proteins, finally inhibiting cell apoptosis [16,17]. 

Figure 4.  Western blot of protein expression in ischemia-hypoxia 
cells. (A) shows bcl-2 protein expression; (B) shows bax 
and caspase-3 protein expression.
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BCL-2 protein is also an important marker for nerve cell apop-
tosis in an ischemic animal model [20,21].

Our results confirmed that the ischemia-hypoxia model can re-
duce BCL-2 protein expression and lead to decreased cell sur-
vival, which is similar with previous reports. However, we also 
found that the application of asiaticoside can up-regulate BCL-
2 protein expression, thus increasing the survival rate of nerve 
cells. The abovementioned experiments further confirmed the 
protective effect of asiaticoside on ischemia and hypoxia neu-
rons, and this protection may be related to the regulation of 
the BCL-2 protein [16,17].

In contrast, as a member of the bcl-2 gene family, bax is known 
to be closely related to cell apoptosis because it can bind with 
bcl-2 protein to form a complex. The over-expression of bax 
can facilitate the apoptosis. Caspase-3, on the other hand, is 
a hallmark molecule of the death receptor-inducing apoptotic 
pathway. Our study showed that asiaticoside can up-regulate 
the expression of bcl-2 protein and down-regulate the expres-
sion of bax and caspase-3 proteins. These data confirmed that 
asiaticoside plays a role in nerve cell apoptosis.

In 2006, Western medicine found that asiaticoside can improve 
the body’s resistance to various nonspecific stimulations and 
that it has an antidepressant effect [14]. Subsequently, scientists 
focused on asiaticoside’s role in neural field. Recent animal [13] 
and cell experiments [11,12] showed that asiaticoside may also 
improve memory and protect nerve cells [15]. It was also re-
ported that it has the ability to selectively dilate blood vessels, 
and can prevent the formation of cerebral thrombus [14,15]. 
Recent animal experiments presented that asiaticoside treat-
ment of the acute cerebral ischemia mice model for 3 consec-
utive days can obviously improve the mouse behavior status 
after ischemia. It can narrow the ischemic area and obviously 
alleviate brain tissue water content, cerebral index, and cere-
bral infarction volume in acute cerebral ischemia (P<0. 01) [5]. 
The nerve-protective effect of asiaticoside on acute focal cere-
bral ischemia mice revealed its potential medicinal value for al-
leviating acute cerebral ischemia. Our in vitro experiments also 

confirmed the view of recent animal reports [5]. Furthermore, 
our research also found that under the in vitro ischemia hypoxia 
condition, the nerve-protective effect of asiaticoside is dose-de-
pendent. Larger doses of asiaticoside have stronger nerve pro-
tective effects and can improve the survival rate. Further clin-
ical experiments are needed to explore the adverse effects of 
asiaticoside in large doses. Finding a safe and effective dose 
will help asiaticoside play a positive role in stroke.

Recent studies have shown that asiaticoside can alleviate 
hippocampal neuron damage by improving the anti-oxidative 
stress and inhibiting neuronal anti-inflammatory effects [7]. 
We found that the key apoptosis regulator BCL-2 protein is 
regulated by asiaticoside in vitro. Our experimental results 
suggest that an antiapoptotic effect is also one of the mech-
anisms by which asiaticoside acts.

Certain limitations and weakness exist in the current study; 
however, only explored the in vitro protective effect of asiati-
coside in cultured ischemia-hypoxia rat neurons, without fur-
ther explanation in in vivo models. A future plan therefore will 
be the application of asiaticoside in cerebral ischemia model 
animals to elucidate the clinical effect of this traditional med-
icine. The adverse effects of asiaticoside are currently poorly 
understood. In subsequent research, we plan to explore the 
adverse effects of asiaticoside in animals to provide informa-
tion for clinical trials.

Conclusions

Our results further prove that asiaticoside has good nerve-pro-
tective effects in vitro. It can increase the survival rate of isch-
emia-hypoxia neurons, with some degree of concentration de-
pendence. This effect may be mediated by the bcl-2, bax, and 
caspase-3 proteins. In recent years, following research on asi-
aticoside’s pharmacological effects on nerves, it was found 
asiaticoside protectives neurons, inhibits neuron apoptosis, 
and improves memory. We believe it will play a greater role 
in stroke treatment, with broad prospects for development.
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