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Abstract
Background/Aims: Cajaninstilbene acid (3-hydroxy-4-prenyl-5-methoxystilben-2 -carboxylic 
acid, CSA), a natural stilbene isolated from the leaves of Cajanus cajan, has attracted considerable 
attention for its wide range of pharmacological activities. This study investigated whether CSA 
protects against corticosterone (CORT)-induced injury in PC12 cells and examined the potential 
mechanisms underlying this protective effect. Methods: Cell viability and cytotoxicity were 
detected using a 3-(4,5-desethyithiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
and a lactate dehydrogenase (LDH) assay kit, respectively. PC12 cell apoptosis was measured 
using Hoechst 33342 staining and a DNA fragmentation assay kit, and intracellular Ca2+ 

transition pores (mPTPs) and mitochondrial membrane potentials (
a colorimetric mPTP detection kit and a 5,5’,6,6’-tetrachloro-1,1’,3,3’- tetraethylbenzimidazolyl-
carbocyanine iodide (JC-1) kit, respectively. Finally, cytochrome c, caspase-3 and inhibitor of 
caspase-activated deoxyribonuclease (ICAD) expression levels were monitored by western blot 
analysis. Results: 
CSA dose-dependently increased cell viability and decreased LDH release as well as CORT-
induced apoptosis. Mechanistically, compared with the CORT-treated group, CSA strongly 
attenuated intracellular Ca2+ overload and restored mitochondrial functions, including mPTPs 
and 
and the blockage of caspase-3 activity were observed upon CSA treatment. Conclusions: In 

be attributed to the cytoprotection of neurons and that such neuroprotective mechanisms are 
correlated with intracellular Ca2+ homeostasis and mitochondrial apoptotic pathways.
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Introduction

Glucocorticoids are steroid hormones produced by the adrenal cortex and are critical 
for the regulation of development, metabolism and immune function [1]. However, high 
levels of corticosterone (CORT), a principal glucocorticoid, can cause pathological damage to 
hippocampal neurons both in vitro and in vivo [2, 3] and can induce depression-like behaviour 
in animals, which can be reversed by treatment with antidepressants [4, 5]. Thus, drugs that 
can inhibit CORT-induced neuronal damage may provide protection against depression.

Pigeon pea [Cajanus cajan (L.) Millsp.] is an important grain legume crop in semitropical 
and tropical areas of the world. Extracts of pigeon pea are commonly used to treat diabetes, 
febrifuge, dysentery, hepatitis and measles worldwide [6-8]. The active constituents of pigeon 

one of the major stilbenes found in pigeon pea, has hypoglycaemic activities [11] as well as 

Cajanus cajan

agent for neurological diseases that are associated with CORT-induced neurotoxicity. 
The differentiated rat pheochromocytoma (PC12) cell line possesses typical neuronal 

features and expresses high levels of glucocorticoid receptors. Treatment of PC12 cells with 
high concentrations of glucocorticoid induces neuronal damage that mimics that observed 
in depressive disorders. Indeed, this treatment has been used to generate an in vitro 
experimental model of depression [14-17], and this neuronal cell line has been used in a 

partially inhibited apoptosis in CORT-induced PC12 cells. Importantly, intracellular Ca2+ 
homeostasis and inhibition of the mitochondrial apoptotic pathway play major roles in this 
process.

Materials and Methods

Materials

medium (DMEM), fetal bovine serum, heat-inactivated horse serum, penicillin and streptomycin were 
 extracted from the leaves of Cajanus cajan in our 

chemicals and reagents were of analytical grade.

Cell culture and treatment 

2. Cells in the exponential phase of growth were used in all experiments. To study the neuroprotective 

Determination of cell viability via MTT assay
4  
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was added to each well. The plate was maintained  
at 37°C for 4 h. The dark blue formazan crystals 
formed within intact cells were solubilised with 

viability is expressed as a percentage of the non-
treated control.

Assessment with Hoechst 33342 

Fig. 1. Chemical structure of cajaninstilbene acid.

To further investigate the protective effect of C , Hoechst 33342, which can be used to distinguish 
between apoptotic and normal cells based on nuclear chromatin condensation and fragmentation, was  

 

treatment. The numbers of apoptotic nuclei are expressed as percentages of the total number of counted 
nuclei. 

Lactate dehydrogenase (LDH) activity assay

5

 

Plus

was transferred to a streptavidin-coated microplate and incubated with a mixture of anti-histone-biotin 

the amount of peroxidase retained in the immunocomplexes was quantitated by adding 2, 2'-azinobis 

non-treated control. 

Measurement of intracellular calcium levels
The concentration of intracellular calcium ([Ca2+]i

2+ chelator 
2+

buffer (137 M NaCl, 5 mM KCl, 1 mM MgCl2, 1.5 mM CaCl2

non-treated control.
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Determination of mitochondrial membrane potential (
Changes in 

6 

Measurement of mitochondrial permeability transition pore (mPTP) opening 
mPTP opening in CORT-treated PC12 cells was determined using the mPTP Colorimetric Detection Kit 

Western blot analyses 

C and then electrophoretically transferred to nitrocellulose 

Cellular caspase-3 activity determination

4

wavelength of 521 nm. The results are expressed as percentages of the non-treated controls. 

Statistical analyses

followed by Dunnett’s test were used to test differences between the groups. Differences were considered to 
P < 0.05

Results

CSA ameliorated CORT-induced cytotoxicity in PC12 cells
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against CORT-induced apoptosis than DIM at the same concentrations and also indicated 

(P < 0.001

induced neurotoxicity in PC12 cells by reducing LDH release.

whereas heterogeneous intensities and chromatin condensation were observed in the nuclei 

positive cells) are indicated by arrowheads in the images and were counted for statistical 

considerably compared with the control group (P < 0.001

P < 0.01, P < 0.01 and P < 0.05, respectively) 

Effect of CSA on the intracellular Ca2+ concentration in CORT-damaged PC12 cells 
Intracellular Ca2+

2+ was used 

Fig. 2. 
against CORT-induced injury in PC12 cells. 

viabilities according to LDH leakage assays. 

(n=6). ###P 
P P

-
mine.
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to represent the Ca2+

increased the concentration of intracellular Ca2+

intracellular Ca2+

Ca2+ overload induced by CORT in PC12 cells. 

CSA inhibited the loss of 

P < 0.01), indicating that CORT 
induced the depolarisation of 

Fig. 3. 
on cell apoptosis and 

corticosterone-treated 
-

presentative Hoechst 
33342 staining ima-
ges of cell apoptosis. 

Hoechst 33342 stai-
ning. The histogram 
shows the relative pro-
portions of Hoechst 
33342 stain-positive 
cells in the different 
treatment groups. Cell 

-
ted by manually coun-
ting the relative pro-
portions of Hoechst 
33342 stain-positive 
cells in the different 
treatment groups. (C) 

fragmentation. The 

Fig. 4. 2+]i in CORT-treated PC12 
 

(n = 5). ###P  
P P 

-
rone.

n=3). ###P P
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to the restoration of mitochondrial function. Therefore, we further explored mitochondrial 
mPTP opening using the calcein-cobalt quenching method and found that CORT decreased 

P < 0.001). In contrast, 

CSA modulated apoptosis-related protein expression and caspase-3 activity in CORT-
treated PC12 cells

family that regulate many of the events that lead to the cellular and biochemical changes 

Fig. 5. -

intensities (C). ### P P P 
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results are consistent with the western blot assay, which showed that various concentrations 

Discussion

Fig. 6. c, caspase 3 and 
cytoplasmic cytochrome c, cleaved 

Cytoplasmic cytochrome c data are presented as fold-

cleaved Caspase-3 data are presented as percentage compared to the Caspase-3 in each group. The data are 
presented as percentage
###P< <
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partially through (1) the antagonism of 
[Ca2+]i overloading and (2) the inhibition of 
mitochondrial-dependent apoptosis in PC12 

have not been fully elucidated to date, our 
results suggest that several mechanisms, 
either working separately or together, may 
play roles in the neuroprotective effects of 

The precise cellular mechanisms un-
derlying corticosteroid-induced neuronal 

-
stantial evidence indicates that CORT is also 
involved the deregulation of Ca2+ homeosta-
sis [25, 26]. CORT-induced apoptosis in PC12 

Fig. 7. 
induced by CORT in PC12 cells. 

-

induction of mitochondrial dysfunction, including increasing 

2+ deregulation, the abnormal opening of mPTPs and the dis-
ruption of 

It is widely accepted that neuronal degeneration after CORT administration is 
associated with the accumulation of Ca2+ in neurons. This increase in intracellular Ca2+ can 
induce mitochondrial dysfunction via the activation of mPTPs, which results in a cascade 

be mediated by the opening of mPTPs [31-33], and reductions in 

intracellular Ca2+

also caused pathological and abnormal opening of mPTPs and disruptions of 

on Ca2+

the present study was that both an increase in cytosolic Ca2+ concentration and disruption 

[Ca2+]i
Increasing evidence suggests that CORT-induced apoptosis plays a key role in the 

induction of hippocampal neuronal damage in vivo and in vitro
changes in mitochondria lead to the release of pro-apoptotic molecules, such as cytochrome 
c, from the mitochondria into the cytosol, which results in the induction of caspase-

using Hoechst 33342 staining, we observed morphological changes in PC12 cells following 

CORT administration led to an increase in cytoplasmic cytochrome c and an increase in 
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the above notions. The present in vitro results demonstrated that the neuroprotective action 

resveratrol [47], which can be attributed to its structural characteristics, such as the 

many studies have evaluated the relationship between antioxidants and the mitochondrial 

from its strong antioxidant effects, which inhibit mitochondrial apoptosis. In summary, our 

protects PC12 cells in vitro, likely through both the antagonism of [Ca2+]i overload and 

the downstream apoptosis signalling cascade or as a result of reactions upstream of the 
apoptosis cascade. 

of its antidepressant-like effects. Based on clinical and animal observations as well as our 

antidepressants. 
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