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Abstract Chondrocyte apoptosis is closely related to the

development and progression of osteoarthritis. Ginsenoside

Rg1 protects cells by antagonizing apoptosis. This study

aimed to investigate the protective effect of Rg1 on inter-

leukin 1b (IL-1b)-induced chondrocyte apoptosis and the

underlying molecular mechanisms. Chondrocytes were

harvested from the joints of 1-week-old Sprague–Dawley

rats. After treated with 10 lg/mL Rg1 for 2 h, the chon-

drocytes were cultured with 10 ng/mL IL-1b to induce

cytotoxicity. Cell viability was assessed with MTT assays.

Annexin V/propidium iodide staining and terminal

deoxynucleotidyl transferase dUTP nick-end labeling were

used to detect chondrocyte apoptosis. The contents of total

Akt, phosphorylated Akt (p-Akt), Bcl-2, Bax, and cyto-

chrome C (Cyt c) were determined by Western blotting

assay. A quantitative colorimetric assay was used to

determine caspase-3 activity. Our present findings have

shown that pre-treatment of chondrocytes with Rg1 reduces

IL-1b induced cytotoxicity/apoptosis. Rg1 pretreatment

also decreases the activity of IL-1b that reduces expression

of Bcl-2 and level of p-Akt, and increases Bax activity, Cyt

c release, and caspase-3 activation. It also reverses the

activity of IL-1b that reduces the expression of tissue

inhibitor of metalloproteinase-1 expression and increased

the synthesis of matrix metalloproteinase-13, with the net

effect of inhibiting extracellular matrix degradation. These

results indicate that Rg1 may protect chondrocytes from

IL-1b-induced apoptosis via the phosphatidylinositol

3-kinase/protein kinase B signaling pathway, through pre-

venting caspase-3 release.
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Introduction

Osteoarthritis (OA) is a degenerative disease characterized

by the progressive loss of articular cartilage and destruction

of cartilage matrix. Pro-inflammatory cytokines such as

interleukin-1b (IL-1b) play an important role in promoting

OA lesions by inducing chondrocytes to secrete matrix

metalloproteinases (MMPs), which degrade the extracel-

lular matrix [1] and facilitate chondrocyte apoptosis [2].

Reported studies have shown that chondrocyte loss and

cartilage tissue degeneration induced by excessive chon-

drocyte apoptosis are among the main causes of OA [3].

Apoptosis is an autonomous programmed cell death

process regulated by multiple signaling pathways. One of

the important pathways during the apoptotic process

involves in the activation of caspase-3, and then induces

hydrolysis of nucleic acids and cytoskeletal proteins [4].

In vitro studies have confirmed that caspase-3 activity is

significantly increased in IL-1b-induced chondrocyte

apoptosis [5]. Importantly, caspase-3 is activated by cyto-

chrome c (Cyt c) that is induced by apoptotic signals [6, 7].

These signaling events are set in motion by the pro-apop-

totic protein Bax, a member of the Bcl-2 family, which

migrates to the mitochondrial membrane and induces Cyt
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c release. Therefore, inhibiting the mitochondrial pathway

that can activate caspase-3 is of major importance for cell

apoptosis inhibition. This can be achieved by Bcl-2 via

binding to and inhibiting Bax [8].

The phosphatidylinositol 3-kinase/protein kinase B

(PI3K/Akt) signaling pathway is considered important for

inhibiting chondrocyte apoptosis [9]. Phosphorylated PI3K/

Akt promotes Bcl-2 release in chondrocytes, thus inhibiting

Bax activity and preventing cell apoptosis [10, 11].

Therefore, PI3K/Akt signaling may effectively reduce

mitochondrial pathway-induced cell apoptosis.

Ginsenoside is a medicinal ingredient extracted from

ginseng, and Rg1 is among the most important and active

ingredients in various ginsenosides. It was recently dem-

onstrated that Rg1 protects against neuronal apoptosis

induced by 6-hydroxydopamine (6-OHDA), hydrogen

peroxide, and b-amyloid [12–14]. Further studies revealed

that PI3K/Akt signaling is an important neuroprotective

mechanism of Rg1 [12, 15]. Others have reported that Rg3,

Bb3, and Rd, all of which have a similar structure to that of

Rg1, suppress MMP secretion and inhibit cartilaginous

matrix degeneration [16, 17]. However, it remains unclear

whether Rg1 can inhibit chondrocyte apoptosis, or reduce

cartilaginous matrix degeneration through activating PI3K/

Akt signaling.

In this study, we investigated whether Rg1 could inhibit

chondrocyte apoptosis and suppress the secretion of matrix-

degrading enzymes by in an in vitro model of rat chondro-

cyte apoptosis. We also explored the mechanism of the

protective role of Rg1 on chondrocytes by studying changes

in PI3K/Akt and mitochondrial signaling pathways.

Materials and methods

Collection, isolation, and culture of rat articular

chondrocytes

The cartilage of 1-week-old Sprague–Dawley rats was

harvested and minced before being digested with 0.25 %

trypsin (Gibco, Grand Island, NY, USA). The trypsin was

then removed, and the cartilage was washed with phos-

phate-buffered saline (PBS) three times, after which 0.2 %

collagenase II (Gibco) was added for digestion at 37 �C for

4–5 h. A 200-lm mesh strainer was used to filter the above

solution, and the cells were collected by centrifugation.

The cells were then cultured in Dulbecco’s modified

Eagle’s medium (DMEM)-F12 medium (Gibco) supple-

mented with 10 % fetal bovine serum (Gibco) and 1–2 %

penicillin/streptomycin (Hangzhou Sijiqing Biological

Engineering Materials Co., Ltd, Hangzhou, China) and

incubated with 5 % CO2 at 37 �C. The F1 generation of

chondrocytes was used for the experiments in this report.

Experimental grouping

The cells were divided into seven groups and treated with

Rg1 in following concentrations: 0, 0.001, 0.01, 0.1, 1, 10,

or 100 lg/mL. MTT [3-(4,5-dimethylthiazol -2-yl)-2,5-

diphenytetrazolium bromide] assays were performed 72 h

after incubation.

To investigate the protective effect of Rg1 on IL-1b-

induced cytotoxicity, cells were incubated with Rg1 for

2 h, after which 10 ng/mL IL-1b was added. Cells in the

control group were cultured without any treatment. The

MTT assay was performed to detect cell viability after

72 h.

For flow cytometry and TUNEL experiments, the cells

were divided into five groups: control, cells were cultured

without any treatment; IL-1b, cells cultured for 96 h with

10 ng/mL IL-1b; Rg1 alone, cells cultured for 96 h with

10 lg/mL Rg1 without IL-1b; Rg1, cells cultured for 2 h

with 10 lg/mL Rg1 followed by 96 h with 10 ng/mL IL-

1b; and inhibition, in which the cells were incubated with

25 lmol/mL LY294002 and 10 lg/mL Rg1 for 2 h fol-

lowed by 96 h with 10 ng/mL IL-1b. For protein expres-

sion level and caspase-3 activity assay by Western blotting,

the cells were treated by IL-1b in five groups for 24 h.

MTT assay

Cell viability was assessed with MTT assays. Briefly,

chondrocytes were plated in a 96-well plate and cultured

for 12 h in serum-free DMEM. After appropriate treatment

according to the experimental grouping, cells were incu-

bated with MTT (Sigma, St. Louis, MO, USA) at a final

concentration of 0.5 mg/mL at 37 �C for 4 h. The absor-

bance of each well was determined at a wavelength of

490 nm with a reference wavelength of 630 nm using a

Dynatech MR5000 plate reader (Dynatech, Chantilly, VA,

USA).

Terminal deoxynucleotidyl transferase dUTP nick-end

labeling (TUNEL) staining

TUNEL assays were performed to assess chondrocyte

apoptosis. Chondrocytes were plated in a 24-well plate and

cultured for 12 h in serum-free DMEM. After appropriate

treatment according to the experimental grouping, cell

samples were fixed with 4 % paraformaldehyde and incu-

bated with 3 % H2O2 in methanol for 10 min. Then, the

samples were incubated with 0.1 % Triton X-100 on ice for

2 min. After two washes in PBS, 50 lL mixed TUNEL

(Roche, Indianapolis, IN, USA) was added to each well for

incubation at 37 �C for 1 h. The cells were then washed

with PBS three times, after which 40,6-diamidino-2-phe-

nylindole (DAPI; Beyotime, Haimen, China) was added.
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Cells were observed under an inverted fluorescence

microscope (Olympus, Tokyo, Japan) at 2009 magnifica-

tion. Randomly selected fields were photographed, and

representative pictures were chosen to count apoptotic cells

and total cells. The rate of TUNEL-positive cells in each

field was calculated.

Protein extraction

Total protein was extracted as follows: treated samples

were collected and washed twice with pre-cooled PBS.

After the PBS was removed, protein extraction reagents

containing protease inhibitors (Beyotime) were added. The

lysate was collected and centrifuged at 14,0009g for

15 min at 4 �C. The protein-containing supernatant was

then divided and stored at -20 �C.

Mitochondrial and cytosolic proteins were extracted

according to the mitochondria isolation kit instructions

(Pierce, Rockford, IL, USA). Briefly, cells were incubated

with 800 lL mitochondria isolation reagent A and then

homogenized on ice in a Dounce homogenizer. Unlysed

cells and large debris were pelleted by centrifugation at

7009g for 10 min at 4 �C. The supernatant was further

centrifuged at 12,0009g for 15 min at 4 �C. The super-

natant (cytosolic fraction) was collected, and the pellet

(mitochondrial fraction) was lysed in 2 % CHAPS (3-[(3-

cholamidopropyl)-dimethylammonio]-1-propane sulfo-

nate) in Tris-buffered saline (TBS) (25 mM Tris, 0.15 M

NaCl, pH 7.2).

Western blotting

Protein mixtures were separated by sodium dodecyl sul-

fate-polyacrylamide gel electrophoresis and transferred to

nitrocellulose membranes. The membranes were incubated

with appropriate antibodies (Cell Signaling Technology,

Danvers, MA, USA) overnight at 4 �C. The blots were then

incubated with secondary antibody (Cell Signaling Tech-

nology) and detected using enhanced chemiluminescence.

The results were scanned using a gel imaging system (UVP

Company, Upland, CA, USA), and densitometry mea-

surements were performed with Image lab software (Bio-

Rad Laboratories, Hercules, CA, USA).

Flow cytometry

Apoptotic cell analysis was also performed after annexin V

and propidium iodide (PI) staining of the cells by flow

cytometry according to the manufacturer’s protocol (BD

PharMingen, San Diego, CA, USA). After treatment,

1 9 106 cells were harvested and washed three times with

PBS, then resuspended in binding buffer followed by

Annexin V/PI labeling at room temperature for 15 min in

the dark. The samples were analyzed using a FACScan

flow cytometer (BD Biosciences, San Jose, CA, USA).

Caspase-3 activity assay

Caspase-3 activity was measured using a caspase-3 colori-

metric assay kit (Kaiji Biological Engineering Materials

Co., Ltd, Nanjing, China) according to the manufacturer’s

instructions. Briefly, cells were collected and lysed using the

lysis buffer provided. The caspase-3 activity colorimetric

assay is based on hydrolysis of the peptide substrate acetyl-

Asp-Glu-Val-Asp-p-nitroaniline by caspase-3, resulting in

the release of p-nitroaniline moiety, which has a high

absorbance at 405 nm that was detected by a plate reader.

Caspase-3 activity in the experimental groups was normal-

ized to the control group.

Statistical analysis

Data were analyzed using SPSS 18.0 statistical software

(SPSS Inc., Chicago, IL, USA). Results are shown as

mean ± SEM unless stated otherwise. One-way analysis of

Fig. 1 Effect of Rg1 on chondrocyte viability and IL-1b-induced

damage. The viabilities of cells in different treatment groups were

assessed using MTT assay. a Cells were treated with 0.001, 0.01, 0.1,

1, 10, or 100 lg/mL of Rg1 for 72 h, and cells in the control group

were cultured without any treatment. b Rg1 (0, 0.001, 0.01, 0.1, 1, 10,

or 100 lg/mL) was added for 2 h prior to 72-h treatment with 10 ng/

mL IL-1b. All data are shown as mean ± SEM obtained from five

separate experiments performed in triplicate. *Statistically significant

difference (P B 0.05) versus the IL-1b group. #Statistically signifi-

cant results (P B 0.05) versus control
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variance followed by Dunnett’s multiple comparisons and

Student’s unpaired t tests were used for the statistical

analyses. P \ 0.05 was considered statistically significant.

Results

Effect of Rg1 on chondrocyte viability and

IL-1b-induced damage

To study whether Rg1 has any potential cytotoxic effect on

chondrocytes, we used MTT assays to examine the cell

viability upon Rg1 treatment. Cells were cultured with Rg1

in the following series of concentration: 0, 0.001, 0.01, 0.1,

1, 10, or 100 lg/mL. The cytotoxic effect of Rg1 was

detected at 72 h after incubation. There were no significant

differences in absorbance among the treated groups

(Fig. 1a), indicating that Rg1 had no detectable cytotoxic

effects on chondrocytes at the above concentrations

(P [ 0.05).

We then studied the protective effect of Rg1 on IL-1b-

induced cytotoxicity. Cells were pretreated with Rg1 (0,

0.001, 0.01, 0.1, 1, 10, or 100 lg/mL) for 2 h, followed by

incubation with 10 ng/mL IL-1b. MTT assays were per-

formed 72 h later. Cell viability was significantly

decreased by IL-1b (Fig. 1b), and IL-1b-induced cell

damage was visibly reduced by the addition of Rg1 with its

concentration in the range of 1, 10, or 100 lg/mL

(P \ 0.05). The protective effect in the three concentra-

tions of Rg1 has no significant difference, although the

group with 10 lg/mL of Rg1 has shown relatively stronger

effect (Fig. 1b). Thus, 10 lg/ml of Rg1 was used in the

following experiments.

Antagonistic effect of Rg1 on chondrocyte apoptosis

To study whether IL-1b induced cytotoxicity was mediated

by apoptotic process, we used TUNEL and flow cytometry

assays to assess chondrocyte apoptosis. Chondrocytes were

pre-treated with Rg1 (10 lg/mL) with or without LY294002

for 2 h before adding IL-1b (10 ng/mL) to treat the cells for

96 h. For a negative control group without Rg1 pretreat-

ment, the cells were treated with IL-1b alone and cultured

for 96 h. As shown in Fig. 2a, bright green apoptotic cells

with condensed chromatin were observed using DAPI and

TUNEL staining. The results showed that IL-1b signifi-

cantly increased the percentage of TUNEL-positive cells

compared to that in the control group (P \ 0.05). Figure 2b

showed that pretreatment with 10 lg/mL Rg1 significantly

reduced the percentage of IL-1b induced apoptotic chon-

drocytes. Flow cytometry after annexin V/PI staining was

also used to detect chondrocyte apoptosis. The trend of the

results was consistent with that of TUNEL staining. The

percentage of apoptotic chondrocytes in the Rg1 pretreated

groups was significantly decreased compared to that in the

IL-1b alone group (P \ 0.05) (Fig. 2a).

Rg1 reduced IL-1b-induced chondrocyte apoptosis

via PI3K/Akt signaling

To further investigate the molecular mechanism through

which Rg1 protects chondrocytes from IL-1b-induced

apoptosis, Western blot analyses were performed to study

changes in PI3K/Akt signaling. As shown in Fig. 3, p-Akt

levels were significantly decreased after 24 h with IL-1b
stimulation compared to the control group (P \ 0.05).

Notably, 2 h pretreatment with 10 lg/mL Rg1 significantly

increased p-Akt expression in IL-1b-stimulated chondro-

cytes (P \ 0.05). Total Akt levels were unchanged.

To further explore the effect of PI3K/Akt signaling in

Rg1-mediated protection of IL-1b-induced chondrocyte

apoptosis, the PI3K-specific inhibitor LY294002 was

added together with Rg1. LY294002 blocked the Rg1

mediated increase of p-Akt (Fig. 3), and also reduced the

Rg1 suppression on chondrocyte apoptosis induced by IL-

1b (Fig. 2a, b). No direct effect of Rg1 on Akt phosphor-

ylation was detected. Collectively, these results support the

hypothesis that the protective effects of Rg1 may be

achieved via enhanced PI3K/Akt signaling.

Rg1 protects against IL-1b-induced chondrocyte

apoptosis by inhibiting the mitochondrial apoptosis

pathway and reducing caspase-3 activation

To explore the role of the mitochondrial apoptosis pathway

on Rg1-mediated protection against IL-1b-induced chon-

drocyte apoptosis, expression levels of the Bcl-2 family

proteins Bcl-2 and Bax were detected with Western blot-

ting analysis. As shown in Fig. 4a, compared to control

cells, expression of the anti-apoptotic protein Bcl-2 was

significantly reduced while that of Bax was significantly

increased in the IL-1b group (P \ 0.05). Similar results

were obtained in cells pretreated with LY294002 and Rg1

before IL-1b (P \ 0.05) (Fig. 4a). When 10 lg/mL Rg1

was added prior to IL-1b, Bcl-2 expression was signifi-

cantly higher than that in the IL-1b group and Bax

expression was significantly lower (P \ 0.05) (Fig. 4a). In

addition, we investigated Cyt c release from mitochondria

into the cytosol. Figure 4a shows that after IL-b stimula-

tion, significantly increased Cyt c was released compared

to the control group (P \ 0.05), and this release was

obviously reduced by the addition of Rg1 (P \ 0.05). To a

certain extent, LY294002 blocked the inhibitory effect of

Rg1 on IL-1b-mediated Cyt c release. Cells treated with

Rg1 alone did not show any change in these signals com-

pared to control.
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A caspase-3 fluorometric assay kit was used to detect

changes in caspase-3 activity. Rg1 treatment alone did not

affect the caspase-3 activity. However, as shown in Fig. 4b,

addition of Rg1 significantly inhibited IL-1b induced

caspase-3 activation, suggesting that it may protect chon-

drocyte apoptosis. This effect was partly attenuated by

LY294002, indicating that Rg1 exerts its effects via

increased PI3K/Akt signaling.

Fig. 2 Antagonistic effect of Rg1 on chondrocyte apoptosis. Chon-

drocytes were treated with 10 lg/mL of Rg1 with or without

LY294002 for 2 h prior to 96-h treatment with 10 ng/mL IL-1b.

a Annexin V/PI staining and flow cytometry assays, and b TUNEL

labeling and DAPI staining were employed to assess chondrocyte

apoptosis. All data are mean ± SEM obtained from five separate

experiments performed in triplicate. *Statistically significant differ-

ence (P B 0.05) versus cells subjected to IL-1b treatment alone.
#Statistically significant difference (P B 0.05) versus control

Fig. 3 Rg1 reduced IL-1b-induced chondrocyte apoptosis via PI3K/

AKT signaling. Chondrocytes were treated with 10 lg/mL Rg1 or

10 lg/mL Rg1 ? LY294002 for 2 h before 24-h IL-1b (10 ng/mL)

treatment. Total Akt and p-Akt were detected by western blot. p-Akt

levels were normalized to Akt levels. The histograms show the fold

change compared with control. All data are shown as mean ± SEM

obtained from five separate experiments performed in triplicate.

*Statistically significant difference (P B 0.05) versus cells treated

with IL-1b alone. #Statistically significant difference (P B 0.05)

versus control
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Fig. 4 Protective effect of Rg1 against IL-1b-induced chondrocyte

apoptosis via mitochondrial apoptosis pathway inhibition and caspase-

3 activation reduction. Chondrocytes were treated with 10 lg/mL Rg1

or 10 lg/mL Rg1 ? LY294002 for 2 h prior to 24-h treatment with

10 ng/mL IL-1b. a Bcl-2, Bax, and Cyt c were detected with western

blots. b-tubulin was used as internal reference for Bcl-2, Bax, and

cytoplasmic Cyt c, and COX IV was used as the internal reference for

mitochondrial Cyt c. Bcl-2, Bax, and Cyt c contents were normalized to

b-tubulin and COX IV. Histograms show the fold change of each group

compared with control. b Changes in caspase-3 activity were measured

by spectrophotometry. The data are shown as mean ± SEM obtained

from five separate experiments performed in triplicate. *Statistically

significant difference (P B 0.05) versus cells treated with IL-1b alone.
#Statistically significant difference (P B 0.05) versus control
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Rg1 promoted tissue inhibitor of metalloproteinase-1

(TIMP-1) expression and inhibited matrix

metalloproteinase-13 (MMP-13) synthesis

The balance between TIMP and 1–MMP-13 is vital for

appropriate synthesis and degradation of the extracellular

matrix of chondrocyte and hence their viability. To

examine whether the protective effect of Rg1 pretreatment

was due to the regulation of the balance of two proteins, we

examined their expression level with above experimental

system. As shown in Fig. 5, Western blotting assay

revealed that, compared to the IL-b group, Rg1 pretreat-

ment significantly promoted TIMP-1 expression and

inhibited IL-1b-induced MMP-13 secretion. Again,

LY294002 partially blocked the effects of Rg1 (Fig. 5),

indicating that PI3K/Akt signaling was involved in the Rg1

regulated protein expression. Consistently, no direct effect

of Rg1 on TIMP-1 and MMP-13 expression was detected.

Discussion

Ginsenoside Rg1 has shown therapeutic effect on nervous

system diseases and cardiovascular diseases [14, 18].

However, the effects of Rg1 in OA have not yet been

reported. Our present findings indicate that pre-treatment

with Rg1 in IL-1b induced apoptosis of chondrocyte

promotes Bcl-2 expression, inhibits Bax activity, and

reduces both Cyt c release and caspase-3 activation. It also

enhanced TIMP-1 expression and inhibited MMP-13 syn-

thesis, with the net effect of inhibiting extracellular matrix

degradation. These effects by Rg1 are partially mediated

via enhanced PI3K/Akt signaling.

Pro-inflammatory cytokines such as IL-1b can induce

chondrocyte apoptosis in rats and humans, and this is

closely related to the occurrence and development of OA

[19]. Previous studies have demonstrated that Rg1 effec-

tively reduces the pain response caused by IL-1b and

regulates IL-1b-induced changes in feeding behaviors,

indicating that Rg1 may inhibit IL-1b-induced biological

effects [20, 21]. Gong et al. [22] and Yan et al. [23]

reported that Rg1 antagonized b-amyloid induced apopto-

sis of hippocampal neurons and endothelial cells. The

present study provides first hand evidence that Rg1 (10 lg/

mL) significantly reduced IL-1b-induced chondrocyte

apoptosis and thus Rg1 may play a protective role against

IL-1b related occurrence and development of OA.

Earlier studies have indicated that the PI3K/Akt path-

way promoted chondrocyte survival and extracellular

matrix synthesis [9, 24]. Further studies also confirmed that

inhibited Akt phosphorylation was an important mecha-

nism of 4-hydroxynonenal-induced chondrocyte apoptosis

and that LY294002 blocked the effect of insulin-like

growth factor-1 and caused a significant increase in

Fig. 5 Rg1 promoted TIMP-1

expression and inhibited MMP-

13 synthesis. Chondrocytes

were treated with 10 lg/mL

Rg1 and 10 lg/mL

Rg1?LY294002 for 2 h prior to

24-h treatment with 10 ng/mL

IL-1b. TIMP-1 and MMP-13

expressions were detected by

western blot, and b-tubulin was

used as the internal reference.

TIMP-1 and MMP-13 contents

were normalized to b-tubulin.

Histograms show the fold

change compared with control.

All data are shown as

mean ± SEM obtained from

five separate experiments

performed in triplicate.

*Statistically significant

difference (P B 0.05) compared

with cells treated with IL-1b
alone. #Statistically significant

difference (P B 0.05) compared

with control
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chondrocyte apoptosis [11, 25]. In this study, we found that

pretreatment of Rg1 reverse the effects of IL-1b on Akt

phosphorylation inhibition and chondrocyte apoptosis.

Furthermore, the anti-apoptotic effect of Rg1 was signifi-

cantly decreased by the PI3K-specific inhibitor LY294002.

Both findings were consistent with the published work.

Therefore, the collective evidence indicates that PI3K/Akt

signaling is an important molecular target of OA and that

Rg1 may have a potential therapeutic role via this signaling

pathway.

The release of Cyt c due to decreased mitochondrial

function can lead to a series of signaling cascades culmi-

nating in chondrocyte apoptosis in OA. An appropriate

Bcl-2/Bax balance is a key to mitochondrial function [26].

P-Akt can activate one of its downstream substrates, Bad,

which depolymerizes with Bcl-2, resulting in the release of

Bcl-2 and subsequent inhibition of apoptosis [27]. Lee

et al. [10] found that Clematis mandshurica promoted Akt

phosphorylation and inhibited Bad activity, which

increased the Bcl-2/Bax ratio and inhibited chondrocyte

apoptosis. Our present results demonstrated that Rg1 pre-

treatment on IL-1b induced apoptosis increased the Bcl-2/

Bax ratio and inhibited Cyt c release from mitochondria to

the cytosol, indicating that Rg1 may decrease mitochon-

drial permeability in chondrocytes to inhibit Cyt c release

and block IL-1b induced apoptosis. Interestingly, a previ-

ous work in vascular endothelial cells revealed that the

ginseng extract Rg3 inhibited cell apoptosis by activating

the Akt/Bad pathway with decreased Bcl-2/Bax ratio [28],

suggesting that different ginsenoside components exert

different anti-apoptotic mechanisms.

Caspase-3 is a member of the downstream Cyt c sig-

naling pathway and the most important executor of cell

apoptosis. One previous study reported that 17b-estradiol

activated the PI3K/Akt pathway and inhibited the mito-

chondrial pathway, ultimately inhibiting caspase-3 activa-

tion and chondrocyte apoptosis [29, 30]. Therefore,

inhibition of caspase-3 activation may be the key to

decrease chondrocyte apoptosis. Our work here indicated

that Rg1 can maintain mitochondrial function and inhibit

caspase-3 activation induced by IL-1b. Supported by a

similar inhibitory role of Rg1 with another ginseng extract

Rb1 on caspase-3 activation by activating Akt [31], this

may be one of the most important anti-apoptotic mecha-

nisms for Rg1.

In addition to inhibiting chondrocyte apoptosis, drugs

used to treat OA are anticipated for promoting chondrocyte

matrix synthesis. Previous study has shown that TIMP-1

blocked MMP-13 activity and inhibited extracellular

matrix degradation [32]. Recent studies indicate that

chondrocyte expression of TIMP-1 and MMP-13 is regu-

lated by PI3K/Akt signaling [33]. The current study

revealed that Rg1 pretreatment in IL-1b induced

cytotoxicity promoted TIMP-1 expression but inhibited

MMP-13 expression. Addition of the PI3K-specific inhib-

itor LY294002 further confirmed that PI3K/Akt signaling

plays an important role during this process, a finding that is

consistent with the results reported by Zheng et al. [33].

Thus, we speculate that as a target of Rg1, Akt can both

inhibit chondrocyte apoptosis and reduce extracellular

matrix degradation.

There are several limitations to our study. Notably, all of

our experiments were performed in a cell-based in vitro

system. It remains to be determined whether equivalent

effects would be observed consistently in the in vivo model

and the patients. Furthermore, all our data were acquired

with Rg1 pretreatment experiments, which seems essential

for permitting the protective role of the compound in both

our own and reported studies [13, 34]. It would be helpful

in the future work to examine whether the pre-treated cells

have altered signaling pathway in IL-1b and other bio-

logical process in order to better prepare the cell against

apoptotic treatment.

In conclusion, our findings demonstrate that Rg1

inhibited IL-1b-induced chondrocyte apoptosis and pro-

moted TIMP-1 expression and inhibited MMP-13 expres-

sion via its effects on PI3K/Akt/mitochondrial signaling

pathways. Collectively, these results indicate that Rg1 has

a potential therapeutic role for OA treatment.
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