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INTRODUCTION

Artifi cial joint can reconstruct the joint function with lesions. 
However, with the widely use of artifi cial joints, revision reno-
vation gradually increased for various reasons. Many studies 
have focused on the mechanism and effective prevention of 
prosthetic loosening in order to extend the service life of pros-
theses. The main reason for aseptic loosening is wear parti-
cle-induced osteolysis. Wear particles can promote secretion 
of infl ammatory cytokines, thereby increasing the activity of 
osteoclasts. This in turn leads to bone resorption and induces 
apoptosis of osteoblasts, thus accelerating osteolysis (Haynes 
et al., 2001; Vermes et al., 2001; Crotti et al., 2004). Studies 
have revealed that wear particles can induce production of 
infl ammatory factors, such as interleukin (IL-1, IL-6) and tu-
mor necrosis factor α (TNF-α), by osteoblasts via autocrine or 
paracrine. These cytokines can result in dysfunction of osteo-
blasts, decreased bone matrix, weakened proliferation, and 
differentiation. Besides, these cytokines also have an obvious 
stimulating effect on the activity of osteoclasts, thus leading to 
osteoporosis around the prosthesis and prosthesis loosening 
(Jilka et al., 1992; Kimble et al., 1994; Pioletti et al., 1999). 
Studies have shown that Rg1 (molecular formula, C42H72O14; 
molecular structure shown in Fig. 1A), the main active ingre-
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Abstract

dient in ginsenosides, can downregulate cyclooxygenase 2 
(COX-2) expression, decrease IL-1 and IL-6 secretion, and 
reduce the infl ammatory response (Hu et al., 2006; Lahera 
et al., 2007; Li et al., 2008). However, it is not clear whether 
ginsenosides interfere with the infl ammatory response caused 
by wear particles. The aim of this study was to discuss the 
possible inhibitory action of ginsenoside Rg1 on infl ammation 
that is caused by wear particles, and provide a new theory for 
the prevention of prosthesis loosening.

MATERIALS AND METHODS 

Experimental drug
The monomer purity of ginsenoside Rg1 was greater than 

98% and prepared by AnHui WuHu Delta Medical Technology 
Co., Ltd (Batch number 2008-033). 

Main reagents and instruments
Ti particles (Beijing Nonferrous Metal Company, Beijing; av-

erage diameter, 5 μm); PGE2, TNF-α, IL-1 receptor antagonist 
(IL-1ra), and IL-6 ELISA kit (Xi Tang Corporation, ShangHai); 
TRIZOL (Invitrogen, USA); PCR primers for COX-2 and inter-
nal reference β-actin (Shanghai Boshang Biotechnology Co., 
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Fig. 1. (A) Molecular structure of ginsenoside Rg1 C42H72O14. (B) 
Osteoblasts from neonatal rats were cultured with particles. Osteo-
blasts adhered to the Ti particles (100×). (C) Alkaline phosphatase 
staining was conducted using the diazol method to observe the 
morphological characteristics of the osteoblasts, and revealed 
purple-blue particles in the cytoplasm (200×). 

Ltd.); reverse transcription kit (TaKaRa, Japan); SYBR® Pre-
mix qPCR SuperMix-UDG (Invitrogen, USA); 9600 DNA am-
plifi cation (PE Biosystems, USA); 7500 real-time quantitative 
PCR system (ABI, USA); COX-2 antibody (Abcam company, 
USA.); β-actin antibody (Cell Signaling, USA); WesternBreeze 
(Invitrogen, USA); PVDF membrane (Amersham, USA). 

Purifi cation and identifi cation of cultured osteoblasts
One neonatal Sprague-Dawley (SD) rat was provided by 

the animal house of Fujian Medical University. Calvarial os-
teoblasts were collected by enzyme digestion and passaged. 
They were then purifi ed by differential adhesion. Alkaline 
phosphatase (AP) staining was conducted using the diazol 
method to observe the morphological characteristics of the 
osteoblasts. The cultured cells were confi rmed as osteoblasts.

Preparation of Ti particle suspension
Ti particle fi lter based on gradient centrifugation of the Ti 

particle diameter of about 1 μm, scanning electron microscopy 
Ti particle diameter of 0.91 ± 0.65 μm. The Ti particles were 
soaked with ethanol for 24 h, and with 0.25% nitric acid at 
70oC for 3 h, and then washed with sterilized phosphate buffer 
saline solution. The Ti particles were transferred into phos-
phate buffer (DPBS) in the preparation of 0.1% (volume ratio) 
suspension and sterilized at high temperature. Each milliliter 
of 0.1% (v/v) of the Ti particle suspension contained approxi-
mately 4.5×107 particles. Part of the Ti particle suspension 
was placed in 37oC water bath and cultured for 24 h. after 
centrifugation at 1,000 r/min for 10 min, the supernatant (the 
extract) was used as the endotoxin samples. 

Bacterial endotoxin test
The bacterial endotoxin test was performed in accordance 

with the USP bacterial endotoxin test, using an ET-201 toxi-
nometer (Wako Pure Chemical Industries, Ltd.) equipped 
with a thermostat (37 ± 1oC). In this test, the change of the 
sample solution containing limulus ambocyte lysate (LAL) into 
a gel, induced by endotoxins, was regarded as a change in 
the opacity. The time needed to reach a transmitted light ra-
tio of 94.9%, i.e., the time for gelation (Tg), was measured 
with the toxinometer (turbidimetric method). A standard curve 
was obtained from the reference endotoxin solutions diluted 
with sterile water (0.12, 0.06, 0.03 and 0.015 EU/ml).Ti par-
ticle suspension or standard solution was mixed with 50 μl of 
the endotoxin solution (0.625 EU/ml) to obtain an endotoxin 
concentration of 0.0313 EU/ml. These solutions, and others to 
which no endotoxin had been added, were tested. Endotoxin 
solution diluted with sterile water served as the control.

Ginsenoside intervention
Third-generation cells (1×105/ml) were seeded in culture 

fl asks and passaged. They were divided into 5 groups and 
cultured with different growth media as follows: control group: 
DMEM supplemented with 10% fetal bovine serum. Ti particle 
group: 0.1% of the volume ratio of Ti with titanium particles 
DMEM+10% FBS medium. Ti+high-dose Rg1 group:  the vol-
ume ratio of 0.1% Ti particles+high dose (fi nal concentration 
100 μg/ml) ginsenoside Rg1+10% FBS DMEM medium. Ti+ 
medium-dose Rg1 group: the volume ratio of 0.1% titanium 
particles+in the dose (fi nal concentration 50 μg/ml) ginsen-
oside Rg1+10% FBS DMEM medium. Ti+low-dose Rg1 group:  
the volume ratio of 0.1% titanium particles+low dose (fi nal 
concentration 25 μg/ml) ginsenoside Rg1+10% FBS DMEM 
medium. All the cells were continuously cultured for 24 h.
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Makers and methods 
PGE

2
, TNF-α, IL-1, IL-1ra, IL-6 levels: Cell supernatants were 

collected after 24 h of intervention and tested in 96-well plates. 
A total of 100 μl of standard or sample was added to each well, 
and the plate was incubated for 30 minutes at 37oC. HRP-
coupling liquid, substrate, and 50 μl stopping solution were 
added serially and the plate was analyzed at 450 nm.

Detection of protein by western blotting: Total protein was 
extracted from osteoblasts and the protein concentration was 
determined using the bicinchoninic acid (BCA) assay. A total of 
30 μg protein added to each lane of a 12% gel and sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed. Then, the protein was transferred to a polyvi-
nyl difl uoride (PVDF) membrane. The membrane was blocked 
for 30 min at room temperature. Antibody against the target 
protein was diluted 1:5000 and the membrane was incubat-
ed with 10 ml primary antibody for 1 h. The membrane was 
washed with 40 ml lotion for 6 times: two 1-min washings; two 
20-min washings; and two 5-min washings. Then, AP-labeled 
secondary antibody was used to block the membrane for 30 
min at room temperature followed by washing of the mem-
brane as mentioned above. The AP chemiluminescent sub-
strate was reacted with the membrane for 5 minutes at room 
temperature. Exposure and development of the X fi lm (kodak) 
were conducted in a dark room. The Phoretix 1D electropho-
resis biological image analysis system was used for analyzing 
the target band on the fi lm. The optical density value of every 
band was automatically read and recorded by the computer.

Real-time quantitative SYBR GREEN for COX-2 and TNF-α 

gene expression: After the 24-h intervention, the cells were 
collected for detection of COX-2 and TNF-α expression. The 
COX-2 primers were as follows: forward 5′ TCGGTGGAGA-
GGTGTATCCT 3′, reverse 5′ TGCTGGTTTGGAACAGTCG 
3′; the length of the product was 227 bp. The following were 
the TNF-α primers: forward 5′ CTCAGCCTCTTCTCATTCCT 
3′, reverse 5′ CTGCTTGGTGGTTTGCTAC 3′; the length of 
product was 207 bp. The following were the internal reference 
β-actin primers: forward 5′ AGGCTGTGTTGTCCCTGTA 3′, 
reverse 5′ ATGTCACGCACGATTTCC 3′; the length of product 
was 193 bp. Total RNA was extracted using Trizol. Extracted 
RNA was added along with bromophenol blue to the agarose 
gel for electrophoresis. The bands were analyzed by using the 
gel electrophoresis image analysis system (BioRed), and no 
degradation of RNA was noted. The absorbance value of RNA 
was measured and the RNA concentration, calculated. After 
the volume of RNA was calculated on the basis of the concen-
tration, 500 ng RNA was used for reverse transcription, which 
was performed according to manufacturer’s instructions. After 

reverse transcription, mRNA was amplifi ed using the ABI7500 
according to the manufacturer’s instructions. Amplifi ed curves 
and curves of threshold cycle (CT) values were obtained. The 
values for the COX-2,TNF-α and β-actin genes were intro-
duced into the respective standard curve and converted out of 
their initial template amount. β-actin was used as a reference 
gene for RNA correction of all samples. The corrected value 
was obtained by dividing the quantitative results of the COX-
2,TNF-α gene with those of the β-actin gene. COX-2 ,TNF-
αmRNA expression in the negative control group was consid-
ered as “1,” the relative amount of mRNA expression in the 
other groups was calculated in terms of the correction value. 
The relative amount of mRNA expression was compared be-
tween the groups.

Statistical analysis
The experimental data was analyzed by using SPSS 13.0. 

The data was shown in mean ± standard deviation. Multigroup 
comparison was conducted with the F test and q test in order. 
p<0.05 was considered as signifi cant. 

RESULTS  

Bacterial endotoxin test
The measured sensitivity of LAL 0.06 EU/ml, the value of 

the label between 0.5-2.0λ, can be used to detect endotoxin. 
Interfere with test results Es=0.06, at 0.5-2.0λ (including 0.5 
and 2.0λ); meanwhile Et=0.071-0.085, at 0.5 Es-2.0 Es (in-
cluding 0.5 Es and 2.0 Es), is that the sample of the TAL and 
endotoxin response interference effect. 5 sample tube with the 
negative control tube (1) result is negative, the positive control 
sample tube (1) and the positive control tube (2) the result is 
positive, the sample of titanium particles bacterial endotoxin 
<0.06 EU/ml. Sample endotoxin content conform to USP pro-
vision.

Morphological observation and identifi cation of osteo-
blasts

Osteoblasts from the skull bones of neonatal rats were di-
gested and isolated with enzyme several times and observed 
under inverted phase contrast microscope. Adherent cells 
gradually stretched and assumed a spindle-shape, triangular 
shape, or irregular polygonal shape. After 2 passages, the 
cells proliferated quickly with cell body enlargement and de-
velopment of slender processes. The nucleus was large and 
mostly round or oval-shaped and was located at the center or 
at one side of the cell. Osteoblasts adhered to the Ti particles 

Table 1. PGE2, TNF-α, IL-6 concentrations in the cell supernatants (x ± s, μg/ml)

Group n PGE2 TNF-α IL-6     

    Control
    Ti particle
    Ti+high Rg1
    Ti+medium Rg1
    Ti+low Rg1

10
10
10
10
10

31.687 ± 0.466§            
53.362 ± 0.307†

   41.0475 ± 0.431†,§,††      
 38.9975 ± 0.234†,§,¶      

  32.5012 ± 0.124§,¶,††      

40.055 ± 0.471‡

 50.121 ± 0.532 *            
   49.6750 ± 0.336*,‡,**
  46.4313 ± 0.245†,‡,∥

      42.5205 ± 0.513*,‡,∥,**

57.550 ± 0.610‡  
80.537 ± 0.883*

     70.975 ± 0.945*,‡,**  
    68.154 ± 0.745*,‡,∥

        63.335 ± 0.845*,‡,∥,**

*p<0.05, †p<0.01, vs. control group; ‡p<0.05, §p<0.01, vs. Ti particle group; ∥p<0.05, ¶p<0.01, vs. Ti+high-dose Rg1 group; **p<0.05, 
††p<0.01, vs. Ti+medium-dose Rg1 group.



78

Biomol  Ther 20(1), 75-80 (2012)

http://dx.doi.org/10.4062/biomolther.2012.20.1.075

(Fig. 1B); AP staining revealed purple-blue particles in the 
cytoplasm (Fig. 1C). Five visual fi elds under the microscope 
were selected randomly and 100 cells were counted in every 
fi eld. Osteoblast purity was 90.2% (3.64%), which was consis-
tent with the culture requirement.

Determination of PGE
2
, TNF-α, IL-1, IL-1ra, and IL-6 con-

centrations in the cell supernatants
The PGE2, TNF-α, IL-1, and IL-6 contents in the groups 

treated with Ti particles increased signifi cantly as compared 
with levels of these substances in the control group, except 
for PGE2 in the Ti+low-dose Rg1 group (p<0.05 or p<0.01). 
The Ti particle group exhibited the highest concentration of 
these substances. The PGE2, TNF-α, IL-1, and IL-6 levels in 
groups treated with Rg1 were in between those of the control 
group and the Ti particle group. The PGE2, TNF-α, IL-1, IL-6 
levels decreased as the concentration of Rg1 decreased, and 
a signifi cant difference was noted among the groups (p<0.05). 
The IL-1ra levels in groups treated with Ti particles decreased 
signifi cantly as compared with the control group. The IL-1ra 
levels in the Ti+medium-dose Rg1 group was the highest fol-
lowed by the Ti+high-dose Rg1 group and the Ti+low-dose 
Rg1 group (Table 1, 2).

COX-2 and TNF-α mRNA expression by osteoblasts
Some amplifi cation curves obtained by fl uorescence quan-

titative RT-PCR for β-actin, COX-2, and TNF-α and the dis-
solution curves showed a single peak. This indicated specifi c 
amplifi cation, which suggested that the quantitative PCR sys-
tem and the conditions met the requirements of quantitative 
PCR. The results showed that after 24 hours of intervention, 
the expression of COX-2 and TNF-α mRNA was the highest in 
the Ti particle group and these values were signifi cantly higher 
than those of the control group (p<0.05). The expression lev-
els of COX-2 and TNF-α mRNA in the groups treated with Rg1 
were in between the levels in the control group and the Ti par-
ticle group. In the case of the 3 groups treated with Ti and Rg1, 
expression of COX-2 and TNF-α mRNA was the highest in the 
Ti+high-dose Rg1 group followed by the Ti+medium-dose Rg1 
group and the Ti+low-dose Rg1 group. A signifi cant difference 
was noted among the groups (p<0.05)(Fig. 2).

COX-2 protein expression by osteoblasts
COX-2 protein expression was similar to COX-2 mRNA ex-

pression. COX-2 protein expression in the Ti particle group 
was the highest, followed by the Ti+high-dose Rg1 group, Ti 

+ medium-dose Rg1 group, Ti+low-dose Rg1 group, and the 
control group. In the 3 groups treated with Ti+Rg1, the highest 
COX-2 expression was noted in the Ti+high-dose Rg1 group 
followed by the Ti+medium-dose Rg1 group and Ti+low-dose 
Rg1 group. A signifi cant difference was noted among the 
groups (p<0.05) (Fig. 3).

DISCUSSION 

Many factors contribute to the loosening of artifi cial joints. 
Many studies have revealed that particles were produced with 
the use of artifi cial prostheses due to wear, corrosion, or col-

Table 2. IL-1, IL-1ra concentrations in the cell supernatants (x ± s, μg/
ml)

Group n           IL-1          IL-1ra                   

Control
Ti particle
Ti + high Rg1
Ti + medium Rg1
Ti + low Rg1

10
10
10
10
10

37.579 ± 3.526§                     
83.106 ± 4.413†

59.506 ± 1.294†,§,††               
56.881 ± 3.561†,§,¶                 
45.081 ± 3.459§,¶,††                

  268.019 ± 3.87‡       
    64.111 ± 1.36*
116.3508 ± 5.43*,‡, **    
229.7675 ± 3.54*,‡,∥    
207.2032 ± 2.43*,‡,∥,**   

*p<0.05, †p<0.01, vs. control group; ‡p<0.05, §p<0.01, vs. Ti 
particle group; ∥p<0.05, ¶p<0.05, vs. Ti+high-dose Rg1 group; 
**p<0.05, ††p<0.01, vs. Ti+medium-dose Rg1 group.

Fig. 2. Expression of TNF-α and COX-2 gene in different groups. 
TNF-α and COX-2 mRNA relative expression were investigated 
by Real-time quantitative SYBR GREEN. (A)TNF-α mRNA rela-
tive expression in control group, Ti particle group, Ti+high-dose 
Rg1 group, Ti+medium-dose Rg1 group, Ti+low-dose Rg1 group is 
0.376 ± 0.063, 1, 0.743 ± 0.056, 0.634 ± 0.039 and 0.495 ± 0.047. 
(B) COX-2 mRNA relative expression in control group, Ti particle 
group,Ti+high-dose Rg1 group, Ti+medium-dose Rg1 group,  
Ti+low-dose Rg1 group is 0.304 ± 0.028, 1, 0.832 ± 0.015, 0.764 
± 0.035 and 0.532 ± 0.028. Bar graphs with error bars represent 
mean ± SD (n=5). *p<0.05 vs control group. ▲p<0.05 vs Ti particle 
group.
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lisions of material. Most prostheses are made of metal, poly-
ethylene, bone cement, and surface-coating material. These 
substances trigger a series of biological responses that can 
cause prosthetic loosening (Fisher et al., 2004; von Knoch et 
al., 2004). Studies on aseptic loosening of prostheses have 
shown that wear particles stimulate mononuclear cells, fi bro-
blasts, and osteoblasts to produce infl ammatory cytokines, 
such as TNF, IL, and PGE2, thus activating osteoblasts and 
causing osteolysis (Mohanty,1996; Gallo et al., 2002; Jacobs 
et al., 2001). If the level of cytokines produced by osteoblasts 
can be reduced effectively, loosening of prostheses may be 
prevented in theory. The results of this study show that the 
PGE2, TNF-α, IL-1, and IL-6 concentrations in the culture fl uid 
of Ti particles and osteoblasts increased signifi cantly as com-
pared with the concentration of these molecules in the control 
group (p<0.05); this implies that Ti particles could stimulate 
the production of PGE2, TNF-α, IL-1, and IL-6 by osteoblasts 
and these cytokines had osteolytic activity.

Studies have shown that osteoblasts can produce IL-1, 
which binds to osteoblasts. Intracellular cAMP synthesis and 
GTP activity are thus enhanced, and PGE2, IL-6, and TNF-α 
are produced by osteoblasts as a result (Pacifi ci et al.,1987). 
IL-1ra (Interleukin-1 Receptor Antagonist, IL-1ra) is a unique 
cytokine regulatory molecules, which, IL-1 homology, but with 
different gene coding. IL-1Ra with IL-1 receptor specifi c bind-
ing, to prevent excessive infl ammation caused by elevated 
IL-1 into a bone cell damage, inhibition of IL-1 induction of 
prostaglandin PGE2 bone cells and tissue degradation en-
zymes (Dinarello,1993; Burger et al.,1995). Abrahamsen’s 

study of bone biopsy showed that the IL-1ra mRNA/IL-1 
mRNA value was inversely proportional to the rate of bone 
loss in postmenopausal women, suggesting that IL-1ra and 
IL-1 expression levels infl uence bone metabolism (Abraham-
sen et al., 2000). In this study, by comparison of the IL-1 and 
IL-1ra levels in different treatment groups, we found that IL-
1ra with IL-1 receptor and inhibit the biological activity of IL-1, 
after intervention by Rg1 in the culture medium of osteoblasts 
increased IL-1ra to block IL-1 receptor in osteoblasts with the 
combination of Inhibition of TNF, PGE2 and other infl ammatory 
cytokine expression. 

PGE2 is the product of arachidonic acid metabolism induced 
by COX-2 (Dickens et al., 2002). Tissue samples around loos-
ening prosthesis that were cultured in vitro released high con-
centrations of PGE2 and showed higher bone resorption activ-
ity. Osteoblasts can release PGE2 under the action of TNF-α 
and stimulate maturation and differentiation of osteoclasts, 
thus leading to osteolysis. Golding confi rmed that tissue sam-
ples around loosening prostheses that were cultured in vitro 
released high concentrations of PGE2 and exhibited higher 
bone resorption activity. Some researchers believe that wear 
particles may fi rst stimulate PGE2 production and thus induce 
IL-6 release; however, PGE2 could promote the release of 
TNF-α and IL-1, which regulate bone resorption (Chen, 1996; 
Lü et al., 2004).In addition, TNF-α can induce the release of 
collagenase and PGE2 by osteoblasts, which are associated 
with bone resorption. TNF-α can also inhibit the synthesis of 
osteocalcin and impact new bone formation (Chen and Yan, 
2001). We speculated that under the conditions of this ex-
periment, Ti particles can promote secretion of COX-2, PGE2, 
TNF-α, IL-1, and IL-6 by osteoblasts, and thereby affect the 
activity of osteoblasts, decrease osteoblast function and bone 
formation, damage bone formation - absorption, and increase 
bone resorption. 

Ginsenoside has anti-infl ammatory and antioxidant effects. 
Rg1 can signifi cantly reduce contents of COX-2, PGE2, TNF-
α, IL-1 and IL-6 in vivo to inhibit the infernal circle induced by 
infl ammatory and oxidant stresses (Lei et al., 2000; Li, 2005). 
Results of this study showed that after osteoblasts co-cultured 
with Ti particles were intervened with Rg1, PGE2, TNF-α, IL-1 
and IL-6 levels in the cell culture fl uid were signifi cantly lower 
than single Ti particle group but were higher than the normal 
control group, and COX-2 and TNF-α mRNA expressions and 
COX-2 protein expression in osteoblasts also had the similar 
changing trend. This suggested that Rg1 had certain effects 
of inhibiting infl ammatory factors and protecting osteoblasts. 
This study also found that COX-2, PGE2, TNF-α, IL-1 and IL-6 
levels were signifi cantly lower in the Ti+high-dose Rg1 group 
than in the Ti+low-dose Rg1 group (p<0.05). Combing with 
existed studies of Rg1, it was considered to be closely related 
with evident pro-apoptotic effect of Rg1 on abnormal cells 
(Hela cell, HL-60 cell, C6 glioma cells and human heptoma 
carcinoma cells SMMC-7721) and the positive correlation of 
this effect with concentrations (Ge et al.,1997; Kim et al.,1998; 
Wang et al., 2003). Osteoblasts showed signifi cant changes in 
cell shape, ultrastructurs and differentiations after co-culturing 
with Ti particles (Fleury et al., 2006; Dai et al., 2011). How-
ever, the detailed mechanism of Rg1 on osteoblasts and the 
relationship with drug concentration wait to be further investi-
gated. 

This provides an objective basis for preventing prosthesis 
loosening with ginsenosides, indicating the prospect of clini-

Fig. 3. COX-2 protein expression in different groups. COX-2 pro-
tein expression was investigated by western blotting. The optical 
density value of COX-2 protein/β-actin protein in control group, 
Ti particle group, Ti+high-dose Rg1 group, Ti+medium-dose Rg1 
group, Ti+low-dose Rg1 group is 0.304 ± 0.058, 0.854 ± 0.067, 
0.774 ± 0.045, 0.634 ± 0.054 and 0.433 ± 0.032. Bar graphs 
with error bars represent mean ± SD (n=5).*p<0.05 vs control 
group.▲p<0.05 vs Ti particle group.
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cal application of ginsenoside for prevention and treatment of 
prosthesis loosening.

 

ACKNOWLEDGMENTS

This work was supported by grants from National Natu-
ral Science Foundation of  China (81173282), Key Item of 
Science and Technology Department of Fujian Province 
(2009Y0028), and Doctoral Fund Projects of Ministry of Edu-
cation (200803930001).

 
REFERENCES

Abrahamsen, B., Shalhoub, V., Larson, E. K., Eriksen, E. F., Beck-
Nielsen, H. and Marks, S. C. Jr. (2000) Cytokine RNA levels in 
transiliac bone biopsies from healthy early postmenopausal wom-
en. Bone. 26, 137-145.

Burger, D., Chicheportiche, R., Giri, J. G. and Dayer, J. M. (1995) The 
inhibitory activity of human interleukin-1 receptor antagonist is en-
hanced by type II interleukin-1 soluble receptor and hindered by 
type I interleukin-1 soluble receptor. J. Clin. Invest. 96, 38-41.

Chen, L. L. and Yan, J. (2001) Porphyromonas gingivalis lipopolysac-
charide activated bone resorption of osteoclasts by inducing IL-1, 
TNF, and PGE. Acta. Pharmacol. Sin. 22, 614-618.

Chen, X. (1996) Cardiovascular protection by ginsenosides and their 
nitric oxide releasing action. Clin. Exp. Pharmacol. Physiol. 23, 
728-732.

Crotti, T. N., Smith, M. D., Findlay, D. M., Zreiqat, H., Ahern, M. J., 
Weedon, H., Hatzinikolous, G., Capone, M., Holding, C. and 
Haynes, D. R. (2004) Factors regulating osteoclast formation in 
human tissues adjacent to peri-implant bone loss: expression of 
receptor activator NFkappaB, RANK ligand and osteoprotegerin. 
Biomaterials. 25, 565-573.

Dai, M., Zhou, T., Xiong, H., Zou, W., Zhan, P. and Fu, W. (2011) Effect 
of metal ions Co2+ and Cr3+ on osteoblast apoptosis, cell cycle 
distribution, and secretion of alkaline phosphatase. Zhongguo. Xiu. 
Fu. Chong. Jian. Wai. Ke. Za. Zhi. 25, 56-60.

Dickens, D. S., Kozielski, R., Khan, J., Forus, A. and Cripe, T. P. (2002) 
Cyclooxygenase-2 expression in pediatric sarcomas. Pediatr. Dev. 
Pathol. 5, 356-364. 

Dinarello, C. A. (1993) Blocking interleukin-1 in disease. Blood. Purif. 
11, 118-127.

Fisher, J., McEwen, H. M., Tipper, J. L., Galvin, A. L., Ingram, J., Ka-
mali, A., Stone, M. H. and Ingham, E. (2004) Wear, debris, and 
biologic activity of cross-linked polyethylene in the knee: benefi ts 
and potential concerns. Clin. Orthop. Relat. Res. 428, 114-119.

Fleury, C., Petit, A., Mwale, F., Antoniou, J., Zukor, D. J., Tabrizian, M. 
and Huk, O. L. (2006) Effect of cobalt and chromium ions on human 
MG-63 osteoblasts in vitro: morphology, cytotoxicity, and oxidative 
stress. Biomaterials. 27, 3351-3360.

Gallo, J., Kamínek, P., Tichá, V., Riháková, P. and Ditmar, R. (2002) 
Particle disease. A comprehensive theory of periprosthetic oste-
olysis: a review. Biomed. Pap. Med. Fac. Univ. Palacky. Olomouc. 
Czech. Repub. 146, 21-28.

Ge, Y. C., Liu, P. and Han, X. C. (1997) Effect of ginsenosides Rbl. Rgl. 
Re and Rhl on HeLa cells in vitro. J. Pharmacology and Clinics of 

TCM. 13, 18-21.
Haynes, D. R., Crotti, T. N., Potter, A. E., Loric, M., Atkins, G. J., Howie, 

D. W. and Findlay, D. M. (2001) The osteoclastogenic molecules 
RANKL and RANK are associated with periprosthetic osteolysis. J. 
Bone. Joint. Surg. Br. 83, 902-911.

Hu, X. M., Yan, C. K. and Hu, X. M. (2006) Efects of ginsenosides Rgl 
on apoptosis induced by transient foeal cerebral ischemia in rats. 
Chin. J. Clinical. Pharm. and. Therapeutics. 11, 192-196.

Jacobs, J. J., Roebuck, K. A., Archibeck, M., Hallab, N. J. and Glant, 
T. T. (2001) Osteolysis: basic science. Clin. Orthop. Relat. Res. 
393, 71-77.

Jilka, R. L., Hangoc, G., Girasole, G., Passeri, G., Williams, D. C., 
Abrams, J. S., Boyce, B., Broxmeyer, H. and Manolagas, S. C. 
(1992) Increased osteoclast development after estrogen loss: me-
diation by interleukin-6. Science 257, 88-91.

Kim, Y. S., Kim, D. S. and Kim, S. I. (1998) Ginsenoside Rh2 and Rh3 
induce differentiation of HL-60 cells into granulocytes: modulation 
of protein kinase C isoforms during differentiation by ginsenoside 
Rh2. Int. J. Biochem. Cell. Biol. 30, 327-338.

Kimble, R. B., Vannice, J. L., Bloedow, D. C., Thompson, R. C., Hopfer, 
W., Kung, V. T., Brownfi eld, C. and Pacifi ci, R. (1994) Interleukin-1 
receptor antagonist decreases bone loss and bone resorption in 
ovariectomized rats. J. Clin. Invest. 93, 1959-1967.

Lahera, V., Goicoechea, M., de Vinuesa, S. G., Miana, M., de las 
Heras, N., Cachofeiro, V. and Luño, J. (2007) Endothelial dysfunc-
tion, oxidative stress and infl ammation in atherosclerosis: benefi -
cial effects of statins. Curr. Med. Chem. 14, 243-248.

Lei, T. C., Zhu, W.Y. and Xia, M. Y. (2000) Gensenoside Rg1 has sen-
sitizing effect in chernotherapentic treatment of murine melanoma 
cell line in vitro. Chinese Jouranal of Dermatology. 33, 338-341.

Li, C. H. (2005) Gensenoside Rg1 induction of apoptosis HL-60 pre-
liminary study. Guangdong. Medicine. 15, 63-65.

Li, Y. N., WU, Y. L. and JIA, Z. H. (2008) The contents and interaction 
of COX-2 and iNOS in vascular injury of rats with defi ciency of vital 
energy and efect of ginsenoside. Nat. Prod. Res. Dev. 20, 803-807.

Lü, J. P., Ma, Z. C., Yang, J., Huang, J., Wang, S. R. and Wang, S. Q. 
(2004) Ginsenoside Rg1-induced alterations in gene expression in 
TNF-alpha stimulated endothelial cells. Chin. Med. J. (Engl). 117, 
871-876.

Mohanty, M. (1996) Cellular basis for failure of joint prosthesis. 
Biomed. Mater. Eng. 6, 165-172.

Pacifi ci, R., Rifas, L., Teitelbaum, S., Slatopolsky, E., McCracken, R., 
Bergfeld, M., Lee, W., Avioli, L. V. and Peck, W. A. (1987) Spon-
taneous release of interleukin 1 from human blood monocytes re-
fl ects bone formation in idiopathic osteoporosis. Proc. Natl. Acad. 
Sci. USA. 84, 4616-4620.

Pioletti, D. P., Takei, H., Kwon, S. Y., Wood, D. and Sung, K. L. (1999) 
The cytotoxic effect of titanium particles phagocytosed by osteo-
blasts. J. Biomed. Mater. Res. 46, 399-407.

Vermes, C., Chandrasekaran, R., Jacobs, J. J., Galante, J. O., Roe-
buck, K. A. and Glant, T. T. (2001) The effects of particulate wear 
debris, cytokines, and growth factors on the functions of MG-63 
osteoblasts. J. Bone. Joint. Surg. Am. 83-A, 201-211.

von Knoch, M., Jewison, D. E., Sibonga, J. D., Sprecher, C., Morrey, B. 
F., Loer, F., Berry, D. J. and Scully, S. P. (2004) The effectiveness 
of polyethylene versus titanium particles in inducing osteolysis in 
vivo. J. Orthop. Res. 22, 237-243.

Wang, Y. K., Zhang, M. L. and Zhang, LB. (2003) Study on ginsen-
osides induced differentiation of human hepatocellular carcinoma 
cells. J. Lin. Chuang. Gan. Dan. Bing. Za. Zhi. 19, 242-243.


