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Abstract: Eucommia ulmoides Oliv. (EuO), also known as Duzhong, native to China, has been reported to have
antioxidative function, but its cellular mechanism is not fully examined yet. We investigated inhibitory effects of EuO
leaf ethanol extracts on H,O.-induced apoptosis in rat osteoblastic MC3T3-E1 cells and underlying mechanisms.
Locally-grown Duzhong leaves were extracted with ethanol. MC3T3-E1 cells were treated with EuO (6.25, 12.5, 25, 50,
and 100 pg/ml) for 24 h, and then H,O, (800 umol/L) for an additional 24 h. Cell survival rate, percentage of apoptosis,
and expressions of caspases 3, 6, 7, and 9 were examined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, microscopic analysis, Western blotting, and reverse transcription polymerase chain reaction
(RT-PCR). The final EuO leaf ethanol extract powder was detected to contain caffeotannic acid at 58 mg/g and
geniposide at 3.45 mg/g by high performance liquid chromatography (HPLC). EuO remarkably restrained cell oxidative
damage and increased cell survival rate in a dose-dependent manner: O pg/ml, 0.21; 6.25 pg/ml, 0. 28; 12.5 pg/ml,
0.31; 25 pg/ml, 0.48; 50 pg/ml, 0.54; and 100 pg/ml, 0.66 (P<0.05), with the half-effective concentration being around
25 pg/ml. MTT results were confirmed by microscopic analysis. Western blotting and RT-PCR analyses showed that
the expressions of caspases 3, 6, 7, and 9 were significantly decreased in the EuO-treated cells compared with the
control (EuO- and H,O,-free) (P<0.05), with the half-effective concentration of EuO ranging from 12.5 to 25 pg/ml. We
conclude that the ethanol-extracted EuO leaf extracts promoted the growth of MC3T3-E1 cells, and suppressed the
H,02-induced apoptosis in a rat MC3T3-E1 osteogenic cell model, likely due to the inhibition of caspases’ activities.
The results indicate that EuO is a potent antioxidant, which may contribute to its many cellular protective functions,
including the promotion of bone growth.
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1 Introduction Eucommia genus of the Eucommiaceae family. The
bark and leaf of EuO have been used in traditional

Eucommia ulmoides Oliv. (EuO), also known as  Chinese medicine to treat lower back pain, knee pain,
Duzhong, native to China, is the only plant in the and the liver, kidney, and spleen disorders. EuO
extracts have antihypertensive, antioxidative, and
antigastric ulcer effects (Metori et al., 1997; Deyama
* Corresponding author _ etal., 2001; Yang et al., 2003). Water extracts of EuO
Project (No. 2007C33030) supported by the Science and Technology leaves have been reported to have potent antimutagenic
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et al., 2009). EuO extracts have also been reported to
enhance collagen synthesis (Metori et al., 1997; Li et
al., 2000a; 2000b; Deyama et al., 2001). It is
generally assumed that natural substances in EuO
give rise to these beneficial effects. The chemical
constituents of EuO leaves contain phenylpropanoid
compounds such as sitosterol, ursolic acid, and
chlorogenic acid; iridoids such as eucommiol,
geniposidic acid, geniposide, and aucubin; and
flavonoids such as kaempferol and quercetin.

Previous pharmacological action studies of EuO
have much focused on its function in promoting
osteogenesis. Li et al. (1998) reported that collagen
synthesis in the aged-rat model was stimulated by the
administration of hot water-extracts from EuO leaves.
Ha et al. (2003) reported that EuO influences
osteoblastic differentiation and prevents bone loss,
and concluded that an EuO fraction with high polarity
might contain active constituents stimulating the
proliferation of osteoblasts. It is thought that some
components of fractions of EuO cortex water-extract
may participate in each step of the activation of
osteoblasts, which, in turn, facilitates osteogenesis
and suppresses osteoblast activity to inhibit osteolysis
(Ha et al., 2003; Miyake et al., 2003; Prouillet et al.,
2004). EuO also contains compounds, such as
geniposidic acid, effective against aging (Li et al.,
2000b).

The antioxidative effects of EuO have been
another research focus. It is reported that EuO leaves
contain antioxidative and free radical scavenging
components. EuO could possibly act as a prophylactic
agent to prevent free radical-related diseases (Cho et
al., 2003; Yen and Hsieh, 2003), because it contains
flavonoids, a principal contributor to antioxidant
activity, that have the obvious capability of

eliminating superoxide anion (O,) and hydroxy free

radicals (-OH). When under stress conditions such as
trauma, an organism will produce reactive oxygen
species (ROS) such as O, hydrogen peroxide (H,0),
and -OH, which are catalyzed by superoxide dismu-
tase (SOD), and also oxidation enzymes, resulting in
cellular damage and apoptosis (Chen et al., 2006).
Therefore, it is clear that EuO plays a role in
influencing apoptosis. However, its mechanisms on
the apoptotic process have not been widely examined.

The goal of this study was to investigate
antioxidative effects of EuO extracts and the

underlying mechanisms. An experimental model of
MC3T3-E1 cells, a rat osteogenesis cell line, with
H,0,-induced apoptosis was established. Treated
with various concentrations of EuO, MC3T3-E1 cells’
survival rate, percentage of apoptosis, and expressions
of caspases 3, 6, 7, and 9 were examined using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, Western blotting analysis, and
reverse transcription polymerase chain reaction
(RT-PCR).

2 Materials and methods
2.1 Cell culture and grouping

All cell culture medium components were pur-
chased from GIBCO, USA, unless otherwise noted.
Rat MC3T3-E1 osteogenic cells (Riken Cell Bank,
Tsukuba, lIbaraki, Japan) were maintained in an
incubator at 37 °C with a humidified atmosphere of
5% CO, and cultured in Dulbecco’s modified Ea-
gle’s medium (DMEM) containing 10% (v/v) fetal
calf serum and 100 U/ml penicillin or 100 pg/mi
streptomycin. This study was divided into three
groups: H,O; treatment, H,O,+EuO treatment, and
control (H,O,- and EuO-free). In the H,O, group,
800 umol/L of H,O, was applied, and in the H,O,+
EuO group, H,O, (800 umol/L) and various concen-
trations of EuO (6.25, 12.5, 25, 50, and 100 pg/ml)
were applied.

2.2 Preparation of ethanol extracts of EuO leaves

We followed an ethanol extraction method in the
preparation of EuO leaf extracts, as described by Luo
et al. (2009). Briefly, EuO leaves (100 g) were treated
with 80% ethanol (1 g:8 ml) and twice boiled under
reflux for 1 h. After filtration, the supernatant was
vacuum-dried at 50 °C, re-dissolved into distilled
water, filtered, and vacuum-dried at 50 °C. After
freeze-drying, the final EuO extracts were obtained
and kept at 4 °C. The total caffeotannic acid and
geniposide contents from the EuO leaf extracts were
then determined with high performance liquid chro-
matography (HPLC) in comparison with standard
preparation of caffeotannic acid and geniposide
(Chinese Institute for the Control of Pharmaceutical
and Biological Products, Beijing). The final EuO leaf
ethanol extract powder contains caffeotannic acid at
58 mg/g and geniposide at 3.45 mg/g.
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2.3 Determination of minimally optimal concen-
tration of EuO for MC3T3-EL1 cell growth

Minimally optimal concentration of EuO for
MC3T3-EL1 cell growth was determined by MTT assay
using an MTT assay Kit (Sigma, St. Louis, MO, USA).
MC3T3-E1 cells (5x10* cells/well) were seeded in a
96-well plate, and treated with various concentrations
of EuO (1000, 500, 250, 125, and 62.5 pg/ml) 24 h
after plating. Cells were incubated for an additional
72 h at 37 °C, and then treated with MTT (30 pl per
well, 2 mg/ml) at 37 °C for 4 h. Cells were solubilized
by adding 150 pl of dimethyl sulphoxide (DMSO), and
the plate was shaken for 5-15 min to ensure that the
MTT-deoxidized product was completely lysed. Ab-
sorbance was measured at 570 nm. The experiment
was performed in triplicate and statistically analyzed
by one-way analysis of variance (ANOVA). An opti-
mized EuO concentration was determined.

2.4 Determination of H,O,-induced MC3T3-E1
cell apoptosis

The dosage of H,O, that secures MC3T3-E1 cell
apoptosis was also determined by MTT assay (Han-
sen et al., 1989). MC3T3-E1 cells (5x10° cells/well)
were seeded onto a 24-well plate for 24 h, and H,0,
(1000, 900, 800, 700, 600, 500, 400, 300, 200, 100,
and 50 pmol/L; Sigma, St. Louis, MO, USA) were
added to the plate. Cells were morphologically ob-
served at 24 and 48 h with a microscope (Olympus,
Japan). The dose of H,O, that induced the half-value
of MC3T3-E1 apoptosis was determined. The ex-
periment was run in triplicate.

2.5 Cell viability after EuO and H,0, treatments

Cell viability was estimated using MTT assay
and microscopic morphology observation (Dimmeler
etal., 1997). MC3T3-E1 cells (1x10* cells/well) were
seeded in a 96-well plate and EuO (100 pl/well) at
various concentrations in a safe and effective range
(6.25, 12.5, 25, 50, and 100 pg/ml) was added. After
incubation for 24 h, cells were washed with DMEM
thrice, treated with H,O, medium (800 umol/L), and
then incubated for another 24 h. Cells were washed
once with phosphate buffer solution (PBS) and then
incubated for an additional 6 h in the presence of
50 pl/well MTT (2 mg/ml). Subsequently, 150 pl of
DMSO was added, and the plate was shaken for

15 min. The medium was removed and cells were
lysed. The absorbance surveyed at 570 nm was used
to calculate the relative cell viability ratio. At 48 h
before MTT assay, a morphological observation of
MC3T3-E1 cells was performed to assess cell viabil-
ity. The interventional concentration of EuO in in-
hibiting H,0,-induced MC3T3-EL1 cell apoptosis was
thus determined.

2.6 Western blotting analysis

The expressions of caspases 3, 6, 7, and 9 were
detected by Western blotting. Cytoplasmic extracts
were prepared with 150 pl cell lysis buffer (Santa
Cruz, CA, USA; lysis buffer:phenylmethylsulfonyl
fluoride (PMSF):protease inhibitor cocktail=100:1:1)
on ice for 30 min, then the centrifuged supernatant
was collected, and the protein concentration was
quantified using the detergent-compatible (DC) pro-
tein assay kit (Bio-Rad, Richmond, CA, USA). Pro-
teins were mixed with 2x sodium dodecyl sulphate
(SDS) sample buffer. A total of 40 pg of proteins
were separated in a 10% (w/v) polyacrylamide gel
and blotted on a nitrocellulose membrane (Bio-Rad,
Hercules, CA, USA). The blots were blocked for 2 h,
and incubated with polyantibodies anti-caspases 3, 6,
7, and 9 (Santa Cruz, CA, USA) at 1:800, 1:800,
1:800, and 1:600, respectively, for 12 h. Subsequently,
the membranes were washed in buffer (PBS with
0.1% (v/v) Tween-20) and then incubated with
horseradish peroxidase link-coupled rat anti-rabbit-
antibody (Chemicon, CA, USA) at 1:1000 in blocking
buffer. In all experiments, ponceau staining was car-
ried out to control equal loading and the bands were
visualized by electrogenerated chemiluminescence
(ECL) Western blotting system (GE Healthcare Bio-
sciences, USA). Antibodies used in the Western
blotting analysis were rat anti-goat caspase 3, rat
anti-rabbit caspases 6, 7, and 9 polyclonal antibodies,
anti-goat 1gG, and anti-rabbit 1gG. The target mo-
lecular weights for caspases 3, 6, 7, and 9 are 17, 34,
35, 32 kDa, respectively. The data shown are repre-
sentative of at least three experiments.

2.7 RT-PCR

RNA was isolated using TRIzol (Invitrogen, San
Mateo, CA, USA) following the manufacturer’s in-
structions. Complementary DNA (cDNA) was ampli-
fied and PCR was performed using a standardized
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program: 35 cycles of 95 °C for 5 min, 94 °C for 30 s,
55 °C for 30 s, and 72 °C for 2 min for caspases 3, 6,
and 7; 28 cycles of 95 °C for 5 min, 94 °C for 30 s,
57.7 °C for 30 s, and 72 °C for 6.5 min for caspase 9
and B-actin. The PCR products were electrophoresed
through a 10 g/L agarose gel containing ethidium
bromide and visualized by ultraviolet (UV) light.
B-actin was used as an internal standard to verify
equal loading in each experiment. The sequences of
the primers are listed in Table 1. The target fragments
are 136 (caspase 3), 132 (caspase 6), 122 (caspase 7),
425 (caspase 9), and 348 bp (B-actin).

Table 1 Primer sequences

Gene Primer sequence”

Caspase 3 5-AGCAGCTTTGTGTGTGTGATTCTAA-3'
5-AGTTTCGGCTTTCCAGTCAGAC-3’

Caspase 6 5-AGACAAGCTGGACAACGTGACC-3'
5-CCAGGAGCCATTCACAGTTTCT-3'

Caspase 7 5'-GGAGGACTATGGTGATTGGAGC-3
5-TAAGGCGCTGGTGGATATGG-3'

Caspase 9 5-GGATCCATGCCCAGACCAGTGGACATTGG-3'

5-GGTCTAGATTATGATGTTTTAAAGAAAAG-3'

5-TGGAATCCTGTGGCATCCATGAAAC-3'

5-TAAAACGCAGCTCAGTAACAGTCCG-3'

" Sense and antisense sequences, respectively

B-actin

2.8 Statistical analysis

All experiments were run in triplicate. All data
were presented as meanzstandard deviation (SD).
Statistical significance was examined by one-way
ANOVA. A P value <0.05 was considered statisti-
cally significant.

3 Results
3.1 Influence of EuO on MC3T3-E1 cell growth

MTT assay results showed that EuO, at 62.5 pug/ml
or lower, did not affect MC3T3-E1 cell growth, while
125 pg/ml EuO promoted the cell growth, and at 250,
500, and 1000 pg/ml EuO depressed the cell growth
(Table 2). A minimally optimal concentration range
of EuO applied to MC3T3-EL1 cells for the purpose of
the current study requires that it does not inhibit, nor
promote, cell growth. This concentration was deter-
mined to be <125 pg/ml.

3.2 MC3T3-E1 apoptosis induced by H,O, at
various concentrations

Both microscopic observation and MTT assay

Table 2 Influence of EuO at various concentrations on
MC3T3-EL1 cell growth after 48 h culture by MTT assay

EuO MTT absorbance

(Mg/ml)  No.1 No. 2 No. 3 Mean+SD
1000 0.381 0.440 0.487  0.436+0.037™
500 0.421 0.489 0.554  0.488+0.067"
250 0.896  1.039 1.227 1.054+0.166
125 1.427 1574  1.019 1.340+0.288"
62.50  0.981 1.058 1.013  1.018+0.039
3125 0817 0774  0.835 0.809+0.031

Control  1.021 1110  0.952 1.028+0.079

“P<0.05, ™ P<0.01, compared with the control (H,O,- and EuO-free)

results show that MC3T3-E1 apoptosis was induced
by H,0; in a dose-response manner. At 400 pumol/L
of H,0,, no marked morphological change was ob-
served under a light microscope; at 800-1000 pumol/L,
cells started swelling; and at 1000 pmol/L, cells un-
derwent apoptosis (Fig. 1). Toxic effects of various
concentrations of H,O, on MC3T3-E1 cells were also
observed, and H,O, at 800 pmol/L was found to
clearly cause the depression of succinic dehydro-
genase activity in MC3T3-E1 cells (Fig. 2). The
absorbance of H,O, at 800 umol/L by MTT assay
was significantly lower than that of the control group
(P<0.05), indicating that the dosage of H,0, to in-
duce a half-value of MC3T3-E1 apoptosis was around
800 pmol/L, which is close to the previously reported
value (600 umol/L) by Kim et al. (2003).

3.3 Effect of EuO on H,0-induced MC3T3-E1
cell apoptosis

To obtain a definitive quantification of the effect
of EuO at various concentrations on H,O,-induced
MC3T3-E1 cell apoptosis, the absorbance of cells
was detected by MTT method (Fig. 3). A significant
decrease in absorbance of MC3T3-E1 in serum-free
medium treated with H,0, (800 pmol/L) was ob-
served, compared with the H,O,- and EuO-free group
(0.21 vs. 0.66, P<0.05). The absorbance of MC3T3-E1
cells treated with the combination of H,O, (800 umol/L)
and EuO at five different concentrations significantly
increased in a dose-dependent manner (0 pug/ml, 0.21;
6.25 pg/ml, 0.28; 12.5 pg/ml, 0.31; 25 pg/ml, 0.48;
50 pg/ml, 0.54; and 100 pg/ml, 0.66; P<0.05). The
half-inhibitory concentration of EuO on H,0,-induced
MC3T3-E1 cell apoptosis was around 25 pg/ml, in-
dicating that EuO is a potent antioxidant against H,O,
oxidation.
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Fig. 1 Morphologic changes of MT3C3-EL1 cells in different concentrations of H,O, and EuO after 48 h culture
(a) H,O, at 800 umol/L, showing apoptotic characteristics, such as cellular swelling, cell-rounding, microvillus disappear-
ance, and cytoplasmic-condensation; (b) H,O,- and EuO-free control, with a normal fusiform shape; (c, d) EuO at 100 (c)
and 50 (d) pg/ml, both with a normal fusiform shape; (e, f) EuO at 12.5 (e) and 6.25 (f) pg/ml both displaying apoptotic

features, microvillus disappearance, and cytoplasmic-condensation. Magnification: 10x
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Fig. 2 Toxic effects of different concentrations of H,O,
on MC3T3-E1 cells by MTT assay

Data are expressed as mean+SD.” P<0.05, 4 P>0.05, com-
pared with the control (H,O,- and EuO-free)

A morphological observation of MC3T3-E1 cells
was performed to confirm the apoptotic process.
Non-induced MC3T3-E1 cells grew normally, with
cells adhering to the bottom of the plate. The shapes of
the endochylema were fusiform, polygonal, and ir-
regular with round cell nuclei. After H,O, (800 umol/L)
treatment, a high proportion of cells showed apop-
tosis-like changes such as being detached and cyto-
plasmic condensation, leading to cellular swelling,
rounding, microvillus disappearing, cytoplasmic
condensing, and vacuole appearing. In contrast, in
EuO treatment groups, the morphology of cells sug-
gested that the H,O,-induced apoptosis decreased in a
dose-dependent manner (Fig. 1).
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Fig. 3 Effect of EUO on the toxicity of H,O, by MTT assay
EuO antagonizes the toxicity of H,O, (800 pmol/L). Group 1:
positive control; Group 2: blank; Group 3: 100 pg/ml EuO+
800 umol/L H,0,; Group 4: 50 pg/ml EuO+800 umol/L
H,0,; Group 5: 25 pg/ml EuO+800 pumol/L H,0,; Group 6:
12.5 pg/ml EuO+800 pmol/L H,0,; Group 7: 6.25 pg/ml
EuO+800 umol/L H,0,. Data are expressed as mean=SD.
* P<0.05, 4 P>0.05, compared with the control (H,0,- and
EuO-free)

3.4 Inhibitory effect of EuO on expressions of
caspases 3, 6, 7, and 9 in both mRNA and protein
levels of H,0,-induced MC3T3-E1 cells

Western blotting analysis (Fig. 4a) and RT-PCR
(Fig. 4b) both showed that the expressions of caspases
3, 6, 7, and 9 in H,O,-induced MC3T3-E1 cells
treated with EuO were downregulated in a dose-
dependent manner. It was estimated that the half-
inhibitory concentration of EuO on most caspases
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Fig. 4 Inhibitory effect of EuO on protein expressions and transcriptions of caspases 3, 6, 7, and 9 in H,0,-induced

MC3T3-E1 cells

(a) Western blotting results and relative ratio of protein levels. The molecular weights detected for caspases 3, 6, 7, and 9
were 17, 34, 35, and 32 kDa, respectively; (b) RT-PCR results and relative ratio of protein levels. The fragments detected
for caspases 3, 6, 7, and 9 and B-actin were 136, 132, 122, 425, and 348 bp, respectively. EuO significantly decreased the
protein expressions of caspases 3, 6, 7, and 9 in H,0, (800 pmol/L)-induced MC3T3-EL1 cells, and the inhibition effect was
positively correlated with the concentration of EuO. Group A: control; Group B: H,O, at 800 umol/L; Groups C-G: H,0,
at 800 pmol/L and EuO at 6.25, 12.5, 25, 50, and 100 pg/ml, respectively. Data are expressed as mean+SD." P<0.05,
compared with the control (H,O,- and EuO-free); 4 P<0.05, compared with H,0, treatment alone

tested in both Western blotting and RT-PCR analyses
were between 12.5 to 25 pg/ml, while EuO at 50 or
100 pg/ml completely inhibited all caspases exam-
ined. These results indicate that EuO potently an-
tagonized the apoptotic process of H,O,-treated
MC3T3-EL1 cells and that the caspase pathways were
downregulated by EuO in both the mRNA and pro-
tein levels.

4 Discussion

In the present study, we used the leaves taken
from EuO grown in Zhejiang Province, which possess
high medicinal qualities, and produced the leaf extract
by ethanol. Such produced EuO leaf extract powder
was used to examine its influence on the growth of
MC3T3-E1 cells, antioxidative effect against H,O,-
induced MC3T3-E1 cell apoptosis, and underlying
mechanisms. We were able to confirm that EuO is an
enhancer for the growth of MC3T3-E1 cells and a

potent antioxidant against H,O,-induced oxidative
damage. We were also able to reveal for the first time
that the inhibition of apoptosis of MC3T3-E1 cells
induced by H,0, may be via suppressing activations
of caspases 3, 6, 7, and 9.

It has been reported that EuO promotes the
growth of bone and muscle, which was further con-
firmed by our results. In this study, we found that
EuO leaf extracts (125 pg/ml) enhanced the growth of
MC3T3-E1 cells. Yao et al. (2005) reported that EuO
leaf extracts have a stimulatory effect on differentia-
tion of preosteoblast MC3T3-E1 cells. Chen and Luo
(2009) reported that EuO extracts induced differen-
tiation of goat bone marrow mesenchymal stem cells
into osteoblasts and inhibited adipogenic differentia-
tion. A new composite composed of tricalcium phos-
phate, gelatin, and Chinese medicine (containing EuO)
as a bone substitute was evaluated and found to effec-
tively increase the rate of tissue regeneration of dam-
aged bones (Yao et al., 2005). Our previous study also
indicated that the compound of calcium phosphate
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cement and EuO extracts promoted proliferation and
adhesion of MC3T3-E1 osteoblasts in vitro (Lin et al.,
2008).

The pharmacological effects of EuO leaves on
bone and muscle are closely related to collagen
metabolism (Li et al., 1998). Granuloma formation
and collagen synthesis were significantly increased
by the administration of methanol extracts of EuO
cortex (Li et al., 2000a). A number of active EuO
components, such as chlorogenic acid, geniposide,
geniposidic acid, and aucubin, can influence os-
teoblast differentiation and slow bone loss. The EuO
leaf ethanol extracts produced in the current ex-
periments contained 58 mg/g of caffeotannic acid
and 3.45 mg/g of geniposide.

EuO has been reported to be a strong antioxidant
agent. Yen and Hsieh (2003) have shown that EuO
leaf extract exhibited a rather significant inhibitory
effect on DNA damage induced by H,O, in lympho-
cytes in a concentration-dependent manner. Ohmori
et al. (2005) assessed the antioxidant activity of EuO
and found that the inhibitory effects of EuO on
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and
low-density lipoprotein (LDL) oxidation were no-
ticeable in the format of Duzhong tea in vitro. In the
current H,O-induced MC3T3-E1 apoptosis model,
we have shown that the inhibitory effect of EuO on
the apoptosis increased in a dose-dependent manner,
with the half-inhibitory concentration being around
25 pg/ml by MTT assay, indicating that EuO is a
potent antioxidant against H,O, oxidation.

EuQO’s antioxidant effects may lie in its inhibi-
tion on the cascade reaction of caspases. Western
blotting and RT-PCR analyses showed that, when
treated with EuO, the initiator caspase 9 and effectors
caspases 3, 6, and 7 were drastically downregulated
both in mRNA and protein levels in H,O,-induced
MC3T3-E1 apoptotic model, with the half-effective
concentration of EuO ranging from 12.5 to 25 pg/ml.
Cell morphology also showed that H,O, induced
typical apoptotic features in MC3T3-E1 cells, which
were inhibited by EuO in a dose-dependent manner.
These results not only show that EuO is a potent anti-
oxidant against H,O.-induced oxidative damage, but
also suggest that the inhibition of caspases’ activities is
likely the underlying explanation.

While exploring the mechanism of EuO in an-
tagonizing H,O-induced apoptosis in MC3T3-E1

cells, a direct scavenging effect of EuO on H,O, must
be considered. The polyphenols isolated from EuO
displayed an effective radical-scavenging activity,
which may trigger other agents in eliminating free
radicals (Cho et al., 2003). EuO may also elimi-
nate -OH in solution (Chen et al., 2002; Luo et al.,
2009). However, in the cell viability experiment of
the current study, we applied EuO to the cells 24 h
prior to the administration of H,O,, in order to
minimize the possibility of a direct interaction be-
tween an oxidant and antioxidant.

It should be noted that there are a number of
factors affecting EuO’s biological and pharmaceutical
functions and effects, such as the plant growth con-
ditions, biological parts, and the extraction methods.
Yen and Hsieh (2003) reported that the inhibitory
effect of EuO leaf extract on DNA damage induced
by H,0, in lymphocytes was more significant than
that of roasted EuO cortex. Luo et al. (2009) found
that enzyme-assisted water extract is more effective
than the ethanol extracts of EuO leaves for antioxi-
dant extraction. Nishida et al. (2003) reported that
“crude drug” of EuO (150 pg/ml) induced apoptosis
of HL-60 cells. This discrepancy is likely due to a
high concentration of EuO applied, as we also ob-
served that EuO at higher doses (250-1000 pg/ml)
were toxic to MC3T3-EL1 cells. This could be also due
to a different source and/or process of the “crude
drug”. In the present study, the EuO leaves were from
locally-grown EuO and the extracts were made by
ethanol extraction.

In conclusion, ethanol EuO leaf extracts en-
hanced the growth of MC3T3-E1, and suppressed the
H,0,-induced apoptosis in a rat MC3T3-E1 osteo-
genic cell model. This effect is likely due to the inhi-
bition of caspases’ activities. EuO is a potent anti-
oxidant, a characteristic which may contribute to its
many cellular protective functions, including the
promotion of bone growth.
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