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Exposure to cadmium (Cd) induces apoptosis in osteoblasts (OBs); however, little information is available regarding the specific mechanisms 
of Cd-induced primary rat OB apoptosis. In this study, Cd reduced cell viability, damaged cell membranes and induced apoptosis in OBs. 
We observed decreased mitochondrial transmembrane potentials, ultrastructure collapse, enhanced caspase-3 activity, and increased 
concentrations of cleaved PARP, cleaved caspase-9 and cleaved caspase-3 following Cd treatment. Cd also increased the phosphorylation 
of p38-mitogen-activated protein kinase (MAPK), extracellular signal-regulated kinases (ERK)1/2 and c-jun N-terminal kinase (JNK) in OBs. 
Pretreatment with the caspase inhibitor, N-benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone, ERK1/2 inhibitor (U0126), p38 inhibitor 
(SB203580) and JNK inhibitor (SP600125) abrogated Cd-induced cell apoptosis. Furthermore, Cd-treated OBs exhibited signs of oxidative 
stress protection, including increased antioxidant enzymes superoxide dismutase and glutathione reductase levels and decreased formation 
of reactive oxygen species. Taken together, the results of our study clarified that Cd has direct cytotoxic effects on OBs, which are mediated 
by caspase- and MAPK pathways in Cd-induced apoptosis of OBs.
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Introduction

Owing to worldwide demand for cadmium (Cd), approximately 
30,000 tons of Cd are released into the environment each year 
[1]. This heavy metal is not degraded in the environment, which 
increases the risk of human exposure, with bone comprising an 
important target for Cd toxicity [2]. Exposure to high levels of 
Cd causes itai-itai disease, which is characterized by a 
combination of osteomalacia and osteoporosis [17]. It has been 
reported that low levels of Cd exposure could also give rise to 
bone injury by acting directly on osteoclasts (OBs) or affecting 
their function [11]. Previous reports have shown that Cd 
exposure can directly induce apoptotic OB death via the 
activation of caspases and mitogen-activated protein kinase 
(MAPK) [6,12]. Because apoptosis is recognized as an early 
cellular indicator of toxicity [35] and OBs are critical for bone 
formation, the interruption of apoptotic signaling cascades may 
give rise to bone diseases such as osteoporosis [36].

Oxidative stress usually occurs in cells exposed to Cd, and 
may overcome antioxidative defense systems, leading to 
cellular dysfunction [13]. Reactive oxygen species (ROS), an 
important indicator of oxidative stress, can occur in response to 
Cd exposure, resulting in damage to critical organelles, especially 
the mitochondria, eventually leading to apoptosis or necrosis 
[29,33]. Superoxide dismutase (SOD), catalase, and glutathione 
peroxidase and reductase (GR) are the major cellular defenses 
against ROS [38]. Accordingly, the relationship between redox 
homeostasis and apoptotic mechanisms of Cd-induced toxicity 
in OBs needs further investigation.

Studies have strongly suggested that oxidative mechanisms 
[14,20] and caspases [26,27], a family of cysteine-dependent 
aspartate-directed proteases, initiated and executed Cd-induced 
apoptosis. In addition, the involvement of other apoptotic pathways 
such as the MAPK-mediated pathway has been reported [16]. 
Nevertheless, these results have been contradictory, as experiments 
are commonly executed with high Cd concentrations for short 
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periods of time using a single cell type [32]. Therefore, we 
investigated whether standard exposure to Cd could induce 
apoptosis in OBs to clarify the role of oxidative stress, caspases, 
and MAPK activation in Cd-induced apoptosis.

Materials and Methods

Materials 
Rhodamine 123 (Rh123), cadmium acetate (CdAc2), and 

Hoechst 33258 stain were purchased from Sigma Chemical 
(USA). Dulbecco’s modified Eagle’s medium (DMEM) and 
fetal bovine serum (FBS) were obtained from Gibco Laboratories 
(USA). Fluorescein isothiocyanate (FITC)-annexin V apoptosis 
detection kits were purchased from BD Biosciences Pharmingen 
(USA). Lactate dehydrogenase (LDH) and SOD assay kits were 
acquired from Jiancheng Bioengineering Institute (China). GR 
activity and caspase-3/CPP32 fluorometric assay kits were both 
obtained from BioVision Research Products (USA). Cell 
Counting Kit-8 (CCK8), ALP staining kits and bicinchoninic 
acid (BCA) protein assay kits were provided by the Beyotime 
Institute of Biotechnology (China). Anti-rat c-jun N-terminal 
kinase (JNK), P-JNK, extracellular signal-regulated kinase (ERK), 
P-ERK, p38, P-p38, -actin, cleaved poly (ADP-ribose) 
polymerase (PARP), cleaved caspase-9, cleaved caspase-3, 
Bax, Bcl-2, and horseradish peroxidase (HRP)-conjugated goat 
anti-rabbit IgG antibodies were obtained from Cell Signaling 
Technology (USA).

Cell culture
Sprague-Dawley rats were purchased from the Laboratory 

Animal Center of Jiangsu University. OBs were obtained by 
sequential enzyme digestion of calvarial bones from 18–19 day 
gestational rats. Briefly, the clean calvariae were gently 
incubated at 37oC for 10 min with 0.25% (w/v) trypsin in 
phosphate-buffered saline (PBS), cut into slices, and incubated 
at 37oC for 40 min with 0.1% collagenase followed by the 
collection of cells. The cells were resuspended in DMEM 
supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mL 
penicillin, and 100 g/mL streptomycin, then cultured at 37oC 
in 95% humidified air containing 5% CO2. During culture, the 
medium was replaced every 2 days, and the cells were passaged. 
Cells from passage two or three were used for all experiments. 
The phenotype was identified by alkaline phosphatase (ALP) 
staining using an ALP staining kit. 

Cell suspensions (2 × 105 cells/mL) were seeded in 6-, 24- or 
96-well flat-bottomed plates. When the cells reached 70 to 80% 
confluence, they were exposed to increasing concentrations (0–
20 M) of Cd in the presence and absence of an ion channel 
blocker for 0 to 48 h.

Cell viability assays
After Cd treatment, cell viability was evaluated using CCK8. 

All experimental procedures were executed according to the 
manufacturer’s instructions, and water-soluble tetrazolium 
(WST) absorbance was measured at 450 nm with a basic 
Sunrise ELISA reader (Tecan, Austria). Cell viability was 
expressed as the proportion of optical density (OD) to the 
control.

Measurement of LDH, SOD, and GR activity
Cd-treated cells were lysed with cell lysis solution (0.1 M 

Tris-HCl and 0.1% Triton-100), after which they were 
centrifuged at 2,000 × g and 4oC for 5 min to obtain the 
supernatant. The activities of LDH, SOD, and GR were 
subsequently determined according to the instructions of LDH, 
SOD and GR activity assay kits described in the Materials part, 
respectively. The LDH result was expressed as the leakage 
proportion to the total level of LDH.

Measurement of ROS and mitochondrial transmembrane 
potential

To detect ROS and mitochondrial transmembrane potential 
(MMP), harvested cells were incubated with dichloro-dihydro- 
fluorescein diacetate (DCFH-DA; final concentration, 10 mol/L) 
and rhodamine (Rh)-123 (final concentration, 10 mg/L), 
respectively, in the dark at 37oC for 30 min, washed twice, and 
resuspended in PBS. Assay results were calculated by the 
fluorescence intensity (FL-1, 530 nm) of 10,000 cells using a 
FACSAria flow cytometer (Becton, Dickinson and Company, 
USA).

Transmission electron microscopy
Following Cd treatment, internal cellular structures were 

examined using a PHILIPS CM-120 transmission electron 
microscope. Briefly, cells were fixed with 2.5% glutaraldehyde 
at 4oC for 24 h and embedded in agar. The samples were then 
treated with 1% osmium tetroxide for 2 h and dehydrated using 
a graded acetone series, after which they were placed in a pure 
acetone and Epon 812 epoxy solution for 30 min and embedded 
in Epon 812 epoxy at 60oC for 48 h. Ultrathin (70 nm) sections 
were cut with a diamond knife and stained with lead and 
uranium.

Hoechst 33258 staining
Cells were fixed in 4% formaldehyde for 10 min, incubated 

with 5 g/mL Hoechst 33258 at 37oC for 15 min, then washed 
twice with PBS. Stained cells were immediately examined 
under a fluorescence microscope (Nikon, Japan) at an excitation 
wavelength of 330 to 380 nm using 450 to 490 nm filters. 

FITC-annexin V/propidium iodide staining
Cells were suspended in 100 L of 1× binding buffer 

containing 5 L FITC-annexin V and 5 L propidium iodide 
(PI) dye solution. After incubation at room temperature in the 
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dark for 15 min, 400 L binding buffer was added. The scatter 
parameters of the cells were subsequently analyzed using a flow 
cytometer at an excitation wavelength of 488 nm and emission 
wavelength of 605 nm. The apoptosis percentage was summed 
for both primary apoptosis (annexin V+/PI–) and late apoptosis 
(annexin V+/PI+).

Measurement of caspase-3 activity
After incubation with Cd, caspase-3 activity was assessed by 

a caspase-3/CPP32 fluorometric assay kit following the 
manufacturer’s instructions. Data were expressed as the 
fold-change in caspase-3 activity compared with non-treated 
controls (n = 3).

Western blot analysis
After incubation with Cd, cells were washed twice with PBS 

and lysed in radioimmunoprecipitation assay (RIPA) lysis 
buffer for 30 min at 4oC. Following sonication and centrifugation, 
the protein concentration of the cells was measured using a 
BCA protein assay kit according to the manufacturer’s 
instructions. The protein samples were separated using 10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE), transferred to nitrocellulose (Pall Corporation, 
USA), and then incubated overnight with the primary 
antibodies (rabbit anti-rat antibodies to P-p38, p38, P-ERK, 
ERK, P-JNK, JNK, cleaved PARP, cleaved caspase-9, cleaved 
caspase-3, Bax, and Bcl-2 at dilutions of 1 : 1000; anti--actin 
antibody was used at a dilution of 1 : 5000) at 4oC, followed by 
incubation with HRP-conjugated goat anti-rabbit IgG for 2 h 
at 1 : 5000. Proteins were visualized using enhanced 
chemiluminescence detection reagents. The band intensity was 
determined by a gel image analysis system (Bio-Rad 
Laboratories, USA) and normalized with -actin.

Statistical analysis
The results reported are the mean and standard deviation 

(SDs) of three independent experiments, each performed in 
duplicate or triplicate. Statistical comparisons were made using 
one-way analysis of variance (ANOVA; Student’s t-test) after 
ascertaining the homogeneity of variance between treatments. 
A p < 0.05 was considered statistically significant.

Results 

Cd altered cell viability, LDH, antioxidant enzymatic 
activity, ROS, mitochondrial membrane potential, and the 
ultrastructure of OBs

Cd decreased cell viability in a concentration-dependent 
manner (0.5–20 M; panel A in Fig. 1). Cell viability 
significantly decreased after treatment with 2 M Cd for all 
time-points, and 45% of viable cells remained at the 24 h 
time-point, indicating a median inhibitory concentration (IC50) 

value of approximately 2 M. Therefore, we selected 1, 2, and 
5 M Cd for subsequent experiments. The degree of cellular 
injury caused by Cd was estimated by the leakage of LDH 
enzymes. The cell number varied between plates; therefore, we 
compared the injury levels using the leakage ratio of experimental 
LDH to the corresponding maximum LDH. We observed a 
dose-dependent increase in this ratio, and approximately 50% 
of cells exhibited ruptured membranes after treatment with 2 
M Cd for 24 h (panel B in Fig. 1).

To assess the intracellular antioxidant status, SOD and GR 
activity were evaluated in Cd-treated OBs (panel C in Fig. 1). 
Cd treatment significantly increased SOD activity in a 
dose-dependent manner. GR activity was higher in cells treated 
with 1 M Cd than in the controls. With further increases in Cd 
concentration, GR activity decreased in a concentration-dependent 
manner. Intracellular ROS were measured in OBs (panel D in 
Fig. 1). Cd treatment produced a dose-dependent decrease in 
ROS at 12 and 24 h, while DCF fluorescence was remarkably 
decreased compared with that in the control group at additional 
time-points.

MMP increased after 0.75 h of 1 M Cd treatment; however, 
5 M Cd for 1.5 h led to significantly decreased MMP (panel E 
in Fig. 1). We observed a significant MMP reduction at 24 h at 
1 M, while 5 M Cd reduced the mitochondrial potential by 
35%. Control cells exhibited oval mitochondria with well-defined 
transversal cristae (panel F1 in Fig. 1). However, after treatment 
with 1 M Cd for 24 h, the OBs exhibited mitochondrial 
swelling and vague cristae (panel F2 in Fig. 1). As the Cd dose 
increased, OBs showed disappearance of mitochondrial cristae 
and cytoplasmic vacuolation (panels F3-4 in Fig. 1).

Cd triggers apoptosis in OBs
The nuclei of apoptotic cells showed an increase in 

fluorescence and typical apoptotic bodies (panels A and B in 
Fig. 2). The apoptotic rate increased in a dose-dependent 
manner at both 12 and 24 h (panel C in Fig. 2). Treatment with 
2 M Cd for 24 h doubled the number of apoptotic cells 
compared to the number in the control group.

The expression levels of Bax and Bcl-2 were investigated in 
OBs. Treatment with Cd for 24 h upregulated the expression 
of Bax, but downregulated the expression of Bcl-2 in a 
dose-dependent manner. The ratio of Bax/Bcl-2 increased by 
approximately 2.96-fold compared to the control (panels D and 
E in Fig. 2).

Involvement of caspase-dependent pathways in Cd-mediated 
cell apoptosis

Exposure to 2 M Cd led to a significant time-dependent 
increase in caspase-3 activity compared with the control (panel 
A in Fig. 3). In addition, the stimulation of caspase-3 activity 
was concentration-dependent (panel B in Fig. 3). Furthermore, 
pretreatment of cells with 50 M of the pan-caspase inhibitor, 
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Fig. 1. Cadmium (Cd) altered cell viability, lactate dehydrogenase (LDH), antioxidant enzymatic activity, reactive oxygen species 
(ROS), mitochondrial membrane potential and ultrastructure in osteoblasts (OBs). (A) OBs were treated with 0–20 M Cd, and cell 
viability was assessed at 3 to 48 h. (B and C) OBs were treated with 0–5 M Cd for 24 h, and LDH, SOD, and glutathione reductase 
(GR) activities were determined. (D and E) Cells were exposed to 0–5 M Cd for 0.75 to 24 h. Intracellular ROS production and 
mitochondrial transmembrane potential (MMP) were measured, and the results are presented as the mean fluorescence intensity (MFI)
relative to the control group (100%). Data are presented as the mean and SDs of three independent experiments, each performed in
triplicate. Significant differences are indicated by *p ＜ 0.05 and **p ＜ 0.01 relative to the control. (F) Ultrastructural morphology of
OBs (5,200× magnification) after treatment with 0, 1, 2, and 5 M Cd (F1–4) for 24 h.
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Fig. 2. Cd triggers apoptosis in OBs. (A and B) Cell nuclei as observed under fluorescence microscopy. Cells were exposed to 0 (A1
and B1), 1 (A2 and B2), 2 (A3 and B3), and 5 (A4 and B4) M Cd for 12 h (A) and 24 h (B). Scale bars = 20 m (A and B). (C) Flow
cytometric analysis of cells showed an increased apoptotic rate in a dose-dependent manner. (D) The expression levels of Bax and Bcl-2
were assessed by western blot analysis, while -actin was probed as a protein loading control. (E) Densitometry analysis of Bax, Bcl-2 
and the Bax/Bcl-2 ratio. All data were expressed as the mean and SDs (n = 3). **p ＜ 0.01 compared with the control group. 

N-benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone 
(Z-VAD-fmk), 1 h before the addition of Cd inhibited the 
Cd-induced reduction in cell viability (panel C in Fig. 3) and 
Cd-mediated cell apoptosis (panel D in Fig. 3).

Western blot analysis (panel E in Fig. 3) showed that Cd 
exposure significantly increased the concentration of cleaved 
PARP, cleaved caspase-9 and cleaved caspase-3, which suggested 
the involvement of mitochondria-dependent signaling cascades 
during the Cd-induced apoptosis of OBs.

Involvement of MAPK signaling in Cd-induced apoptosis
Cd significantly stimulated the activity of p38 in the early 

period (from 2 to 6 h) after 1 h of Cd treatment in a 
time-dependent manner. We observed intense stimulation of 
ERK1/2 phosphorylation after Cd treatment for 2 h that 
increased until 5 h (panels A and C in Fig. 4). Cd at 2 M also 
stimulated the phosphorylation of JNK early at 1 h, and these 
effects lasted for 6 h. These results suggest that Cd activates 
p38, ERK1/2 and JNK.

We next investigated the role that MAPK signaling played in 
Cd-induced apoptosis. The results showed that it significantly 

attenuated the expression of apoptosis-related protein Bax/Bcl2 
when cells were pre-incubated with 10 M SB203580, SP600125, 
and U0126 for 30 min before treatment with 2 M Cd relative 
to cells treated with Cd alone (panels B and D in Fig. 4). These 
results suggest that MAPK signaling may play an important role 
in Cd-induced apoptosis. 

Discussion

Cell proliferation and differentiation can be affected by Cd, 
and recent studies have demonstrated that Cd can cause cell 
apoptosis [4,19]. Furthermore, Cd acts directly on the activity 
and metabolism of bone cells and the process of mineralization 
[10,11]. However, the underlying mechanisms responsible for 
this effect are unclear. Therefore, our study investigated the 
toxicological effects and underlying mechanisms of Cd-induced 
primary rat OB injuries, especially with regards to apoptosis.

Oxidative stress is believed to participate in the early processes 
of proximal tubular kidney damage induced by subtoxic doses 
of Cd [33], causing pancreatic beta-cell death [8] and the 
apoptosis of H4-II-E-C3 rat liver-derived cell lines [8]. However, 
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Fig. 3. Caspase activation is partially associated with Cd-induced apoptosis. (A) Time course of Cd-induced (2 M) changes in caspase-3
activity. Data are expressed as the x-fold change over control values estimated in untreated cells. (B) Cd (0, 1, 2, 5 M) stimulated 
caspase-3 activity. Data are expressed as the x-fold change over control values as estimated in untreated cells. (C) Cells were exposed 
to the indicated concentrations of Cd in the presence or absence of 50 M z-VAD-fmk for 12 and 24 h, and cell viability was analyzed.
(D) Morphological changes in OB nuclei after 2 M Cd treatment in the presence or absence of 50 M z-VAD-fmk for 24 h. Scale bar
= 20 m. (E) Cd increased the protein expression levels of cleaved PARP, cleaved caspase-9 and cleaved caspase-3. The intensity of
each band was quantified by densitometry. The protein expression from the control group was designated as 1, while that of the other
groups were expressed as fold changes compared to the control. Data are presented as the means and SDs of three independent 
experiments, each performed in triplicate. Significant differences are indicated by ap ＜ 0.05 and bp ＜ 0.01 relative to the control, and
cp ＜ 0.05 and dp ＜ 0.01 compared with the Cd group.

in this study, we observed a decrease in ROS generation in OBs 
treated with Cd, which was in contrast to the findings of many 
other studies [26,40]. The increase in antioxidant enzymes, 
SOD and GR, might have contributed to the decrease in ROS 
generation; however, further investigation was necessary to 
explore the exact mechanisms of the decrease in ROS. Cell 
protection and clearance are the two main responses of cells 
exposed to toxic agents. A study by Regunathan et al. showed 
that bone cells exposed to Cd had increased levels of 
metallothionein (MT) and transferrin receptor synthesis [30]. 
Furthermore, several other studies showed that Cd increased 

MT gene expression in both osteocytes and rat bone tissue 
[2,23]. It has also been reported that the OB transcriptional 
factor, RUNX2, a target for heavy metal-induced osteotoxicity, 
is involved in protective responses against osteoporosis in 
postmenopausal women. Genes that participate in cell death, 
repair and mammalian cell cycling can be activated by redox 
stress and induce apoptosis or long-term protection strategies 
against oxidative stress [32]. In chronically Cd-poisoned cells, 
the production of ROS was found to decrease in accordance 
with aberrant gene expression levels to enable cells become 
tolerant to Cd [20]. 
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Fig. 3. Continued.

Bcl-2 or Bcl-xL expression regulates the exchange of 
mitochondrial adenine nucleotide, which is associated with 
apoptosis [34]. The functions of the two proteins are completely 
opposite. Bcl-2 possesses anti-apoptotic effects by maintaining 
mitochondrial homeostasis, while Bax activates caspase 
signaling and induces apoptosis by downregulating mitochondrial 
permeability [24]. The ratio of Bax/Bcl-2 is generally one of the 
most important indicators of apoptosis. Our results demonstrated 
a higher Bax/Bcl-2 ratio in Cd-treated cells than untreated 
control cells. In addition, the activation of caspase signaling is 
another vital marker of mitochondria-caused apoptosis. Caspases, 
a family of cysteine-dependent aspartate-directed proteases, 
participate in the initiation and execution of apoptosis [7]. 
Among various caspases, the main effector is caspase-3, which 
plays a critical role in inducing characteristic apoptotic changes 
and is closely associated with many other apoptotic mediators, 
such as PARP, cytochrome c and caspase-9 [28]. Caspase-9 is 
an initiator caspase that activates downstream caspases, such as 
caspases-3, -6 and -7 [37]. Our results demonstrated that 
Cd-induced apoptosis in OBs involves activation of the 
cleavage of PARP, caspase-9 and caspase-3. Pretreatment of the 
cells with a broad spectrum inhibitor, Z-VAD-fmk, attenuated 
Cd-induced cell apoptosis, revealing that caspase-dependent 
pathways are partially connected to Cd-induced cell apoptosis. 

MAPKs, a family of protein-serine/threonine kinases (including 
p38-MAPK, JNK, and ERK), regulate cell survival, proliferation, 
differentiation and death [5]. p38-MAPK and JNK are involved 
in cell apoptosis by participating in the cellular response to 
stress, while cell survival is usually regulated by ERK with a 
short-term period of activation. However, it is still unclear how 
MAPKs regulate OB apoptosis. Hence, our results extend the 
findings of previous studies to OBs derived from 18–19 day 
gestational Sprague-Dawley rats. Our findings showed that 2 
M Cd significantly stimulated activation of the ERK pathway 
soon after treatment for 2 h. This observation was consistent 
with previous findings that Cd poisoning leads to activation of 
the ERK pathway and ultimately apoptosis in CCRF-CEM 
human T lymphoblastoid cells [15], mesangial cells [39], and 
Saos-2 OBs [3]. Martin et al. [22] demonstrated that low dose 
Cd resulted in unconventional ERK-sustained phosphorylation 
in several cell types, which subsequently led to death signaling. 
Lag et al. [18] reported that, although Cd exposure promptly 
increased the phosphorylation of p38 MAPK, ERK1/2, and 
JNK, only p38 inhibitor reduced Cd-induced apoptosis. These 
findings suggested that p38 is involved in apoptosis of lung 
cells, which is in accordance with the findings of Stinson et al. 
[31], who reported that Cd-induced caspase-independent 
apoptosis of mesangial cells is associated with activated p38 
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Fig. 4. The involvement of MAPK signaling in Cd-induced apoptosis. Cell lysates analyzed by western blot with the indicated 
antibodies. The -actin protein level was used as a loading control. (A) Cells were cultured with 2 M Cd for 1 to 6 h. (B) OBs were
pre-incubated with 10 M SB203580, SP600125, and U0126 for 30 min, followed by incubation with 2 M Cd for 12 h. (C and D) 
The amount of phosphorylated protein was quantified by densitometry and corrected for sample loading based on the density of the
-actin band. The results are expressed as the fold changes relative to the control lane. Each blot is representative of at least three 
replicate experiments. ap < 0.05, bp ＜ 0.01 relative to the control and cp ＜ 0.01 relative to the Cd-treated group. 

MAPK [21]. Papadakis et al. [25] found that indicators of 
apoptosis, including the activation of Bax, caspase activity and 
DNA fragmentation, were absent from JNK-deficient fibroblasts, 
suggesting that JNK mediates fibroblast apoptosis. Furthermore, 
ROS formation is associated with the activation of JNK 
signaling via a Ca2+-dependent pathway [9,15]. In this study, we 
demonstrated that 2 M Cd significantly enhanced the 
phosphorylation levels of p38-MAPK and ERK1/2, but not 
JNK. Furthermore, the pretreatment of cells with a specific 

ERK1/2 inhibitor (U0126), p38 inhibitor (SB203580) and JNK 
inhibitor (SP600125) reduced the ratio of Bax/Bcl-2 relative to 
the Cd-treated group. These results indicate that p38, ERK and 
JNK are involved in Cd-induced apoptosis in OBs. 
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