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Cadmium induces apoptosis in primary rat osteoblasts
through caspase and mitogen—activated protein kinase
pathways

Hongyan ZhaoT, Wei LiuT, Yi Wang, Nannan Dai, Jianhong Gu, Yan Yuan, Xuezhong Liu, Jianchun Bian, Zong-Ping Liu*

College of Veterinary Medicine, Yangzhou University, and Jiangsu Co-innovation Center for Prevention and Control of Important Animal | nfectious Diseases
and Zoonoses, Yangzhou 225009, China

Exposure to cadmium (Cd) induces apoptosi sin osteobl asts (OBs); however, littleinformation isavail able regarding the specific mechanisms
of Cd-induced primary rat OB apoptosis. In this study, Cd reduced cell viahility, damaged cell membranes and induced apoptosisin OBs.
We observed decreased mitochondria transmembrane potentias, ultrastructure collapse, enhanced caspase-3 activity, and increased
concentrations of cleaved PARRP, cleaved caspase-9 and cleaved caspase-3 following Cd treatment. Cd a so increased the phosphorylation
of p38-mitogen-activated protein kinase (MAPK), extracellular signd-regul ated kinases (ERK)1/2 and ¢-jun N-termind kinase (JNK) in OBs.
Pretreatment with the caspase inhibitor, N-benzyl oxycarbonyl-Val -Ala-Asp-fluoromethyl ketone, ERK 1/2 inhibitor (U0126), p38 inhibitor
(SB203580) and JNK inhibitor (SP600125) abrogated Cd-induced cell apoptosis. Furthermore, Cd-trested OBs exhibited signs of oxidative
stress protection, including increased antioxidant enzymes superoxide dismutase and glutathi one reductase level s and decreased formation
of reactive oxygen species. Taken together, theresultsof our study clarified that Cd hasdirect cytotoxic effects on OBs, which are mediated
by caspase- and MAPK pathwaysin 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]. Thisheavy metal isnot degraded in the environment, which
increasestherisk 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 osteomal aciaand osteoporosis[17]. It hasbeen
reported that low levels of Cd exposure could also giveriseto
boneinjury 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, theinterruption of apoptotic signaling cascades may
giverise 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 responseto
Cd exposure, resulting in damageto critica organeles, especidly
the mitochondria, eventualy leading to apoptosis or necrosis
[29,33]. Superoxide dismutase (SOD), catalase, and glutathione
peroxidase and reductase (GR) are the mgjor cellular defenses
against ROS[38]. Accordingly, the relationship between redox
homeostasi s 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
gpoptogs. Inaddition, theinvolvement of other gpoptotic pathways
such as the MAPK-mediated pathway has been reported [16].
Neverthel ess, these resullts have been contradi ctory, 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
apoptosisin OBsto clarify therole 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 kitswere purchased from BD Biosciences Pharmingen
(USA). Lactate dehydrogenase (LDH) and SOD assay kitswere
acquired from Jiancheng Bioengineering Institute (China). GR
activity and caspase-3/CPP32 fluorometric assay kitswere both
obtained from BioVison 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 (INK), P-ONK, extracdlular Sgna -regul ated kinase (ERK),
P-ERK, p38, P-p38, B-actin, cleaved poly (ADP-ribose)
polymerase (PARP), cleaved caspase-9, cleaved caspase-3,
Bax, Bcl-2, and horseradish peroxidase (HRP)-conjugated goat
anti-rabhit 1gG 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 bonesfrom 18-19 day
gestationa rats. Briefly, the clean cavariae were gently
incubated at 37°C for 10 min with 0.25% (w/v) trypsin in
phosphate-buffered saline (PBS), cut into dices, and incubated
at 37°C 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 ug/mL streptomycin, then cultured at 37°C
in 95% humidified air containing 5% CO.. During culture, the
medium was replaced every 2 days, and the cellswere passaged.
Cellsfrom passage two or three were used for all experiments.
The phenotype was identified by akaline phosphatase (ALP)
staining using an ALP staining kit.

Cell suspensions (2 x 10° cells/mL) were seeded in 6-, 24- or
96-wel flat-bottomed plates. When the cellsreached 70 to 80%
confluence, they were exposed to increasing concentrations (0~
20 uM) of Cd in the presence and absence of an ion channel
blocker for 0to 48 h.

Cell viability assays
After Cdtreatment, cell viability was evauated using CCK8.
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All experimental procedures were executed according to the
manufacturer’s ingtructions, 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 cdl lysis solution (0.1 M
TrisHCl and 0.1% Triton-100), after which they were
centrifuged a 2,000 x g and 4°C for 5 min to obtain the
supernatant. The activities of LDH, SOD, and GR were
subsequently determined according to theinstructions of LDH,
SOD and GR activity assay kitsdescribed in the Material s part,
respectively. The LDH result was expressed as the leskage
proportion to the total level of LDH.

Measurement of ROS and mitochondrial transmembrane
potential

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

Transmission electron microscopy

Following Cd treatment, internal cellular structures were
examined using a PHILIPS CM-120 transmission eectron
microscope. Briefly, cellswerefixed with 2.5% glutaral dehyde
at 4°C for 24 h and embedded in agar. The samples were then
treated with 1% osmium tetroxide for 2 h and dehydrated using
agraded acetone series, after which they were placed inapure
acetone and Epon 812 epoxy solution for 30 min and embedded
in Epon 812 epoxy at 60°C for 48 h. Ultrathin (70 nm) sections
were cut with a diamond knife and stained with lead and
uranium.

Hoechst 33258 staining

Celswere fixed in 4% formaldehyde for 10 min, incubated
with 5 ug/mL Hoechst 33258 at 37°C for 15 min, then washed
twice with PBS. Stained cells were immediately examined
under afluorescence microscope (Nikon, Japan) at an excitation
wavelength of 330 to 380 nm using 450 to 490 nm filters.

FITC-annexin V/propidium iodide staining

Cdls were suspended in 100 pL of 1x binding buffer
containing 5 uL. FITC-annexin V and 5 uL propidium iodide
(P1) dye solution. After incubation at room temperature in the
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dark for 15 min, 400 uL binding buffer was added. The scatter
parameters of the cellswere subsequently analyzed using aflow
cytometer at an excitation wavel ength of 488 nm and emission
wavel ength of 605 nm. The apoptosis percentage was summed
for both primary apoptosis (annexin V*/Pl") and late apoptosis
(annexin V*/PIY).

Measurement of caspase-3 activity

After incubation with Cd, caspase-3 activity was assessed by
a cagpase-3/CPP32 fluorometric assay kit following the
manufacturer’s ingtructions. Data were expressed as the
fold-change in caspase-3 activity compared with non-treated
controls (n = 3).

Westemn blot analysis

After incubation with Cd, cellswere washed twice with PBS
and lysed in radioimmunoprecipitation assay (RIPA) lysis
buffer for 30 min at 4°C. 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-INK, INK, cleaved PARP, cleaved caspase-9, cleaved
caspase-3, Bax, and Bcl-2 at dilutions of 1 : 1000; anti-B-actin
antibody was used at adilution of 1 : 5000) at 4°C, followed by
incubation with HRP-conjugated goat anti-rabbit 1gG for 2 h
at 1 : 5000. Proteins were visudized using enhanced
chemiluminescence detection reagents. The band intensity was
determined by a gel image andysis sysem (Bio-Rad
Laboratories, USA) and normalized with B-actin.

Statistical analysis

The results reported are the mean and standard deviation
(SDs) of three independent experiments, each performed in
duplicateor triplicate. Statistical comparisonswere 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 statisticaly 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 puM; pand A in Fig. 1). Cdl viability
significantly decreased after treatment with 2 uM Cd for al
time-points, and 45% of viable cells remained at the 24 h
time-point, indicating amedian inhibitory concentration (1C50)

vaue of approximately 2 uM. Therefore, we selected 1, 2, and
5 uM 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 theinjury levelsusing theleakageratio of experimenta
LDH to the corresponding maximum LDH. We observed a
dose-dependent increase in thisratio, and approximately 50%
of cells exhibited ruptured membranes after treatment with 2
uM 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 Cin Fig. 1).
Cd treatment dgnificantly increased SOD activity in a
dose-dependent manner. GR activity was higher in cellstreated
with 1 uM Cd thanin the controls. With further increasesin Cd
concentration, GR activity decreased in aconcentrati on-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.

MMPincreased after 0.75 h of 1 uM Cd treatment; however,
5uM Cdfor 1.5 hled to significantly decreased MMP (panel E
inFig. 1). We observed a significant MMPreduction at 24 h at
1 uM, while 5 uM Cd reduced the mitochondria potential by
35%. Contral cdllsexhibited oval mitochondriawith well-defined
transversal cristae (panel F1inFig. 1). However, after treatment
with 1 uM Cd for 24 h, the OBs exhibited mitochondria
swelling and vague cristae (pandl F2in Fig. 1). Asthe Cd dose
increased, OBs showed disappearance of mitochondrial cristae
and cytoplasmic vacuolation (panesF3-4 in Fig. 1).

Cd triggers apoptosis in OBs

The nuclei of apoptotic cells showed an increase in
fluorescence and typica apoptotic bodies (panels A and B in
Fig. 2). The apoptotic rate increased in a dose-dependent
manner a both 12 and 24 h (panel CinFig. 2). Treatment with
2 uM 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 wereinvestigated 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 (panelsD and
EinFig. 2).

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

Exposure to 2 uM Cd led to a significant time-dependent
increasein 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 cellswith 50 uM 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 uM Cd, and cell
viability was assessed at 3 to 48 h. (B and C) OBs were treated with 0-5 uM Cd for 24 h, and LDH, SOD, and glutathione reductase
(GR) activities were determined. (D and E) Cells were exposed to 0-5 uM 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 x magnification) after treatment with 0, 1, 2, and 5 uM Cd (F1-4) for 24 h.

Journal of Veterinary Science



Cadmium induces apoptosis in osteoblasts through caspase and MAPK pathways 301

207 3 12h o

15 1

10 +

Apoptosis rate (%)

0 T T T

Cd (uM)

D
24 h
Cd (uM) 0 1 2 5
Bax e ————y,
BO? o — — ——
E
47 O Bax
3 [ Bcl-2 Kok
£ Bl Bax/Bcl-2
8 3 TS
5
..!é sk ok
2
Re]
[7]
%]
o
Q.
s 14 o sk sk
C
©
§ I
n_ 0 T T T
0 1 2 5

Cd (uM)

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) uM Cd for 12 h (A) and 24 h (B). Scale bars = 20 um (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 B-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 (pandl Cin Fig. 3) and
Cd-mediated cell apoptosis (panel D in Fig. 3).

Western blot anadlysis (panel E in Fig. 3) showed that Cd
exposure significantly increased the concentration of cleaved
PARR, cleaved caspase-9 and cleaved caspase-3, which suggested
theinvolvement 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 (panelsA and Cin Fig. 4). Cda 2 uM also
stimulated the phosphorylation of INK 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

atenuated the expression of apoptosis-related protein Bax/Bcl2
when cellswere pre-incubated with 10 uM SB203580, SP600125,
and U0126 for 30 min before trestment with 2 uM Cd relative
to cellstreated with Cd alone (panelsB and D in Fig. 4). These
results suggest that MAPK signaling may play animportant role
in Cd-induced apoptosis.

Discussion

Cdll 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
toxicologica effectsand underlying mechanisms of Cd-induced
primary rat OB injuries, especially with regards to apoptosis.

Oxidative stressisbelieved to participatein the early processes
of proximal tubular kidney damage induced by subtoxic doses
of Cd [33], causing pancreatic beta-cell death [8] and the
apoptosisof H4-11-E-C3ret liver-derived cdll lines[8]. However,
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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 °p < 0.05 and °p < 0.01 relative to the control, and

v < 0.05 and ‘p < 0.01 compared with the Cd group.

inthisstudy, we observed adecreasein ROS generationin 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. Cdll
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, severa other studies showed that Cd increased
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MT gene expression in both osteocytes and rat bone tissue
[2,23]. It has also been reported that the OB transcriptional
factor, RUNX 2, atarget 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
againgt 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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Bcl-2 or Bcl-xL expression regulates the exchange of
mitochondrial adenine nucleotide, which is associated with
apoptosis[34]. Thefunctionsof thetwo proteinsare completely
opposite. Bcl-2 possesses anti-apoptotic effects by maintaining
mitochondrial homeostasis, while Bax activates caspase
signaling and i nduces apoptosi sby downregul ating mitochondria
permeshility [24]. Theratio of Bax/Bcl-2 isgenerally oneof 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 signdingis
another vital marker of mitochondria-caused apoptosis. Caspases,
a family of cysteine-dependent aspartate-directed protesases,
participate in the initiation and execution of apoptosis [7].
Among various caspases, the main effector is caspase-3, which
playsadcritical roleininducing characteristic apoptotic changes
and is closely associated with many other apoptotic mediators,
such as PARP, cytochrome ¢ and caspase-9 [28]. Caspase-9 is
aninitiator caspasethat 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.
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MAPKs, afamily of protein-serine'threonine kinases (including
p38-MAPK, INK, and ERK), regulate cdl survivd, proliferation,
differentiation and death [5]. p38-MAPK and INK areinvolved
in cell apoptosis by participating in the cellular response to
stress, while cdll surviva is usually regulated by ERK with a
short-term period of activation. However, it isstill unclear how
MAPKs regulate OB apoptosis. Hence, our results extend the
findings of previous studies to OBs derived from 18-19 day
gestationa Sprague-Dawley rats. Our findings showed that 2
uM 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], mesangia cells[39], and
Saos-2 OBs[3]. Martin et al. [22] demonstrated that low dose
Cd resulted in unconventional ERK -sustained phosphorylation
insevera 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
JINK, only p38 inhibitor reduced Cd-induced apoptosis. These
findings suggested that p38 is involved in apoptosis of lung
cells, which isin accordance with the findings of Stinson et al.
[31], who reported that Cd-induced caspase-independent
apoptosis of mesangia 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 B-actin protein level was used as a loading control. (A) Cells were cultured with 2 uM Cd for 1 to 6 h. (B) OBs were
pre-incubated with 10 uM SB203580, SP600125, and U0126 for 30 min, followed by incubation with 2 uM 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
B-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. °p < 0.05, °p < 0.01 relative to the control and p < 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 INK mediatesfibroblast apoptosis. Furthermore,
ROS formation is associated with the activation of INK
signaling viaa Ca’*-dependent pathway [9,15]. In thisstudy, we
demonstrated that 2 uM Cd dgnificantly enhanced the
phosphorylation levels of p38-MAPK and ERK1/2, but not
JNK. Furthermore, the pretreatment of cells with a specific

Journal of Veterinary Science

ERK /2 inhibitor (U0126), p38 inhibitor (SB203580) and JNK
inhibitor (SP600125) reduced theratio of Bax/Bcl-2 relative to
the Cd-treated group. These resultsindicate that p38, ERK and
JINK areinvolved in Cd-induced apoptosisin OBs.
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