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Abstract. Oridonin is an active constituent isolated from 
the traditional Chinese herb Rabdosia  rubescens, which 
exerts antitumor effects in experimental and clinical settings. 
However, its antitumor effects and underlying mechanisms on 
prostate cancer cells have not yet been clearly identified. In 
the present study, the androgen‑independent prostate cancer 
PC3 and DU145 cell lines were used as models to investigate 
the effects and possible mechanisms of oridonin on cellular 
proliferation and apoptosis. Results demonstrated that oridonin 
inhibited cellular proliferation, and was able to significantly 
induce G2/M cell cycle arrest and apoptosis. Detailed 
signaling pathway analysis by western blotting demonstrated 
that the expression levels of p53 and p21 were upregulated, 
whereas the expression of cyclin‑dependent kinase 1 was 
downregulated following oridonin treatment, which led to cell 
cycle arrest in the G2/M phase. Oridonin also upregulated the 
proteolytic cleaved forms of caspase‑3, caspase‑9 and poly 
(ADP‑ribose) polymerase. Furthermore, the protein expres-
sion levels of B‑cell lymphoma 2 were decreased and those of 
Bcl‑2‑associated X protein were increased following oridonin 
treatment. In addition, oridonin treatment significantly inhib-
ited the expression of phosphoiniositide‑3 kinase (PI3K) p85 
subunit and the phosphorylation of Akt. The downstream gene 
murine double minute 2 was also downregulated, which may 
contribute to the elevated expression of p53 following oridonin 
treatment. In conclusion, the results of the present study 
suggested that oridonin is able to inactivate the PI3K/Akt 

pathway and activate p53 pathways in prostate cancer cells, 
resulting in the suppression of proliferation and the induction 
of caspase‑mediated apoptosis.

Introduction

Prostate cancer is one of the most common types of cancer 
and the second leading cause of cancer‑associated mortality 
in men  (1,2). Orchiectomy, and hormone and radiation 
therapy are the commonly employed modes of treatment for 
prostate cancer (3). However, prostate cancer begins as an 
androgen‑dependent tumor that may eventually progress to an 
androgen‑independent stage, which is resistant to the current 
treatment regimens  (4,5). The loss of androgen sensitivity 
generally leads to the adaptation of cells to an environment 
without androgens, and an alternative pathway of signal trans-
duction (6). Therefore, identifying drugs that may override 
androgen‑independent prostate cancer cells is an important 
topic of study.

Oridonin is a diterpenoid isolated from the traditional 
Chinese herb Rabdosia rubescens, which has been widely 
used for thousands of years in traditional Chinese medi-
cine (7,8) and has been reported to be useful in the treatment 
of several types of tumor (9,10). The preventative effects of 
R. rubescens are considered to be as a result of the antibac-
terial and anti‑inflammatory functions of oridonin  (11,12). 
Numerous studies have demonstrated that oridonin possesses 
antiproliferative and apoptotic activities in various cancer 
cells, including breast, colorectal and hepatocellular carcinoma 
cells (13‑15). Oridonin administration has also been reported 
to induce growth inhibition in prostate cancer cells, mainly by 
inducing cellular apoptosis (16‑18). However, the exact effects 
and the underlying mechanisms of oridonin against prostate 
cancer cells remain poorly characterized.

The present study examined the potential effects of oridonin 
on cultured PC3 and DU145 androgen‑independent prostate 
cancer cells, and focused mainly on the underlying cellular 
mechanisms. The results demonstrated that oridonin was 
able to inactivate the phosphoiniositide‑3 kinase (PI3K)/Akt 
pathway and activate p53 pathways to promote growth inhibi-
tion and apoptosis in prostate cancer cells, thus suggesting that 
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oridonin may be considered a candidate antineoplastic drug 
for future prostate cancer therapeutics.

Materials and methods

Cell lines and cell culture. The PC3 and DU145 human prostate 
cancer cell lines were purchased from American Type Culture 
Collection (Manassas, VA, USA), and were cultured in F12 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
and minimum essential medium (Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA), respectively. The media were 
supplemented with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.) and 100 U/ml penicillin‑streptomycin. 
Each cell line was maintained at 37˚C in an atmosphere 
containing 5% CO2.

MTT assay. The viability of the cells was assessed using an 
MTT assay (Sigma‑Aldrich; Merck Millipore, Darmstadt, 
Germany) according to the manufacturer's protocol. Briefly, 
104 cells were collected and seeded in a 96‑well plate over-
night at 37˚C, and then treated with oridonin (Chengdu Must 
Bio‑Technology Co., Ltd., Sichuan, China) at the concen-
trations of 20, 40 and 60 µM. Following a 24, 36 or 48 h 
incubation at 37˚C, 100 µl 0.5 mg/ml MTT was added to each 
well and plates were incubated at 37˚C for 4 h. Following the 
removal of the medium, 150 µl dimethyl sulfoxide (DMSO) 
was added to dissolve formazan crystals and the absorbance 
of each well was measured using a microplate reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) at a test wavelength 
of 490 nm, with a reference wavelength of 630 nm. Each 
treatment was performed in triplicate wells, and a control 
group consisting of cells grown in culture medium containing 
DMSO was included. Each experiment was repeated at least 
3 times.

Flow cytometric analysis of cell cycle distribution and 
apoptosis. For flow cytometric analysis, 5x105  cells were 
cultured in 60 mm dishes overnight at 37˚C. Subsequently, 10, 
20 and 40 µM oridonin were used to treat PC3 cells, and 15, 
30 and 60 µM oridonin were selected to treat DU145 cells. 
Subsequently, cells were incubated for a further 24 h at 37˚C. 
Cells were then harvested by trypsinization, washed twice with 
PBS, fixed in 70% ethanol overnight at 4˚C, and then incubated 
with 0.5 ml propidium iodide (PI)/Triton X‑100 staining solu-
tion with Ribonuclease A for 30 min at room temperature. 
The percentage of cells in the G1, S and G2/M phases was 
measured with a FACScan flow cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA), and analyzed using CellQuest Pro 
software version 5.1 (BD Biosciences).

For apoptotic analysis, 5x105 cells were seeded in a 6‑well 
plate overnight at 37˚C. Then PC3 cells were treated with 10, 
20 or 40 µM oridonin or DMSO, and DU145 cells were treated 
with 15, 30 or 60 µM oridonin or DMSO. Following a 24 h 
incubation at 37˚C, cells were trypsinized and resuspended in 
500 µl binding buffer, followed by the addition of Annexin 
V‑fluorescein isothiocyanate (FITC)/PI into the binding 
buffer; the cells were then incubated in the dark for 5 min at 
room temperature. The labeled cells were analyzed by flow 
cytometry using a FACScan flow cytometer (BD Biosciences) 
and the CellQuest Pro software version 5.1 (BD Biosciences).

Western blot analysis. Following the indicated treatments, the 
cells were washed with PBS and harvested in radioimmuno-
precipitation assay buffer (150 mM NaCl, 1% NP‑40, 0.5% 
sodium deoxycholate, 0.1% SDS and 50 mM Tris) containing 
10 mg/ml aprotinin, 5 mg/ml leupeptin and 1 mM phenylmeth-
ylsulfonyl fluoride. Protein concentrations were determined 
using the Bradford‑Coomassie dye binding assay. In total, 50 µg 
of protein was loaded and separated by 12% SDS‑PAGE, and 
proteins were then transferred onto polyvinylidene difluoride 
membranes (Merck Millipore). The membranes were blocked 
in blocking buffer (5% milk in TBS and 0.1% Tween‑20) for 
1 h at room temperature and then incubated overnight at 4˚C 
with the respective primary antibody (in 5% milk) followed by 
a secondary antibody. Antibodies against p53 (dilution, 1:500; 
#SC‑47698), p21 (dilution, 1:500; #SC‑817), cyclin‑dependent 
kinase 1 (CDK1; dilution, 1:1,000; #SC‑53219), β‑actin (dilu-
tion, 1:2,000; #SC‑47778), B‑cell lymphoma 2 (Bcl‑2; dilution, 
1:1,000; #SC‑509), Bcl‑2‑associated X protein (Bax; dilution, 
1:1,000; #SC‑20067), murine double minute 2 (MDM2; 
dilution, 1:500; #SC‑965), goat anti‑mouse immunoglobulin 
G(IgG)‑horseradish peroxidase (HRP; dilution, 1:3,000; 
#SC‑2005) and mouse anti‑rabbit IgG‑HRP (dilution, 1:5,000; 
#SC‑2357) were purchased from Santa Cruz Biotechnology, 
Inc., (Dallas, TX, USA). Antibodies against PI3K (dilution, 
1:1,000; #4292), phosphorylated (p)‑Akt (dilution, 1:1,000; 
#9271), Akt (dilution, 1:1,000; #9272), cleaved caspase‑3 
(dilution, 1:1,000; #9661), cleaved caspase‑9 (dilution 1:1,000; 
#9501) and cleaved poly (ADP‑ribose) polymerase (PARP; 
dilution, 1:1,000; #9541) were purchased from Cell Signaling 
Technology Inc., (Danvers, MA, USA). Immunoblots were 
developed using the enhanced chemiluminescence western 
blot substrate kit (Pierce; Thermo Fisher Scientific, Inc.) and 
were exposed to Kodak BioMax MR film (Kodak, Rochester, 
NY, USA). Equal protein loading was confirmed by probing 
blots with a β‑actin antibody. Image J software (version 1.42q; 
National Institutes of Health, Bethesda, MD, USA) was used 
to quantify band intensities.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analysis was performed using one‑way 
analysis of variance followed by Dunnett's test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Oridonin suppresses prostate cancer cell proliferation. To 
investigate the possible effects of oridonin on prostate cancer 
cells, the PC3 and DU145 cells were treated with oridonin, and 
its effect on cell proliferation was determined by MTT assay. 
Results demonstrated that oridonin effectively inhibited cell 
proliferation in a dose‑dependent manner in the two cell lines 
(Fig. 1). However, the two prostate cancer cell lines exhibited 
different sensitivity to oridonin treatment. It appeared that PC3 
cells were more sensitive to oridonin treatment than DU145 
cells. A significant inhibitory effect was observed at 24 h 
post‑treatment with 20 µM oridonin in PC3 cells (P<0.05), 
whereas DU145 cells treated with 20 µM oridonin exhibited a 
slight, non‑significant decrease in cell viability, compared with 
the DMSO control group. Nevertheless, high doses of oridonin 
(40 or 60 µM) produced significant toxicity to the cells even 
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following a short exposure in PC3 and DU145 cells (P<0.01 
vs. the DMSO control group). The half‑maximal inhibitory 
concentration values of oridonin at 24 h were ~30 and 35 µM, 
respectively in PC3 and DU145 cells. To avoid the toxicity 
of high concentrations of oridonin in prostate cancer cells, 
we treated the cells with varying concentrations of oridonin 
according to their respective sensitivity to oridonin treatment. 
In the subsequent assays, 10, 20 and 40 µM oridonin were used 
to treat PC3 cells, whereas 15, 30 and 60 µM oridonin were 
selected to treat DU145 cells.

Oridonin induces cell cycle arrest at G2/M phase in prostate 
cancer cells. Based on the growth inhibition detected in PC3 
and DU145 cells in response to oridonin treatment, the effects 
of oridonin on cell cycle regulation were investigated. The two 
cell lines treated with either 0.1% DMSO or various concentra-
tion of oridonin for 24 h were analyzed by flow cytometry. 
The representative histograms of cell cycle distribution in the 
control, 10, 20 and 40 µM oridonin‑treated PC3 cells and 15, 
30 and 60 µM oridonin‑treated DU145 cells are presented in 
Fig. 2A. Oridonin treatment induced marked G2/M arrest even 
in cells treated with a low dose of oridonin (10 µM for PC3 
cells or 15 µM for DU145 cells). The percentage of cells in 
the G2/M phase increased from 13.36±0.91 to 27.19±1.15% in 
PC3 cells treated with 40 µM oridonin, and from 9.41±0.57 
to 16.73±1.79% in DU145 cells treated with 60 µM oridonin 
(P<0.01; Fig. 2B). The expression of cell cycle‑related proteins, 
including p53, p21 and CDK1, were detected by western blot 
analysis. Results demonstrated that p21 expression was mark-
edly upregulated following oridonin treatment, whereas CDK1 
expression was decreased, particularly in PC3 cells treated 
with 40 µM oridonin and DU145 cells treated with 60 µM 
oridonin compared with the DMSO control group (P<0.01; 
Fig. 3A and B). Oridonin also elevated p53 protein level in 
p53 mutant DU145 cells (P<0.05 vs. the DMSO control group; 
Fig. 3B).

Oridonin induces apoptosis of prostate cancer cells. To 
investigate the occurrence of apoptosis following oridonin 
treatment, flow cytometric analysis was performed using 
Annexin V‑FITC/PI double staining. Results demonstrated 
that treatment with oridonin for 24 h significantly induced 
late‑phase apoptosis but only had a slight effect on early‑phase 
apoptosis. Fig. 4A demonstrates representative results of 3 inde-
pendent experiments. The percentage of PC3 cells in late‑phase 
apoptosis was significantly increased following treatment 
with 20 µM (11.63±0.74%) or 40 µM (41.29±5.31%) oridonin 
compared with the control group (5.59±0.21%; both P<0.01). 
The percentage of DU145 cells in late‑phase apoptosis was 
also increased following treatment with 30 µM (24.46±6.39%; 
P<0.05) or 60 µM (56.51±3.05%; P<0.01) oridonin compared 
with in the control group (7.31±2.38%) (Fig. 4B).

Oridonin activates caspase family proteins. Since the afore-
mentioned results indicated that oridonin was able to induce 
apoptosis in prostate cancer cells, the present study investigated 
its effects on the expression of apoptotic proteins, Bax and 
Bcl‑2, by western blot analysis. As presented in Fig. 5A and B, 
the expression levels of proapoptotic protein Bax were signifi-
cantly increased in PC3 and DU145 cells following oridonin 

treatment for 24 h compared with the control. However, the 
expression levels of the anti‑apoptotic protein Bcl‑2 were 
markedly decreased in the two cell lines. In addition, to eluci-
date the molecular mechanisms underlying oridonin‑induced 
apoptosis in prostate cancer cells, the pivotal initiators and 
executors of apoptosis (caspase‑3, caspase‑9 and PARP) were 
investigated. Compared with the DMSO control, oridonin 
treatment significantly altered the expression of cleaved 
caspase‑3, ‑9 and PARP (Fig. 5). In PC3 cells, the cleaved 
caspase‑3 expression was significantly increased following 
treatment with 10, 20 or 40 µM oridonin, with 25.55‑, 29.66‑ 
or 51.33‑fold increases, respectively, when compared with the 
control group (all P<0.01). The cleaved caspase‑9 (14.28‑fold 
increase; P<0.01) and PARP (3.12‑fold increase; P<0.05) levels 
peaked following treatment with 20 µM oridonin, which was 
followed by a decrease after treatment with 40 µM oridonin 
(cleaved caspase‑9, 7.80‑fold decrease; PARP, 2.95‑fold 
decrease; both P<0.05) compared with the DMSO control 
group. In DU145 cells, the cleaved PARP level was mark-
edly upregulated following oridonin treatment. The cleaved 
caspase‑3 (20.30‑fold increase) and ‑9 (28.23‑fold increase) 
levels peaked following treatment with 30 µM oridonin (both 
P<0.01), which was followed by a decrease after treatment 
with 60 µM oridonin (cleaved caspase‑3, 13.80‑fold decrease; 
P<0.05; cleaved caspase‑3, 18.75‑fold decrease; P<0.01) 
compared with the DMSO control group.

Oridonin inhibits the PI3K/Akt pathway. To determine 
whether the PI3K/Akt survival pathway is involved in the 
anticancer effects of oridonin, the present study examined the 
protein expression of PI3K p85 subunit and the phosphoryla-
tion of Akt following oridonin treatment. As shown in Fig. 6, 
oridonin significantly decreased the levels of PI3K p85 subunit 
and the phosphorylation of Akt at Ser473 sites, however there 
was no significant difference in the expression of total Akt. 
The present study also examined the effects of oridonin on 
MDM2 expression. MDM2 is an Akt downstream target and a 
mediator of the degradation of p53 protein. The protein levels 
of MDM2 were decreased following treatment with oridonin, 
which may contribute to the accumulation of the p53 protein.

Discussion

Previous studies have demonstrated that oridonin exerts 
anticancer properties in various types of human cancer, 
including breast, colorectal and hepatocellular cancer (13‑15). 
The present study demonstrated that oridonin inhibited the 
proliferation of PC3 and DU145 prostate cancer cells and 
induced cell cycle arrest in the G2/M phase. In addition, the 
present study investigated the expression of proteins involved 
in cell cycle progression, including CDK1 and p21 by western 
blot analysis. The results indicated that oridonin‑induced 
G2/M phase arrest was at least partially caused by deactiva-
tion of CDK1 and upregulation of p21. CDK1 transcription is 
normally stable throughout the cell cycle, but is modulated in 
some pathological conditions (19).

It has previously been reported that p53 negatively regu-
lates CDK1 transcription (20). In response to stimuli, p53 also 
transactivates p21, which directly binds to and inhibits the 
activity of the cyclin B1/CDK1 complex, thus inducing G2/M 
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phase arrest (21). PC3 and DU145 cells exhibit varying p53 
statuses: PC3 is p53 null, whereas DU145 is a p53 mutant (22). 
Following oridonin treatment for 24  h, the present study 
detected a marked increase in p53 protein levels in DU145 
cells. A previous study reported that alterations in the p53 gene 
in tumor cells result in defective checkpoint function (22). 

The present results suggested that oridonin may induce 
G2‑checkpoint arrest in prostate cancer cells irrespective of 
p53 status. In addition, oridonin could induce apoptosis of 
arrested prostate cancer cells.

The majority of the currently used anticancer drugs 
mediate their effects via the induction of apoptosis in cancer 

Figure 1. Oridonin inhibits the proliferation of prostate cancer cells. (A) PC3 cells and (B) DU145 cells were treated with 20, 40 or 60 µM oridonin or DMSO 
for 24, 36 or 48 h. Cell viability was determined by MTT assay. Data are presented as the mean ± standard deviation from 3 independent experiments. *P<0.05, 
**P<0.01 vs. the DMSO control group. DMSO, dimethyl sulfoxide. 

Figure 2. Oridonin induces G2/M cell cycle arrest in prostate cancer cells. PC3 and DU145 cells were treated with various concentrations of oridonin or DMSO 
for 24 h and were then stained with propidium iodide. DNA contents were analyzed by flow cytometry. (A) Results are representative of 3 independent experi-
ments. (B) Proportions of G1, S and G2/M phase cells are indicated and presented as the mean ± standard deviation from 3 independent experiments. **P<0.01 
vs. the DMSO control group. DMSO, dimethyl sulfoxide. 
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Figure 3. Oridonin treatment induces alterations in the expression of cell cycle regulators. (A) PC3 and (B) DU145 cells were treated with various concentra-
tions of oridonin or DMSO for 24 h, and were then collected and subjected to western blot analysis. β‑actin was used as a protein‑loading control. The 
representative western blotting figures (left) and the densitometric analysis (right) of the expression levels of p53, p21 and CDK1 are presented. *P<0.05, 
**P<0.01 vs. the DMSO control group. DMSO, dimethyl sulfoxide; CDK1, cyclin‑dependent kinase 1.

Figure 4. Oridonin induces apoptosis of prostate cancer cells. PC3 and DU145 cells were treated with various concentrations of oridonin or DMSO for 24 h 
and then underwent Annexin V‑fluorescein isothiocyanate/propidium iodide double staining. Cell apoptosis was analyzed by flow cytometry. (A) Results are 
representative of 3 independent experiments. (B) Percentage of apoptotic cells is presented as the mean ± standard deviation from 3 independent experiments. 
*P<0.05, **P<0.01 vs. the DMSO control group. DMSO, dimethyl sulfoxide; UR, late‑phase apoptotic cells; LR, early‑phase apoptotic cells; AV, Annexin V; 
PI, propidium iodide.
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cells; therefore, apoptotic induction is considered one of 
the major mechanisms for the targeted therapy of various 
types of cancer, including prostate cancer (23). Apoptosis 
is largely initiated either from mitochondria (the intrinsic 
pathway) or through cell death receptors (the extrinsic 
pathway), followed by recruitment of the caspase cascade, 
ultimately resulting in apoptosis. The present study focused 
on whether the mitochondria‑dependent pathway was 
involved in oridonin‑induced apoptosis. In PC3 and DU145 
cells, oridonin upregulated the expression of the proapoptotic 
protein Bax, and decreased Bcl‑2 expression. An increase in 
the Bax/Bcl‑2 ratio activates caspase‑9 and its downstream 
effectors caspase‑3 and PARP; these findings clearly indi-
cated that the mitochondrial signaling pathway is involved 
in oridonin‑induced apoptosis of prostate cancer cells. 
However, the active caspase‑9 was downregulated, whereas 
the active caspase‑3 was still increased following treatment 

with 40 µM oridonin in PC3 cells. It is probable that other 
upstream caspases, such as caspase‑8 and caspase‑10, acti-
vate caspase‑3 and induce cell apoptosis through an extrinsic 
apoptotic pathway in prostate cancer cells. Previous studies 
have reported that oridonin may induce cell apoptosis 
through the mitochondria‑mediated intrinsic and the death 
receptor‑mediated extrinsic pathway in laryngeal and breast 
cancer cells (24,25).

Among the pathways associated with apoptotic resistance, 
the PI3K/Akt pathway is considered the convergent point 
for various stimuli generated at the cell surface  (26,27). 
The PI3K/Akt pathway can be activated by growth factors 
and specific extracellular signals, and is associated with the 
regulation of cell proliferation, differentiation and apop-
tosis  (28‑30). There is substantial evidence to suggest that 
activation of the PI3K/Akt pathway is a common occurrence 
in advanced prostate cancer (31‑33). It has previously been 

Figure 5. Effects of oridonin treatment on apoptotic protein and caspase family protein expression. (A) PC3 and (B) DU145 cells were treated with various 
concentrations of oridonin or DMSO for 24 h, and were then collected and subjected to western blot analysis. β‑actin was used as a protein‑loading control. The 
representative figures (left) and the densitometric analysis (right) of the expression levels of Bcl‑2, Bax, cleaved caspase‑3, ‑9 and PARP are presented. *P<0.05, 
**P<0.01 vs. the DMSO control group. DMSO, dimethyl sulfoxide; Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X protein; PARP, poly (ADP‑ribose) 
polymerase.
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reported that PI3K/Akt is involved in oridonin‑induced apop-
tosis in numerous cancer cells (34,35). The present results 
demonstrated that Akt is constitutively phosphorylated at 
Ser473 sites in the 2 prostate cancer cells, and that oridonin 
may decrease the expression of PI3K p85 subunit and the 
phosphorylation of Akt at Ser473 sites. As the downstream 

target of Akt, MDM2 was also decreased following treatment 
with oridonin. MDM2 serves as an E3 ubiquitin ligase that 
conjugates a chain of ubiquitin molecules onto p53, targeting 
p53 for proteasome‑mediated degradation (36‑38). In addi-
tion, MDM2 binding with a region of p53 that overlaps with 
its transactivation domain, may suppress p53 activity (39‑41). 
Therefore, in response to oridonin treatment, inactivation of 
PI3K/Akt was accompanied by downregulation of MDM2 
and the accumulation of transcriptionally active p53. These 
results suggested that the PI3K/Akt and p53 pathways may 
be involved in oridonin‑induced G2/M arrest and apoptosis in 
prostate cancer cells.

In conclusion, oridonin induces inactivation of the 
PI3K/Akt signaling pathway in prostate cells, which medi-
ates inhibition of proliferation and induction of apoptosis 
(Fig. 7). Within the context of oridonin‑treated DU145 cells, 
PI3K/Akt inactivation facilitates the accumulation of p53 
protein through the downregulation of MDM2. Subsequently, 
p53 accumulation triggers G2/M phase arrest by upregulating 
p21 and inhibiting the activity of the cyclin B1/CDK1 complex 
or negatively regulating CDK1 transcription. Conversely, p53 
could also initiate apoptosis by upregulating Bax whilst down-
regulating Bcl‑2 expression, which contributes to the activation 
of caspase‑9, caspase‑3 and PARP, and additionally results in 
apoptotic occurrence. Oridonin may also induce G2/M phase 
arrest and trigger apoptosis in a p53‑independent manner, 
predominantly via the PI3K/Akt‑mediated p21 pathway and the 
PI3K/Akt‑mediated Bax pathway. The present study hypoth-
esized that oridonin may effectively inhibit cell proliferation 

Figure 6. Concentration‑dependent effects of oridonin on protein expression levels of PI3K, Akt, p‑Akt and MDM2. (A) PC3 and (B) DU145 cells were treated 
with various concentrations of oridonin or DMSO for 24 h, and were then collected and subjected to western blot analysis. β‑actin was used as a protein‑loading 
control. The representative figures and the densitometric analysis of the expression levels of PI3K, p‑Akt, Akt and MDM2 are presented. *P<0.05, **P<0.01 vs. 
the DMSO control group. DMSO, dimethyl sulfoxide; PI3K, phosphoinositide 3‑kinase; p, phosphorylated; MDM2, murine double minute 2. 

Figure 7. The proposed mechanism for oridonin‑induced G2/M arrest and 
apoptosis in prostate cancer cells. PI3K, phosphoinositide 3‑kinase; MDM2, 
murine double minute 2; Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated 
X protein; CDK1, cyclin‑dependent kinase 1; PARP, poly (ADP‑ribose) 
polymerase.
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and induce apoptosis via multiple pathways in prostate cancer 
cells, thus suggesting it may be used as a valuable component 
in therapeutic strategies to treat prostate cancer.
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