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Abstract. The present study aimed to compare the effects 
of oxycodone and morphine hydrochloride on the prolif-
eration, apoptosis and migration of A549 lung cancer cells. 
A549 human lung cancer cells were cultured in vitro and 
treated with oxycodone or morphine at various concentra-
tions (10, 20 and 40 µg/ml). Cell migration was determined 
using a wound healing assay, whereas apoptosis was 
detected using f low cytometry. Reverse transcription 
quantitative-polymerase chain reaction was performed in 
order to assess the apoptosis-related gene expression levels, 
including p53, B-cell lymphoma (Bcl)-2 and Bcl-2-associated 
X protein (Bax). The levels of vascular endothelial growth 
factor (VEGF) and urokinase-type plasminogen activator (uPA) 
were detected using enzyme-linked immunosorbent assays. 
The expression levels of intercellular cell adhesion mole-
cule (ICAM)‑1 were determined by immunofluorescence. In 
the present study, oxycodone and morphine induced apoptosis 
in A549 lung cancer cells with similar potency; however, 
>20 µg/ml oxycodone was more effective at inhibiting cell 
proliferation (P<0.05) and migration (P<0.05), as compared 
with morphine at the same concentration. Oxycodone induced 
a dose-dependent increase in the expression levels of p53 and 
Bax apoptosis-related genes, whereas it decreased the gene 
expression levels of Bcl-2. Furthermore, oxycodone decreased, 
whereas morphine increased, the expression levels of ICAM-1 
in a concentration-dependent manner. In addition, at 40 µg/ml, 
the expression levels of VEGF and uPA in the morphine 
group were significantly higher than those demonstrated in 
the oxycodone group (P<0.05). In conclusion, oxycodone was 
more effective in inhibiting the proliferation and migration of 
A549 lung cancer cells, as compared with morphine.

Introduction

Despite recent advances in oncologic therapies, cancer remains 
a significant cause of morbidity and mortality worldwide (1). 
Lung cancer is the most common cancer worldwide, and 
non-small cell lung carcinoma accounts for ~80% of all lung 
cancers (2). Surgical excision is the foundation of treatment 
for this type of cancer; however, metastatic disease is the most 
common cause of cancer-associated mortality (3-5). 

It has previously been demonstrated that anesthetics and 
anesthesia techniques have an impact on the invasive and 
migratory ability of cancer cells, and may possibly affect the 
long-term prognosis of patients who have undergone cancer 
surgery (3). Pain management is a mandatory procedure in 
patients with cancer, since it improves the patient's quality of life 
and compliance to therapy (6). Opioids, particularly morphine, 
represent a mainstay of treatment for postoperative pain and 
for many types of chronic pain, including pain associated 
with cancer (6-8). However, previous studies have suggested 
that morphine analgesia may lead to a reduction in the activity 
and number of natural killer cells, which may weaken the 
immunologic barrier function and promote the differentiation 
of T helper (Th)1 lymphocytes into Th2 lymphocytes (9-11). 
Furthermore, previous preclinical data has suggested that 
morphine is proangiogenic and thus promotes cancer cell 
growth (12). One recent epidemiological study demonstrated 
that the replacement of postoperative opioids with epidural 
analgesia successfully reduced the risk of biochemical cancer 
recurrence following prostatectomy surgery, suggesting that 
opioids may favor cancer recurrence (13). Therefore, the selec-
tion of appropriate analgesics is vital in order to decrease the 
risk of metastasis and improve the quality of life of patients 
with cancer (14).

Oxycodone hydrochloride is a semi-synthetic opioid 
agent extracted from the alkaloid thebaine (15). The affinity 
of oxycodone hydrochloride for the µ-opioid receptor is 
one-fifth to one-fortieth that of morphine, however, it is 
able to fully activate the κ‑opioid receptor (15,16). Although 
oxycodone possesses similar analgesic effects to morphine, 
its effects on the growth, apoptosis and migration of cancer 
are yet to be elucidated. The present in vitro study compared 
the effects of morphine and oxycodone on the proliferation, 
apoptosis and migration of the A549 human lung cancer cell 
line. 
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Materials and methods

Methods. The A549 human lung cancer cell line was provided 
by the Department of Oncology, Jinling Hospital, Nanjing 
University (Nanjing, China). RPMI 1640 medium was 
purchased from HyClone Laboratories (GE Healthcare Life 
Sciences, Logan, UT, USA). Fetal calf serum (FCS), trypsin, 
penicillin and streptomycin were obtained from Gibco (Thermo 
Fisher Scientific Inc., Waltham, MA, USA). Oxycodone hydro-
chloride was purchased from Mundipharma Pharmaceutical 
Co., Ltd. (Cambridge, UK) and morphine hydrochloride was 
purchased from Shenyang First Pharmaceutical Factory of 
Northeast Pharmaceutical Group Co., Ltd. (Shenyang, China). 
The kits for apoptosis detection, human vascular endothelial 
growth factor (VEGF) and urokinase-type plasminogen acti-
vator (uPA) were purchased from Nanjing KeyGen Biotech 
Co., Ltd. (Nanjing, China). The PCR primers were synthe-
sized by Invitrogen (Thermo Fisher Scientific Inc.) and the 
polymerase chain reaction (PCR) Master mix reagents were 
purchased from Promega Corporation (Madison, WI, USA). 
Intercellular cell adhesion molecule (ICAM)-1 antibody was 
purchased from Nanjing Dizhao Biological Technology Co., 
Ltd. (Nanjing, China).

Drug preparation. The oxycodone hydrochloride and 
morphine hydrochloride preparations were diluted to the 
desired concentrations with culture media under sterile condi-
tions.

Cell culture. A549 cells were cultured in RPMI 1640 medium 
supplemented with 10% FCS, 100 U/µl penicillin and 
l00 g/µl streptomycin, and incubated at 37˚C in an atmosphere 
containing 5% CO2. Once the cells were confluent, they were 
digested with 0.25% trypsin and passaged in order to maintain 
cells in a logarithmic phase of growth. Cell proliferation was 
observed under an inverted microscope (Olympus Corporation, 
Tokyo, Japan) every 24 h and cells were routinely passaged 
every 2-3 days.

Methyl thiazolyl tetrazolium assay. The cells were digested and 
seeded in 96-well plates at a concentration of 1x105 cells/µl, 
with the exception of the outermost wells, which were filled 
with sterile saline solution. The cells were then washed twice 
with phosphate-buffered saline (PBS), and the study agents 
were diluted to the desired concentrations using culture solu-
tion and added to each well to a total volume of 100 µl. The 
control and blank control wells were set up and 15 µl methyl 
thiazolyl tetrazolium solution (5 mg/µl; Biocam GmbH, Berlin, 
Germany) was added to each well 48 h after adding the study 
drugs. The control well indicates the cells without adding the 
drug, while the blank control was exposed to culture solution 
only. After 4 h, dimethyl sulfoxide (150 µl) was added to each 
well, and the plate was agitated for 10 min in a shaker, in order 
to dissolve the crystals. Optical density (OD) was measured 
at 490 nm using the enzyme-linked immunosorbent assay 
method, and the cell inhibition rate was subsequently calcu-
lated for each treatment group.

Flow cytometry. Cell apoptosis was analyzed using an 
Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis 

Detection kit (BD Pharmingen, San Diego, CA, USA), 
according to the manufacturer's protocol. 

In the logarithmic growth phase, the A549 cells were 
seeded into 6-well plates (2 µl/well; 1x105 cells/µl), cultured in 
an incubator for 24 h and the supernatant was discarded prior 
to the addition of the drug-containing media to the appropriate 
wells. Subsequently, the 6-well plate was incubated for 48 h, 
and the cells were collected by digestion with trypsin. The cells 
were then washed twice with PBS, centrifuged at 375 x g for 
5 min and resuspended in 500 µl binding buffer. A total of 5 µl 
Annexin V-FITC was added and mixed into the cell suspen-
sion, followed by the addition of 5 µl propidium iodide and 
subsequent mixing. The reaction was incubated for 5-15 min 
in a dark room. The early apoptotic cells were detected by flow 
cytometry within 1 h.

Scratch assay. Lines were drawn on the back of a 6-well plate 
with a marker pen; the transverse lines were drawn uniformly 
at distances of 0.5-1 cm between the lines using a ruler, and 
the lines passed through the wells. Each well was subsequently 
inoculated with ~5x105 cells, and vertical scratches perpen-
dicular to the transverse lines on the underside of the plate 
were made the following day using a pen tip and a ruler. The 
cells were washed three times with PBS in order to remove 
the excess cell debris, in order to retain a clean wounding line. 
The plate was incubated at 37˚C for 24 h in an atmosphere 
containing 5% CO2, prior to sampling, and images were 
captured using a DSC-HX1 digital camera (Sony Corporation, 
Tokyo, Japan).

Reverse transcription (RT)‑PCR. A549 cells were treated 
with various concentrations of oxycodone and morphine, and 
subsequently cultured for 48 h. cDNA was synthesized using 
a Takara Reverse Transcription kit (Clontech Laboratories, 
Inc., Mountain View, CA, USA) according to the manufac-
turer's protocol. Briefly, total RNA samples were isolated from 
human lung cancer cells (A549) using a Simply P Total RNA 
isolation Kit (BioFlux Corporation, Tokyo, Japan) according 
to the manufacturer's instructions. The quantity of total 
RNA was determined using an ND-1000 spectrophotometer 
(NanoDrop; Thermo Fisher Scientific, Wilmington, DE, USA) 
by measuring the optical density at A260 and A280 nm. 
Subsequently, the concentration of mRNA was adjusted to 
1.0 g/ml. According to the manufacturer's protocol for the 
PCR Master Mix kit (Promega Corporation), 25 mg reaction 
mixture was prepared in order to perform the PCR reaction. 
The cycling program was performed as follows: One cycle at 
95˚C for 5 min; 32 cycles of 95˚C for 30 sec, 55˚C for 30 sec, 
72˚C for 45 sec; followed by a final elongation step at 72˚C 
for 10 min, using a MultiGene Gradient PCR thermal cycler 
(Labnet International, Inc., Edison, NJ, USA). For p53, the 
forward primer was 5'-GAA ACT ACT TCC TGA AAA CAA 
CGT-3' and the reverse was 5'-GCC TCA CAA CCT CCG TCA 
T-3', the amplicon size is 455 bp. For Bax, the forward primer 
was 5'-TTC TGA CGG CAA CTT CAA CTG-3', and the reverse 
was 5'-TGA GGA GTC TCA CCC AAC CA-3', the amplicon size 
is 188 bp. For Bcl-2, the forward primer was 5'-GAC GCT 
TTG CCA CGG TGG TG-3', and the reverse was 5'-GGG GCA 
GGC ATG TTG ACT TCA C-3', the amplicon size is 356 bp. For 
β-actin, the forward primer was 5'-AAC AAG ATG AGA TTG 
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GCA-3', and the reverse was 5'-AGT GGG GTG GCT TTT AGG 
AT-3', the amplicon size is 251 bp. The 10 µl PCR products 
were separated by electrophoresis on a 1.5% agarose gel, and 
images were captured using a Gel Doc XR gel-imaging system 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The experi-
ment was repeated three times. The mean grayscale values 
of the electrophoretic bands were analyzed using Quantity 
One 4.4.0 software (Bio-Rad Laboratories, Inc.).

Enzyme‑linked immunosorbent assay. The cells were washed 
with PBS solution, the lysis buffer (Beyotime Biotech, 
Jiangsu, China) was added and the cell mixture was pipetted 
up and down several times. Following complete pyrolysis, 
the mixture was centrifuged at 14,000 x g for 5 min, and 
the supernatant was retained. The samples were prepared 
as follows: i) Blank wells, the blank control wells contained 
chromogenic reagents A and B and stop solution, and the 
operation steps were consistent with the other treatments; 
ii) testing sample wells, 100 µl cell culture supernatant was 
added and incubated at 37˚C for 90 min prior to the addi-
tion of 100 µl biotin-labeled anti-uPA (1:100; SCS415Hu) 
and VEGF (1:100; SEA150Hu) antibodies (Dizhao Co., Ltd, 
Nanjing, China), which were incubated at 37˚C for 60 min. 
Following washing three times, 100 µl horseradish peroxi-
dase (HRP)-conjugated streptavidin secondary antibody was 
added to each well, and the plate was covered with a micro-
plate sealer, gently shaken and incubated at 37˚C for 30 min; 
and iii) standard wells, 100 µl standard substance was added 

and incubated at 37˚C for 90 min, following this no washing 
was performed and 100 µl biotin-labeled anti-uPA antibodies 
were subsequently added to the wells, and the plate was incu-
bated at 37˚C for 60 min. The wells were washed three times, 
100 µl HRP-conjugated streptavidin was added, the plate was 

Figure 1. Effects of oxycodone and morphine administration on the morphology of the A549 human lung cancer cell line. Microscopic observation dem-
onstrated that treatment with 40 µg/ml oxycodone or morphine induced typical apoptotic characteristics, including total atrophy and decreased cellular 
refractivity, with a more obvious inhibitory effect demonstrated following oxycodone administration (magnification, x100).

Figure 2. Effects of oxycodone and morphine administration on the pro-
liferation of A549 cells. The proliferation of A549 cells was significantly 
inhibited following treatment with oxycodone or morphine, respectively, and 
both agents demonstrated a dose-dependent inhibitory effect. At concentra-
tions >20 µg/ml, the inhibitory effects of oxycodone were more pronounced, 
as compared with morphine. Data are presented as the mean ± standard error 
of the mean; *P<0.05 vs. the control presented; #P<0.05 vs. the morphine 
groups at the corresponding concentrations (n=6).
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covered with a microplate sealer and gently shaken, and incu-
bated at 37˚C for 30 min. Following this, 50 µl chromogenic 
reagents A and B was added to each well and the plate was 
shaken gently and placed in the dark at 37˚C for 15‑min color 
development. To terminate the reaction, 100 µl stop solution 
was added to each well. A blank well was taken as zero, and 
the OD of each well was successively measured at 450 nm 
within 10 min of administering the stop solution, using a 
microplate reader (Bio-Rad Laboratories, Inc.). The standard 
curve and the concentrations of uPA and VEGF were calcu-
lated according to the concentration and the corresponding 
OD value of the standard wells.

Immunofluorescence. Cells were seeded into six-well plates 
with a 22x22 cm coverslip. The following day, when the 
cells had adhered to the walls, the cells were fixed with 
4% paraformaldehyde and washed three times with PBS. 
Following this, Triton X-100 (0.2%-0.5% in PBS) was used 

to permeabilize the cells for 10 min, prior to washing three 
times with PBS. Subsequently, the cells were blocked with 
2% bovine serum albumin for 30 min, washed twice with PBS 
and incubated with primary antibodies at room temperature 
for 1 h. Following washing three times with PBS, the cells 
were incubated with secondary antibodies for 30-40 min at 
room temperature and subsequently washed with PBS four 
times . ICAM-1 (0.5 µg/µl) was then added to the cells and 
incubated for 10 min prior to washing three times with PBS. 
Finally, the cells were mounted with 20 µl mounting medium 
and observed using an Axio Observer A1 microscope (Carl 
Zeiss AG, Oberkochen, Germany).

Statistical analysis. Data analysis was performed using 
SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA). 
Statistical analysis was performed using analysis of variance 
followed by Tukey's test for individual comparisons between 
group means. Data are presented as the mean ± standard error 

Figure 3. Effects of oxycodone and morphine administration on the apoptosis of A549 cells. Flow cytometry demonstrated no differences in the early apoptosis 
rates 48 h after the treatment of A549 cells with 10 µg/ml oxycodone or morphine, as compared with the control group (P>0.05). However, oxycodone/mor-
phine treatment at the concentrations of 20 or 40 µg/ml significantly promoted apoptosis. Data are presented as the mean ± standard error of the mean. 
*P<0.05 vs. the control group (n=5).
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of the mean. P<0.05 was considered to indicate a statistically 
significant difference. 

Results

Effects of oxycodone and morphine on the cell morphology 
of the A549 human lung cancer cell line. As shown in Fig. 1, 
microscopic observation of the A549 cells in the control 
group demonstrated that they were uniform in size and grew 
adherently with a fusiform shape. Following treatment with 
oxycodone and morphine, the morphology of the A549 cells 
altered; the cells were no longer uniform size and exhibited 
irregular contours. Furthermore, the cells exhibited typical 
apoptotic characteristics, including total atrophy and decreased 
cellular refractivity following treatment with 40 µg/ml oxyco-
done or morphine, with a more obvious inhibitory effect 
demonstrated following oxycodone administration.

Effects of oxycodone and morphine on the proliferation 
of A549 cells. The proliferation of A549 cells was signifi-
cantly inhibited following treatment with oxycodone or 
morphine, and both agents demonstrated a significant inhibi-
tory effect (P<0.05) in a dose-dependent manner (Fig. 2). 

Furthermore, when the concentrations were >20 µg/ml the 
inhibitory effects of oxycodone were increased, as compared 
with morphine administration (P<0.05). 

Effects of oxycodone and morphine on the apoptosis of 
A549 cells. Following treatment with 10 µg/ml oxycodone 
or morphine, no differences in the rates of early apoptosis 
were demonstrated after 48 h, as compared with the control 
group (P>0.05; Fig. 3). However, oxycodone or morphine 
treatment was able to significantly promote apoptosis when 
the concentrations were >20 µg/ml (P<0.05). 

Effects of oxycodone and morphine on the migratory 
ability of A549 cells at 24 h. As outlined in Fig. 4, the 
scratch assay suggested that morphine may significantly 
increase (P<0.05) the migratory ability of A549 lung cancer 
cells in a dose-dependent manner; whereas the migratory 
abilities of the A549 lung cancer cells in the oxycodone 
group were significantly decreased (P<0.05) in a dose‑depen-
dent manner. Furthermore, when the concentrations were 
>20 µg/ml, the migration distances were significantly greater 
in the oxycodone groups, as compared with the morphine 
groups (P<0.05).

Figure 4. Effects of oxycodone and morphine administration on the migratory ability of A549 cells at 24 h (magnification, x4). The scratch assay demonstrated 
that treatment with morphine enhanced the migratory ability of the A549 lung cancer cells; whereas oxycodone treatment significantly decreased migratory 
ability. Data are presented as the mean ± standard error of the mean, *P<0.05 vs. the control group; #P<0.05 vs. the morphine groups at the corresponding 
concentration (n=6). 
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Effects of oxycodone and morphine on the expression levels 
of VEGF and uPA in A549 cells. VEGF expression levels 
in the morphine and oxycodone groups were significantly 
decreased (P<0.05), as compared with the control group (Fig. 5). 
Furthermore, at the concentrations of 40 µg/ml, the expres-
sion levels of VEGF were reduced in the oxycodone group, 
as compared with the morphine group (P<0.05). In addition, 
oxycodone downregulated the expression levels of uPA, whereas 
morphine upregulated uPA expression levels in A549 cells. 

Effects of oxycodone and morphine on the expression 
levels of apoptosis‑related mRNA in A549 cells. RT-PCR 
analysis demonstrated that the expression levels of B-cell 
lymphoma (Bcl)‑2 were significantly decreased (P<0.05) in 
the oxycodone and morphine groups, whereas the expres-
sion levels of p53 and Bcl-2-associated X protein (Bax) were 
significantly increased (P<0.05), as compared with the control 
group (Fig. 6). No differences were demonstrated between 
the effects of oxycodone and morphine when applied at equal 
concentrations. 

Effects of oxycodone and morphine on the expression levels of 
ICAM‑1 in A549 cells. Immunofluorescence analysis demon-
strated that the fluorescence intensity of ICAM‑1 gradually 
decreased with increasing oxycodone concentrations; whereas 
morphine induced a dose‑dependent increase in the fluores-
cence intensity of ICAM-1 (P<0.05; Fig. 7). 

Discussion

The present study demonstrated that oxycodone is capable of 
inhibiting the proliferation of A549 cells, inducing apoptosis, 
and weakening the invasive ability of A549 cells. These find-
ings support the hypothesis that oxycodone may exert these 
effects on A549 tumor cells by modulating the expression 
levels of p53, Bax, Bcl-2, VEGF, ICAM-1 and uPA.

Previous studies have demonstrated that chemical media-
tors are released in response to surgical stress, which may 
upregulate malignant pathways and promote the recurrence 
of cancer (4,5). Adequate pain management is essential in 
patients with cancer, in order to reduce immune deficiency 
against cancer recurrence and/or the spread of residual cancer 
cells promoted by surgical stress (17). However, opioids 
have also been demonstrated to promote cancer recurrence 
or progression by affecting the immune system or cancer 
cells (18). Opioid receptors are expressed in cancer cells (19) 
and opioids are capable of regulating the growth, prolifera-
tion and/or apoptosis of cancer cells by directly activating the 
respective receptors (20). Previous studies have suggested that 
anesthetics may have negative effects on the outcome of post-
operative cancer recurrence by: Inducing molecular changes 
in cancer cells; modulating proliferation, angiogenesis and 
apoptosis; and exacerbating immunosuppression in patients 
with cancer undergoing surgery (3-6). Therefore, inhibition 
of the invasive and migratory potential of cancer cells may 

Figure 6. Effects of oxycodone and morphine on the mRNA expression levels 
of apoptosis-related proteins in A549 cells. Reverse transcription-polymerase 
chain reaction analysis demonstrated that the expression levels of B-cell 
lymphoma (Bcl)‑2 were significantly decreased in the oxycodone and mor-
phine groups; whereas p53 and Bcl-2-associated X protein (Bax) levels were 
significantly increased, as compared with the control group. Data are pre-
sented as the mean ± the standard error of the mean. *P<0.05 vs. the control 
group (n=4).

Figure 5. Effects of oxycodone and morphine administration on the expres-
sion levels of human vascular endothelial growth factor (VEGF) and 
urokinase-type plasminogen activator (uPA) in A549 lung cancer cells. As 
compared with the control group, the expression levels of VEGF and uPA 
in the morphine and oxycodone groups were decreased at concentrations of 
20 or 40 µg/ml. Furthermore, the expression levels of VEGF and uPA in the 
oxycodone group were significantly reduced at 40 µg/ml, as compared with 
the morphine group. Data are presented as the mean ± standard error of the 
mean. *P<0.05 vs. the control group; #P<0.05 vs. the morphine groups at the 
corresponding concentrations (n=6).
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improve the outcome of cancer treatment. Mitigation of the 
metastatic potential of cancer cells during the perioperative 
period is a challenging topic for anesthesiologists. In the 
present study, oxycodone, which is a semi-synthetic opioid, 
significantly suppressed the invasion and migration of A549 
cells. Furthermore, oxycodone and morphine success-
fully inhibited the growth of A549 cells. This corroborates 
the findings of a previous study, which demonstrated  that 
>10 µM morphine inhibited the growth of SH-SY5Y cancer 
cells (21). Opioids are capable of stimulating the produc-
tion and release of nitric oxide and reactive oxygen species, 
which may explain the anti-cancer effects of oxycodone and 
morphine (22,23). However, a previous study has demon-
strated that, at clinically relevant doses, morphine is capable 
of promoting neovascularization in a human breast tumor 
xenograft model in mice (12). These findings suggested that 
the effects of morphine on cancer cells may be dependent on 

concentration, cell‑type specificity and the administration 
methods.

The proliferation of cancer cells depends on numerous 
factors, with angiogenesis of particular importance. It is well 
established that VEGF regulates angiogenesis (12). The results 
of the present study demonstrated that, at higher concentra-
tions (40 µg/ml), oxycodone decreased the expression levels of 
VEGF in A549 cells more profoundly than morphine was able 
to. Notably, Gupta et al observed that morphine at concentra-
tions observed in a patient's blood may cause the opposite 
effect, resulting in the stimulation of angiogenesis, and that 
only increased doses of morphine may inhibit it (12,24). 
Furthermore, the present study demonstrated that morphine 
significantly promoted the migration of A549 cells, whereas 
oxycodone inhibited migration. Oxycodone also downregu-
lated the expression levels of uPA and ICAM-1 in A549 cells, 
whereas morphine upregulated the expression levels of these 

Figure 7. Effects of oxycodone and morphine on the expression levels of intercellular cell adhesion molecule (ICAM)‑1 in A549 cells (magnification, x100). 
Immunofluorescence analysis demonstrated that fluorescence intensity gradually decreased as oxycodone concentration increased; however, morphine 
increased the fluorescence intensity in a dose‑dependent manner, as compared with the control group. Data are presented as the mean ± standard error of the 
mean. *P<0.05 vs. the control group; #P<0.05 vs. the morphine groups at the indicated concentrations (n=5).
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proteins. These findings suggested that oxycodone may be an 
improved candidate for pain management, as compared with 
morphine, in the treatment of patients with cancer.

In cancer cells, apoptosis is generally impaired which leads 
to increased cell proliferation. The p53 gene has a directly 
negative regulatory effect on the promoters of some cell prolif-
eration-related genes, and thus has a vital role in the regulation 
of apoptosis. Bcl-2 and Bax belong to the Bcl-2 family and the 
mechanism by which Bcl-2 inhibits apoptosis may be related 
to its antagonistic effects on the apoptosis-promoting Bax 
gene (25-27). The results of the present study demonstrated 
that morphine and oxycodone upregulated the mRNA expres-
sion levels of p53 and Bax, and downregulated the Bcl-2 
mRNA expression levels in A549 cells, thus suggesting that 
morphine and oxycodone may promote apoptosis in these 
cells. At concentrations >20 µg/ml, oxycodone and morphine 
were able to significantly increase apoptosis in this cell line. 
Another major characteristic of cancer cells is their ability to 
migrate into surrounding and distant tissues, which, according 
to the findings of the present study, may be more prefer-
ably suppressed by oxycodone in A549 lung cancer cells, as 
compared with morphine treatment. 

In conclusion, the results of the present study demonstrated 
that oxycodone and morphine are capable of inducing apop-
tosis and inhibiting the proliferation of A549 lung cancer cells. 
In addition, oxycodone, but not morphine, exhibited prominent 
anti‑migration effects in these cells. Taken together, these find-
ings support favorable anti-cancer properties of oxycodone 
over morphine. Future in vivo studies are required in order to 
further characterize the anti-malignant potential of oxycodone.
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