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Evaluation of effects of morphine and 
ionizing radiation in cancer cell lines

ABSTRACT
Purpose: Breast and cervical cancers are the two most common cancers among women worldwide. Morphine is a potent analgesic 
for cancer pain, and radiation therapy is a conventional treatment for cancer. Unfortunately, the combined adjuvant cellular effects 
of morphine and ionizing radiation in cancer cells are largely unknown.

Materials and Methods: In this study, we examined the effects of morphine and single radiation dose of 2  Gy on 
viability and survival fraction of human breast cancer cell line MDA‑MB 231 and human cervical cancer cell line HeLa, by 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide and colony formation assays. We were also interested in evaluating 
these effects in human umbilical vein endothelial cells as well.

Results: We found that morphine did not have a dose‑ and time‑dependent manner in endothelial, breast, and cervical cancer 
cells in vitro. It seems that pretreatment of breast and cervical cancer cells with morphine at some doses before irradiation reduces 
the cytotoxic effect of radiation. We also observed that endothelial cells were less sensitive than breast and cervical cancer cells to 
radiation or morphine + radiation. Based on the results of endothelial cells, morphine or radiation might not have a selective effect 
on the viability and clonogenic survival of different cell lines.

Conclusions: Our data may suggest that morphine and radiotherapy could not be administered together to breast and cervical 
cancer patients if additional and in vivo studies confirm our results.
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INTRODUCTION

Breast and cervical cancers are the two most 
frequent cancers in women worldwide.[1] These 
two cancers contributed the two highest numbers 
of cancer‑related deaths in women[2] and remain 
two significant public health concerns.[3,4] Three 
main therapeutic strategies are used today to 
treat or control breast cancer: surgery, radiation 
therapy, and anticancer drugs. However, surgery 
or radiation therapy still requires chemotherapy 
to eradicate remaining cancer cells and impede 
relapses.[5] The management of early stage 
cervical cancer often includes radical surgery[6] 
and radiotherapy,[4] whereas the standard of care 
for patients with advanced stage cervical cancer 
includes concurrent chemoradiotherapy.[7]

Morphine, an opiate‑based drug, has been 
one of the oldest and most effective available 
analgesic drugs to treat moderate‑to‑severe pain 
in cancer patients.[8‑10] Morphine reduces pain by 
the direct effect on central nervous system.[10‑12] 

Morphine may also contribute to modulation of 
oxidative stress.[13] Oxidative stress is the result 
of the accumulation of free radicals inadequately 
neutralized by antioxidant agents.[14] Morphine has 
shown strong total antioxidant activity.[15]

Apart from the items specified above, the role of 
morphine in both growth promoting and growth 
inhibiting of various tumors is still not fully 
understood.[9] Several studies have shown that 
morphine may promote the growth of cancer cells 
and cause endothelial and tumor cells proliferation, 
migration, and angiogenesis.[9,10] On the contrary, 
other studies demonstrated that morphine 
increases tumor cell death in different human 
cancer cell lines and in vivo models.[11,16] Therefore, 
there is a controversy over the use of morphine in 
cancer patients. Moreover, potential therapeutic 
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interactions of morphine with conventional cancer therapies, 
such as radiotherapy, remain largely unknown. In this study, 
we evaluated effects of different concentrations of morphine 
on the viability and clonogenic survival of two different cancer 
cell lines of MDA‑MB 231 and HeLa. We particularly aimed 
to investigate whether pretreatment of these cancer cells 
with varying doses of morphine before irradiation may alter 
the efficacy of radiation therapy. We were also interested in 
evaluating these effects in human umbilical vein endothelial 
cells (HUVECs), as a normal and endothelial cell model, to find 
whether these effects are selective.

MATERIALS AND METHODS

Chemicals and cells
Morphine was purchased from Tehran Darou  (Iran) and 
administered to the cells with the following doses of 0.3, 
0.3 × 10−2, 0.3 × 10−4, 0.3 × 10−6, and 0.3 × 10−8 mg/ml. 
MDA‑MB‑231, HeLa cells, and HUVECs were obtained from the 
Pasteur Institute of Iran. Fetal bovine serum (FBS), penicillin, 
trypsin with ethylenediaminetetraacetic acid, Dulbecco’s 
modified Eagle’s medium, and streptomycin were from 
Gibco (UK). 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT), phosphate‑buffered saline, and Giemsa were 
obtained from Sigma (USA). Dimethyl sulfoxide and methanol 
were purchased from Merck (Germany).

Cell culture
Cancer cell lines and HUVECs were cultured in DMEM 
containing 10% FBS and a 1% penicillin/streptomycin mixture. 
Cells were maintained at 37°C in a humidified atmosphere of 
5% CO

2
 in air.[4] Cells were cultivated for 3–4 days to reach 

almost 80% confluence. Morphine was added to the cells once 
in DMEM/10% FBS.

Radiation therapy
Fraction size of 2 Gy or less is the standard of care in radiotherapy.[17] 
We employed 2 Gy fraction size to evaluate the effect of radiation. 
The single absorbed dose (2 Gy) ionizing radiation (IR) was from 
6 MV photons at a source‑to‑surface distance of 100 cm. The IR 
was delivered by a radiation therapy machine (Siemens ONCOR 
linear accelerator) at room temperature.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
assay
MDA‑MB‑231, HeLa cells, and HUVECs following nearly 
80% confluence were cultured in separate 96‑well plates 
(5000  cells/well) and allowed to adhere overnight. The 
first group of each cell line was then treated with different 
concentrations of morphine  (0.3, 0.3  ×  10−2, 0.3  ×  10−4, 
0.3 × 10−6, and 0.3 × 10−8 mg/ml) for 24 and 72 h. The second 
group of each cell line was exposed to a single radiation dose 
of 2 Gy and incubated for 24 and 72 h. The third group was 
pretreated with all indicated doses of morphine for 22 h before 
exposure to radiation, and then the cells were incubated 
for next 2 and 50  h. The control group was not treated 

with morphine, radiation, or both. Following the procedure 
specified above, MTT was added to the each well according to 
the instruction of the supplier company and incubated for 3 h. 
The absorbance was measured by a microplate reader (BioTek, 
OD 570 nm with 630 nm correction).

Colony formation assay
The three cell lines following almost 80% confluence were seeded 
separately into six‑well plates (1200 cells/well) and allowed to 
adhere overnight. The first group of each cell line was then treated 
with all indicated concentrations of morphine for 24 h. The second 
group of each cell line was exposed to a single radiation dose of 
2 Gy and incubated for 24 h. The third group was pretreated with 
all indicated doses of morphine for 22 h before radiation, and then 
the cells were incubated for next 2 h. The control group was not 
treated with morphine, radiation, or both. The culture medium 
was then removed, and fresh DMEM supplemented with 10% 
FBS was added back. The cells were maintained in fresh culture 
medium for next 13 days at 37°C in a humidified 5% CO

2
 incubator 

to form colonies. The colonies were then stained with Giemsa and 
counted (colonies of >50 cells) manually.

Statistical analysis
Experiments were performed in triplicate from three 
independent experiments. All data are shown as a mean ± 
standard deviation. Differences between variable and control 
groups were determined by a two‑tailed independent t‑test 
and one‑way ANOVA. Statistical analysis was performed using 
SPSS Statistics, version 17.0. (SPSS Inc., Chicago, IL, USA). P ≤ 
0.05 was considered statistically significant.

RESULTS

Effects of morphine, radiation, and a combination of both 
on the viability of HeLa cells
We performed MTT assays to determine effects of morphine 
and single radiation dose of 2 Gy on the viability of HeLa, 
MDA‑MB‑231  cells, and HUVECs following 24 and 72  h. 
Actively proliferating HeLa cells were exposed to different 
doses of morphine alone or in combination with radiation 
for 24 and 72  h, then MTT was added and metabolized 
for 3 h. Following 24 and 72 h of treatment, all different 
doses of morphine alone did not have any significant 
effects on the viability of HeLa cells  [Figure  1a and b]. 
Following 24  h of exposure, radiation did not affect the 
viability of HeLa cells [Figure 1a]. However, following 72 h, 
radiation significantly decreased the viability of cells by 
46.73% (n = 3; P ≤ 0.05) [Figure 1b].

Following 24  h of treatment, morphine at concentrations 
of 0.3, 0.3 × 10−4, and 0.3 × 10−6 mg/ml in combination 
with radiation significantly impaired the viability of HeLa 
cells by 46.06%, 43.22%, and 41.43%, respectively, relative 
to control group. Other doses of morphine (0.3 × 10−2 and 
0.3 × 10−8 mg/ml) in combination with radiation did not 
have any significant effects on the viability of cells compared 
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with control group. Morphine only at concentrations of 
0.3, 0.3  ×  10−4, and 0.3  ×  10−6 mg/ml in combination 
with radiation significantly reduced the viability of HeLa 
cells compared with radiation alone  (2  Gy). There is no 
significant difference between the viability of treated cells 
by other doses of morphine (0.3 × 10−2 and 0.3 × 10−8 mg/
ml) + radiation and radiation alone [Figure 1a]. Following 
72  h, only 0.3  ×  10−8 mg/ml morphine in combination 
with radiation significantly decreased the viability of HeLa 
cells by 47.53% relative to control group. Other doses of 
morphine (0.3, 0.3 × 10−2, 0.3 × 10−4, 0.3 × 10−6 mg/ml) 
in combination with radiation did not have any significant 
effects on viability of cells compared with control group. 
There is no significant difference between the viability of 

treated cells by varying doses of morphine + radiation and 
radiation alone [Figure 1b].

Effects of morphine, radiation, and a combination of both 
on the viability of MDA‑MB 231 cells
Following 24 h, morphine at concentrations of 0.3, 0.3 × 10−4, 
0.3 × 10−6, and 0.3 × 10−8 mg/ml significantly reduced viability 
of MDA‑MB 231 cells by 13.93%, 15.57%, 19.67%, and 27.87%, 
respectively. Morphine only at a dose of 0.3 × 10−2 mg/ml 
did not affect the viability of cells [Figure 2a]. Following 72 h, 
all indicated doses of morphine (0.3, 0.3 × 10−2, 0.3 × 10−4, 
0.3 × 10−6, and 0.3 × 10−8 mg/ml) significantly increased the 
viability of MDA‑MB 231 cells  (by 29.53%, 38.26%, 31.54%, 
34.90%, and 29.53%, respectively) [Figure 2b]. Following 24 

Figure 1: Evaluation of the viability of HeLa cells in response to morphine, single radiation dose of 2 Gy, and a combination of both (a) at 24 h and 
(b) 72 h using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay. HeLa cells were treated as indicated. Data are mean ± standard 
deviation where control is set at 100% (n = 3). The asterisks indicate a statistically significant difference versus control, and the hashtags indicate 
a statistically significant difference of specific dose of morphine + radiation (2 Gy) versus radiation alone (2 Gy) (P ≤ 0.05)

b

a
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and 72 h, radiation significantly impaired the viability of cells 
by 22.95% and 14.09%, respectively [Figure 2a and b].

Following 24 h, all indicated doses of morphine (0.3, 0.3 × 10−2, 
0.3 × 10−4, 0.3 × 10−6, and 0.3 × 10−8 mg/ml) in combination 
with radiation significantly attenuated the viability of MDA‑MB 
231 cells  (by 40.16%, 31.15%, 30.33%, 34.43%, and 41.80%, 
respectively, relative to control group). All indicated doses 
of morphine in combination with radiation significantly 
reduced the cell viability compared with radiation alone 
[Figure 2a]. Following 72 h, 0.3 × 10‑2, 0.3 × 10‑4, 0.3 × 10−6, 
and 0.3 × 10−8 mg/ml morphine + radiation did not have any 
significant effect on viability of cells compared with control 
group. Morphine at the concentration of 0.3 mg/ml + radiation 
significantly increased the viability of MDA‑MB 231 cells by 

22.15% relative to control group. All different doses of morphine 
in combination with radiation significantly increased the cell 
viability compared with radiation alone (2 Gy) [Figure 2b].

Effects of morphine, radiation, and a combination of both 
on the viability of human umbilical vein endothelial cells
Following 24 h, morphine at concentrations of 0.3 × 10−2, 
0.3 × 10−4, and 0.3 × 10−6 mg/ml did not affect the viability of 
HUVECs. Morphine at the concentration of 0.3 mg/ml significantly 
decreased the viability of HUVECs by 22.62%, but 0.3 × 10−8 mg/
ml morphine significantly increased the viability of the cells by 
20.36% [Figure 3a]. Following 72 h, all different doses of morphine 
alone did not affect the viability of cells [Figure 3b]. Following 24 
and 72 h, single radiation dose did not have any significant effect 
on the viability of the cells [Figure 3a and b].

Figure 2: Evaluation of the viability of MDA‑MB‑231 cells in response to morphine, single radiation dose of 2 Gy, and a combination of both at 
(a) 24 h and (b) 72 h, using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay. MDA‑MB‑231 cells were treated as indicated. Data 
are mean ± standard deviation where control is set at 100% (n = 3). The asterisks indicate a statistically significant difference versus control, and 
the hashtags indicate a statistically significant difference of specific dose of morphine + radiation (2 Gy) versus radiation alone (2 Gy) (P ≤ 0.05)

b

a
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Following 24 h, all different doses of morphine + radiation 
did not affect the viability of HUVECs compared with control 
group. There is no significant difference between the viability 
of treated cells by different doses of morphine + radiation 
and radiation alone [Figure 3a]. Following 72 h, morphine 
at the doses of 0.3 × 10−2, 0.3 × 10−4, 0.3 × 10−6, and 
0.3 × 10−8 mg/ml in combination with radiation did not affect 
the viability of cells, but 0.3 mg/ml morphine + radiation 
significantly impaired the viability of the cells by 17.45% 
relative to control group. Morphine only at the concentration 
of 0.3 mg/ml in combination with radiation significantly 
reduced the cell viability compared with radiation alone (2 
Gy). There is no significant difference between the viability 
of treated cells by other doses of morphine (0.3 × 10−2, 0.3 
× 10−4, 0.3 × 10−6, and 0.3 × 10−8 mg/ml) + radiation and 
radiation alone [Figure 3b].

Effects of morphine, radiation, and a combination of both on 
the survival fraction of HeLa, MDA‑MB 231 cells, and human 
umbilical vein endothelial cells
We performed colony formation assays to determine cell 
reproductive death[18] after treatment with morphine and IR. 
Cells were treated for 24 h with varying doses of morphine 
alone or in combination with radiation and maintained in 
fresh culture medium for next 13 days. The colonies were then 
counted (colonies of >50 cells) manually. All indicated doses of 
morphine (0.3, 0.3 × 10−2, 0.3 × 10−4, 0.3 × 10−6, and 0.3 × 10−8 
mg/ml) alone significantly increased colony numbers of HeLa 
cell line (by 127.47%, 184.18%, 131.74%, 83.56%, and 38.43%, 
respectively) (n = 3; P ≤ 0.05). Radiation alone significantly 
decreased colony numbers by 29.87%. 0.3, 0.3  ×  10−2, 
0.3  ×  10−4, and 0.3  ×  10−6 mg/ml morphine  +  radiation 
significantly increased colony numbers by 80.51%, 118.32%, 

Figure 3: Evaluation of the viability of human umbilical vein endothelial cells in response to morphine, single radiation dose of 2 Gy, and a combination 
of both at (a) 24 h and (b) 72 h, using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay. Human umbilical vein endothelial cells 
were treated as indicated. Data are mean ± standard deviation where control is set at 100% (n = 3). The asterisks indicate a statistically significant 
difference versus control, and the hashtags indicate a statistically significant difference of specific dose of morphine + radiation (2 Gy) versus 
radiation alone (2 Gy) (P ≤ 0.05)

a

b
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85.39%, and 52.46%, respectively, relative to control group. 
Morphine at the dose of 0.3 × 10−8 mg/ml + radiation did not 
have any significant effect on the survival fraction of HeLa cells 
compared with control group. All different doses of morphine 
in combination with radiation significantly increased the 
survival fraction compared with radiation alone [Figure 4a].

Morphine at concentrations of 0.3, 0.3 × 10−4, 0.3 × 10−6, 
and 0.3 × 10−8 mg/ml did not have any significant effect on 
the clonogenic survival of MDA‑MB 231 cells. The treatment of 
MDA‑MB 231 cells with 0.3 × 10−2 mg/ml morphine induced 
a significant increase in the survival fraction by 36.28%. 

Radiation significantly attenuated the survival fraction of 
MDA‑MB 231  cells by 64.33%. Morphine at concentrations 
of 0.3  ×  10−4 and 0.3  ×  10−8 mg/ml in combination with 
radiation significantly reduced the survival fraction of the 
cells by 52.13% and 39.63%, respectively, relative to control 
group. Other concentrations of morphine  (0.3, 0.3  ×  10−2, 
and 0.3 × 10−6 mg/ml) in combination with radiation did not 
affect the survival fraction of MDA‑MB 231  cells compared 
with control group. Morphine only at the concentrations 
of 0.3, 0.3  ×  10−2, and 0.3  ×  10−6 mg/ml in combination 
with radiation significantly increased the survival fraction 
compared with radiation alone. There is no significant 

Figure 4: Evaluation of the survival fraction of (a) HeLa, (b) MDA‑MB‑231 cells, and (c) human umbilical vein endothelial cells in response 
to morphine, single radiation dose of 2 Gy, and a combination of both following 14 days, using colony formation assay. Cells were treated as 
indicated. Data are mean ± standard deviation where control is set at 100% (n = 3). The asterisks indicate a statistically significant difference 
versus control, and the hashtags indicate a statistically significant difference of specific dose of morphine + radiation (2 Gy) versus radiation 
alone (2 Gy) (P ≤ 0.05)

a b

c
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difference between the survival fraction of treated cells by 
other doses of morphine (0.3 × 10−4 and 0.3 × 10−8 mg/ml) 
+ radiation and radiation alone [Figure 4b].

The treatment of HUVECs with morphine at concentrations of 
0.3, 0.3 × 10−2, 0.3 × 10−4, and 0.3 × 10−6 mg/ml significantly 
increased the clonogenic survival of the cells by 129.06%, 
190.60%, 158.97%, and 83.76%, respectively. Morphine only 
at the concentration of 0.3 × 10−8 mg/ml did not have any 
significant effect on the clonogenic survival of HUVECs. 
Radiation significantly decreased the survival fraction of 
HUVECs by 64.96%. Morphine at different concentrations of 
0.3 × 10−2, 0.3 × 10−4, 0.3 × 10−6, and 0.3 × 10−8 mg/ml in 
combination with radiation did not affect the survival fraction 
of HUVECs compared with control group. The treatment of 
HUVECs with 0.3 mg/ml morphine + radiation significantly 
increased the survival fraction by 105.13% relative to control 
group. Morphine only at the concentrations of 0.3 and 
0.3 × 10−2 mg/ml in combination with radiation significantly 
increased the survival fraction of HUVECs compared with 
radiation alone. There is no significant difference between 
the survival fraction of treated cells by other doses of 
morphine (0.3 × 10−4, 0.3 × 10−6, and 0.3 × 10−8 mg/ml) + 
radiation and radiation alone [Figure 4c].

DISCUSSION

MTT and colony formation assays show that morphine does 
not have a concentration‑  and time‑dependent manner in 
endothelial, breast, and cervical cancer cells in vitro. These 
assays also demonstrate that the single radiation dose of 2 Gy 
has the cytotoxic effect in endothelial, breast, and cervical 
cancer cells. It seems that pretreatment of breast and cervical 
cancer cells with morphine at some doses before radiation 
decreases the efficacy of radiation.

Morphine has long been considered as one of the most 
effective opioid analgesic drugs that was given in clinic to 
manage chronic pain.[9,19] The World Health Organization 
classified the opioid drugs as the second step in the analgesic 
ladder for the management of long‑term pain such as chronic 
cancer pain.[19‑21] Although morphine has a strong effect 
to relieve the pain in cancer patients, its effects on tumor 
growth are still contradictory, as both growth‑promoting 
and growth‑inhibiting effects have been reported.[9,22,23] 
On the one hand, morphine has been demonstrated to 
promote proliferation and migration of cancer cells.[9,23] 
On the other hand, pro‑apoptotic properties of morphine 
were also shown.[9,19,23] Tegeder et  al.[11] have reported that 
morphine alone reduces the proliferation of MCF‑7 breast 
cancer cells at concentrations of ≥10 µM. Part of our results 
is in agreement with the study of Tegeder et al.[11] and shows 
that morphine at doses of 0.3, 0.3 × 10−4, 0.3 × 10−6, and 
0.3  ×  10−8 mg/ml significantly reduces the viability of 
MDA‑MB 231 cells following 24 h. Bimonte et al.[10] have shown 
that morphine in vitro at three different doses (1, 10, and 100 

µM) promotes the proliferation and inhibits the apoptosis of 
MDA‑MB 231 cells following 2, 4, and 6 days. Ecimovic et al.[23] 
have reported that 10–100 ng/ml morphine alone increases 
proliferation of MDA‑MB 231 cells, in a serum‑free medium. 
Another part of our results is consistent with two studies 
specified above and shows that all different doses of morphine 
significantly increase the viability of MDA‑MB 231  cells 
following 72 h. However, following 14 days, morphine only 
at a concentration of 0.3 × 10−2 mg/ml significantly increases 
the survival fraction, and morphine at other concentrations 
does not affect the survival fraction of MDA‑MB 231  cells. 
The present study is the first research that investigated the 
potential effect of morphine on the viability and clonogenic 
survival of HeLa cells. Our data suggest that morphine does 
not have dose‑ and time‑dependent cytotoxic or cytoprotective 
effects on breast and cervical cancer cells in vitro.

The cellular effects of morphine in endothelial cells are crucial 
since morphine is often employed to relieve pain without 
having well‑documented effects on nonneuronal tissue. Despite 
the use of morphine to relieve pain in cancer patients, little is 
known regarding the potential effects of morphine on vascular 
endothelium, a major player in angiogenesis and tumor 
growth. The clinical doses of morphine are 10–2450 mg/day, 
resulting in serum concentrations that are between 2 nM and 
3.5 µM.[24] Leo et al.[24] have shown that morphine at clinically 
relevant doses (1 μM to 10 nM) significantly stimulates human 
umbilical arterial endothelial cells proliferation following 72 h. 
Chen et  al.[25] have demonstrated that morphine promotes 
mouse retinal endothelial cells proliferation. However, Hsiao 
et  al.[26] have reported that morphine enhances apoptosis 
of HUVECs. As can be seen from these previous studies, 
effects of morphine on the viability of endothelial cells are 
contradictory. Our results confirm these contradictory effects. 
Like breast and cervical cancer cells in vitro, endothelial cells 
respond to morphine but not in a concentration‑ and time 
course‑dependent manner, as shown by our results.

It should be taken into consideration that opioid administration 
has been associated with changes in oxidative stress 
mechanisms.[13,14] The contradictory results specified the 
paragraphs above, regarding the effect of morphine on the 
viability and survival fraction of MDA‑MB 231, HeLa cells, and 
HUVECs, may be associated with different cell types and/or 
concentration/time of morphine treatment.

Even though new therapeutic strategies such as targeted 
molecular therapy in cancer have been demonstrated, 
radiation therapy is one of the most common integral 
components of the therapy and effective nonsurgical and local 
treatments for many types of cancer.[27‑29] Radiation therapy 
preserves as much as possible the normal adjacent tissues[30] 
and induces cytotoxicity through DNA damage, triggering cell 
cycle arrest, and apoptosis.[27‑29] Our results support previous 
studies regarding the cytotoxic effects of IR in breast[30] and 
cervical cancer cells.[31]

[Downloaded free from http://www.cancerjournal.net on Monday, March 30, 2020, IP: 176.102.243.112]



Naderi, et al.: Effects of morphine and radiation in cancer cell lines

S151Journal of Cancer Research and Therapeutics - Volume 15 - Supplement Issue 1 - 2019

Nubel et al.[32] have reported that IR dose of 10 Gy induces 
apoptosis in HUVECs after 48, 72, and 96 h. Another study 
has shown that radiation  (gamma rays) doses of 1–8  Gy 
significantly decrease the viability of HUVECs following 
36  h.[33] Part of our results is inconsistent with the results 
of these two studies. We found that single radiation dose of 
2 Gy significantly reduces the clonogenic survival of HUVECs 
following 14  days although this dose does not have any 
significant effects on the viability of the cells after 24 and 
72 h. It is important to highlight that a variety of factors may 
influence radiobiological effects such as cell type,[34] a dose 
of radiation, quality of the ionizing energy, single fraction, 
continued or fractioned exposure, and exposure time.[30]

The present study is the first research that investigated the 
combined adjuvant cellular effects of morphine and radiation 
in MDA‑MB 231, HeLa cells, and HUVECs. In general, it seems 
that morphine at some doses reduces the cytotoxic effect of 
radiation in breast and cervical cancer cells when morphine 
combined with radiation. However, combined effect of 
morphine and radiation in these two cancer cell lines did 
not follow a dose‑ and time‑dependent relationship. Further 
studies are required to elucidate underlying mechanisms. 
Our study also showed that breast and cervical cancer 
cells are more sensitive than endothelial cells to radiation 
or morphine + radiation. Based on the results of HUVECs, 
morphine or irradiation might not have a selective effect 
on the viability and survival fraction of different cell lines 
in vitro.

CONCLUSIONS

Our results may suggest that radiotherapy could not be 
administered alongside morphine to breast and cervical cancer 
patients if these in vitro data can be translated to in vivo studies 
in human subjects.
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