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Abstract: Purpose: Inflammatory microenvironment is critical in the transmission of advanced cancer pain. This pa-
per will study how morphine ameliorates advanced cancer pain through inflammatory microenvironment. Methods: 
Fifty female healthy rats were selected and divided into control group, sham group, model group, morphine group 
and morphine + 740YP group by random number table. At the left tibia, rats in the model, morphine and morphine 
+ 740YP groups received Walker256 cells injection, while those in the sham group received an equal amount of 
Hank solution. The control group received no treatment. After modeling, the rats’ spontaneous pain behavior, paw 
withdrawal mechanical threshold (PWMT) and paw withdrawal thermal latency (PWTL) were measured and statisti-
cally analyzed. The protein levels of PI3K, Akt, NF-κB and pro-inflammatory factors (TNF-α/IL-1β/IL-6/IL-17a) in rats 
were detected. Rat left dorsal root ganglion (DRG) cells were extracted and treated with 10, 20 and 30 μmol/L mor-
phine to observe their effects on the cells. Results: Compared with the control group, the model group presented 
increased spontaneous pain behavior and PWTL, decreased PWMT, and reduced mechanical pain threshold, as well 
as enhanced levels of PI3K, Akt, NF-κB and pro-inflammatory factors in vivo as compared to the control group. While 
the morphine group showed less spontaneous pain behavior and PWTL, increased PWMT, and down-regulated PI3K, 
Akt, NF-κB and pro-inflammatory factors in vivo in comparison with the model group. After morphine treatment, the 
apoptosis of DRG cells decreased and the cell activity increased, while PI3K, Akt, NF-κB and pro-inflammatory fac-
tors levels decreased. Morphine affected DRG cells in a dose-dependent manner. Up-regulation of PI3K could coun-
teract the inhibitory effect of morphine on chronic tibial cancer pain. Conclusions: Morphine inhibits the promotion 
of inflammatory microenvironment on chronic tibial cancer pain via the PI3K/Akt/NF-κB pathway, and the regulation 
of the PI3K/Akt/NF-κB pathway can improve the therapeutic effect of morphine on chronic tibial cancer pain.
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Introduction 

Most of the advanced cancer patients suffer 
from cancer pain stem from the invasion of 
tumor cells into bone [1], which is called bone 
cancer pain (BCP). BCP not only triggers de- 
pression in patients, but also seriously damag-
es their quality of life [2, 3]. As we know, bone 
homeostasis is an important basis for the 
maintenance of essential functions and struc-
tures in the human body. However, microenvi-
ronment disorders caused by cancer cell inva-
sion excessively promotes osteoclast differen-
tiation and bone resorption activity [4], and this 
change ignites pain. BCP involves nociceptive 

pain and neuropathic pain [5]. Pain treatment 
strategies should be part of the treatment route 
for cancer patients [6], while unfortunately, due 
to the incompleteness of the research on the 
mechanism of BCP, the current treatment strat-
egies cannot fully improve the pain symptoms 
of cancer patients [7-9].

BCP can be classified into acute, chronic, break-
through, and refractory cancer pain according 
to the duration [5], among which the chronic 
cancer pain is inextricably associated with 
inflammation microenvironment [10]. Inflam- 
matory factors such as TNF-α, IL-6, and IL-1β 
secreted by tumor cells are likely to cause 
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chronic cancer pain [11-13]. The inflammatory 
response disrupts the normal metabolism and 
biological functions of neurons and non-neu-
rons, thereby inducing or promoting the occur-
rence of BCP [14-16]. The PI3K-Akt pathway 
has become a vital tumor-related pathway by 
regulating cell life processes such as apop- 
tosis and proliferation [17-19]. NF-κB is located 
downstream of the PI3K/Akt pathway, and its 
activity is regulated of this pathway [20]. 
Recently, it is shown that NF-κB is related to  
the generation and transmission of BCP [21]. 
The association between NF-κB and BCP may 
come from its regulation of downstream inflam-
matory responses [22-24], so NF-κB as a key 
mediator links the PI3K-Akt pathway to inflam-
matory responses. However, studies on the 
effect of PI3K-Akt-NF-κB pathway on BCP 
remain scanty.

Morphine is a common opioid analgesic that 
can be used to improve cancer induced BCP 
[25]. The current research on the mechanism 
of morphine in treating BCP is not perfect, so 
in-depth research is still needed. In this paper, 
the chronic tibial cancer pain model was  
established by injecting Walker256 cells into 
the tibia of rats, and then the rats with tibial 
cancer pain were treated with morphine to 
observe the effect of morphine on pain behav-
ioral and biological effects of rats. Surprisingly, 
morphine not only effectively alleviated the 
pain in rats with tibia cancer pain, but also 
caused changes in the PI3K-Akt-NF-κB path- 
way and pro-inflammatory factors. Inspired by 
the results, we could not help wondering wheth-
er morphine could achieve its inhibitory effect 
on BCP through PI3K-Akt-NF-κB and pro-in- 
flammatory factors. Therefore, this study was 
carried out to explore a new way of treating BCP 
with morphine.

Materials and methods

Chronic tibia cancer pain model [26]

The SD rats were anesthetized and placed 
supine on the operating table, with the left hind 
limb hair removed and the tibia carefully 
exposed. Walker256 cells were then injected 
into the left tibia to construct a chronic tibia 
cancer pain model. After the injection, the 
wound was sealed with bone wax and treated 
with antibiotics to prevent infection. The model 
group, morphine group, and morphine + 740YP 

group received Walker256 cell injection, the 
sham group was injected with the same am- 
ount of Hank solution in the left tibia, while the 
control group received no treatment. In the 
morphine group, 3 mg/kg morphine was in- 
travenously injected into the tail of rats on  
the 3rd day after operation, and then 3 mg/kg 
morphine was injected every two days until the 
14th day. In the morphine + 740YP group, 1 
mol/L 740YP (single dose) and 3 mg/kg mor-
phine were intravenously injected into the tail 
of rats on the 3rd day after operation, and then 
3 mg/kg morphine was injected every two days 
until the 14th day.

Pain behavior assessment

Before pain behavior assessment, rats in each 
group were familiarized with the environment 
for 2 days. The pain behavior assessment 
items, including PWMT, PWTL, number of flin- 
ches, were tested 3 times before operation, 1 
day, 3 days, 7 days and 14 days after opera-
tion, and the average value was recorded as 
the result of the day. The lower the degree of 
pain, the higher the PWMT and PWTL, and the 
lower the number of flinches.

ELISA

After evaluating all the pain behaviors of rats 
14 days after operation, 1 mL of rat tail vein 
blood samples were collected and placed in  
an anticoagulant tube for 30 min of centri- 
fugation at 3 × 103 g and 4°C to collect the 
supernatant. Pro-inflammatory factors (TNF-α/
IL-1β/IL-6/IL-17a) levels in the supernatant 
were detected by corresponding kits, strictly 
following the kit operation guide.

Extraction of DRG cells

Fourteen days after operation, euthanasia was 
performed on rats after evaluating all pain 
behaviors, and DRG cells, which were from  
the fourth lumbar segment (L4) and the fifth 
lumbar vertebra (L5) on both sides, were 
extracted from the model group. The isolation 
and culture methods of DRG cells were re- 
ferenced from Ying [26]. The medium was 
DMEM containing 10% fetal bovine serum 
(FBS) + 1% streptomycin-penicillin. DRG cells 
were cultured at 37°C with 5% CO2. In addi- 
tion, the brain tissues of rats in each group  
was separated and cleaned for subsequent 
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research. DRG cells were divided into DMSO 
group, 0-Mor group, 10-Mor group, 20-Mor 
group and 30-Mor group. 0-Mor group was not 
treated with morphine, while 10-Mor group, 
20-Mor group and 30-Mor group were given  
10 mol/L morphine, 20 mol/L morphine, and 
30 mol/L morphine accordingly. Morphine was 
administered as a single dose, and subse- 
quent detection experiments were performed 
36 hours later.

qPCR

Trizol (1 mL) was used to extract total RNA  
from DRG cells. The total RNA samples with 
OD260/OD280 > 1.8 were chosen for RT- 
qPCR. Reverse transcription and amplification 
of the total RNA samples was performed by 
TaqMan One Step RT-qPCR Kit (Solarbio,  
China). Primers for pro-inflammatory factors 
(TNF-α/IL-1β/IL-6/IL-17a) were designed and 
synthesized by Tiangen Biotech (Beijing) Co., 
Ltd. The qPCR reaction system (25 μL) was as 
follows: upstream primer: 2.5 μL, down- 
stream primer: 2.5 μL, probe: 1.0 μL, RNA  
template: 10 pg/μg , 25 × One Step RT-qPCR 
RTase mix: 1 μL, 5 × One Step RT-qPCR Buf- 
fer: 5 μL, and RNase-Free ddH2O in a final vol-
ume of 25 μL. Reaction conditions: reverse 
transcription at 50°C for 20 min; denaturation 
at 95°C for 3 min; denaturation at 95°C for 
10-20 s and annealing at 60°C for 20-60 s, 
cycled 35-50 times. The internal reference 
genes were GAPDH, and 2-ΔΔCt was used for 
standardization.

Western blot (WB)

DRG cells or rat DRG tissue samples of each 
group were prepared as suspensions, and then 
RIPA lysis buffer was added to lyse the cells. 
Then the lysate was centrifuged at 1.6104 g 
and 4°C for 20 min. After discarding the pre-
cipitation, 50 μL supernatant was collected  
for protein concentration determination by 
bicinchoninic acid (BCA) protein assay kit 
(Abcam, UK). Next, the proteins were separat- 
ed by SDS-PAGE electrophoresis with a load- 
ing of 20-30 μg. Then the proteins were moved 
to a polyvinylidene fluoride (PVDF) membrane 
(EMD millipore Co., Ltd.) and sealed at room 
temperature with 5% skimmed milk-PBS  
buffer for 1 h. Thereafter, the proteins to be 
tested were added with the β-actin antibody 
and left to stand overnight at 4°C. After that, 

the PVDF membrane was washed with PBS for 
three times, added with goat anti-rabbit sec-
ondary antibody (HRP cross-linking), and let 
stand at room temperature for 1 h. Finally, the 
PVDF membrane was washed with PBS  
and visualized using enhanced chemilumines-
cence (ECL) solution. The internal reference 
protein was β-actin, and the relative expres- 
sion level of the protein to be measured was 
equal to the gray value of the band to be mea-
sured/the gray value of the GAPDH band. 
Protein (PI3K, p-PI3K, Akt, p-Akt, NF-κB, TNF-α, 
IL-1β, IL-6 and IL17a) primary antibodies and 
goat anti-rabbit secondary antibodies were pur-
chased from Abcam.

MTT method

Cells were inoculated in 3 wells at 3 × 103  
cells/well on 96-well plates, and cultured at 
37°C with 5% CO2 for 24 h. Then the plate  
was removed, and 5 mg/ml MTT solution (10 
μL) was added for 4 h of incubation at 37°C 
with 5% CO2. After that, the culture medium 
was removed and 100 μL of dimethyl sul- 
foxide (Solarbio company) was added. The OD 
value at 570 nm was determined.

Flow cytometry

A cell suspension with cell number of 1 × 106 
was prepared. Then the cells were treated  
with 70% ethanol at 4°C for 30 min. There- 
after, the ethanol was removed and the mixed 
solution of Annexin V-FITC/PI was added to 
incubate the cells for 30 min at room tempera-
ture. The apoptosis rate was determined by 
FACScan flow cytometer (Becton Dickinson, 
USA).

Statistics and analysis

The experiment was repeated 3 times, and  
the measurement results were described as 
Mean ± SEM (standard error of the mean). 
SPSS 20.0 (USA) was used for difference an- 
alysis between data, and Graphpad 8.0 was 
applied for picture rendering of the collected 
data. Differences between the two groups were 
compared using independent sample T tests, 
while differences among multiple groups were 
analyzed by analysis of variance. All compari-
sons were two-tailed with 95% as the confi-
dence interval. A statistically significant differ-
ence was assumed at P<0.05.
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Results

Morphine inhibited chronic tibial cancer pain

In this paper, PWMT, PWTL and number of 
flinches were used to evaluate the chronic  
tibial cancer pain triggered pain degree and  
the analgesic effect of morphine on rats with 
chronic tibial cancer pain. As shown in Figure  
1, within 14 days, the PWMT and PWTL in the 
cancer pain group were statistically lower,  
while the number of flinches was statistically 
increased compared with the control group, 
indicating that the chronic tibia cancer pain 
model gave rise to obvious pain in rats; com-
pared with the cancer pain group, the PWMT 
and PWTL in the morphine group were statisti-
cally increased, while the number of flinches 
was statistically decreased within 14 days.  
The above results suggested that morphine 
inhibited chronic tibial cancer pain in rats 
(Figure 1).

Effects of morphine on the PI3K-Akt-NF-κB 
pathway

Results 2.1 identified that morphine could 
inhibit pain in rats with chronic tibial cancer 
pain, so this part would discuss the specific 
molecular mechanism of morphine analgesia. 
DRG tissues of rats in each group were ex- 
tracted, and the PI3K-Akt-NF-κB pathway pro-
tein (PI3K, Akt, p65, IκB) levels and phos- 
phorylation levels were detected by WB (Figure 
2). Compared with the control group, the total 
protein levels of PI3K, Akt, p65 and IκB in the 
cancer pain group did not change statistically, 
but the protein phosphorylation levels of PI3K, 
Akt, p65 and IκB in the cancer pain group 
enhanced statistically. Compared with the can-
cer pain group, PI3K, Akt, p65 and IκB pro- 

tein levels in the morphine group did not alter 
statistically, but their protein phosphorylation 
levels reduced statistically. 740YP is a PI3K 
activator, which can increase the degree of 
PI3K phosphorylation. Compared with the  
morphine group, the PI3K, Akt, p65, and IκB 
protein levels in the morphine + 740YP group 
presented no statistical changes, but their  
protein phosphorylation levels elevated stati- 
stically. In addition, result 2.1 showed that the 
pain degree of the morphine + 740YP group 
was noticeably stronger than that of the mor-
phine group. The above results revealed that 
the total protein level of PI3K/Akt/NF-κB path-
way did not vary significantly in chronic tibia 
cancer pain, but the pathway phosphorylation 
was significantly enhanced, which suggested 
that morphine inhibited BCP via inhibiting  
phosphorylation of PI3K/Akt/NF-κB pathway 
(Figure 2).

Effects of morphine on pro-inflammatory fac-
tors

Inflammatory microenvironment has a certain 
influence on cancer pain, while the PI3K/Akt/
NF-κB pathway is also involved in regulating  
the inflammatory microenvironment, so the 
analgesic effect of morphine may also be re- 
lated to the inflammatory microenvironment. In 
this section, pro-inflammatory factors (TNF-α/
IL-1β/IL-6/IL-17a) in serum and DRG tissues  
of each group of rats were measured. As  
shown in Figure 3, serum and DRG tissue pro-
inflammatory factors (TNF-α/IL-1β/IL-6/IL-17a) 
were statistically increased in the cancer pain 
group compared with the control group, while 
those in the morphine group decreased com-
pared with the cancer pain group, and those in 
the morphine group increased as compared to 
the morphine group. All these suggested that 

Figure 1. Analgesic effect of morphine on rats with chronic tibia cancer pain. A: Changes of PWMT of rats in each 
group within 14 days, the value was relative to the control group; B: Changes of PWTL of rats in each group within 
14 days; C: Changes of number of flinches in each group within 14 days; *indicates P<0.05.
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morphine may inhibit pro-inflammatory factors 
(TNF-α/IL-1β/IL-6/IL-17a) through the PI3K-Akt-
NF-κB pathway (Figure 3).

Effects of 0-30 μmol/L morphine on DRG cells

DRG cells play an important role in the trans-
mission and production of BCP, so studying  
the effects of morphine on DRG cells will also 

help understand the mechanism by which mor-
phine inhibits cancer pain. In this paper, MTT 
assay was used to determine the effects of 
0-30 μmol/L morphine on DRG cell activity, 
flow cytometry was used to detect the effects 
of 0-30 μmol/L morphine on DRG apoptosis, 
and WB to test apoptosis-related proteins  
(Bax/Bcl2). As shown in Figure 4, morphine sta-
tistically decreased Bax, increased Bcl2 (Fi- 

Figure 2. Effects of morphine on PI3K-Akt-NF-κB pathway in DRG tissues of rats with chronic tibial cancer pain. A, 
C, D, H: Changes of morphine on total protein levels of PI3K, Akt, p65 and IκB; E: Western blot; B, F, G, I: Changes of 
morphine on the phosphorylation levels of PI3K, Akt, p65, IκB; ***indicates P<0.001.
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gure 4A and 4B), and reduced apoptosis rate 
(Figure 4C), indicating that morphine inhibited 
apoptosis by down-regulating Bax and up- 
regulating Bcl2, and this regulation was dose-
dependent. Figure 4E showed a dose-depen-
dent increase in cell activity with morphine. The 
above results indicated that morphine could 
inhibit apoptosis and increase cell activity in a 
dose-dependent manner (Figure 4).

Effects of 0-30 μmol/L morphine on PI3K/Akt/
NF-κB pathway in DRG cells

As shown in Figure 5, 0-30 μmol/L morphine 
did not cause changes in PI3K, Akt, p65, and 
IκB protein levels, but dramatically reduced 
p-PI3K, p-Akt, p-p65, and p-IκB levels. These 

findings revealed that morphine only parti- 
cipated in the regulation of PI3K/Akt/NF/κB 
pathway activity in DRG, and this regulation 
was dose-dependent (Figure 5).

Effects of 0-30 μmol/L morphine on pro-
inflammatory factors in DRG cells 

As shown in Figure 6, 0-30 μmol/L morphine 
could down-regulate mRNA and protein levels 
of pro-inflammatory factors (TNF-α/IL-1β/IL-6/
IL-17a). It suggested that in DRG cells, mor-
phine regulated the inflammatory microenvi- 
ronment by inhibiting pro-inflammatory factors 
(TNF-α/IL-1β/IL-6/IL-17a) in DRG cells in a 
dose-dependent manner (Figure 6).

Figure 3. Effects of morphine on inflammatory factors in rats with chronic tibia cancer pain. A-D: Effects of morphine 
on serum pro-inflammatory factors (TNF-α/IL-1β/IL-6/IL-17a); E: WB diagram; F-I: Effects of morphine on pro-inflam-
matory factors (TNF-α/IL-1β/IL-6/IL-17a) in DRG tissues; ***indicates P<0.001, 740YP is a PI3K agonist.
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Figure 4. Effects of 0-30 µmol/L morphine on DRG cells. A, B: Effects of 0-30 µmol/L morphine on Bax, Bcl-2; C: Effects of 0-30 µmol/L morphine on apoptosis; D: 
Western blot; E: Effects of 0-30 µmol/L morphine on cell activity; *indicates P<0.05, and **indicates P<0.01.
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Discussion

Cancer pain caused by cancer cells invading 
bone tissues is one of the common complica-
tions plaguing cancer patients. The pain not 
only seriously affects the treatment effect of 
cancer patients, but also destroys their physi-
cal function and mental health. And this is 
where analgesic drugs, one of the current man-
agement strategies for cancer pain, come in. 
Morphine is a commonly used analgesic. In  
this paper, the rat tibia was injected with 
Walker256 cells to establish a model of chr- 

onic tibial cancer pain, and the possible ways  
of treating cancer pain with morphine were 
explored, so as to expand the application value 
of morphine.

The following dimensions, including PWMT, 
PWTL and number of flinches within 14 days 
were used in this paper to determine the anal-
gesic effect of morphine on chronic tibial can-
cer pain in rats. Figure 1 shows that morphine 
effectively restored PWMT and PWTL of rats 
within 14 days, and reduced number of flinch-
es, indicating that morphine can effectively 

Figure 5. Effects of 0-30 µmol/L morphine on PI3K-Akt-NF-κB pathway in DRG cells. A, B: Effects of 0-30 µmol/L 
morphine on PI3K and phosphorylated PI3K (p-PI3K); C, F: Effects of 0-30 µmol/L morphine on Akt and phosphory-
lated Akt (p-Akt); D, G: Effects of 0-30 µmol/L morphine on p65 and phosphorylated p65 (p-65); E: WB diagram; 
H, I: Effects of 0-30 µmol/L morphine on IκB and phosphorylated IκB (p-IκB); *indicates P<0.05, and **indicates 
P<0.01.
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alleviate the pain in rats with chronic tibia can-
cer pain. Interestingly, the PI3K/Akt/NF-κB 
pathway was found to be related to morphine  
in the subsequent detection of DRG tissue  
protein levels. As shown in Figure 2, PI3K, Akt, 
p65 and IκB protein levels in cancer pain rats 
did not change statistically, while the phos- 
phorylation levels increased evidently, and 
morphine could markedly inhibit the phosphor-
ylation levels of PI3K, Akt, p65 and IκB, sug-
gesting that rather than directly changing the 
protein levels, morphine regulated the PI3K-
Akt-NF-κB pathway through regulating its phos-
phorylation levels. The PI3K/Akt pathway is a 
non-negligible signal pathway in carcinogene-
sis, and can positively regulate the activity of 
NF-κB protein through phosphorylation. In- 

hibition of NF-κB has been shown to alleviate 
BCP [21]. Morphine inhibits the PI3K/Akt/
NF-κB pathway [27], so the inhibitory effect of 
morphine on BCP may be achieved by down-
regulating the activity of the PI3K-Akt-NF-κB 
pathway.

But how it works? Based on the biological influ-
ence of NF-κB, we assumed that the inflam- 
matory microenvironment may be involved in 
BCP. Figure 3 demonstrates that pro-inflam- 
matory factors (TNF-α/IL-1β/IL-6/IL-17a) were 
increased in serum and DRG tissues of rats 
with chronic tibia cancer pain, while morphine 
effectively reduced pro-inflammatory factors 
(TNF-α/IL-1β/IL-6/IL-17a), which indicated that 
NF-κB is a major regulator in inflammatory 

Figure 6. Effects of 0-30 µmol/L morphine on inflammatory factors in DRG cells. A, B: Effects of 0-30 µmol/L mor-
phine on TNF-αprotein and TNF-α mRNA; C, F: Effects of 0-30 µmol/L morphine on IL-1β protein and IL-1β mRNA; D, 
G: Effects of 0-30 µmol/L morphine on IL-17a protein and IL-17a mRNA; E: WB diagram; H, I: Effects of 0-30 µmol/L 
morphine on IL-6 protein and IL-6 mRNA; *indicates P<0.05, and **indicates P<0.01.
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microenvironment. Morphine down-regulates 
NF-κB activity through the PI3K/Akt/NF-κB 
pathway, leading to the down-regulation of 
downstream levels of pro-inflammatory fa- 
ctors (TNF-α/IL-1β/IL-6/IL-17a). Finally, this 
change in the inflammatory microenvironment 
may alleviate BCP by improving endoplasmic 
reticulum stress [28].

DRG cells are also vital in the transmission  
and production of BCP. Based on the preced- 
ing results, the effects of 0-30 μmol/L mor-
phine on DRG cells were explored. Figures 4-6 
reveal that DRG cells treated with morphine 
presented reduced apoptosis, increased cell 
viability, and down-regulated PI3K, Akt, NF-κB 
and pro-inflammatory factors (TNF-α/IL-1β/
IL-6/IL-17a) levels in a dose-dependent mann- 
er. PI3K-Akt-NF-κB pathway is involved in  
apoptosis and participates in apoptosis by reg-
ulating Bad or Caspase-9 phosphorylation. 
Similarly, NF-κB is an essential regulatory ele-
ment of cellular inflammatory response and is 
responsible for regulating the level of down-
stream inflammatory cytokines such as TNF-α. 
All these indicate that morphine may also regu-
late DRG cell apoptosis and inflammatory 
microenvironment through the PI3K-Akt-NF-κB 
pathway, thereby mitigating chronic tibia can-
cer pain. 

This paper explores the treatment role of mor-
phine in chronic tibia cancer pain, and holds 
that morphine regulated the promotion of 
inflammatory microenvironment on chronic  
tibial cancer pain through the PI3K-Akt-NF-κB 
pathway. It is found that in DRG tissues and 
DRG cells of rats with chronic tibial cancer  
pain, morphine inactivated the PI3K/Akt/NF- 
κB pathway, thereby changing pro-inflammato-
ry factors levels in the inflammatory mi- 
croenvironment, and finally relieving chronic 
tibial cancer pain. Meanwhile, the analgesic 
effect of morphine may be dose-dependent. 
Whereas, the PI3K-Akt-NF-κB pathway is not  
an independent signaling pathway, whether 
other mediators are involved in the regulation 
between morphine and this pathway is also a 
possible mechanism for future discussion.

Conclusion

In summary, this paper finds that morphine 
inhibits the promotion of inflammatory microen-
vironment on chronic tibial cancer pain by inac-

tivating the PI3K/Akt/NF-κB pathway, which 
may be conducive to expanding the application 
of morphine in the management of BCP.
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