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Abstract

Background and objectives: The role of opioids on tumor growth is widely discussed. The aim of this study was
to analyze whether morphine has a direct influence on tumor growth.

Methods: Twenty mice received intraperitoneal inoculation of Ehrlich tumor cells and were divided into two
groups. Morphine group received 10 mg/kg, and the control group received 0.9% saline solution, once daily for 7
days, by gavage of 10 ml/kg. On the tenth day, 5 animals were sacrificed, and 5 were evaluated for survival in each
group. The following were evaluated: survival; abdominal circumference; ascites volume; weight; tumor cells in
ascites; lymphocytes in the spleen, inguinal and mesenteric lymph nodes and bone marrow; cytokines in ascites,
serum, lymph nodes and spleen; nitric oxide (NO) in ascites and spleen; nitrite in ascites; arginase in ascites;
superoxide dismutase (SOD) in ascites; and immunophenotyping of the spleen.

Results: The number of cells in the bone marrow was higher after morphine treatment; SOD was higher in
ascites after morphine, and the NO level of the spleen stimulated with lipopolysaccharide (LPS) was lower after
morphine treatment. There were no differences in the other parameters.

Conclusion: The results of this study show that morphine causes some changes that facilitate tumor growth in
mice as higher NO in ascites and, although there were no significant differences, weight, ascites volume and the

abdominal circumference was higher after morphine treatment.

Keywords: Cancer; Morphine; Tumor growth; Immunophenotyping;
Cytokines

Introduction

Pain is one of the most common symptoms of cancer and up to 90%
of advanced stage cancer patients will present with moderate to severe
pain [1]. Guidelines for the management of cancer pain were
developed by the World Health Organization (WHO) are based on an
analgesic ladder [2].

Opioids are the drugs of choice for the management of severe
cancer pain [2,3]. In addition, the postoperative analgesia for cancer
surgery patients most often includes opioids. Morphine and other
opioids are used in escalating doses to control severe pain in cancer
patients.

However, the role of opioids in tumor growth has been discussed.
Some studies show that morphine could stimulate tumor growth [4-7].
However, there are reports that these drugs may alter cancer
recurrence or metastasis. Opioids could affect the function of T
lymphocytes [8], and stimulate the release of inflammatory cytokines

[7].

Despite this, other study shows that there is insufficient evidence to
confirm tumor growth with opioids [9]. The literature, however,
presents some discrepancies, with reports suggesting that opioids may
either promote or prevent tumor growth.

This issue is so controversial that some authors demonstrated that
morphine had an inhibitory effect on tumor growth [10-12]. Some
studies indicate that morphine may prevent cancer progression
[12-14]. Other opioids (tramadol and codeine) also had inhibitory
effect for cancer [14,15].

It is of very important to determine whether morphine is harmful to
cancer patients. There have been inconsistent reports on whether
opioids promote or inhibit cancer growth. The effect of opioids for
cancer populations are inconclusive and definitive recommendations
cannot be made.

The Aim of the Study

The aim of this study is to evaluate whether morphine has an
influence on tumor growth.

Materials and Methods

Twenty female Swiss mice, 8 weeks of age and weighing on average
28 g, were used (n = 10/group). The animals were kept at 26 + 2°C, 44—
56% relative humidity, under 12 h light-dark cycles and had free access
to sterile food and acidified water. All procedures have been assessed
and approved by the Committee of Ethics in Research (Protocol:
23115.002502/2015-78).

Ehrlich tumor is an aggressive breast carcinoma-associated with
short survival in mice. The Ehrlich tumor was maintained in the ascites
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form by passages in Swiss mice, by weekly intraperitoneal
transplantation of 2 x 10° tumor cells. The ascites fluid was removed,
and tumor cell counts were done in a Neubauer hemocytometer. The
cells were found to be more than 99% viable by the Trypan blue dye
(0.2%) exclusion method.

Each animal received an intraperitoneal inoculation of 2 x 10°
tumor cells. The mice were then separated into two groups to receive
10 mg/kg of morphine (morphine group) or normal saline solution in
the control group (C) from days 2 to 8. Morphine or normal saline
were administered by gavage once a day. Then, the mice were observed
for survival analysis. The remaining animals were sacrificed on day 10
for evaluation of tumor development and immunological parameters.

There were evaluated: survival; abdominal circumference; ascites
volume; weight; tumor cells in ascites; leucocytes in the spleen, lymph
nodes and bone marrow; cytokines (monocyte chemotactic protein-1
(MCP1), tumor necrosis factor-a (TNFa), interferon-y (IFNy),
interleukin (IL) 6, 10 and 17) in ascites, serum, lymph nodes and
spleen; nitric oxide (NO) in ascites and spleen; nitrite in ascites;
arginase in ascites; superoxide dismutase (SOD) in ascites; and
immunophenotyping of the spleen.

The percent of the increase in the lifespan (ILS) was calculated
considering the mean survival time (MST) of each group according to
equation (Gupta et al.,):

(MST of the treated group — MST of the control group)

Page 2 of 5
ML cel (107/ml) 24+04 26+04 0.810
BM cel (107/ml) 0.8 0.1 0.5+0.1 0.049

Table 1: Weight, the volume of ascites, abdominal circumference,
ascites tumor cells and number of cells in spleen, mesenteric lymph
node, and bone marrow (mean + SE). V= volume; Cel= cells; ML=
mesenteric lymph nodes; BM= bone marrow; t-test; SE: standard error.

The results of this study show that morphine causes some alterations
associated with tumor growth. The action of morphine on tumor
growth was studied because it is the most used analgesic for relieving
the severe cancer pain. There is some evidence supporting a pro-
tumorigenic role for opioids [16]. This evidence raised questions about
the role of opioids in the control of cancer pain, but the studies are
conflicting, and not clarified the effect of these drugs [9]. The authors
of one study reported that morphine does not influence tumor
development but promotes progression [7].

Tumor growth depends on the balance between the aggressiveness
of the tumor and the defence of the organism [16]. Some studies have
shown that opioids affect tumor cell-destroying T lymphocytes,
antibody production and the functions of phagocytic cells and
cytokines [16,17].

Pain also causes reduced natural killer (NK) cells and immunity,
while good pain control results in reduced metastases [18].

0, =
ILS(%) MST of the control group X100
Ascites Morphine Control P
MCP-1 4301 + 802.9 3616 £ 673 0.531
Statistical analys1s TNF-a 326+3.8 438+7.6 0.223
For statistical analysis, it was used the software Graph Pad Prism N 139435 1994 8.2 0517
5.0°. The tests used were: log-rank to compare survival; Student-t to Y T T )
compare all other parameters between morphine and saline group. It IL-6 67.0+12.0 547 +127 0.498
was considered statistically significant p < 0.05.
IL-10 92+1.3 95+3.3 0.941
Results and Discussion IL-17 0.0+0.0 0.4+0.3 Not calculated
There was no difference in the survival of the animals (median was Serum
16 days for both groups; p= 0.887, log-rank test). There were no
differences in weight; abdominal circumference; ascites volume; tumor MCP-1 587.8 £ 180.2 326.1+92.6 0.232
cells number in ascites, spleen, and mesenteric lymph node; the TNF-y 352443 271469 0348
number of cells in the bone marrow was higher after morphine (Table
1). There were no differences in cytokine concentrations (Table 2). IFN-g 26+03 40£09 0.194
There were no differences in arginase, nitrite and SOD levels in ascites
. . . . IL-6 59+0.7 50+1.5 0.613
or the spleen (isolated or stimulated with tumor cells), while NO was
higher in ascites in the morphine group, with no difference in the IL-10 07+06 18+1.4 0477
spleen (Table 3). There was no difference in a number of cells in the
spleen (Table 4). IL-17 0.2+0.2 05+0.5 0.526
Morphine Control p Spleen
MCP-1 833.2 £ 141.6 389.3+141.6 0.101
Weight (g)a 96+1.8 6.8+1.3 0.558
i TNF-a 75+3.1 99+57 0.714
Ascites V (ml) 10.3+£0.7 94+13 0.526
. IFN-y 0.0+0.0 0.0+0.0 Not calculated
Circumference (cm) 10.3+0.6 95+0.5 0.310
Tumoral cel IL-6 1.7+05 28+1.2 0.434
Ascites tumoral cel (x108/ml) | 433.8 +22.2 604.2+954 | 0.120 IL-10 0.0+0.0 0.0+0.0 Not calculated
Spleen cel (107/ml) 14+0.2 1.5+0.3 0.623 IL-17 0.0£0.0 0.8+0.8 Not calculated
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Lymph nodes Ascites arginase (und/L) 445 +| 51471 0.220
3.6
MCP-1 222.4 +£83.2 172.8 £74.2 0.680
Ascites nitrite (M) 56+0.2 | 56+0.2 0.508
TNF-a 0.0£0.0 0.0+£0.0 Not calculated
Ascites SOD (%) 89.3 +| 87.5+0.5 0.530
IFN-y 0.0+£0.0 0.0+£0.0 Not calculated 2.6
IL-6 1.3+0.8 0.7+0.2 0.440 Ascites NO (uM) 21.2 +| 141120 0.014
0.9
IL-10 0.0+0.0 0.0+£0.0 Not calculated
Spleen NO (uM) 0.1+0.0 | 0.07+0.0 0.270
IL-17 0.0+£0.0 0.0+£0.0 Not calculated
Spleen NO stimulated with tumor cells| 2.1 +0.5 | 3.1 £0.9 0.300
(HM)
Table 2: Cytokines concentrations (pg/mL; mean + SE). IL: interleukin;
IFN-y: Interferon-gamma; TNF-a: Tumor necrosis factor-alpha; MCP: Spleen NO stimulated with LPS (uM) 28+05 | 4328 0.600

monocytes quimiotatic protein; SE: standard error; Student-t test; "
significant

In this study, was 10 mg/kg of morphine, higher than that usually
used in humans for cancer pain. Doses used in the animal literature
differ widely but range from 5-20 mg/kg [19]. In this study, an
intermediate dose was chosen.

To study tumor growth by morphine in this study, several direct
measurements (weight gain, abdominal circumference, ascites volume
and a number of tumor cells), substances associated with tumor
growth (cytokines, NO, arginase and SOD) and immunosuppression
(numbers of helper and cytotoxic T lymphocytes in the spleen) were
evaluated.

Survival was assessed to determine whether any reductions
observed were due to adverse effects on tumor growth. Although there
were no significant differences, weight, ascites volume and abdominal
circumference were higher after morphine treatment, which may
indicate greater tumor growth.

Table 3: Dosage of NO, nitrite, SOD, and arginase (mean * SE). SOD:
superoxide dismutase; NO: nitric oxide; SE: standard error; Student-t
test; significant

Analyses of as many fluids and organs as possible were performed to
provide more information on the effect of morphine. Local
inflammatory reactions can be verified in the ascites, and systemic
reactions can be observed in the blood. A drugs toxicity can be
observed in the mesenteric lymph node, while the greatest production
of defence cells occurs in the spleen.

Cytokine levels were evaluated at sites of easy collection and with an
increased immune response due to tumor growth. Several cytokines
stimulate tumor growth, including IL-6, IL-17, MCP-1 and TNF
[20-23].

IFN-a and IL-10 are anti-tumour cytokines. MCP-1 and IL-6 levels
were higher after morphine treatment, although the differences were
not significant [24-27].

Nitrite, SOD, and arginase were measured in ascites, the area of
greatest inflammation in the tumor type studied.

Morphine Control P

Cells number (x 10%)

Total T lymphocytes (CD3+) 2.72+£0.31 2.79+0.28 0.880
T helper lymphocytes (CD3+CD4+) 1.0+£0.18 1.2+0.19 0.445
T cytotoxic lymphocytes (CD3+CD8+) 0.25+0.11 0.46 + 0.06 0.157
Activated T cells (x 105)

Activated T helper (CD3+CD4+CD28+) 0.25 +0.02 0.3+0.03 0.280
Activated T cytotoxic (CD3+CD8+CD28+) 0.11 £ 0.01 0.08 £ 0.01 0.070

Table 4: Absolute frequency of splenic T helper and T cytotoxic lymphocytes (mean + SE). SE: standard error; Student-t test; ": significant

NO can have as much of an effect on tumor dissemination as on
tumoricidal activity. At lower concentrations (<100 uM), NO causes
tumor progression; at higher concentrations (>100 puM), it induces
apoptosis of tumor cells [28]. In this study, only ascites had higher NO
levels with morphine treatment, but the concentrations in both
locations were <100 uM, considered to be pro-tumoral. NO is
degraded to form nitrite, which indirectly measures NO production.

In this study, arginase levels were lower with morphine treatment,
although not significant. Arginase has a tumour-suppressive effect, but
increased arginase activity causes a decrease in L-arginine, a substrate
for the production of NO [29], with tumor growth. SOD eliminates
free radicals and protects cells from injury [30].

Immunophenotyping was performed to evaluate lymphocytes in
relation to tumor aggression. CD4+ and CD8+ T lymphocytes destroy
tumor cells [31]. In this study, the spleen was chosen to verify
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alterations in defence cells because it contains higher concentrations of
these cells.

Conclusion

The results of this study show that morphine causes some changes
that facilitate tumor growth in mice as higher NO in ascites and,
although there were no significant differences, weight, ascites volume
and abdominal circumference was higher after morphine treatment,
which may indicate greater tumor growth. However, more studies are
needed to demonstrate the existence of a significant effect of morphine
on tumor progression. It is still not possible to conclude that the use of
morphine for the treatment of pain in patients with cancer is
inadequate.

Limitations

There may be a difference between tumor types in morphine-
induced growth induction. The results obtained in animals cannot be
fully extrapolated to humans. In human studies, it is difficult to
disconnect the possibility that exposure to high doses of opioid causes
tumor progression from the possibility that the requirement for
opioids is greater because tumor progression increases pain. The
opioid dose may be important for tumor growth.
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