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Abstract:

Adjuvant drugs that attenuate or inhibit the development of tolerance to morphine may lead to improved management of pain in

chronic diseases such as cancer. The aim of this study was to investigate effect of fluoxetine, a specific 5-HT (5-hydroxytryptamine,

serotonin) reuptake inhibitor, on tolerance induced to the analgesic effect of morphine in mice with skin cancer. The study was car-

ried out on female Swiss albino mice. For skin tumorigensis, mice were initiated with a single dose of 7,12-dimethylbenz(a)anthra-

cene (DMBA) and promoted by multiple doses of croton oil. Tolerance to morphine analgesia was induced by daily subcutaneous

(sc) injections of morphine (5 mg/kg for 30 days) and assayed using the hot plate method. Results obtained from this study showed

that pain thresholds in mice with skin cancer were significantly lower. Tolerance to the analgesic effect of morphine (5 mg/kg, sc) ap-

peared at day 15, whereas in normal and skin tumor bearing mice co-treated daily with morphine (5 mg/kg, sc) and three different

intraperitoneal (ip) doses of fluoxetine (0.16, 0.32 and 0.64 mg/kg) tolerance was observed at days 20, 25 and 30, respectively. In

conclusion, our data indicate that concurrent use of morphine with fluoxetine may produce good cancer pain control and attenuate

the development of tolerance.
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Introduction

Opioids remain the drug of choice for the control of

severe clinical pain as occurs in cancer patients. The

development of tolerance to the analgesic effect of

opioids complicates the treatment of pain and contrib-

utes to the variation in analgesic response seen

amongst patients [2, 5]. The identification of adjuvant

drugs that can inhibit the development of tolerance to

opioids may lead to the improved management of

pain.

Neurotransmission systems that interact with the

opioidergic system offer a target for clinically useful

strategies to block or delay opioid tolerance. Accord-

ing to recent reports, N-methyl-D-aspartic acid (NMDA)-

antagonists [4, 6, 20, 39, 40] and nitric oxide synthase

inhibitors [1, 16, 28] attenuate the development of tol-

erance to morphine in rodents. The exact biochemical

mechanism(s) underlying this effect is not fully un-

derstood. There is concern over the potential adverse

effects of these new pharmacological agents that may

limit their clinical applicability as adjuvants in pain
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management [35]. Also, NMDA-antagonists and ni-

tric oxide synthase inhibitors attenuate rather than

completely block the development of morphine toler-

ance, which suggest that other systems also play es-

sential roles in the tolerance process.

Some evidence suggests that a change in serotoner-

gic neurotransmission is involved in mediating the an-

algesic action of morphine [9, 10, 24]. It is accepted

that opioids establish part of their analgesic effect

through stimulation of the serotonergic system [2].

Acute morphine administration enhances serotonin

turnover as evidenced by an increase in its synthesis,

release and metabolism [2], particularly in the projec-

tion areas of the dorsal raphe nucleus [13, 22]. After

chronic morphine administration, a decrease in the re-

lease of 5-HT from the nerve terminals is observed

[14]. Fenfluramine attenuates the development of tol-

erance to morphine by modulating pharmacological

processes [2]. According to our recent study, 5-HT1A

receptors of the dorsal raphe nucleus are involved in

tolerance to the antinociceptive effect of morphine

[22]. Moreover, we have also shown that fluoxetine,

as a specific serotonin reuptake inhibitor, increases

morphine induced analgesia, suggesting that fluoxet-

ine may allow improvement of opioid therapy for per-

sistent pain states, such as cancer pain [23]. This

study aims to investigate the effect of fluoxetine on

the development of tolerance to the morphine analge-

sic effect in mice with skin cancer.

Materials and Methods

Chemicals

Morphine was purchased from Temad C. (Tehran,

Iran) and all other chemicals were obtained from

Sigma Chemical Company (USA).

Solutions were freshly prepared on the days of ex-

perimentation. Morphine sulfate and fluoxetine were

dissolved in physiological saline (0.9% NaCl) and

7,12-dimethylbenz(a)anthracene (DMBA) in acetone.

Subcutaneous (sc) morphine (5 mg/kg) and intraperi-

toneal (ip) fluoxetine (0.16, 0.32 and 0.64 mg/kg)

were administered once daily for 30 days. The hot-

plate test was performed 30 min after drug injections.

Animals

The experiments were carried out on female Swiss al-

bino mice weighing 25 ± 2 g. Animals were housed in

standard polypropylene cages, eight per cage (group),

under a 12:12 h light/dark schedule at an ambient

temperature of 25 ± 2°C and were allowed food and

water freely. The dorsal skin of the mice was shaved

with electric clippers followed by the application of

depilatory cream at least 2 days prior to cancer induc-

tion. Only mice that did not show signs of hair re-

growth were used for experiments. All animals were

accustomed to testing conditions for 2 days before the

behavioral experiment was conducted. Experiments

were carried out in accordance with the guide for the

Care and Use of Laboratory Animals (National Insti-

tutes of Health Publication No. 85–23, revised 1985).

Cancer induction

For skin tumorigenesis, the mice received a single

topical application of DMBA 40 mg/100 ml acetone

per mouse. After seven days, tumorigenesis was pro-

moted topically by applying 0.5 mg of croton oil

twice weekly for a period of 30 weeks [3]. The crite-

rion for the diagnosis of tumors was the same as de-

scribed by O’Connell et al. [25]. During this period,

the mice were observed weekly for the development

of tumors (papillomas). Only the mice that had a good

yield of skin tumors (at least 3 tumors/mouse) were

included in the behavioral pain study.

Induction of tolerance

In order to induce tolerance to the analgesic effect of

morphine, mice were injected daily with morphine

(5 mg/kg, sc). This dose has previously been shown to

cause profound analgesia without any side effects in

mice [8, 22]. The control group received daily injec-

tion of saline (1 ml/kg, sc) in the same manner. The

responses to thermal stimuli 30 min after the morning

dose were recorded daily using the hot-plate test.

Hot-plate test

Animals were individually placed on a hot plate that

was maintained at a constant temperature (50 ± 0.5°C).

The duration of time until the first hind paw with-

drawal during thermal stimulation was measured in

seconds as an index of nociceptive threshold with
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a cut off time of 50 s. This index was referred to as the

Pain Latency Time.

Statistical analysis

Descriptive statistics and comparisons of differences

between each data set were calculated by use of InStat

software. The data were expressed as the mean ± SEM,

and were analyzed by one-way ANOVA in each ex-

periment. Statistical significance was accepted at the

level of p < 0.05. In the case of significant variation

(p < 0.05), the values were compared by the Tukey

test.

Results

The effect of skin cancer and morphine on pain

latency time

In those group of mice that were suffering from skin

cancer, the pain latency time was significantly

(F(2,24) = 16.56, p < 0.01; Tukey, p < 0.05 and p < 0.01)

less than normal saline-treated mice. In order to in-

duce tolerance to the analgesic effect of morphine,

daily sc injection of morphine was used during a 30-

day course. Results showed that tolerance to its anal-

gesic effect appeared at day fifteen (Fig. 1).

The analgesic effect of morphine in skin

cancer-bearing mice

Daily morphine (5 mg/kg, sc) injections in mice with

skin cancer caused analgesia (F (2,24) = 14.91, p < 0.01;

Tukey, p < 0.05 and p < 0.01) until the tenth day, but

its analgesic effect decreased afterwards until there

was no analgesic effect at day fifteen. By this stage

the pain latency time equaled that of the level in the

saline treated-cancer bearing group (Fig. 2).

The effect of fluoxetine on morphine analgesia

Fluoxetine (0.16, 0.32 and 0.64 mg/kg, ip) was co-

injected daily with morphine (5 mg/kg, sc) in three

groups of normal mice. As shown in Figure 3, fluoxe-

tine enhanced the analgesic effect of morphine in

a dose dependent manner (F (5,48) = 18.09, p < 0.01;

Tukey, p < 0.05, p < 0.01). In morphine (5 mg/kg, ip)
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Fig. 1. #��� ������ ��"� �� "�� ,��� �-�� ���� ��	 	���� ��&����� ��
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treated mice tolerance appeared at day fifteen, whereas

in mice co-treated with morphine (5 mg/kg, ip) and

0.16, 0.32 and 0.64 mg/kg doses of fluoxetine, toler-

ance occurred at days 20, 25 and 30, respectively.

The effect of fluoxetine on morphine analgesia

in mice with skin cancer

Five groups of mice with skin cancer received saline

and morphine (5 mg/kg, ip) and saline, morphine

(5 mg/kg, ip) and three different doses of fluoxetine

(0.16, 0.32 and 0.64 mg/kg, ip). Results showed that

fluoxetine increased the analgesic effect of morphine

in a dose dependent manner, and delayed the develop-

ment of tolerance to morphine analgesia (F (5,48) =

17.40, p < 0.01; Tukey, p < 0.05 and p < 0.01). In

morphine (5 mg/kg, ip) and fluoxetine (0.16, 0.32,

and 0.64 mg/kg, ip) co-treated groups tolerance ap-

peared at days 20, 25 and 30, respectively (Fig. 4).

Discussion

Opioid therapy is the cornerstone of management of

severe chronic pain in cancer patients [5, 17]. Mor-

phine has been used for many years in the treatment

of moderate to severe cancer-induced pain [12]; how-

ever, tolerance to its analgesic effect remains a major

clinical problem. Our results show that pain threshold

of mice with cancer is much less than compared to

normal mice. This is in accordance with another study

showing a tumor-induced hyperalgesia in experimen-

tal animals [34]. Morphine induced an analgesic ef-

fect during the first ten days in normal and skin tumor

bearing mice. This analgesic effect gradually decreased

and tolerance appeared at day fifteen. Morphine-

induced analgesia in mice with cancer was obviously

less than in normal mice. This indicates that cancer

may induce pathological changes that result in super-

sensitivity to noxious stimuli. In general, persistent

pain such as cancer-induced pain is thought to depend

on the expression and release of factors such as pros-

taglandins [11] and cytokines [29] at the injury site

that sensitize peripheral nerves and the subsequent

sensitization at the spinal level, leading to a potent fa-

cilitation of pain processing [30, 36, 38].

We observed that co-injection of morphine with

fluoxetine increased the analgesic effects of morphine

and delayed development of tolerance to morphine

analgesia, so that there was a shift in tolerance ap-

pearing from day fifteen to day thirty. These results

confirm another study that showed fluoxetine en-

hances the analgesic effect of morphine in mice with

neuropathic pain [32] and also substantiates our previ-

ous study showing an analgesic effect for acute and

chronic administered fluoxetine in formalin-induced

inflammatory pain [23]. Also in this present study it

has been shown that fluoxetine potentiates morphine

analgesia, suggesting an interaction between opioider-

gic and serotonergic systems.

It has been shown that chronic morphine admini-

stration leads to an increase in GABA tone and subse-

quently to a decrease in serotonergic activity in the

dorsal raphe nucleus [14]. It can be hypothesized that

the dorsal raphe serotonergic system has an important

role in the manifestation of morphine tolerance. Our

recent study shows that direct stimulation of 5-HT1A

receptors in the dorsal raphe nucleus of the rat pro-

longs the development of tolerance to the analgesic

effect of morphine [22]. Therefore, our data suggest

that fluoxetine delays the development of tolerance to

morphine analgesia by preventing the decrease of se-

rotonin in raphe nucleus, which occurs during chronic

morphine administration.

Fluoxetine has a relatively high affinity for Gq/11

protein-coupled 5-HT2B receptors in astrocytes, which

cause transactivation of epidermal growth factor

(EGF) receptors and phosphorylation of extracellular
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regulated kinase 1 and 2 (ERK(1/2) [15]. Some stud-

ies have suggested that S100B, a calcium-binding

protein produced and secreted by astrocytes, is a puta-

tive target of fluoxetine in depressive disorders [18,

34]. Since neuronal-glial communication may lead to

the development of tolerance to morphine-induced

antinociception [21, 31], the roles of glial cells in this

regard should not be ruled out.

Furthermore, the administration of fluoxetine to

skin tumor bearing animals decreased the develop-

ment of tolerance to morphine’s analgesic effects;

therefore we suggest that fluoxetine, which increases

synaptic 5-HT without depleting serotonergic neu-

rons, may allow improvement of opioid therapy for

cancer pain.

The most common psychiatric diagnosis among pa-

tients with advanced cancer is depression [33].

Fluoxetine improves mood and overall quality of life

in cancer patients [26]. Since most antidepressants

such as imipramine, paroxetine and fluoxetine pro-

duce an analgesic effect [19, 23, 41], adjuvant therapy

with fluoxetine may offer an appropriate strategy for

preventing the development of tolerance to the anal-

gesic effect of morphine, as well as its antidepressant

effect.

In conclusion, our data suggest that fluoxetine, as

a selective serotonin reuptake inhibitor, attenuates the

development of tolerance to morphine in skin tumor

bearing mice. In addition, we suggest that investiga-

tion of a possible clinical application for fluoxetine

should be carried out to test its usefulness in diminish-

ing tolerance to morphine. Further studies are needed

to elucidate the exact mechanism of fluoxetine on

neuronal systems, which are responsible for the de-

velopment of tolerance to morphine.
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