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Abstract
In this study, we investigated the interactive effects of intraperitoneal (i.p.)

injections of three different phosphodiesterase inhibitors (PDEIs) on morphine-
induced analgesia in mice using tail-flick method. Subcutaneous administration of
morphine (1, 3 and 6 mg/kg) caused significant antinociceptive effects in a dose
dependent manner. Administration of pentoxifylline (12.5, 25, 50 and 100 mg/kg,
i.p.), milrinone (3 and 4.5 mg/kg, i.p.) and theophylline (25, 50 and 100 mg/kg, i.p.)
as selective and non-seletive phosphodiesterase inhibitors induced analgesia in
mice. We also examined the antinociceptive effects of these three PDEIs in
combination with non-effective dose of morphine (1 mg/kg). These combinations
increased analgesia effects compared to the either morphine or respective phospho-
diestrase inhibitor groups significantly. Our findings strongly suggest that PDEIs
can induce analgesia and potentiate morphine antinociception effect via possible
interactions on the same molecular or biochemical pathways.
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1. Introduction
Cyclic nucleotide phosphodiesterases

(PDEs) are enzymes that regulate the cellular
levels of the second messengers, cAMP and
cGMP, by controlling their rates of degradation
[1]. The hydrolysis of the cyclic nucleotides

cAMP and cGMP to their corresponding
inactive 5'-monophosphate counterparts is
catalyzed by PDEs as a superfamily [2]. There
are 11 different PDE families, with each family
typically having several different isoforms
and splice variants. These unique PDEs differ
in their three-dimensional structure, kinetic
properties, modes of regulation, intracellular
localization, cellular expression and inhibitory
sensitivities [1].
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There is experimental evidence suggesting
that modification of the intracellular levels of
cAMP or cGMP in peripheral sensitive
neurons modulates hyperalgesia. Overall,
elevated levels of cAMP are associated with
enhanced hyperalgesia, whereas elevated
levels of cGMP are associated with inhibition
of hyperalgesia, at least in mechanical
hyperalgesia [3, 4]. Most of these studies
focus on the exogenous addition of stimuli that
modulate the levels of these cyclic
nucleotides. However, a considerable number
of studies have investigated the importance of
the balance of these cyclic nucleotides in the
genesis of inflammatory hyperalgesia [5-7].

There is an association between
hyperalgesia and activation of adenylate
cyclase as well as antinociception with
activation of a soluble guanylate cyclase. The
intracellular levels of cAMP that enhance
hyperalgesia are controlled by the PDE4
isoform and appear to result in the activation
of protein kinase A. The balance between the
intracellular levels of cAMP and cGMP may
be fundamental in the control of pain in
response to inflammatory mediators. In this
sense, the discovery of substances that act

by tilting the cAMP/cGMP balance and/or
function in primary sensory neurons may
constitute a new class of peripheral analgesics
[8]. Data suggest that cAMP-dependent
protein kinase activity may be upregulated in
the brain with morphine tolerance, and that
this upregulation is critical to the expression
of tolerance to the antinociceptive effects of
morphine. In the spinal cord, however, the
activity of cyclic nucleotide dependent protein
kinases, and possibly their substrate proteins,
may be affected by chronic morphine
exposure such that inhibition of these kinases
produces hyperalgesia [9]. Studies have
shown that modulation of cyclic nucleotide
levels by changes in particulate cGMP
hydrolysis may produce or allow for
development of complete tolerance to various
morphine-induced behaviors [10].

The clinical use of morphine is limited in
practice by its tendency to cause tolerance and
dependence with prolonged or repeated
administration [11]. There are evidences that
show the changes of opioid receptors and
second messengers (eg. cAMP) in opiate
functions by using biochemical and molecular
techniques [11].

Figure 1. Antinociceptive effects of morphine on tail-flick latency. Subcutaneous (s.c.) administration of three doses of
morphine (1, 3, 6 mg/kg) caused an antinociceptive effect in a dose dependent manner. There was no significant analgesic effect
at the dose of 1 mg/kg, but other doses used (3 and 6 mg/kg) induced significant antinociception. Tail-flick latency was evaluated
5 min. after s.c. injection of morphine. Values are presented as mean±SEM for at least 7 animals in each group. *p<0.05 and
***p<0.001 compared with control group.
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The involvement of PDEs in the
production of different kinds of antinocicep-
tion in rats and mice has been reported
previously [12-16]. In contrast, some other
studies showed that cAMP levels seem to be
irrelevant to the pain [11].

The antinociceptive effects of sildenafil, a
specific PDE 5 inhibitor, has been investigated
by some researchers [17]. Co-administration
of sildenafil significantly enhanced the
antinociceptive effect of morphine. The
antinociception produced by the drugs alone
or combined was due to local action, as its
administration in the contralateral paws was
ineffective. Pretreatment with Nw-nitro-L-
arginin methyl ester (an NO synthesis
inhibitor), methylene blue (gunalyl cyclase
inhibitor) or naloxone (opioid receptor
antagonist) blocked the effect of sildenafil-
morphine combination. The results suggest
that opioid receptor, NO, and cGMP
mechanisms are involved in the combined
antinociceptive effect. Furthermore, sildenafil
produced antinociception per se and increased
the response of morphine, probably through
the inhibition of cGMP degradation [3].

Modulation of cyclic nucleotide levels by
changes in particulate cGMP hydrolysis may
produce development of complete tolerance
to various morphine-induced behaviors [10].
In another study, low doses of rolipram, as a
PDE inhibitor by itself does not have any
effect on the antinociception [11]. In addition
studies have shown that intrathecal zaprinast,
a phosphodiesterase inhibitor, and morphine
are effective against acute pain and facilitated
pain state. Therefore, it is suggested that
zaprinast may interact synergistically with
morphine [18].

In this study, we examined the antinocicep-
tive effects of milrinone, pentoxifylline and
theophylline by themselves and in
combination with low dose of morphine to
determine which biochemical pathways are
involved in the synergistic effects of PDE
inhibitors and morphine in antinociception.

2. Materials and methods
2.1. Animals

Male mice (25-30 g) were subjects in the
present study. The animals were purchased
from Pasteur Institute of Iran and housed in
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Figure 2. Interactive effects of milrinone and morphine on tail-flick latency. Intraperitoneal administration of milrinone (2, 3
and 4.5 mg/kg) induced antinociception in comparison with control (saline-treated) group. The evaluation of combination effects
of milrinone with non-effective dose of morphine (1 mg/kg) showed a significant analgesic effect for doses 3 and 4.5 mg/kg
compared to morphine-treated group. Data are presented as mean ± SEM for at least 7 animals per group. (#p<0.05, ##p<0.01
and ###p<0.001) compared to control (saline-treated group) and (*p<0.05 and **p<0.01) compared with morphine group.



MH Karimfar et al / IJPS Spring 2009; 5(2): 73-81

76

groups of five in each cage, handled daily and
provided food and water ad libitum. A 12 h
light/12 h dark cycle was maintained and the
animals were trained and tested during the
light cycle. These animal experiments were
carried out in accordance with recommen-
dations from declaration of Helsinki and the
internationally accepted principles in the use
of experimental animals.

2.2. Measurement of antinociceptive activity
A standardized tail-flick apparatus (Tail-

flick unit 7360, Ugo Basile, Italy) with a
radiant heat source connected to an automatic
timer was used to assess the antinociceptive
(analgesic) response. The tail-flick latency
was measured from the start of the heat
stimulus applied to the distal 2 cm of the tail
until the animal exhibited a flick of the tail.
The intensity of the stimulus was adjusted
to achieve baseline latencies (pre-value)
between 3 and 4 seconds. Cut-off time (10 s)

was used to minimize damage to the tail. The
pre-value was obtained prior to injection. 

2.3. Drugs
Morphine sulfate (Temad, Iran), milrinone

(vial 1mg/ml Sandoz®), pentoxifylline and
theophylline (aminophylline 25 mg/ml Darou
Pakhsh) were used in our study. All drugs
were dissolved in distillated water and also all
drugs were injected i.p. except morphine that
was administered subcutaneously.  

2.4. Data analysis and statistics
The results of the experiments were

evaluated by one-way analysis of variance
(ANOVA). The differences between groups
were further analyzed with Newman-Keuls
post-hoc test. All results are presented as
means±SEM for at least 7 animals in each
group. A p value of 0.05 or less was
considered statistically significant.

Figure 3. Interactive effects of pentoxifylline and morphine on tail-flick latency. Intraperitoneal administration of pentoxifylline
(12.5, 25, 50 and 100 mg/kg) induced analgesia in comparison with control (saline-treated) group. The significant response
was observed with 100 mg/kg of pentoxifylline (###p<0.001). The combination effects of pentoxifylline with non-effective
dose of morphine (1 mg/kg) showed a significant increased analgesia compared to morphine group (**p<0.01, *p<0.05 and
***p<0.001, respectively). The antinociceptive effects of low dose of morphine (1 mg/kg) and pentoxifylline (12.5, 25 and
50 mg/kg) in combination were increased significantly (+++p<0.001, +p<0.05 and +++p<0.001) compared to the each
corresponding pentoxifylline group (###I<0.001) compared with control animals. (*p<0.05, **p<0.01 and ***p<0.001)
compared with morphine group and (+++p<0.001, +p<0.05 and +++p<0.001) compared with 12.5, 25 and 50 mg/kg of
pentoxifylline, respectively. 
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3. Results
3.1. Antinociceptive effects of acute
administration of morphine in tail flick test

Subcutaneous administration of different
doses of morphine (1, 3, 6 mg/kg) showed an
antinociceptive effect in a dose dependent
manner (Figure 1). There was no significant
analgesic effect at the dose of 1 mg/kg, but
other doses (3 and 6 mg/kg) induced antinoci-
ception, significantly (p<0.05 and p<0.001,
respectively). The maximum antinociception
was observed at the dose of 6 mg/kg. Tail-flick
latency was evaluated 5 min. after
subcutaneous injections of morphine.

3.2. Interactive effects of milrinone and
morphine on hyperalgesia induced by thermal
stimulus in tail-flick

The data of intraperitoneal administration
of milrinone (2, 3 and 4.5 mg/kg) is shown in
Figure 2. Milrinone at doses of 3 and 4.5
mg/kg (i.p.) induced significant antinocicep-

tion (p<0.05) in comparison with control
group (saline-treated) (Figure 2).
Administration of the milrinone with dose 2
mg/kg did not show any significant alteration
compared with saline treated animals (Figure
2). Tail flick latency was evaluated 30 min.
after i.p. injection of milrinone. Also, the
evaluation of interactive effects of milrinone
at 3 and 4.5 mg/kg with a non-effective dose
of morphine (1 mg/kg) showed a significant
increase analgesic effect (p<0.01 and p<0.001,
respectively) in comparison with control
(saline-treated) and morphine treated groups
(p<0.05 and p<0.01, respectively) (Figure 2).
Milrinone (2, 3 and 4.5 mg/kg, i.p.) was
injected 30 min. before morphine (1 mg/kg,
s.c.) administration. 

3.3. Interactive effects of Pentoxifylline and
morphine on hyperalgesia induced by thermal
stimulus in tail-flick

Administration of the pentoxifylline with
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Figure 4. Interactive effects of theophylline and morphine on tail-flick latency. Intraperitoneal administration of theophylline
(50 and 100 mg/kg) induced significant antinociception in comparison with control (saline-treated) group. The combinatiion
effects of theophylline (25, 50 and 100 mg/kg) with non-effective dose of morphine (1 mg/kg) showed a significant analgesic
effect in comparison with either control (saline-treated) (## p<0.01 and ###p<0.001) or morphine (*p<0.05 and **p<0.01,
***p<0.001) groups. The antinociceptive effect of morphine with low dose (1 mg/kg) and theophylline (25 mg/kg) in
combination was increased significantly (+++p<0.001) compared to the respective theophylline group. (#p<0.5, ##p<0.01 and
###p<0.001) compared with control animals. (*p<0.05 and **p<0.01, and ***p<0.001) compared with morphine group and
(+++p<0.001) compared with theophylline (25 mg/kg). 
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dose 12.5, 25 and 50 mg/kg did not cause any
significant antinociception compared with
saline treated animals (Figure 3). The
maximum response was obtained with 100
mg/kg of pentoxifylline (p<0.001) (Figure
3). Tail flick latency was evaluated 30 min.
after i.p. injection of pentoxifylline. Also, the
evaluation of combination effects of
pentoxifylline (12.5, 25, 50 and 100 mg/kg,
i.p.) with non-effective dose of morphine (1
mg/kg) showed a significant increase
analgesic effect in all four doses compared to
saline-treated (p<0.001) and morphine groups
(p<0.01 and p<0.05, p<0.001), respectively
(Figure 3). Moreover, the antinociceptive
effects of low dose of morphine (1 mg/kg) and
pentoxifylline (12.5, 25 and 50 mg/kg) in
combination were increased significantly
(p<0.001, p<0.05 and p<0.001) compared to
the each corresponding pentoxifylline group
(Figure 3). Pentoxifylline (12.5, 25, 50 and
100 mg/kg, i.p.) was injected 30 min. before
morphine (1 mg/kg, s.c.) administration. 

3.4. Interactive effects of theophylline and
morphine on hyperalgesia induced by thermal
stimulus in tail-flick

The data of intra-peritoneal administration
of theophylline (25, 50 and 100 mg/kg) is
shown in Figure 4. Significant antinociception
effect was observed with doses of 50 and
100 mg/kg of theophylline compared to the
saline group (p<0.01 and p<0.05, respectively)
(Figure 4). Also, the evaluation of interactive
effects of theophylline (25, 50 and 100 mg/kg)
with non-effective dose of morphine (1
mg/kg) showed a significant analgesic effect
in a dose dependent manner in comparison
with either control (saline-treated) (p<0.01 and
p<0.001) or morphine (p<0.05 and p<0.01,
p<0.001) groups (Figure 4). The antinoci-
ceptive effect of morphine with low dose (1
mg/kg) and theophylline (25 mg/kg) in
combination was increased significantly
(p<0.001) compared to the respective
theophylline group (Figure 4). Theophylline

( 25, 50 and 100 mg/kg, i.p.) was injected 30
min. before morphine (1 mg/kg, s.c.)
administration. 

4. Discussion
Results of the current study presented here

demonstrated that intraperitoneal
administration of milrinone as selective and
either pentoxifylline or theophylline as non-
selective PDEs inhibitors increased tail-flick
latency. Also, the co-administration of these
PDEIs with an ineffective dose of morphine
(1 mg/kg) caused a significant increase in
the latency in a dose dependant manner.

The molecular events associated with
hyperalgesia, triggered by the final
hyperalgesic mediators (i.e., prostanoids and
sympathomimetic amines), are not yet fully
understood. There is experimental evidence
suggesting that up or down functional
regulation of the primary sensory neuron
sensitivity to mechanical stimulation may
result from a neuronal balance of Ca2+/cAMP
and cGMP concentrations, respectively [5-7].
The pivotal role of cAMP in the sensitization
of the primary sensory neuron is particularly
convincing when mechanical stimulation was
used as the hyperalgesic stimulus [7]. Specific
and non-specific inhibitors of PDEs have
been used to support the participation of
cAMP in mechanical hyperalgesia [19]. 

Milrinone, one of the best-known PDE4
inhibitors, increased the tail-flick latency
when administered alone and induced an
elevated analgesic effect when administered
with an ineffective dose of morphine (1
mg/kg). However, co-administration of
morphine at this dose with non-selective PDE
inhibitors (pentoxiphylline and theophylline)
not only resulted in a significant analgesic
effect in comparison with morphine, but also
caused a significant increase in tail-flick
latency in comparison with the corresponding
PDE inhibitor group administered alone.
Possible explanations can be deduced from the
general pharmacological actions of these
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agents. Non-selective inhibitors, in contrast
with selective PDE 4 inhibitors such as
milrinone, prevent the effects of not only
cAMP selective PDE (PDE 4) but also other
types of PDEs, such as Ca2+-dependant,
photoreceptor and cGMP selective PDEs.
Moreover, these findings are in agreement
with earlier studies which showed that co-
administration of non-selective PDE inhibitors
with morphine can restore the analgesic
activity of morphine [20, 21] and influence
morphine intake in patients [22]. 

The present findings suggest that coad-
ministration of compounds which increase
cAMP level with morphine may be a useful
strategy to attenuate the development of
morphine dependence/tolerance in the clinic.
Several biochemical changes including
intracellular cAMP systems and Ca2+

mobilization have been suggested to play a
role in morphine physical dependence
/tolerance. Co-administration of nefiracetam,
enprofylline and rolipram with morphine
during the pretreatment period, significantly
reduced the withdrawal signs, moreover, the
tolerance was significantly attenuated. Acute
administration of nefiracetam failed to reduce
the withdrawal signs and did not affect the
antinociceptive effect of morphine in
morphine-naive mice. Theophylline tended to
attenuate the development of morphine
dependence/tolerance [23]. Moreover,
findings demonstrated that co-administration
of rolipram or diazepam(phosphodiesterase
(PDE) 4 inhibitors) with morphine abolish the
development of morphine dependence and
suggest that these compounds prevent the
up-regulation of the cAMP pathway and the
associated increase in cAMP level after
naloxone administration [24].

In addition to a role for cAMP in
modulating hyperalgesia, direct blockade of
ongoing mechanical hyperalgesia has been
observed after local administration of
dibutyryl cGMP or substances that stimulate
neuronal soluble guanylate cyclase

(acetylcholine or the NO donors, SNAP and
sodium nitroprusside) [25]. Several lines of
evidence have shown a role of the NO/cGMP
signaling pathway in nociception [4]. This
concept is based on the fact that local
administration of L-arginine produces
antinociception in rats with carageenan-
induced hyperalgesia, the effect being blocked
by NO inhibitors and methylene blue ( a
soluble guanylyl cyclase inhibitor) [5]. NO
caused an enhancement of spontaneous
contractions in DSM (detrusor smooth
muscle) by accelerating spontaneous action
potentials through cGMP-independent
mechanisms, which may involve the Ca
release from intracellular stores, whilst cGMP
itself has inhibitory effects on DSM
contractility. Sildenafil may indirectly
suppress DSM contractility by diminishing
synchronicity between functional units of
DSM bundles without inhibiting excitability
of DSM themselves [26].

The involvement of the balance between
neuronal cAMP/cGMP levels and
inflammatory hyperalgesia, has been
confirmed by the study of ODQ, a specific
inhibitor of soluble guanylate cyclase, on the
antinociceptive effect of SNAP (an NO donor)
[27]. However, several observations indicate
that the L-arginine/NO/cyclic GMP pathway
has a peripheral hyperalgesic rather than
analgesic effect. Thus, the intraplantar or
systemic administration of Nw-nitro-L-
arginine methyl ester (L-NAME, another
NOS inhibitor), but not D-NAME, has been
reported to produce dose-dependent antinoci-
ception in the second phase of the formalin
test in rats [28]. A nociceptive role for the L-
arginine/NO/cyclic GMP pathway has also
been demonstrated using other tests, such as
the tail-flick and hot-plate tests, acetic acid or
phenyl-r-quinone-induced writhing and
formalin-induced paw licking in mice [29-32].

In conclusion, the results presented in this
paper show an association between
hyperalgesia and activation of adenylate
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cyclase as well as antinociception with
activation of a soluble guanylate cyclase. The
intracellular levels of cAMP that enhance
hyperalgesia are controlled by the PDE4
isoform and appear to result in the activation
of protein kinase A. The balance between the
intracellular levels of cAMP and cGMP may
be fundamental in the control of pain in
response to inflammatory mediators. In this
sense, the discovery of substances that act
by tilting the cyclic AMP/ cyclic GMP balance
and/or function in primary sensory neurons
may constitute a new class of peripheral
analgesics.
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