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ABSTRACT

The present study was performed to evaluate the analgesic effect of morphine microinjection into the
cuneiformis nucleus (CnF) and the effect of inactivation of this area by lidocaine on pain modulation.
Rats were anaesthetized by thiopental (45-60 mg/kg/i.p.) and placed in a stereotaxic instrument, and
then a guide cannula was implanted just one mm above the CnF. Following surgery and recovery
period, various doses of morphine (10, 20 and 40 pug/0.5 ul saline) and lidocaine 5% (0.5 ul) were
microinjected into the CnF. Antinociceptive response was measured by tail flick latency (TFL) and
maximal possible effect (% MPE) for 25 min at 5-min intervals, before and after any injection in
control and experimental groups. The results of this study showed that morphine microinjection into
the CnF increased TFL in a dose-dependent manner. TFL was also increased significantly after
lidocaine microinjection. However, co-microinjection of morphine and lidocaine increased TFL which
was less than morphine microinjection alone. The intravenous morphine injection with lidocaine
microinjection increased TFL significantly, as compared to morphine microinjection. These effects
were reversed by naloxone administration. In summary, the results of this study showed that
morphine microinjection into the CnF caused a significant analgesic response which indicates that
CnF may be involved in pain modulation. Iran. Biomed. J. 10 (1): 21-26, 2006
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INTRODUCTION

pain transmission occurs through activation

of several descending pain inhibitory
pathways [1-3]. Many studies showed that different
nuclei in the brain including periaquiductal gray
(PAG) rostral ventromedial medulla (RVM), the
amygdala, medullary nucleus raphe magnus (NRM)
and cuneiformis nucleus (CnF) are among the target
for modulation of pain transmissions [4-6]. CnF, a
reticular nucleus of the midbrain, extending
ventrally to the colliculi in the dorsolateral part of
the mesencephalic tegmentum, is located just
ventrolateral to the PAG, projects excitatory
neurons to NRM [4, 7]. It is proposed that CnF,
which is a glutamatergic pathway, mostly receives
afferent connections from the forebrain and the
midbrain (including the amygdala, PAG, NRM) and

Previous studies showed that modulation of

which in turn densely projects to the B3 area in
medulla may be involved in modulation of pain
transmission [4, 8, 9]. The CnF modulates the
nociceptive effects of morphine through the
descending pathways [5, 9-11].

Microinjection of opioid agonists into many of
these sites (PAG, RVM etc.), inhibits spinal
withdrawal reflexes elicited by noxious stimuli [1,
5, 6]. Although the involvement of CnF in
modulation of pain transmission is reported by
other investigators [4, 5, 8-10], the contribution of
CnF in pain modulation and the antinociceptive
response of morphine microinjection into this
nucleus have not determined yet. So, this study was
performed to evaluate the analgesic response
of CnF to the morphine microinjection and
the effects of its inactivation by lidocaine on
the antinociceptive  effects of  morphine
microinjection.
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MATERIALS AND METHODS

Animals. Ninety male NMRI rats, weighing 200-
250 g, at the time of experiment were purchased
from Razi Research Institute (Karaj, Iran). The
animals were housed two into a cage in hanging
baskets on a rack for one week to accommodate the
environment. The animal room followed a standard
12 h light/dark cycle. The animals were tested at
approximately the same time during their light cycle
each day. The temperature of the animal room was
kept constant (22 =+ 2°C) and the rats had free access
to food and water.

Surgery. Animals were anesthetized with
thiopental Na (45-60 mg/kg/i.p.) and placed in a
stereotaxic frame. The position of CnF nucleus was
estimated according to Paxinos and Watson atlas
[12]. A guide cannula (5.3 mm in length) was
inserted and stereotactically positioned in the area
of CnF (AP =8.3 mm, L =1.7 mm and D = 6.3 mm
with references to bregma and the cortical surface)
and secured to skull with dental cement. The
animals were allowed to recover from surgery for at
least one weak prior to the initiation of experimental
protocol, to accommodate for handling stress.
Microinjection of normal saline, lidocaine and
morphine were made during 5 min period through a
33-gauge injection cannula that extended 3 mm
bellow the 25-gauge guide cannula tip. Lidocaine
microinjection (0.5 pl) causes inactivation of an
area with 500 um diameter for 5-30 min [13, 14].

Analgesic test. Tail flick apparatus [Sparco, Iran]
were used to evaluate the analgesic response to 9
groups of rats [intact, sham-operated, saline (0.5 pl
microinjection), morphine (10, 20 and 40 pg/0.5 ul
microinjection), Lidocaine 5% (0.5 pul micro-
injection) and intravenous morphine (2 mg/kg)]. A
light beam from tail flick apparatus was focused on
a fixed point of the tail, 2-3 cm from the tip, and the
latency of tail flick was measured. The beam
intensity was adjusted so that the average control
withdrawal latency was 3-4 s. A 10-s cut-off time
was employed to avoid skin damage. Data were
expressed as tail flick latency (TFL), or as
percentage of maximum possible effect (% MPE),
which was calculated as follows [15]:

Post drug latency (s)- pre- drug latency (s)
Cut- off (10 s)- pre- drug latency (s)

%MPE =

The TFL time in intact (group I) and sham-
operated rats (group II) was measured for 20 min. at
5-min intervals (0, 5, 10, 15, 20). TFL time in
treated groups was also measured before and after
saline or drug treatment for 25 min. at 5-min
intervals (2, 7, 12, 17, 22, 27). The TFL time in
each group is expressed as the mean + SEM of 7-15
rats in each group. Naloxone, 2 mg/kg/i.v., was
used after morphine to antagonize the analgesic
effects of morphine in the groups that received
morphine (microinjection or i.v.) and then TFL was
measured in naloxone treated animals.

Histology. At the completion of the experiment,
pontamine sky blue microinjection (0.5-1 pL) into
the CnF was done through the guide cannula. Then,
the rats were sacrificed with a lethal dose of
thiopental (100 mg/kg/i.p.) and the brains were
removed and fixed with 10% formalin for 3 days.
Then, the brain slices (50-100 um) were prepared
and examined for the site of injection into the CnF
according to the atlas of Paxinos and Watson [12].
Data were used only if the drugs were injected
directly into the CnF.

Statistics. Data are the mean + SEM of 7-15 rats
in each group. TFL time and %MPE in treated
groups were analyzed by analysis of variance
(ANOVA) followed by post hoc-Tukey. Repeated
measures ANOVA were used to evaluate the group
differences to antinociceptive effects, followed by
post hoc Tukey if the group differences were
significant. Paired student’s t-test was used to
evaluate the differences in mean of TFL or % MPE.
The results were considered significant when
P<0.05.

RESULTS

TFL time in control groups. Control groups were
included intact, sham-operated (cannulated) and
saline treated groups. The TFL time was not
significantly different in control groups (Fig. 1). So,
the saline treated group, which received 0.5 uL
normal saline by microinjection into the CnF, was
regarded as control group. The TFL time in saline
treated group was 4.11 £0.16 s.

Dose-response effects of morphine
microinjection into the CnF. Morphine was
microinjected into CnF at doses of 10, 20 and 40
png/0.5 ulL saline and the analgesic response was
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Fig. 1. Mean of tail flick latency (TFL) time in intact, sham-
operated and saline-treated rats. Normal saline (0.5 pl) was
injected into the cuneiformis nucleus in saline-treated rats. In
sham-operated rats, a cannula was inserted into cuneiformis
nucleus but no drug was microinjected. Data are expressed as
the Mean + SEM of 10 rats in each group. No significant
differences were observed in 3 groups of rats.

evaluated by tail flick apparatus. The analgesic
response to the microinjection of 10 pg morphine
was started 2 min after microinjection and the
maximum analgesic response was at 27 min after
microinjection (% MPE = 33.80 £ 5.59) which was
significantly different from saline treated groups
(Fig. 2), (P<0.0001).
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The % MPE increased to 57.29 £ 12.8 and 85.93 +
5.33 after microinjection of 20 and 40 pg of
morphine, respectively. Naloxone (2 mg/kg/i.v.)
reversed the analgesic response of morphine
microinjection (10, 20 and 40 pg/0.5 uL
microinjection) (Fig. 2B).

The results showed that the analgesic response to
morphine microinjection into the CnF in rats is
dose-dependent (Fig. 2A). The ED 50% of
morphine microinjection (20 pg/0.5 pL saline) was
calculated from morphine dose response curve.

TFL time after lidocaine microinjection into the
CnF. The lidocaine microinjection caused an
increase in TFL time which was significantly
different from control group, P<0.0001, (Fig. 3).
The maximum analgesic response to lidocaine was
observed 12 min after microinjection.

The effect of inactivation of CnF by lidocaine on
the analgesic response of  morphine
microinjection. CnF was inactivated by lidocaine
microinjection into the CnF, and after one min,
morphine (20 pg/0.5 pL saline) was injected into
the CnF. The TFL time was significantly increased
after lidocaine and morphine microinjection as
compared to control (6.92 + 0.31 sec in drug-treated
v.s. 4.57 £ 0.3 sec in saline treated groups). % MPE
increased to 44.73 = 6.76 in drug treated groups.
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Fig. 2. Analgesic response to different doses of morphine microinjection into the CnF in rats. (A), % MPE after morphine
microinjection; (B), tail flick latency time after morphine microinjection (10 pg, 20 pg and 40 pg) into the cuneiformis nucleus.
Naloxone (2 mg /kg/ 1.v.) was injected as a pure opioid antagonist to all rats. Data are the mean + SEM of at least 7 rats in each

group. P values as compared to control **P<0.01 , ***P<0.0001.
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The ANOVA followed by post hoc Tukey showed
that the TFL time in lidocaine and morphine-treated
group was significantly increased compared to
saline-treated group (P<0.0001). Naloxone (2
mg/kg/i.v.) reversed the analgesic response to
morphine and lidocaine microinjection (Fig. 3). The
effect of inactivation of CnF by lidocaine on the
analgesic response of intravenous morphine
injection, the CnF was inactivated by lidocaine 5%
(0.5 ul) microinjection. Then the TFL time was
evaluated after intravenous morphine (2 mg/kg)
injection in rats. The TFL time was increased
significantly — after lidocaine and morphine
treatment, and the maximum response was observed
after 27 min. (TFL =9.86 £ 0.5 s, %MPE = 96.97 +
2.43). Repeated measures ANOVA followed by
post hoc Tukey showed a significant increase in
analgesic response in treated rats as compared to
control (P<0.0001). Naloxone (2 mg/kg/i.v.), a
receptor opioid antagonist, reversed the analgesic
response of i.v. morphine injection partially, but not
completely (Fig. 3).
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Fig. 3. The effects of cuneiformis nucleus inactivation by
lidocaine on the tail flick latency response to thermal stimuli
and analgesic response to morphine (microinjection and i.v.).
O, Saline microinjection; I1, lidocaine 5% microinjection ; @,
Morphine (20 pg) microinjection ; 4, lidocaine 5% + morphine
(20 pg) microinjection; 4 lidocaine microinjection +
morphine (2 mg/kg /i.v.). Tail flick latency was measured 5
times every 5 min intervals and then naloxone (2 mg/kg/i.v.)
was used as a pure opioid antagonist. Data are expressed
as the mean + SEM of at least 7 rats in each group. P
values as compared to saline group. *P<0.05, **P<0.01,
**%P<0.0001.

DISCUSSION

The CnF is considered as a part of the pain system
which modulates the pain through its anatomical
connections with other part of the pain modulating
system, especially PAG and RVM which are the
major targets for supraspinal analgesic actions of
opioids [8, 9]. Although the anatomical connections
of CnF with other pain modulating systems have
been studied, the contribution of CnF in pain
modulation and the antinociceptive response of
morphine microinjection into this nucleus have not
determined yet. [4]. So, in this study, the effects of
reversible inactivation of CnF on the analgesic
response of morphine microinjection into the CnF
have been evaluated to identify the role of CnF in
pain modulation, and as we know, this is a novel
work in this area.

In the present study, the microinjection of
morphine into the CnF showed a dose-dependent
increase in TFL time and analgesic response in rats,
which was reversed by naloxone (2 mg/kg/i.v.).
These results indicate that CnF has opioid receptors
which are involved in pain modulation, and
analgesic effect of morphine is mediated through its
binding with opioid receptors, especially p
receptors [16-18]. Since the reversal of the
analgesic response of morphine with naloxone,
which antagonizes the opioid receptors, has been
proved in other parts of the CNS pain modulating
system, including PAG, these results are in
agreement with the results of previous studies,
which offer that CnF also has opioid receptors
involved in pain modulation [1, 19, 20]. Other
studies showed that CnF, through its connection
with PAG, can modulate pain indirectly via a
powerful effect on raphe nucleus and magnocellular
nucleus in RVM [5, 9, 21]. About 75% of neurons
in raphe nucleus and magnocellular nucleus respond
to the electrical stimulation of CnF and caused
analgesia through the posterior horn of spinal cord,
which indicate that CnF plays a role in pain
modulation through RVM [5].

Many studies have been reported the decrease in
TFL time and an increase in hyperalgesia following
lidocaine microinjection into the PAG and RVM
[22, 23]. But, lidocaine microinjection into the CnF
caused an increase in TFL time until 12 min after
microinjection, contrary to our expectation, as
compared with controls. The precise mechanism(s)
by which lidocaine microinjection into the CnF
increases the TFL time is not known, but it could be
related to the inactivation of glutamatergic
transmission by lidocaine which causes an increase
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in TFL time [1, 5, 24]. The change in pain response
following lidocaine administration and the
involvement of alpha-adrenoreceptors has been
observed in other CNS nuclei, such as anterior
pretectal nucleus, so it is possible that lidocaine
may affect pain modulation through adrenergic
system in the CnF [25, 26]. Previous studies
reported that systemic morphine administration will
stimulate opioid receptors and caused a marked
increase in analgesic response which was reversed
completely by naloxone [19, 23]. In this study,
systemic morphine (2 mg/kg/i.v.) after lidocaine
microinjection caused a marked analgesic response.
However, this effect was not reversed completely
by naloxone and TFL time in morphine treated rats
after lidocaine microinjection was significantly
greater than control (sham operated) rats after
naloxone treatment, (Fig. 3), because naloxone
administration blocked the opioid receptors in CnF
and abolishes the analgesic response of morphine
microinjection. However, naloxone did not affect
the increase in TFL following lidocaine
microinjection into the CnF, which could be
mediated through the glutamatergic pathway in
CnF [L, 5,10, 11,24,27].

In summary, the results of this study showed that
morphine microinjection into the CnF caused a
significant analgesic response in a dose-dependent
manner, which indicates that CnF has opioid
receptors that are involved in pain modulation.
Further investigation is needed to determine the
type of opioid receptors in CnF and their interaction
with other brain nuclei which are involved in pain
modulation.
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