
The rostral ventrolateral medulla (RVLM), which includes
the nucleus reticularis gigantocellularis (NRGC)/nucleus
reticularis gigantocellularis alpha (NRGCa) and the lateral
reticular nucleus, plays a major role in maintaining tonic va-
somotor tone and is critical in the reflex control of blood
pressure.1,2) In addition, the RVLM modulates one of the
physiological functions of antinociception via cholinergic
neurons.3,4) Immunohistochemical studies have shown that
the RVLM is extensively innervated with cholinergic
neurons5) that mainly project from the pedunculopontine
tegmental nucleus (PPT),6) then efferently extend to the
spinal cord. In fact, small-medium cholinergic neurons and
choline acetyltransferase mRNA have been identified in
small cells of the NRGC/nucleus reticularis paragigantocel-
lularis (NRPG).7) These observations suggest that cholinergic
neurons play an important role in the RVLM, including
NRGC/NRGCa .

Anticholinesterase and cholinergic mimetics exert anal-
gesic effects in humans,8,9) monkeys,10) rats and mice.11)

Moreover, the administration of carbachol into the nucleus
raphe magnus induces pronounced antinociception that is re-
versed by atropine and muscarinic antagonists.12) Injections
of muscarinic agonists into the spinal cord also have an-
tinociceptive effects on responses to noxious heat stimuli via
muscarinic receptors.11,13) We reported that either systemi-
cally-administered or RVLM-injected morphine enhances
ACh release in the RVLM, and that the local application of
morphine via a microdialysis probe induces an increase in
both tail withdrawal and hot-plate responses.14) Thus, the
cholinergic system in the central nervous system may be con-
sidered to have a key role in endogenous pain control.

Thus, the present study investigates whether a direct injec-
tion of the cholinergic agonist, carbachol, into the
NRGC/NRGCa evokes antinociception, and examines the
participation of antinociceptive events in rats.

MATERIALS AND METHODS

Animals Male Wistar rats, weighing 250 to 350 g at the
time of the experiments, were purchased from Charles River
Japan, Inc. All animals were housed individually under auto-
matically controlled environmental conditions and 12 h
light–dark cycles, and were handled in accordance with the
guidelines for animal care and use published by the National
Institute of Health. The rats had free access to food and
water. All animals were quarantined in centralized animal fa-
cilities for at least seven days after arrival from the supplier.

Preparation for Microinjection After an acclimation
period, the animals were anesthetized with sodium pentobar-
bital (50 mg/kg, i.p.) and placed in a stereotaxic apparatus. A
midline incision was made on the scalp, and a burr hole was
drilled for a 27-gauge stainless-steel cannula (guide cannula)
that was firmly placed using dental acrylic and anchored to
the skull using stainless-steel screws. Drugs were injected
through a 30-gauge stainless-steel cannula, the tip of which
extended 4 mm beyond the tip of the guide cannula into the
NRGC/NRGCa according to the atlas of Paxinos and Wat-
son.15) The coordinates of the NRGC/NRGCa were: bregma
211.5 mm, lateral 0.9 mm, and depth 210.5 mm. To confirm
that no abnormalities resulted from the procedure, the ani-
mals were observed for one week after surgery and prior to
drug administration.

Drug Administration The following drugs were mi-
croinjected: the non-selective cholinergic agonist, carbamyl-
choline chloride (carbachol, Sigma); the specific muscarinic
antagonist, atropine sulfate (Tokyokasei) and the nicotinic
autonomic ganglion blocker, mecamylamine hydrochloride
(Sigma). All drugs were dissolved immediately before use in
sterile physiological saline and filtered through a 0.2 mm pore
size membrane. The injection cannula was connected to a
Hamilton microsyringe via PE-10 polyethylene tubing and
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filled with either saline or drug solution. A 0.5 m l volume of
the solutions was injected over 60 s into the NRGC/NRGCa ,
then the cannula was carefully withdrawn.

Carbachol-Induced Antinociception and Effects of
Cholinergic Antagonists The hot plate (HP) and tail flick
(TF) tests assessed the nociceptive response. For the HP test,
rats were placed onto a heated plate set at 55 °C and the la-
tency of paw licking or jumping was measured. A cut-off
time of 30 s was established to avoid tissue injury. The ani-
mals were held in the polycarbonate apparatus for the TF test
with the tail protruding. The tail was blackened with ink on
the ventral surface at about 3 cm from the tip, and three spots
were marked at intervals of 1 cm. High-intensity light was
randomly applied to the blackened spots. The time interval
between the onset of heating and the tail withdrawal response
was electronically measured. A cut-off time of 10 s was es-
tablished to minimize the probability of tissue damage. The
average HP and TF response latency values from three con-
secutive trials before drug administration were used as the
baseline.

For the dose–response study, 5 min after the baseline re-
sponse latencies were obtained (defined as t5215), saline
was injected into the NRGC/NRGCa , and test response la-
tencies were recorded every 5 min. Immediately after the
third test (defined as t50), the NRGC/NRGCa was adminis-
tered with saline or carbachol (at doses of 0.75, 1.5 or
3 mg/site) through an injection cannula. Test latencies were
determined from 15 min later, then at 5-min intervals up to
120 min. Thereafter, latency was measured at 10-min inter-
vals up to 160 min. The effects of atropine and mecamyl-
amine were investigated after antinociception was induced
with 3 mg/site of carbachol. These drugs were microinjected
15 min before carbachol.

Location of Injection Site After all experiments, the an-
imals were deeply anesthetized with sodium pentobarbital.
Correct placement of the microinjections was verified in each
animal by injecting methylene blue into the NRGC/NRGCa .
Animals were then sacrificed with an overdose of sodium
pentobarbital. The brains removed from each rat were fixed
overnight in 10% formalin, and cut into cryostat sections.

Data Analysis The HP and TF responses of each rat
were converted to percent maximum possible effect (%MPE)
using the formula:

Data are expressed as means6standard error (S.E.) of the
%MPE for each group. To determine the effect of cholinergic
antagonists on carbachol-induced antinociception, the signif-
icance of difference between the groups was analyzed by re-
peated measurement two-way analysis of variance (ANOVA),
followed by Dunnett’s multiple comparison tests. A value of
p,0.05 was regarded as statistically significant.

RESULTS

Effect of Microinjected Carbachol on Antinociception
The administration of carbachol into the NRGC/NRGCa in-
duced a dose-dependent antinociceptive response (Fig. 1).
Levels of %MPE during the HP (20.4610.6, 43.569.8%)
and TF (39.7615.4, 84.2612.8%) tests reached a maximum

5—15 min after the administration of 0.75 and 1.5 mg/site of
carbachol. Thereafter, the peak progressively decreased and
reached a baseline value at 130—140 min in both tests.
Carbachol (3 mg/site) induced more potent and long-lasting
antinociceptive effects in both the HP and TF responses.
Maximal levels of %MPE in the HP and TF test were
69.966.2% and 91.567.9%, respectively, 110 min after car-
bachol administration. Antinociceptive effects of carbachol
in the HP and TF test decreased with elapsed time and re-
turned to the baseline value, although the interval was longer
in the group given 1.5 mg/site (baseline values in the HP and
TF tests were reached 150 min after carbachol administra-
tion).

Effect of Cholinergic Antagonists on Carbachol-In-
duced Antinociception Atropine (200 ng/site) moderately
inhibited the subsequent carbachol-induced antinociceptive
response. Maximal levels of %MPE during the HP and TF
tests in this group were 46.767.2% and 62.1613.5%, re-
spectively (Fig. 2). Atropine (500 ng/site) more potently in-
hibited carbachol-induced antinociception, and the values of
%MPE in the HP (25.663.8%) and TF (26.865.6%) re-
sponses were clearly diminished. On the other hand, 1 and
3 mg/site of mecamylamine, a nicotinic receptor antagonist,
did not influence carbachol-induced antinociception (Fig. 3).
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Fig. 1. Time Course of Antinociception Produced by Microinjecting Car-
bachol into the NRGC/NRGCa

Carbachol was injected at the times indicated by arrows. Saline (0.5 m l) was microin-
jected into NRGC/NRGCa followed by carbachol (0.75, 1.5, 3 mg/0.5 m l; n55, n55,
n56) or saline (0.5 m l; n55) at the same site 15 min later. Asterisks indicate significant
differences (* p,0.05, ** p,0.01) between the saline and carbachol. Each point repre-
sents the mean6S.E.M.



Location of the Injection Site Figure 4 shows histologi-
cal verification of the microinjection site. We confirmed that
all microinjection sites were within the region of the
NRGC/NRGCa .

DISCUSSION

The NRGC/NRGCa is involved in the RVLM, and this
area processes not only cardiovascular modulation but also
nociceptive information via noradrenergic or serotonergic
pathways.16—18) Cholinergic neurons in the NRGC/NRGCa
mainly project from the PPT,6) and microinjections of carba-
chol into the PPT also produce dose-dependent antinocicep-

tion.12,19,20) In the present study, the results of the HP and TF
tests showed that carbachol microinjected into the
NRGC/NRGCa induced antinociception in a dose-related
manner. Our results indicated that cholinergic neurons in the
NRGC/NRGCa participate in antinociceptive responses to
noxious heat stimuli. Electrophysiological studies have
shown that electrical stimulation of the NRGC/NRGCa in-
hibits the spinal nociceptive reflex and the spinal dorsal horn
neuron response to peripheral stimulation.21,22) Some evi-
dence shows that cholinergic neurons of the NRGC/NRGCa
participate in the regulation of antinociceptive information.
Thus, systemic or intrathecal administration of choli-
nomimetic drugs, particularly anticholinesterase, enhances
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Fig. 2. Effects of Atropine on Subsequent Antinociception Induced by
Carbachol

Atropine (either 200 or 500 ng/0.5 m l; n56) was microinjected 15 min before carba-
chol (3 mg/0.5 m l) at the times indicated by arrows. Atropine antagonized carbachol-in-
duced antinociception. Asterisks indicate significant differences (* p,0.05, ** p,0.01)
between the presence and absence of prior atropine. Each point represents the
mean6S.E.M.

Fig. 3. Effects of Mecamylamine on Subsequent Antinociception Induced
by Carbachol

Mecamylamine (1 or 3 mg/0.5 m l; n55) was microinjected 15 min before carbachol
(3 mg/0.5 m l) at the same site. Mecamylamine did not alter carbachol-induced antinoci-
ception. Each point represents the mean6S.E.M.

Fig. 4. Location of the NRGC/NRGCa Microinjection Site

All injection sites were located precisely within NRGC/NRGCa regions.



the antinociception caused by opioids administered to hu-
mans and other animals.23,24) Moreover, the injection of mus-
carinic receptor agonists into a specific part of the brainstem,
such as the dorsal periaqueductal gray, or nucleus raphe mag-
nus, produces an antinociceptive response that is antagonized
by muscarinic or nicotinic antagonists19,25,26) or by an in-
trathecal injection of cholinergic antagonists.11) We demon-
strated that the local in vivo microdialysis application of
morphine into the RVLM, which includes the NRGC/
NRGCa , increases antinociceptive responses, and enhances
ACh release.14) Thus, the present study examined the direct
cholinergic stimulation of NRGC/NRGCa-induced antinoci-
ceptive behavior, in which the muscarinic and nicotinic re-
ceptors participated more potently in cholinergic stimulated-
antinociception.

Cholinergic antinociception results from the activation of
muscarinic or nicotinic mechanisms and depends on a site in
the central nervous system that is activated by cholinergic ag-
onists. We found that the increased HP and TF responses
produced by microinjecting carbachol into the NRGC/
NRGCa were blocked by microinjecting the muscarinic an-
tagonist atropine, but not by the nicotinic receptor antagonist,
mecamylamine. Similarly, a microinjection of carbachol into
the nucleus raphe magnus produces dose-dependent antinoci-
ception that is reversed by atropine.12,19,20) In contrast,
Guimaraes et al. have shown that a microinjection of carba-
chol into the dorsal periaqueductal gray increases the TF la-
tency of rats, and that carbachol-induced antinociception is
inhibited by mecamylamine, but not by atropine.26) The nico-
tinic receptor antagonist, mecamylamine did not affect carba-
chol-induced antinociception in our study. In addition, nico-
tine-induced antinociception depends upon intact acetyl-
choline release and upon receptor interactions at nicotinic
and at muscarinic receptor sites in the nucleus raphe
magnus.27) Thus, the effects of carbachol from the brainstem,
including NRGC/NRGCa , may depend on the activation of a
different cholinergic receptor. Our data suggest that the an-
tinociceptive effects of carbachol microinjected into the
NRGC/NRGCa are mediated by the muscarinic receptor to
noxious heat stimuli. Further study is required to determine
the contribution of cholinergic neurons to nociception and
their relationship to other neurons.

In conclusion, carbachol microinjected into the NRGC/

NRGCa induces antinociceptive effects via cholinergic mus-
carinic receptors. These results suggest that cholinergic neu-
rons in the NRGC/NRGCa play an important role in regulat-
ing antinociception.
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