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ABSTRACT

AIM: To examine therol e of cholinergic neuronsin the nucleus raphe magnus (NRM) in noxious heat simulation
and inthe effectsof morphine-induced antinociception by rats. METHODS: After the cholinergic neuron sdlective
toxin, AF64A, wasmicroinjected into the NRM, we examined changes in the antinociceptive threshold and effects
of morphine (5 mg/kg, ip) usng the hot-plate (HP) and tail-flick (TF) tets. RESULTS: Systemic administration of
morphine inhibited HP and TF responsesin control rats. Microinjection of AF64A (2 nmol/site) into the NRM
significantly decreased the threshold of HP response after 14 d, whereas the TF response was not affected. Mor-
phine-induced antinociception was sgnificantly atenuated in ratsadministered AF64A. Extracdlular acetylcholine
was atenuated after 14 d to below detectable levelsin rats given AF64A. Naloxone (1 ng/site) microinjected into
control rat NRM a so antagonized the antinociceptive effect of systemic morphine. CONCLUSION: These find-
ings suggest that cholinergic neuron activation in the NRM modul ates the antinoci ceptive effect of morphine smul-
taneoudy with the opiate system.

INTRODUCTION . _
central nervous system. Systemic morphine decreases

the rdlease of acetylcholine (ACh) in the rat striatum™®.
In contrast, intravenous morphine produces a dose-de-
pendent increase inthe AChlevel of human cerebrospi-
nal fluid®. Furthermore, the cholinergic sysemin the
brai nstem isthought to play a part in the endogenous
pain control system, a dis uption of which can produce
antinociception and analgesiain many animals, includ-
ing humans™. Pharmacol ogical studiesprovide evidence
that either ACh or carbachol administered into NRM
can produce pronounced antinociception that isreversed
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The nucleus raphe magnus (NRM) and adjoining
gructureslocated in the rostral ventral medull a modu-
late the transmission of nociceptive information. The
NRM contains a high density of serotonergic neurons
that mediate morphine-induced analgesid?. Inaddition
to serotonergic neurons, cholinergic termina markers
such as choline acetyltransferasd?, acetyl cholinester-
asd? and cholinergic receptors? arepresent in theNRM.

Morphineinteracts with cholinergic neuronsin the




-962- Abe K ef al | ActaPharmacol Sin 2002 Nov; 23 (11): 961-966

mechanisms of opioid analgesd®®. We reported that
the systemic administration of morphine seemsto exert
adirect gimulatory effect on ACh release inthe rogtra
ventrolateral medulla and that morphine-induced
antinociception is, in part, activated by ACh releasg™.
These observations support the notion that activation
of cholinergic neuronsin the NRM medi ates systemic
mor phine-induced antinociception.

The aziridiniumion of ethylcholine (AF64A) isa
selective cholinergic neurotoxin that might be a power-
ful tool inunraveling the functional role of the cholin-
ergic system in the NRM. The present sudy investi-
gated therole of cholinergic neuronsin the NRM on
anti nociception by microinjecting AF64A into the rat
NRM and examined changes in antinoci ceptive responses
and systemic morphine-i nduced antinoci ception.

MATERIALS AND METHODS

Treatment of AF64A Mae Widar rats weighing
250 to 350 g were acclimatized then anesthetized with
sodium pentobarbital (50 mg/kg, ip) and placed ina
stereotaxic apparatus. Experiments proceeded accord-
ing to the guiddines for animal careand use published
by the Nationd Ingtitutesof Heath. A midlineincison
was made on the sca p, and a burr hole was drilled
through the skull. The coordinates of the NRM were
determined according to the atlas of Paxinos and Watson!™
asfollows, bregma-11.0 mm, laterd O mm, depth -8.5
mm. A 30-gauge stainless stedl injection cannula con-
nected to a microsyringe by PE-10 polyethylene tubing
was filled with either saline or a solution of AF64A (2
nmol/gte). Either solution wasinjected in avolume of
0.5 nL over 60 sinto the NRM. After infusion of saline
or AF64A, the injection cannula was carefully
withdrawn. Theburr hole wasfilled with acrylic den-
ta cement and the scalp was sutured. To confirm that
no abnormalities resulted from the procedure, animals
were observed for one week after surgery and prior to
drug administration.

Measurement of antinociception Antinodceptive
behavior were measured at 7 and 14 d after AF64A miao-
injection usng the hot-plate (HP) and tail-flick (TF) tests
to examinethreshold changes Theantinoci ceptive effect
of morphine (5mg/kg, ip) was assesed 14 d after AF64A
microinjection. Animaswere placed onto aheated sur-
face (55°C) and thelatency of paw licking or jumping
wasmeasured (HP test). A cut-off time(30 s) was edab-
lishedto avoidtissueinjury. For the TF test, animdswere

held in the polycarbonate apparatus with the tail
protruding. The tail was blackened with ink on the
ventral surfaceat about 3 cm from thetip. Three spots
were marked on thissurface a intervas of 1 cm and
high-intensity light heat wasapplied to blacken spots at
random. Thetimeinterva between the onset of tail
heating and the withdrawal responsewas e ectronically
measured. We established a cut-off time of 10 s to
minimizethelikelihood of tissue damage. The mean of
HP and TF response latency value from 3 consecutive
trials before AF64A adminidration was taken asthe
basaline for the noxiousthreshold examination, and the
value at 14 d after AF64A admini stration but before
morphine adminigration, was taken asthe basdline of
morphine-induced antinociception. TheHP and TF re-
sponse of each rat in the morphine-induced artinoci cep-
tion sudy was converted to percent of maxima pos-
sible effect (%MPE), according to the following
formula

Post-drug latency — Pre-drug latency

%MPE =
° Cut-off time — Pre-drug latency

x100%

The positive control was a group in which nalox-
one (1 ny/site) wasmicroinjected into the NRM 15 min
bef ore mor phine administration.

In vivo microdialysis We compared the amount
of AChin the NRM with or without AF64A using in
vivo microdialyss assay. Animals were anest heti zed
withsodium pentobarbital (50 mg/kg, ip) and positioned
in a gereotaxic apparatus. A guide cannula was im-
planted and either saline or AF64A was applied as de-
scribed above. After 14 d, amicrodialysis probe was
implanted into the NRM through the guide cannula and
connected by polyethylene inflow and outflow tubes to
a syringe pump and collection viads. Animaswere re-
leased in aPlexiglas cage. The NRM was perfused
with NaCl 125 mmd/L , KCl 3mmad/L, Cad,1.3mmol/L,
MgCl, 1 mmol/L, NaHCO, 23 mmol/L, and neostigmine
1 mmoal/L in phosphae buffer 1 mmol/L (pH 7.4) through
the dialyssprobe at arate of 2 niL./min. Levelsof ACh
were measured by high-performance liquid chromatog-
raphy usi ng electrochemical detection, as described™.
The perfusate was collected a 15 min interval's, and
the mean value of the ACh content was calcul ated in 3
consecutive perfusates.

After al experiments, the animals were deeply
anesthetized with sodium pentobarbital. The sites of
microinjectionsand dialyds camnulawere verified in each
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animal by injectingmethylene blueinto the NRM. Ani-
mals were then sacrificed using an overdose of sodium
pentobarbital. The brain was removed and fixed over-
night in 10 % formalin. Cryostat sectionswere then
cut for examination under light microscopy.

Data analysis Data are expressed asmean tstan-
dard error (SE) for each group. The satistical signifi-
cance of differenceswas anayzed by the paired r-test
to examine the effects of AF64A on the noxious
threshold. Significant differences in morphine
antinociception between groups were analyzed by re-
peated measurement two-way analysis of variance
(ANOVA), followed by Dunnett’ s multiple comparison
tes. A vaueof P<0.05wasregarded as gatistically
sgnificant.

Drugs We used morphine hydrochloride(Sankyo),
nal oxone hydrochloride (Endo Laboratories) and
acetylethylcholine mustard-HCI (acetyl-AF64, Sigma
RBI). Acetyl-AF64 was dissolved in gerile digtilled
water. The pH wasadjusted to 11.5 with NaOH 10
mol/L, and the mixture was gtirred for 20 min convert
the ester to AF64. The pH wasthen adjusted to 7.4
with concentrated HCI to yield the choline mugard
aziridinium ion (AF64A). AF64A solutions were pre-
pared 1-2 h before use. Morphine and naloxone were
dissolved in sterilesaline.

RESULTS

Effects of AF64A on the nociceptive response
AF64A (2 nmol/site, n=6) microinjected into the NRM
induced no significant changein latency timein HP and
TF test 7 d later [(6.740.4) sand (3.0+£0.4) s], as com-
pared with before administration [HP teg; (6.2+0.6) s,
TF test; (2.87+0.14) s]. Although latency time was
not affected in the TF test a 14 d after AF64A micro-
injection [(3.10+0.12) 9], latency of HP response was
sgnificantly reduced [ (4.41+0.18) s, P<0.05, Fig 1].
The microinjection of saline (0.5 ni/site, n=7) did not
affect HP or TF latency at 7 and 14 d after surgery.

Effects of AF64A on systemic morphine-in-
duced antinociception |ntraperitonealy administered
morphine (5 mg/kg, n=5) inhibited control HP and TF
responses. The effects peaked at 15 min (HP;
%MPE=6516, TF; %MPE=8916, Fig2). The anti-no-
ciceptive effect of morphinein the HP test decreased
with elapsed time and returned to the baseline val ue,
athough the TF response maintai ned a high latency until
60 min after morphine administration (YoM PE =56113).
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Fig 1. Effect of microinjection of AF64A into the NRM on
noxious threshold. Fourteen days after AF64A administra-
tion, HP response was significantly decreased. HP and TF
responses 7 d after AF64A microinjection, and TF response
14 d thereafter were not affected. Data were expressed as
response latencies of 6-7 animals. Mean+SE. "P<0.05 vs
control group using paired #test.

Microinjection of AF64A into the NRM sgnifi-
cantly reduced the antinoci ceptive effect of morphine
in both the HP (n=5) and TF (»n=5) tests. The anti-
nociceptive effect in the HP test wasmaximal at 15 min
af ter morphine administration, and the response was
significantly lowered in AF64A treated rats (%oMPE=38
15, P<0.01, Fig 2). Reduced antinociceptive effect in
AF64A treated group lasted for 40 min after morphine
adminigration, demonstrating a statistica ly significant
difference. Microinjection of AF64A asoreduced TF
latency. The maximal anti nociceptive response of TF
latency wasat 10 min after morphine adminigtration in
AF64A treated rats (YoMPE=56+15, Fig 2), after which
latency tended to decrease. From 15 to 60 min, the
inhibited antinod ception of morphinelasted smilaly to
that in control rats assessed by the TF test. Naloxone
(1 ng/site, n=6) microinjected into the NRM potently
atenuated morphine-induced antinociception in the HP
and TF response (Fig 2).

Higological verification of the microinjection Ste
within NRM was shown in Fig 3. AF64A, nal oxone or
saline wasmicroinjected into the NRM at the stesindi-
cated by thecirclesin Fig 3.

Effects of AF64A on subseqent release of ace-
tylcholine in the NRM T he amount of extracelular
ACh recovered from the NRM with an acute implanted



- 964- Abe K et al | ActaPharmacol Sin 2002 Nov; 23 (11): 961-966

r —a— Cmtral (Saline treated”
I Hat Plade ) { T
* —— Muloxene L pomo/'sile
50 A A AF6dA trested in NRM
sl
A e \
at
2 R
£ 00 iy TS
[y
-
k4 -t L L 1
= T [ I ET) w ET S0 &0
£
= M gl Flick /{.
£ Tk,
£ W ¥ \*
L I < -
E II -
0 i -
'Ilr'.-.\‘_‘.' 1
a0} if L, .
£
2 / *}L\L T ,;
- £ Pt SN c
o o—==3 R P It )y
e m @ 3 4 S &l

Time alter woorphioe adammstridioo/ win

Fig 2. Effect of AF64A microinjected into the NRM on sys-
temic morp hine-induced antinociception. AF64A attenu-
ates subsequent antinociceptive response to morphine in
both HP and TF tests. Naloxone (1 mg/site) potently antago-
nized HP and TF responses. Data were expressed as re-
sponse latencies of 5-6 animals. Mean<SE. "P<0.05, ‘P<0.01
vs control group using Dunnett’ s multiple comparison test.

mi crodialysis probe was (178+30) fmol per 30 mL
sampl e (n=4) with aperfusion solution containing 1
nmol/L neostigminein contrd group (Fig4A, B). Four-
teen daysafter AF64A microinjection into the NRM (2
nmol/site, n=4), ACh release in the dialy sate was at-
tenuated to undetectabl e levels (Fig 4C). The present
data demondtrated that AF64A attenuates the rel ease of
extracellular ACh in therostral ventromedia medulla,
including the NRM. Thetrack of the dialysis probeis
shown in Fig 4D. These stes were confirmed within
therogtral ventromedia medullaand including theNRM.

DISCUSSION

The present sudy evaluated the effects of micro-
injected AF64A , a sdlective cholinergic neurotoxin, on
TF and HP antinociception. Microinjection of AF64A
into the NRM of rats decreased the noxious threshold
in the HP response, but not in the TF response. In
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Fig 3. Location of microinjection site of AF64A in the NRM.
Allin jection sites were located within NRM in the rostral
ventromedial med ulla.

generd, the TFresponseis believed to be spinally me-
diated™, whereas the HP response is supraspinally
mediated™. Thus, the neurctoxin AF64A microinjected
into the NRM may attenuate the noxious threshold in
the supraspinal response by inactivating cholinergic pain
control sysems. In contrast, the TF response did not
change the noxious threshol d of the spinally mediated
reflex with damaged cholinergic neuronsin the NRM.
These findings suggest that cholinergic neurons in the
rat NRM play an important role at noxiousthreshold in
the HP response.

The present findings demongtrated that microinjec-
tion of AF64A into therat NRM sgnificantly attenuates
the efficacy of morphine (5 mg/kg, ip)-induced
antinociception 14 d after adminigtration. Our in vivo
microdiayssstudy demonstrated that microinjection of
AF64A completely attenuatesextracellular ACh release
in the NRM. Therefore, our results suggest that the
antinociceptive eff ect attenuated by the systemic ad-
ministration of morphine is affected by the activity of
cholinergic neuronsinthe NRM. Anatomica data have
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Fig 4. Typical peak of ACh in HPLC charts, A: Standard peak of ACh (injected 300 fmolin 30 mL); B: typical peak of control
animal; C: 14 d after AF64A microinjection. D: Location of microdialysis probe. ACh content in dialysate decreased to

undetectable levels in AF64A treated group.

demonstrated that the peduncul opontine tegmenta
nucleus in the braingem is the major source of cholin-
ergic aff erents to the rostral ventrol ateral medul 18™!.
The presence of cholinergic termina markers such as
choline acetyltransferasg?, acetylcholinesterasd®, and
cholinergic receptors in the NRM suggestsa func-
tional cholinergic input to thisregion. Our datademon-
srated that the microdialysis probe was used to mea
sure the basd release of ACh from cholinergic termi-
nals within the rostral ventromedia medulla including
the NRM. Thus, these biochemical dataindicate that
cholinergic neuronsare located in the NRM. However,

theorigin of cholinergic neuronsin the NRM isunclear.

Electrophysiologica studieshave shown that the ionto-

phoretic application of ACh to the NRM produces both
inhibitory and excitaory regponses of pinch-excitedcells
and that pinch-inhibited celIsare located in this ared™.

The NRM is generally throught to be composed of het-
erogeneous popul aions of neurons including ACh
neurons. The cholinergic agonig, carbachol, adminis-
tered into the NRM produces analgesa mediated by
muscarinic receptorsin thera®. In our experi ments,
AF64A attenuated the morphine-induced anti nociceptive
responses, i ndicating that antinoci ception by systemic
morphine isweak in the presence of endogenous ACh
depletion. Our dataand these reported findingsindi-
catethat the activation of cholinergic neurons in the
NRM may, & least partidly, modul atemorphine-induced
analgesain rats.

Moreover, the opiate sysem of the NRM playsa
role in morphine-induced antinociception. Microinjec-
tion of morphineintothe NRM producesantinoci ception,
and the systemic administration or microi njection of
naoxone into the NRM attenuates the anti nociceptive



- 966- Abe K ef al | ActaPharmacol Sin 2002 Nov; 23 (11): 961-966

effect of morphine administered by microinjection into
the NRM™.  The present data showed that naloxone
microinjected into the NRM antagonizes mor phine-in-
duced antinoci ceptive responses.  Thus, the antinoci-
ceptive effect of morphine may be regulated by syner-
gistic i nteractions between the cholinergic and opi ate
sysemsinthe NRM. On theother hand, the possihility
cannot be ruled out that microinjection of AF64A influ-
ences serotonergic, GABAergic and glutaminergic neu-
ronsin the NRM.

In concluson, lowered ACh content caused by
AF64A inthe NRM decreased the noxiousthreshold of
the HP response, and significantly attenuated morphine-
induced antinociception. Thus, the activation of cho-
linergic neurons in the NRM may modulate the
antinociceptive effect of a sysemic administration of
morphine.

REFERENCES

1 BasbaumAl, FiddsHL. Endogenous pain control systems:
brainstem spinal pathways and endorphin circuitry. Ann
Rev Neurosci 1984; 7: 309-38.

2 Kobayashi RM, Brownstein M, SaavedraJM, Pakovits M.
Choline acetyltransferase content in discrete regions of the
rat brain stem. J Neurochem 1975; 24: 637-40.

3 Palkovits M, Jacobowitz DM. Topographicd atlas of cat-
echolamineand acetylcholinesterase-containing neurons inthe
rat brain. 1. Hindbrain (mesencephaon, rhombencephalon).
J Comp Neurol 1974; 157: 29-42.

4 Rotter A, Birdsdl NMJ, Fidd PM, Raisman G. Muscarinic
receptors in the central nervous system of therat. 1l. Distri-
bution of binding of [*H]propyIbenzilyl-choline mustard in
themidbrain and hindbrain. Brain Res Rev 1979; 1: 167-83.

5 Taguchi K, HagiwaraY, Suzuki Y, Kubo T. Effects of mor-
phine on release of acetylcholinein the rat stristum: an in
vivo microdialysis study. Naunyn-Schmiedeberg’s Arch
Pharmacol 1993; 347: 9-13.

6 BouazizH, Tong C, Yoon Y, Hood DD, Eisenach JC. Intra-
venous opi oids stimulate norephinephrine and acetylcholine
releasein the spina cord dorsa horn. Anesthesiology 1996;
84:143-54.

7 Hood DD, Eisenach JC, TuttleR. Phasel safety assessment
of intratheca neostigmine methylsulfate in humans. Anes-
thesiology 1995; 82: 331-43.

10

11

12

13

14

15

16

17

Brodie M, Proudfit HK . Hypoa gesia induced by theloca
injection of carbachol into the nucleus raphe magnus. Bran
Res 1984; 291: 337-42.

Hood DD, Mdlak KA, James RL, Tuttle R, Eisenach JC.
Enhancement of anagesia from systemic opioid in humans
by spinal cholinesterase inhibition. J Pharmacol Exp Ther
1997; 282: 86-92.

Frang F, Proudfit HK. Spinal cholinergic and monoamine
receptors mediate the antinociceptive eff ect of morphine
microinjected in the periaqueducta gray on rat tail, but not
the feet. Brain Res 1996; 722: 95-108.

Taguchi K, Kato M, KikutaJ, AbeK, ChumaT, ChikumaT,
et al. The effects of morphine-inducedincrease in extracellu-
lar acetylcholinelevelsin the rostra ventrolateral medull a of
ra. JPharmacol Exp Ther 1999; 289: 1539-44.

Paxinos G, Watson C. Therat brain in stereotaxic coordinates.
2nd ed. New York: Academic Press; 1986.

Irwin S, Houde RW, Bennett DR, Hendershort L C, Seevers
MH. The effects of morphine, methadoneand meperidine on
some reflex responses of spina animas to nociceptive
stimulation. JPharmacol Exp Ther 1951; 101: 132-8.
Jensen TS, Yaksh TL. Spind monoamines and opi ate sys-
tems partly medi ate the antinociceptive eff ects produced by
glutamate at brainstem sites. Brain Res 1984; 321: 287-97.
Yasui Y, Cechetto DF, Clifford SB. Evidence for a cholin-
ergic proj ection from the pedunculopontinetegmental nucleus
to the rostral ventrolateral medulla in therat. Brain Res
1990; 517: 19-24.

Hentall ID, A ndresen MJ, Teguchi K. Serotonergic, cholin-
ergic and nociceptive inhibition or excitation of raphe magnus
neurons in barbi turate-anesthetized rats. Neuroscience 1993;
52: 303-10.

Dickenson AH, Oliveras JL, BessonJM. Role of the nucleus
rgphe magnus in opiate and gesia as studied by the microin-
jection technique intherat. Brain Res 1979; 170: 95-111.



