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Abstract To e1ucida七ea func七ionof the cen七ra1amygda10id nuc1e-

us (ACE) in七he七rigemina1 system，七heACE conditioning effec七 on

七he jaw-opening ref1ex (JOR) regarded as a nocicep七ive ref1ex 

inves七iga七ed in 七heca七 anes七he七izedwith pen七obarbi七a1 sodium. 

The JOR七o mo1ar 七00七h pu1p s七imu1ationwith an in七ensity1.2-1.5 

七imes 七he thresho1d was recorded in 七he ipsi1atera1 digas七ric

musc1e. As condi七ioning stimu1a七ion， a 七rainof 33 rec七angu1ar

pu1ses (0.5 ms in dura七ion) a七 330Hzwith an intensity of 300μA 

was app1ied七0 七heipsi1a七era1ACE. The condi七ionings七imu1ation

inhibited a JOR七hathad a 1atency of 7.90!0.86 ms (n=36). The 

inhibition was maximum (83.1!11.2告) a七 a condi七ioning-tes七 (C-T)

in七erva1 of 110 ms and continued for C-T in七erva1s of up 七0

1000 ms. Likewise， microinjection of 0.5M monosodium glu七amate

(10μ1) into the ACE inhibi七ed七heJOR for .approxima七e1y10 min. 

Additiona11y，七heACE condi七ionings七imu1a七ioninhibi七edthe JOR 

induced by 七he stimu1a七ionof 七he sensory trigemina1 nuc1ear 

comp1ex in a simi1ar manner， bu七 no七七he jaw-opening response 

induced by the s七imu1ationof the trigemina1 mo七ornuc1eus (Mo V). 

A1so，七hecondi七ioningstimu1a七ionnei七herinf1uenced七heevoked 

poten七ia1s induced by the too七h pu1p s七imu1a七ion a七 themain 

sensory and ros七ra1nuc1ei nor七hejaw-c1osing ref1ex induced by 

the s七imu1a七ionof 七hemesencepha1ic 七rigemina1 nuc1eus. These 

resu1ts sugges七七ha七七heexci七ationof 七hece11 bodies in七heACE 

exer七san inhibi七orymodu1a七ionon七heJOR wi七h no effec七 on七he

non-nocicep七iveref1ex such as the jaw-c1osing ref1ex a七七he1eve1 

of Mo V. 

Key words: cen七ral amygdaloid nucleus，七00七h pulp， jaw-opening 

ref1ex， glutamate， nocicep七ion.

2 



工NTRODUCT工ON

The amygdaloid complex， one of the componen七sof the limbic 

system， con七ainshigh levels of opioid and enkephalin recep七ors

七ha七 modula七e nocicep七ionin 七he cen七ral nervous sys七em (1，2). 

And i七 isknown七ha七七henocicept土ve 七hresholdis increased by a 

microinjec七ionof neuro七ensinand an enkepha1inase inhibitor in七o

the amygdaloid cen七ralnuc1eus (ACE)， and七ha七 thean七inocicep一

七ive effec七s are an七agonizedby adminis七rationof na1oxone in 

the ra七 (3，4). A neurohis七ochemical study showed 七hat a 1arge 

number of neuro七ensinand enkephalin fibers were presen七 in七he

ACE， and enkephalin-con七ainingneurons were only found in七heACE 

(5). Moreover， the ACE has direc七 efferent.connectionswi七h the 

periaqueducta1 gray and nucleus raphe magnus (6，7，8) which are 

concerned in七hedescending con七rolof nocicep七ive七ransmission

(9，10). Therefore， i七 is reasonable to expect tha七七heACE may 

have a modula七oryeffec七 onnociception. 

On七he0七herhand，七heamygdaloid complex has been demons七rat-

ed 七o participa七e in the con七rol of jaw movemen七s. Electrical 

stimulation of the la七eral amygda工oidnucleus that is heavily 

connected wi七h 七heACE induces a rhy'七hmicaljaw movemen七 accompa-

nied by jaw-closing movemen七s in the ca七 andrabbit (11，12)， and 

modulates 七hehypo七halamical工y elici七ed a七七ackresponse in 七he

ca七 (13，14)， Stimulation of the ACE facili七a七es 七hemylohyoid-

digastric mo七oneuronsand inhibi七sthe masseteric ones in the ra七

(15，16，17). Gary Bobo and Bonvalle七 (1975) indicated 七ha七

stimula七ionof the la七eral division of the ACE facilita七es the 
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masse七ericreflex and s七imula七ionof the medial one inhibi七s the 

reflex in七heca七(18) . 

The jaw opening reflex (JOR) induced by electrical s七imula七ion

of 七he 七00七h pu1p has been used as a reflex measure of pain 

sensitivi七y (19，20). Recen七ly， we found七ha七七heJOR was inhib-

i七edby 七heACE condi七ionings七imula-ヒion(21). 工七 is conceivable 

七ha七七he inhibition is a consequence of 七he an七inocicep七ive

effec七s of the ACE andjor i七s modulatory effec七s on 七he jaw 

movements. The purpose of 七his s七udyis 七o elucidate which of 

those effec七s are associa七edwith the inhibition of the JOR by 

七heACE. The presen七 studyimplies tha七七heinhibition is mani-

fested through a mechanism that involves 七hemo七orcomponen七s of 

the JOR. 

METHODS 

Preparation of animals • The experimen七 wascarried out on 36 adul七

ca七sweighing 2.0七o 4.4 kg. For surgery，七heanimals were anes-

the七izedwith ke七aminehydrochloride (25 mgjkg， i. m.) and七reat-

ed wi七h atropine sulfate (0.2 mgjkg， i. p.). The femoral vein was 

then cannulated for addi七ional administration of pen七obarbi七al

sodium (5-10 mgjkg， i. v.). Dep七h of anes七hesia was checked 

repea七edly 七hroughoutthe experimen七 bytouching 七hepinna or 

whiskers; if a reflex was elicited， a supplemen七arydose of the 

pen七obarbitalsodium was adminis七ered. For elec七ricals七imula七ion

of 七he七oothpulp， small cavities were drilled in七o the dentine 
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of 七hebila七eral upper and lower molar teeth， no七 exposingthe 

pulp， and a s七imula七ingelectrode (small screw) with a lead wire 

(0.15 mm in diameter) was implan七edin七oeach cavi七y. The head of 

the screw and七hesurrounding area were covered wi七hpolycarboxy-

la七e cement and den七al acrylic resin. After 七he animal was 

S七ereo七axicallyplaced， holes were made in the parie七al and 

supraoccipi七albone for inserting 七heelec七rodes. Then，七hecere-

bellum was aspirated for stimula七ionand recording from the 

brains七em. The wound edges and pressure poin七s were carefully 

infil七ra七edby a xy工ocaineointmen七 Allexposed brain surfaces 

were covered wi七hparaffin oil or agar for pro七ection.

Recording and stimulation • The tes七 stimulation(a sing工erec七angu-

lar pulse， 0.5 ms in duration) was bipolarly delivered 七0 七he

too七hpulp， and七heintensi七ywas main七ained，a七1.2-1. 5七imesthe 

thresho工d for 七heJOR (50-400μA). A concen七ricbipolar elec-

trode (Unique Medical， 8-121) for 七heconditioning s七imula七ion

was s七ereo七axicallyplaced within七heamygdaloid complex (ante-

rior 11.0-13.0， lateral 8.0-12.0， vertical -1.0 to -15.0) accord-

ing to Berman and Jones' a七las (22). The stimulation was a 七rain

of 33 rectangular pulses (0.5 ms in dura七ion) at a frequency of 

330Hz a七 anin七ervalof 8-10 s with an intensi七Y of 50-400μA. 

The stimula七ingside of七heamygdala was usually ipsilateral七o

the EMG recording side. 

To observe the effec七 of七hecondi七ionings七imula七ionon七he

JOR induced by七hestimula七ionof七hebrainstem，七hesame elec-

trode as used for the amygdala s七imulationwas stereo七axically

inser七ed in七o the sensory trigeminal nuclear complex and motor 

nucleus (posterior 18.3-4.0， la七eral 3.5-4.5， ver七ical -7.0 to 
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-3.5) a七 anangle of 35-45 0
• A single rec七angularpulse (0.5 ms 

in duration， 20-100μA) was bipolarly delivered七0 七hesepor-

七ions. On七heother hand， evoked-po七entialsinduced by七he 七00七h

pulp s七imula七ionwere recorded in七hesensory七rigeminalnuclear 

complex and 七heeffects of the condi七ionings七imula七ionon 七he

poten七ialswere observed. 工n addi七ion，the jaw-closing reflex 

was elicited by elec七ricalstimulation (single pulse， 0.5 ms in 

dura七ion， 300-600μA) of 七he mesencephalic 七rigeminal nucleus 

(posterior 2.0-2.5， lateral 2.5-3.0， ver七ical-0.5七o 0). 

EMG ac七ivi七iesfrom the ipsila七eraldigas七ric(JOR) and masse-

七eric(jaw-closing reflex) muscles were recorded bipolarly by a 

needle elec七rodeand fed in七o an amplifier (Nihon Kohden， AVB-

10). Low and high cu七 frequencieswere 15Hz and 1KHz， respective-

ly. The signals were then averaged ten七imesby a compu七er(Nihon 

Kohden， QC-111J) and 七hesedata were drawn by an X-Y recorder 

(Rikadenki， RW-201). 

Monosodium g工u七amate (0.5M in dis七illedwa七er)was microin-

jec七edinto 七heACE in 4 animals. After de七ermining 七hemos七

effec七ivesi七esfor JOR inhibi七ionby elec七ricals七imula七ionof 

the ACE，七hes七imula七ingelec七rodewas withdrawn and a 31-gauge 

injec七ionneedle attached 七o the syringe was inserted in七o the 

same site. Then， 10μ1 glutama七ewas injec七edslowly over 2 min 

by a microinjec七or(Narishige IM-1). 

Histological analysis • The s七imulatingand recording si七es in七he

amygdala and brainstem were marked by deposi七ingiron ions from 

the electrodes wi七h an anodal curren七 (200μA， 25-35 s). A七七he

七erminationof七heexperimen七s， animals were sacrificed with an 
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overdose of pentobarbi七a1and then perfused wi七h sa1ine fo11owed 

by 10% forma1in containing 2% potassium ferrocyanide. Frozen 

corona1 sec七ionsof 50 凶n七hicknesswere七akenand then stained 

with cresy1 vio1et. The marked sites were de七erminedby his七olog-

ica1 examina七ionof the seria1 sec七ions.

RESULTS 

Aspec七s of七hedigas七ricEMG ac七ivi七Y (JOR) re1a七ed 七0 七he

stimu1us in七ensity. With increasing s七imu1us intensi七y，the EMG 

amp1i七udeincreased and the 1atency shortened. Therefore， 1.2-

1.5 七imes 七heJOR thresho1d used as 七he七00七h pu1p s七imu1ation.

The mean (!S.D.) intensities of七hemaxi11ary (n=21) and mandibu-

工ar (n=15) 七oothpu1p s七imu1a七ion were 200.5!144.0 and 273.3~ 

172.4μA， respective1y. S七imu1a七ionwith these in七ensi七ieshad a 

mean (土S.D.) 1a七encyof 7.90土0.86 ms (n=36; range 6.11-9.28 

msec). No sta七is七ica11y significan七 differences were found 

be七ween the 1a七encies for 七hemaxi11ary and mandibu1ar tooth 

pu1ps. 

The JOR evoked by tooth pu1p s七imu1a七ionwas inhibi七ed by 

condi七ioning s七imu1ationof the 1a七era1 amygda10id nuc1eus (LA)， 

七heperiamygda10id area (PAA)， the centra1 amygda10id nuc1eus 

(ACE) ，七heinterna1 capsu1e (工C)， and the en七opeduncu1arnuc1eus. 

Conditioning s七imu1ationof 七heother amygda10id nuc1ei， such as 

七hemedia1 and baso1a七era1nuc1ei， did not produce any inf1uence 

on七heJOR. The stimu1ation of LA， PAA， and 工C induced the jaw-

c10sing movemen七 as 七he in七ensi七y was increased， bu七七he ACE 
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S七imu工a七iona10ne did not induce the jaw movemen七s. The effec七 of

entopeduncu1ar conditioning s七imu1ationhas been repor七ede1se-

where (23). 

Effect of ACE conditioning stimulation 

1. JORωtooth pulp stimulation 

The condi七ionings七imu1a七ionof ACE reduced the amp1i七udeof 

the digas七ricEMG response (JOR) e1icited by 七00七h pu工p s七imu1a-

七ion(Fig. 1). The mos七 effec七iveinhibi七orysi七eswere found in 

the media1 division of the ACE as verified by his七010gica1exami-

na七ion. The magni七udesof inhibition varied considerab1y accord-

ing七o the in七ensi七y and 七hedura七ionof 七hecondi七ionings七imu-

1a七ion. For七hisreason，七heparame七ersof the ACE conditioning 

stimu1ation were de七ermined first. Stimu1us frequency was de七er-

mined to 330Hz fo11owing ASANUMA AND SAKATA's me七hod (24). 工n

propor七ion 七o lncreases ln 七he in七ensity of the condi七ioning

S七imu1a七ion，七hemagni七udeof the inhibition became 1arger. 

Conditioning stimu1a七ionwi七h an in七ensi七Y of 300μA reduced 七he

amp1itude of七heJOR七o 24.1% of the contro1 va1ue (n=12). The 

magni七udeof 七heinhibi七ionshowed li七七1echange when 七he in七en-

sity was increased 七o 400μA (Fig. 2A). Likewise， when the 

dura七ionof七hecondi七ioningstimu1ation a七 330Hzwas pro1onged 

a七 a fixed intensi七y (300μA) ，七he inhibition became more pro-

nounced as shown in Fig. 2B. However， the magni七ude of the 

inhibi七ionwas re1a七ive1ycons七antdespi七e increasing七hedura-

tion七o more 七han100 ms (n=6). Therefore， we determined 七ha七

七heparameters of the ACE conditioning stimu1a七ionwere 300μA in 
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in七ensi七y and 100 ms in dura七ion.

Fig. 3 indica七esthe time course of the ACE condi七ioning

S七imu1a七ionon七heJOR in 14七ria1s in 11 anima1s， and七herigh七

figurine is a typica1 examp1e. The percentage of七hecontro1 JOR 

七o too七h pu1p stimu1ation is p10七七ed agains七七heC-T interva1 

(七he in七erva1 be七weenthe onse七 of 七he condi七ioning and 七es七

stimu1i). The inhibi七oryeffec七 reachedits peak (16.9号 ofcon-

七ro1) at a C-T in七erva1of 110 ms and then gradua11y recovered七0

90.1% of 七hecon七ro1va1ue a七 a C-T in七erva1 of 700 ms. The 

inhibi七ionat a C-T in七erva1of even 1000 ms was s七a七istica11y

significan七(t-七es七，p<0.05). 

To investiga七e which side of 七heACE s七imu1ationwas more 

effective， JORs were recorded bi1atera11y in 5 experiments. JORs 

were evoked by ipsi1a七era1 七oothpu1p s七imu1a七ion七o the EMG 

recording side. As compared wi七h 七heside con七ra1a七era工七o 七he

JOR recording side，七heinhibi七oryeffec七 of 七heipsi1a七era1ACE 

S七imu1a七ionwith七hesame intensity was七wiceas 1arge (70.0f13.2 

vs. 34.9f9.1%) as shown in Fig. 4. Thus， ACE condi七ionings七imu-

1ation exer七s an inhibitory effec七 predominant1yon the ipsi1a七-

era1 side ra七her七han七hecon七ra1a七era1one. 

2. JOR to brainstem stimu/ation 

To inves七iga七ewhe七her七heinhibi七oryprocess was exer七eda七

七he 1eve1s of 七hetrigemina工 mo七ornuc1eus or of the sensory 

nuc1ear comp1ex，七heeffec七sof ACE conditioning s七imu1ationwere 

examined on 七heJOR evoked by the s七imu1a七ionof each nuc1eus. 

The JOR due七o 七hebrains七ems七imu工a七ionwas evoked wi七h a stimu-

1us intensi七y 七hatwas just above thresho1d (50-140μA). Stimu-

1a七ionsof cauda1 (0-5 mm be10w the obex and 3.0-4.5 mm 1atera1 
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from the mid1ine) and rostra1 (5-9 mm above the obex and 4.5 mm 

1a七era1from七he mid1ine) nuc1ei evoked the JOR wi七h a mean 

( -tSD) 1a七ency of 6.69土0.48 ms (n=5) and 5.24-t0.443 ms (n=5)， 

respec七ive1y. As can be seen in Fig. 5A，七heACE condi七ioning

stimu1a七ioninhibi七edto same degree the JOR induced by s七imu1a-

七ionof these nuc1ei (righ七 2co1umns) as 七heJOR evoked by the 

七00七h pu1p stimu1ation (lef七 co1umn). Effects of 七heACE stimu-

1a七ionon七hejaw-opening response induced by direc七 e1ec七rica1

s七imu1ationof the ventromedia1 region of 七hemo七or nuc1eus 

(Mo V) were examined in 七he ~ame anima1s. The jaw-opening re-

sponse had a mean (土SD) 工atencyof 1.96士0.96 ms (n= 6) . ACE 

condi七ioningstimu1a七iondid no七 diminish 七hejaw-opening re-

sponses. Likewise， Fig. 6A indica七es 七hat ACE conditioning 

S七imu1ation inhibi七ed the JORs induced by 七he s七imu1a七ion of 

too七h pu1p and rostra1 and cauda1 nuc工ei. However，七hecondi-

七ioningstimu工a七ion did no七 inf1uence七hejaw-opening response 

induced by七hestimu工a七ionapp1ied七oMo V at a11 (98.8~き of the 

con七ro工) as shown in 1eft open co1umn. 

3. Brainstem戸eldpotentialωtooth pulp stimulation 

Too七h pu1p s七imu1a七ionwith an intensity a七 1.2-1.5 times 七he

thresho1d evoked fie1d po七en七ia1sin the main sensory and rostra1 

nuc1ei bu七 no七 in七hecauda1 nuc1eus. The mean peak七imes (-tSD) 

of七hesepo七en七ia1sat 7 mm and 5 mm rostra1 to七heobex (rostra1 

nuc1eus) were 4.07-t0.56 ms (n=6) and 4.48-t0.85 ms (n=5)， respec-

七ive1y; 七ha七 for七hemain sensory nuc1eus was 4.41-t0.35 ms (n=5). 

These evoked po七en七ia1swere not inf1uenced at a11 by 七heACE 

condi七ioningstimu1a七ion七ha七七0七a11yinhibi七edthe JOR evoked by 
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七00七h pu1p s七irnu工a七ion as shown in Fig. 5B. Ha七chedco1urnns in 

Fig. 6B indica七e 七ha七七hee1ec七rodes for七hecondi七ioningstirnu-

1a七ionwere p1aced wi七hin七heACE in each experirnent， because 

JORs induced by七hetooth pu1p s七irnu1ationwere inhibited by the 

conditioning s七irnu工a七ion. The JOR was reduced to 13.2-16.4% of 

七he con七ro1 va1ue by the ACE s七irnu1a七ion. However，七he ACE 

condi七ionings七irnu1ationdid no七 dirninishthe fie1d po七en七ia1

evoked by七hetoo七h pu1p s七irnu1ationas shown by七he open co1-

urnns in Fig. 6B. The amp1itudes of fie1d po七entia工sunder七he

conditioning stirnu1a七ionwere 100.0， 97. 3， and 105.9% a七 9， 7， 

and 5 rnrn ros七ra1七0 七heobex， respec七ive1y.

4. Jaw-closing，・eflex
工n 4 anirna1s，七heeffec七sof ACE condi七ioningstirnu1ation were 

exarnined on 七he jaw-c10sing ref1ex induced by 七he e1ec七rica1

s七imu工a七ionof the rnesencepha1ic trigernina1 nuc1eus (Mes V). The 

ref1ex was recorded frorn七hernasse七ericrnusc1e. The Mes V s七imu-

1ation wi七h an intensi七Y of jus七 above七hethresho1d induced七he

ref1ex which had a rnean 1a七ency (tSD) of 4.24土0.43 rns. The 

arnp1itude of the ref1ex， which f1uc七uated around 七he contro1 

1eve1， was no七 a1七eredby the ACE s七irnu1ationthat inhibited七he

JOR induced by七he七oothpu1p s七irnu1a七ionas indica七edin Fig. 7. 

Effect of glutamate microinjection 

To deterrnine whether七heinhibi七ionof七heJOR induced by the 

ACE e1ec七rica1 s七irnu1a七ionwas caused by 七heexcita七ionof 七he

passing fibers of七hece工1bodies in ACE， glu七arnatewas injec七ed

into the ACE. 工njectionof 10μ1 of rnonosodiurn glutarnate into 

七heACE caused a decrease in七heipsi1a七era1digas七ricEMG (JOR) 
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七o 七00七hpu1p stimu1ation in 4 anima1s. This decrease took abou七

1 min七o reach a maximum (19.0-59.3老 ofcon七ro1) and 1as七edfor 

abou七 10min as shown in Fig. 8. There was considerab1e varia一

七ionbe七weenprepara七ions in 七hemagni七ude and duration of 七he

glu七ama七e effect. As a con七ro1，the same dose of sa1ine (vehi-

cle) was microinjec七edinto七heACE in 2 anima1s. Such injec七ion

was observed to cause no manifes七 changein七heamp1i七udeof JOR. 

Final1y， his七ological ana1ysis revea1ed 七hat for a11 4 animals 

七heneed1es were placed in 七heACE. 

D工SCUSSION

Inhibitory effect of ACE on JOR ACE condi七ioningstimulation reduced 

七heEMG amp1i七udein七hedigas七ricmuscle， bu七 didno七 evoke 七he

jaw-c1osing movemen七 even if 七he s七imulus in七ensitywas in-

creased. Gary Bobo and Bonva11et concluded 七ha七七hefaci1i七ation

or inhibi七ionof七hemasse七ericreflex elicited by ACE s七imula-

tion was induced by exci七a七ionof the surrounding pa七hway (18). 

Our findings 七ha七七he inhibition of the JOR lasting for ten 

minutes was e1icited by七heglutama七emicroinjec七ionin七o the ACE 

excludes 七hepossibility of fiber exci七a七ion. 工七 is highly 

probab1e七ha七七heinhibition of JOR by elec七rica1 s七imula七ionof 

七heACE was induced by七heexcita七ionof cell bodies ra七her七han

the passing fibers in or around七heACE. 

The effec七s of the ACE condi七ionings七imula七ionon the jaw 

ref1exes has a1so been observed by other workers. 工七 was repor七ed
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in the ra七七ha七 ACE s七imu1a七ioninduced predominant1y contra1a七一

era1 ac七ivation of 七he my1ohyoid-digas七ric mo七oneuron (15，17). 

These resu工七s are incompa七ib1ewi七h our presen七 findings. Dif-

ferences in the anes七hetic，七hespecies of anima1s， or 七he sites 

stimu1a七edmigh七 accoun七 forthe discrepancy. And i七 ispossib1e 

that the effec七s depend on 七heexci七ationof the fibers in ACE 

andjor 七heneighboring area， because 七heyemp10yed a high in七en-

sity e1ec七rica1s七imu1a七ion (0.5-2.0 mA) and did not conduc七 an

experimen七 using chemica1 stimu1a七ion such as 七he glu七ama七e

microinjec七ion. Their resu1ts are simi1ar to 七he findings of 

Gary Bobo and Bonva11et's experiment 七ha七 S七imu1a七ed七hefibers 

(工8). Furthermore， as 七heACE inhibitory effec七 was observed 

even when七heduration of七hecondi七ionings七imu1ationwas shor七-

ened to 20 ms (Fig. 2B)， it is difficu1t tq understand why ACE 

S七imu1ationfaci工i七ated七hejaw-opener mo七oneurona七 a C-T inter-

va1 of 10-20 ms as indica七edin七heirs七udy. On七he0七herhand， 

i七 hasbeen repor七edtha七 ACEcondi七ioning stimu1ation inhibi七ed

七hejaw-c1osing ref1ex (18). 工n our s七udy， however，七heref1ex 

induced by 七he s七imu1a七ion of Mes V was no七 modu1a七ed by ACE 

stimu1a七ion. 工七 ispossib1e 七ha七七hisdiscrepancy a1so depends 

on whe七her七hee1ectrica1 s七imu1ationexcites七hece11 body. 

JOR inhibition at brainstem We investigated the si七esof JOR inhibi-

tion at the 1eve1 of 七hemedu11a. ACE conditioning s七imu1a七ion

inhibi七edconsiderab1y the JOR induced by 七he s七imu1a七ionof 七he

七rigemina1sensory nuc1ear comp1ex bu七 no七七heJOR induced by the 

stimu1a七ionof Mo V. A1so， the fie1d-po七entia1sevoked by七00七h

pu1p stimu工a七ionin the main sensory and rostral nuc1ei were no七

inf1uenced by七heACE s七imu1ation. These findings provide exper-
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imenta1 evidence七ha七七hesite of the inhibi七oryeffec七 exer七ed

by ACE on JOR is a七 the1eve1 of Mo V. That is， the JOR inhibi-

七oryeffect of ACE acts on七hemotor system rather than on the 

sensory sys七em. On the other hand， it is though七七ha七七heACE 

par七icipatesin an七inociceptionfrom七heobserva七ions七ha七七he

microinjection of an enkepha1inase inhibi七oror neurotensin into 

ACE e1ici七edan七inocicep七iveeffec七s (3，4). The present resu1七s

suggest七ha七七hean七inocicep七iveeffect of ACE ac七s a七七he1eve1 

above七hemedu11a and spina1 cord. The assumption is consisten七

with 七he observation that microinjection of an enkepha1inase 

inhibi七or into ACE resu1七ed in an increase in the hot-p1ate 

1atency wi七hno effec七 uponthe七ai1-f工ickresponse (4). 

Pathway from ACE ωMo V The direc七 projectionfrom七heACE 七0

七he sensory 七rigemina1 nuc1ear comp1ex or Mo V has no七 been

observed. Takeuchi etaL. (1988) revea1ed in an HRP s七udytha七七he

supra七rigemina1 region received projec七ions from the ipsi1a七era1

ACE and projected七0 七hecon七ra1atera1Mo V (25). This connec七ion

is supported by an e1ec七rophysio1ogica1 s七udy (26). On the 

contrary， presen七 S七udydemons七ratedthat七heinhibitory effec七

of ipsi1a七era1 ACE s七imu1ationwas a1mos七七wice 七ha七 of 七he

contra1atera1 one. These data， therefore， ru1e ou七七hepossibi1-

i七Y 七ha七七heACE modu1a七oryeffect is re1ayed 七hroughthe supra-

trigmeina1 region. 

The ACE sends efferen七S 七o the ventromedia1 hypo七ha1amic

nuc1eus and 1a七era1hypo七ha1amicarea (8) which connec七 recipro-

ca11y with七heperiaqueducta1 gray (PAG) (27，28，29) and direc七1y

七o 七hePAG (7). 工七 wasrepor七ed七ha七七he七ypica1effec七 ofhypo-

14 



七halamic condi七ioning s七imulation on 七he JOR was inhibi七ion

wi七hou七 aninhibi七ionof fore and hind limb flexor reflexes (30). 

This result resembles the presen七 findings. However， Landgren 

and 0工sson(1980) reported七ha七 conditionings七imula七ionof the 

same area elici七eda facili七a七ing effect on 七he jaw-closing 

reflex induced by七heMes V stimulation in addition to the inhib-

i七oryeffec七 on七heJOR (31). Comparing these resul七swi七h our 

observa七ions，七heduration of the inhibi七oryeffec七 wasabou七 one

fourth of ours and we could not observe a facili七oryeffec七 on

the jaw-closing reflex. 工n addition， direc七 projec七ions七o the 

Mo V do not arise within七hePAG and axon七erminalsfrom七hePAG 

are distribu七edin七hesurrounding area of Mo V 七ha七 exer七S 七he

inhibitory effec七 on the jaw-opener mo七oneurons (32). 工七 is， 

七herefore， probable七ha七七hehypothalamus and PAG do no七 con七rib-

u七eto七heACE inhibition of JOR. 

The medullary parvocellular re七icularformation (PcRF) 七ha七

has reciprocal connections wi七hMes V and receives afferen七 pro-

jections from七heACE projec七S 七o Mo V (33，34) recently reported 

七hat stimula七ionof 七he PcRF induced 工PSPs in 七he jaw-opener 

mo七oneuronsin七hecat， and七ha七 thisarea in PcRF corresponded 

七o 3.5-6.7 mm caudal to七hearea七ha七 evokesmonosynap七icEPSPs 

in digastric mo七oneurons (35). 工七 seems likely， 七herefore， 七ha七

七heACE-Mo V pa七hwayincorporating 七hePcRF contribu七es to the 

ACE inhibition of JOR. 

Functional considerations The ACE is involved in the au七onomicand 

behavioral emo七ional responses 七o conditioned fear (36，37). 

Al七hough 七he func七ional significance of 七his inhibi七ionis no七

known，七heACE inhibi七oryeffec七 onthe JOR七ha七 wasobserved in 
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七hepresen七 studycou1d not be considered as a par七 of 七hese

behaviora1 responses (freezing， arres七 ors七ar七1e). The reason 

is tha七七hejaw-c1osing (norぃnocicep七ive) ref1ex induced by 

S七imu1ationof 七heMes V was no七 inhibi七edby the ACE stimu1a一

七ion.

Bernard et a1. (1990) recen七1yreported七ha七 a 工argemajority 

of ACE neurons in the ra七 wereaffec七edby nociceptive stimu1i 

app1ied 七o severa1 parts of the body， and confirmed 七hat the 

nociceptive inpu七七o 七heACE was re1ayed in 七he parabrachia1 

nuc1eus (PB) (38，39). 工七 hasbeen recognized七ha七七heorigin of 

somatosensory inpu七七oPB is 1amina 工 of 七hespina1 and 七rigemi-

na1 dorsa1 horn (40). ACE a1so receives afferents from the ven-

tromedia1 hypotha1amus，七he1a七era1hypotha1amic area，七hepara-

fascicu1ar 七ha1amic nuc1eus， and pos七erior 七ha1amic group 

(41，42). Moreover 1a七era1and baso1a七era1amygda10id nuc1ei which 

receive fibers from七hesomatosensory cor七exprojec七七0 七heACE 

(6，43，44). Accoding1y， i七 is1ike1y七ha七七heACE receives inte-

grated informa七ionfrom various 1eve1s of the neuraxis and there-

by modu1ated 七henocicep七iveref1ex wi七houtany effec七 onthe 

non-nocicep七iveref1ex such as 七hejaw-c1osing ref1ex a七七he

1eve1 of 七hefina1 common pa七h. 工n addi七ion， ACE modu1ated the 

nocicep七iona七七he1eve1 above 七hemedu11a and spina工 cordas 

sugges七edby A1-Rodhan e七 a1 (4). Tha七 is， i七 ispossib1e七ha七

七heACE decreases七hereactions to noxious s七imu1a七ionby means 

of the inhibition of bo七hsensory and mo七orsystems. 
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LEGENDS 

Fig. 1. Coronal brain sec七ionindicating the si七e of condi七ion-

ing stimulation (arrow) in七hecen七ral amygdaloid nucleus (ACE). 

The lower par七 showsthe inhibitory effec七 ofthe ACE condition-

ing s七imulation (C-T in七ervalof 110 msec， 300 ~) on七hedigas-

tric EMG response to too七h pul.p s七imula七ion (lower molar， 

300 ~). Abbreviations: BL， basolateral amygdaloid nucleus; BM， 

basomedial amygdaloid nucleus; 工C，internal capsule; LA， lateral 

amygdaloid nucleus; OT， op七ic七rac七 PAA， periamygdaloid area; 

PU， pu七amen.

Fig. 2. Rela七ionshipbe七ween七heparameters (in七ensi七y in A and 

dura七ionin B) of ACE conditioning s七imula七ionand 七hemagni七ude

of JOR inhibi七ion. 工n A，七heC-T in七erval and dura七ion of 

conditioning s七imulationof 330Hz were 110 ms and 100 ms， 

respec七ively. In B，七he七es七 S七imuluswas applied a七 10ms after 

七hecessation of the conditioning s七:imulationof 300 ~ (330Hz). 

A工1 poin七s indica七e 七hemean percen七 in amplitude of 七he EMG 

response wi七h 七he condi七ioning s七imula七ionvs. con七rol. The 

ver七icalbars at each poin七 indica七e 七hes七andarddevia七ion.

Fig. 3. Effec七 ofACE condi七ionings七imulationon七he JOR at 

various C-T in七ervals. The ordinate shows 七he mean percen七

change in ampli七udeof EMG response wi七hconditioning s七imula七ion

vs. control， and the abscissa shows七heC-T in七erval in msec. A 

significant inhibition was obtained even a七 a C-T in七erval of 

1000 msec (t-七es七， pく0.01). 工nset on 七he right is a 七ypica工
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example of the inhibi七oryeffec七. EMG responses were evoked by 

the s七imula七ionof 七he upper molar (120μA). Each numerical 

value indica七es七heC-T interval. Calibra七ion: 0.4 mV， 10 ms. 

Fig. 4. 工nhibitoryeffects of the ipsilateral and contrala七era工

ACE s七imula七ionsto the EMG recording si七e (n=5). The ordinate 

shows 七herate of inhibition (老). A significan七 differencewas 

ob七ainedby七heWilcoxon七es七 (p<0.025).

Fig. 5. A: Effec七 ofthe ACE conditioning s七imula七ion (a七 a C-T 

interval of 110 ms and wi七h an in七ensi七Y of 300 似A) on the JORs 

evoked by 七hetooth pulp and brains七em s七imu工a七ion. This da七a

was ob七ained from 七he same animal. The JORs induced by 七he

S七imula七ionof either the rostral or caudal nuclei were inhibi七ed

in a similar manner as the JOR by七00七hpulp s七imulation，whereas 

七hejaw-opening response induced by七hes七imula七ionof 七hemo七or

nuc工euswas not influenced. Arrows indica七e the 七imewhen七he

stimulus was applied. B: Effec七 of七heACE condi七ionings七imula-

七ion (a七 a C-T interval of 110 ms and wi七h an intensi七Y of 

300μA) on七hefield po七entialsevoked by七oothpulp s七imulation

in 七hemain sensory and ros七ralnuclei. This da七a was obtained 

from the same animal. The condi七ionings七imula七ion七ha七 inhibi七一

ed the JOR induced by七hetoo七h pulp s七imula七iondid no七 sup-

press 七hefield po七en七ia工swhich were recorded in七hese nuclei. 

Fig. 6. Effec七 of七heACE condi七ioningstimulation. A: On七he

JORs induced by the brainstem stimulation (open columns). B: On 
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the field poten七ials evoked by too七h pulp s七imula七ion (open 

columns). In A and B， ha七chedcolumns show the effec七 of 七he

condi七ionings七imulationon the JOR induced by the tooth pulp 

stimulation. The ordinate shows 七hepercen七 ofampli七udere-

sponse (JOR in A; JOR and field po七en七ialin B) with the condi-

七ioningvs. control. The abscissa shows 七hes七imulussites in A， 

and the recording si七esin B ;七henumbers indicate七hedis七ance

from the obex 七o rostral direction. The ver七icalbar in each 

column is the s七andarddevia七ion. 犬 showssignifican七 difference

(pく0.01)de七ermined・by(-test. 

Fig. 7. Effec七 ofthe ACE condi七ionings七imula七ionon 七he JOR 

(opening) induced by 七he s七imu1a七ionof 七oothpulp and jaw-

c10sing reflex (closing) induced by七hestimulation of mesence-

phalic 七rigemina1 nucleus. In A， data were ob七ained from the 

same anima1. 工n B， data were obtained from 5 animals. The ordi-

nate shows 七hepercent of amplitude response wi七h 七hecondition-

ing vs. con七ro工 Thever七icalbar in each column is七hes七andard

deviation. * shows significan七 difference (p<0.01) de七erminedby 

t-七es七.

Fig. 8. Effect of glutama七emicroinjec七ion (10μ1) in七oACE on 

the JOR induced by七00七hpulp s七imulation. The pho七omicrograph

indicates七heinjec七ionsi七e (arrow) in ACE. The first deflec-

七ionof each po七en七ialis七hes七imulusar七ifac七. EN， en七opeduncu-

lar nucleus; 七heother abbrevia七ionsare the same as in Fig. 1. 
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